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ABSTRACT

In recent years, human performance prediction has become a focal issue of maritime organizations
since the ship accident statistics have still been addressing the crew errors as main contributing factor.
In fact, key maritime stakeholders such as International Maritime Organization, International Labour
Organization, and Ship Classification Societies have closely monitored the mentioned problem by
professionals who are trying to find and adopt an effective solution through ship operational level.
This paper outlines how to design and implement an on-site operational analysis using human
reliability theories in a maritime project context. Besides conceptual framework, the test and
verification issues of product (i.e. crew reliability monitoring software) are extensively elaborated.
Furthermore, the adaptation of the system into shipboard platform in terms of achieving end-user (ship
crew) requirements via improving database mechanism and procedural integration, etc. are discussed.
Consequently, the study clarifies the potential of the maritime project to derive a global feasible
solution along with reducing the crew error rates in ship operations and management in international
level.

Key words: Human reliability analysis, human error probability, maritime safety, decision-making, H-
RAMS.

1 INTRODUCTION

In the recent times, investigation of the human performance affecting factors has become one
of the substantial subjects of industrial and academic organizations. There are ongoing
extensive studies about it in industries such as nuclear energy [1,2], defence industry [3],
electronic systems [4], product industry [5], transportation [6,7], etc. Despite the fact that
accidents that happen and hazards occur on ships mostly on human factor, it is seen that there
are limited studies that can meet the needs of maritime industry. In recent years, it is observed
that international authorities (International Maritime Organization, International Labour
Organization, Ship Classification Societies etc.) increased their studies. As statistical studies
point out that mentioned human error proportion reaches 80% level and the problem becomes
obstinate, the subject of human safety analysis on ships is chosen [8]. Because of that this
study is parallel to expectation of a solution to this problem of maritime industry decision-
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makers and their stakeholders. In this context, the aim of this study is to develop an unique
human reliability analysis and monitoring system (H-RAMS) by knowledge-base system in
order to minimize the operational problems that may arise from human errors on-board ships.
This system, additionally contributing current human reliability analysis methods in academic
literature, will be tested on vessel fleets such as container, chemical tanker, petrol tanker, LGP
tanker, bulk carrier and their operational feasibility and validity will be verified. In the light of
above, it is predicted to reach solid targets mentioned below.

e To minimize the error risk by assessing human reliability in shipboard operations;

e To test proposed approach for critical shipboard operations such as loading or
discharging cargo, bunkering, ballast operations, anchoring, shipboard contingency
actions, working in enclosed space, maritime pollution prevention;

e To create available solutions for shipboard operational environment by developing a
valid approach to human error assessment;

e To support proposed approach to constant observation of human reliability on-board
ship with a user interface software;

e To determine preventive actions (that improves human reliability) against pivotal
factors that cause errors in shipboard operations;

e To contribute to ship safety management system in practice.

Since there have been a few studies existing with respect to human reliability analysis (HRA)
for marine industry [9-11]; nuclear [12], railway [13] and aviation [14] industries had
successful applications which have their own specific parameters to assess human reliability.
Therefore, the project, so called H-RAMS, proposes an empirical human reliability analysis
which has marine-specific parameters for critical operations on-board ship to enhance safety
and operational reliability in marine industry by integrating HEART and AHP as well as
HFACS technique. The next section gives brief explanation of methodologies to
conceptualise the H-RAMS.

2 RESEARCH METHODOLOGIES

2.1 HEART technique

HEART (human error assessment and reduction technique) is recognized as a well-known
modelling tool in safety and reliability analysis where critical operation is performed. It is
currently applicable to wide range of industry. Since the human error data is scarce in the
literature, it is quite tough to apply stochastic models such as Bayesian Network or Markov
chain into marine HRA concept in order to predict human error probability (HEP) value.
Furthermore, the current HRA techniques are limited to reveal all of the significant aspects of
human performance in marine industry such as insufficient data, subjectivity of expert
judgement, uncertainty, etc. Therefore, using the empirical method such as HEART seems
more reasonable and consistent to support the consideration of human performance. The
technique is quick and flexible requiring few researches only. It was presented to assess
human tasks with defined values for HEP calculation [15]. The fundamental is to depend on
two parameters; the first one is generic task type (GTT) and second one is error-producing
condition (EPC). The GTT allows user to find suitable task under HRA and then define the
generic error probability (GEP) value (also known as nominal human unreliability), while
EPC defines the performance shaping factor (PSF) of human which influence the probability
of human error in the related task. This means that EPCs are expected to affect human
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performance negatively and leading to increase HEP associated with generic task. The HEP
value can be found with following equation (1) [15].

HEP = GEPygrye X [(W; — 1) X APOA; + 1] X% [(Wj— 1) x APOA, + 1] % ... (1)

2.2 AHP (Analytic Hierarchy Process)

The AHP is a robust multi-criteria decision making (MCDM) method. It was presented to
acquire relative weight of criteria according to hierarchical structure [16]. The method
depends on the pair-wise comparison matrix where alternatives are compared respectively.
The technique is widely utilised to solve complicated decision problems. It fundamentally
divides the complicated problem into small parts in order to rank hierarchically. The method
comprises basically four steps in which dividing the problem into small parts, comparing the
elements with a pair-wise matrix, evaluating relative importance and ranking of elements. The
following equations are used sequentially [16, 17].

1 a;; - amn

A= a.21 1 a?n a; = 1, a;; = 1/al-j,al-j =0 (2)

An1 Qnz " 1

_lgn 4ij

w; = n&j=1 22=1akj (3)

Amax.— N
Cl = B 4)
Yi=1@ij Wi = dnax W; ®)
CR = CI/RI (6)

In the project, the AHP method which quantifies the subjective expert judgements and
confirms the consistency of collected data is used to weight/prioritise proportion effect of
EPCs as well as weighting EPCs during derivation process.

2.3 HFACS (Human Factor Analysis and Classification System)

The HFACS is a comprehensive tool to analyse role of human factors in accident. The
method was developed by Wiegmann and Shappell [18] to investigate and analyse accident
causes in aviation accidents. Indeed, it should be noted that the fundamental framework of the
HFACS method was tailored from the Swiss cheese model (Figure 1) which is initially
introduced by Reason [19]. But, the HFACS model was successfully extended by introducing
a user-friendly and comprehensive framework to analyse human error in accidents effectively.
The fundamental aim of the method is to provide a framework in order to assist users for
investigating and analysing human error in accidents. Number of causal classifications is
defined within four levels of human failures; i) Organisation influences, ii) Unsafe
supervision, iii) Pre-conditions for unsafe acts and iv) Unsafe acts.
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Organizational influences

Unsafe supervisions

Preconditions for
unsafe acts

Failure or absent
defenses

Figure 1: Swiss cheese model for human error causation
The objective evidence with respect to the each HFACS layer defines the active and latent
failures in the system [19]. Thus, the users take benefits of the method by identifying active or
latent failures and may have a change to prevent accident causes in advance. In the project,
the HFACS method is used to investigate and classify marine accident causes due to human
factors.

3 SYSTEM DESIGN

Outlines of the method that will be followed in this project are designed on conceptual
research, procedure development, software development with application interface design and
test phases. In human reliability analysis study of correlation among variables in particular
accident causalities generic task types (GTT) and error producing conditions (EPC), suitable
customization to ship platform, weighting of variables related to decision-making method,
consistency in weighting and increasing sensitivity can be mentioned as original aspects of
the project. Figure 2 depicts the conceptual framework to establish proposal approach. The
concept consists of three main stages. The first one is data gathering where required data
including marine accident causes are provided. Since obtaining quantitative human error data
on the nature of maritime industry is very challenging, the aim of this phase is to gather data
by analysing marine accident cases. In this sense, marine investigation branches such as
MAIB, ATSB, NTSB and JTSB are exploited. The second stage is EPC derivation part where
HFACS and AHP methods are combined to generate validated marine specific performance
shaping factors. The last stage is system application part in order to assess human error. This
part involves APOA (Assessed proportion of affect) and HEP calculation.
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HFACS+AHP | HEART+AHP |
v Q “_ APOA Calculation
ROOT CAUSES
Marine Investigation Branches B ] Validated
MAIB [ HFACS levels marine-specific
ATSB — T
NTSB EPCs HEP calculation
ITSB
Data Gathering EPCs Derivation Human Error Assessment
T System application on-beard ship

‘ Marine accident cases ‘

H-RAMS

Figure 2: Conceptual framework of project methodology

3.1 Generation of EPC for marine industry

The conventional HEART method is based on data mining to generate EPC values from
different industry such as power plant, petrochemical industry, offshore platforms, and service
industry. Instead of using data mining, this project brings a new perspective to generate
marine-specific EPCs. The study proposes a methodological approach to quantify and validate
the EPCs for H-RAMS project since obtaining historical data with respect to human error on
the nature of maritime industry is very challenging and mostly unknown due to scarce of data.
The EPC derivation process mainly consists of two parts; derivation and validation.

3.1.1 Quantification of EPCs

The first step of generation process is to quantify EPC for marine industry. In order to fulfil
that relation matrix is constructed by distributing EPCs into relevant each HFACS sub-level.
At this point, the elaborative survey is performed with five marine experts who are working in
prestigious five different shipping companies. The each expert is asked to distribute relevant
EPCs through HFACS sub-levels which may potential effect on error production. Totally five
different experts’ opinion have obtained via surveys and those transform into useful
information by performing majority rules which is kind of a decision-making technique to
eliminate minor alternatives and select majors that is more than half the votes.

After having completed relation matrix, pair-wise comparison matrices are established in
order to prioritise EPCs which are distributed under each HFACS sub-levels. In this context,
equation (2) is used. The pair-wise comparison matrices are built up in accordance with 1-9
linguistic scale of the analytic hierarchy process which is showing the intensity of importance
each criterion [16]. The judgements upon EPC comparison for each HFACS level are
obtained from the marine experts. Since there are five marine experts are asked for
judgements, the result is reduced to one by getting geometric means of them. Respectively,
EPCs pair wise comparison matrices for each HFACS levels are established. Thereafter,
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weighting of the EPC under relevant HFACS level is carried out by using equation (3). Thus,
the prioritization of EPCs will be provided by quantification the subjective judgement of
experts and confirms the consistency of data. In order to get consistent and reasonable results,
the CR values will also be calculated in accordance with equation (4), (5) and (6). If the CR
values are found bigger than 0.10, the pair-wise comparison matrix shall be revised. The final
process is to gquantify the final EPC value. In this step, each EPC column is accumulated
vertically to find out total EPC effect since there are existing 19 HFACS sub-levels.

3.1.2 Validation of EPCs

The second step of generation process is to validate numbers derived for marine industry.
This step is to provide real data using marine accident causes since the human factor is one of
the most significant contributory factor of marine incidents. Therefore, significant numbers of
marine accidents are examined and analysed to find out the causes. In order to reach accurate
findings, those cases were selected in accordance with distribution of world ship fleets in
terms of tonnage and percentage of accident causality (collisions, groundings,
fires/explosions, machinery damage, listing, and other significant accidents) during 2013.
Thereafter, marine accident causes are identified. The database involves plenty of different
accident causes from range of different investigation branches such as Marine Accident
Investigation Branch (MAIB), Australian Transportation Safety Bureau (ATSB), National
Transportation Safety Board (NTSB), Japan Transport Safety Board (JTSB) and Turkish
Accident Investigation Board (KAIK). Then, these accident causes are classified in
accordance with the HFACS framework. After having completed classification, accumulated
accident causes are distributed through the related EPC under corresponding HFACS sub-
levels by marine experts. The final value is normalized by dividing to the total number of
accident causes classified under corresponding HFACS sub-level. Thereafter, the total EPC
effect is found by getting sum of each column vertically. Finally, the generated EPC values
are compared with statistical values since real data are used to validate the calculation.

3.2 Proportion affects assessment (APOA)

The assessed proportion of affect is one for the critical point during HEP calculation in H-
RAMS. In conventional HEART approach, if there are more than one EPC, the experts assign
a proportion of the effect which is weighted (prioritised) for each EPC based on its
importance. Instead of conducting traditional APOA assessment, this project proposes to
apply smart solution utilising the AHP technique to weight the importance of each EPC since
they are weighted from 0 to 1. So that, the methodological extension improves the consistency
of the calculation during HEP calculation. In order to apply APOA calculation, equation (2),
(3), (4), (5) and (6) will be conducted respectively.

4 SYSTEM APPLICATION

The system of application on-board ship is illustrated in Figure 3 where H-RAMS software to
operate the system on the principle of flow diagram. The software will include human
reliability analysis and monitoring system which will be easily used by the Masters or shore-
based executives. The software will transform the theoretical information into practice
application by using hybrid decision-making HRA model. The system will start to define the
relevant task in accordance with the scenario which is including main and sub-tasks on-board
ship. This is performed in line of hierarchical task analysis (HTA) where main tasks are
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divided into sub-tasks [20].Then, numerous scenarios representing in a broad sense will be
defined at the second phase. These scenarios include numerous conditions such as working
environment, operator/crew experiences, noise level, stress, operator/crew workforce morale,
disruption, available time for task, time of day or organisation quality, etc. Thereafter, the
relevant GTT is assigned by the software in accordance with defined scenario in the course of
eight qualitative descriptions of actions (A to M) [15]. Thus, quantitative GEP value is
determined for each sub-step.

The next step is required to select marine-specific EPC/s in accordance with the condition of
operator. After having assigned relevant EPCs, APOA calculation will be held if there are
more than one EPC. The software will create comparison matrix for EPCs and user is asked
to compare each criteria with respect to Saaty’s linguistic scale [16]. The next phase includes
calculating criteria (EPC) weights. As a result, relative importance of EPCS will be
calculated. In order to obtain consistent result during comparison matrix, the software will
calculate CR (consistency ratio) values. If CR values are found more than 0.10, the
judgements inserted by user are considered as inconsistent. Therefore, the pair-wise
comparison matrix shall be revised by user. The next phase enables to calculate HEP value in
line of the equation (1). In order to get final HEP value, the software is asked to define
dependency among the sub-tasks in the course of HTA PSA which addresses that whether the
system is serial or parallel. Accordingly final HEP will be calculated.

In case of final HEP value is found higher than desired level, recovery proposal will be
recommended to mitigate HEP value. At this point, appropriate mitigation measures are taken
for EPCs which may cause to increase HEP values. Before do that, it is checked whether final
HEP value is acceptable level or not by using risk matrix [21]. If the final HEP value is placed
inside the red boxes in the risk matrix, then recovery proposal is needed to mitigate HEP into
desired level (lower risk level-yellow blocks).

In this context, error reduction measures for relevant EPCs are proposed to remove the
impacts of error producing conditions. The final phase provides re-calculation of final HEP,
after having applied recovery measures. In case re-calculated final HEP value is not decreased
into desired level again (lower risk level- yellow blocks), the recovery measure shall be
revised and final HEP re-calculated again. If the final HEP is acceptable, then software allows
user to do operation.
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5 CONCLUSION

As a result, proposed project with these aspects will be providing new perspective to human
reliability assessment researches and will provide knowledge based technological solution to a
focal subject in marine industry. Along with being supported at national level at first, with
interdisciplinary project team's continuity to work in accordance with above mentioned
principles, based on knowledge measurement of human reliability in maritime and sensitivity
level concepts that is improved in short term, presentation of a new safety concept (like ship
crew reliability index) in medium and long term to maritime authorities will carry our country
to a standard where we propose solutions in maritime knowledge and technologies subjects.
Within this context, the targets and expected outputs of the proposed project are as follows: i)
Developed parameters of human reliability analysis model suitable into shipboard operation
management concept, ii) Model integration in transition from accident analysis to human
reliability analysis parameters, iii) Human reliability analysis and monitoring system- H-
RAMS software, iv) Test and application results of the developed system, v) Safety factor
enhancement level of developed new reliability concept.

With this project, via offering solutions to related points, implementation of management of
human error analysis and reduction technique will be consistently provided in maritime
industry. Specially, even though there are peculiar, developed human reliability analysis
methods in aviation and railway industry, there is no unique method for maritime industry yet.
With the hybrid method presented by the project will both satisfy this requirement and it is
expected to be utilized in similar sectors such as ports, shipyards, off-shore platforms, oil rigs,
floating- production-storage and offloading units.
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ABSTRACT

The Gulf of Trieste (northern Adriatic) is one of the most urbanized and industrialized areas in
northern Adriatic, with intense maritime traffic (ports of Trieste, Koper, Monfalcone, marinas,
harbors). The impact of maritime traffic on pollution by hydrocarbons in this area was assessed in this
work. Concentrations of hydrocarbons were higher near the expected pollution sources and still
elevated in the adjacent offshore areas. Compared to the prevailing pyrolytic origin (fossil fuel
combustion), the petrogenic PAH origin (petroleum) seems to be less important, but not negligible.
The temporal trends in PAH concentrations showed quite constant concentrations, with some decrease
at some sampling sites, e.g. Port of Koper, Marina of Portoroz. This could be due to better
environmental management in such areas with intensive maritime traffic. The presented results
revealed the impact of intensive maritime traffic on pollution with hydrocarbons in the investigated
area, which is largely limited to the areas near the pollution sources.

Key words: PAH, Gulf of Trieste, sediments, maritime traffic, pollution.
1 INTRODUCTION

Hydrocarbons of natural and anthropogenic origin are widely distributed in the environment
throughout the world. The most important sources of the introduction of these compounds
into the natural environment are oil seepage, oil spillage, ship traffic, urban runoff, waste
water and sewage effluents, as well as atmospheric deposition [1]. Determination of the
various sources of the introduction of such compounds into the marine environment as well as
the concentrations of these compounds in sea water, sediments and marine organisms is of
crucial importance to adequately assess the state of the environment. This is especially
important where extensive industrial activity or maritime traffic might be expected.
Hydrocarbons, especially polycyclic aromatic hydrocarbons (PAH), have been recognized as
hazardous environmental chemicals [1]. Many marine organisms, living in contaminated
areas, accumulate hydrocarbons. As a consequence, the elevated concentrations of these
compounds in sea food could also be harmful to human health.

Hydrocarbons are hydrophobic compounds. Because of their low solubility in water, they tend
to adsorb on organic or inorganic particles in the water column and settle to the bottom
surface sediment. Therefore, marine sediments often contain hydrocarbons in higher
concentrations than those in the overlaying water.
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The composition of PAHs usually reflects the sources that produced the PAHs. Some
molecular indices play a major role in establishing the origin of PAHSs in marine waters and
sediments, in particular, the ratios between low molecular weight (LMW) and high molecular
weight (HMW) PAHs or the ratio of some isomers, e.g. phenanthrene/anthracene,
fluoroanthene/pyrene [2].
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Figure 1: Location of sampling sites within the investigated area

Source:Author

The investigated area (Gulf of Trieste) is a part of the northern Adriatic (Fig. 1). It is a rather
shallow and semi-enclosed area with an estimated surface of 600 km? and a maximum depth
around 25 m. The marine environment along the coast is affected by contamination from
different sources because this area is one of the most urbanized and industrialized in the
northern Adriatic. Maritime traffic to the three ports (Koper, Trieste, Monfalcone) is quite
intensive. These ports handle about 70 million tons of cargo per year. The estimated annual
quantity of oil and oil products carried by ships in the Gulf of Trieste is more than 35 million
tons. In addition to the intensive maritime traffic, nautical tourism is also well developed
(there are more than 15 marinas and small harbors). Coastal waters of the Gulf of Trieste are
also used for other economically important activities, such as tourism, fisheries and
mariculture.

Table 1: Description of sampling sites

Site Description Depth (m)
1 Central part of the Gulf of Trieste 24
2 Port of Koper, Marina of Koper 10
3 Central part of the Bay of Koper 16
4 Municipal harbor of Koper 3
5 Municipal harbor and marina of Izola 4
6 Marina of Portoroz 10
7 Central part of the Bay of Piran 16
8 Offshore site, 2 NM from the main shipping 21

Source: Author

The aim of the present work was to determine the distribution, origin and temporal trends of
polycyclic aromatic hydrocarbons in surficial sediments in the southeastern part of the Gulf of
Trieste in order to assess the state of pollution and the contribution of maritime traffic.
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2 EXPERIMENTAL

High purity hexane, methanol and methylene chloride were used for the extraction of
hydrocarbons. Sediment samples were taken by gravity corer. The top 2 cm layer was used for
further analyses. Samples were frozen and after that freezedried. Dry sediment was
homogenized. About 10 g of sediment was transferred in a Soxhlet apparatus and extracted
for 8 hours with 200 ml of hexane/methylene chloride (1:1). The extracts were concentrated
on a rotary evaporator and additionally in a nitrogen stream. Sulphur was removed overnight
by the addition of activated Cu. The partitioning in aliphatic and aromatic fraction was
performed on SiO,/Al,O3 Aromatic fraction was concentrated and used for the analyses.
Concentrations of polycyclic aromatic hydrocarbons were determined using gas
chromatography.

3 RESULTS AND DISCUSSION

Concentrations of PAHs are presented in Table 2. The highest concentrations were detected in
Izola and Koper harbors. Concentrations at all other sites were much lower, only in the marina
of Portoroz were they relatively slightly elevated. As expected, the lowest concentrations
were detected at site 8. Concentrations in the port of Koper are quite low and do not differ
significantly from those at the offshore site. The area in the Port of Koper is rather open and
the exchange of water is more intensive. In addition, dredging activities in the port, as well as
the resuspension of sediments caused by ship screws, can influence the distribution of
contaminants. Somewhat elevated concentrations were also obtained in the central part of the
Gulf of Trieste (site 1). This could be an indication of the influence of the Port of Trieste and
the City of Trieste. Concentrations of sedimentary PAHSs in the port of Trieste, as well as in
the surrounding area in Muggia Bay are two orders of magnitude higher compared to other
areas of the Gulf of Trieste [3]. They ranged from 2.37 pg g™ dw to 64.56 ug g™* dw.

Table 2: The content of PAHSs (ng g™ dw) in sediment samples

Sampling site
1 | 2 [ 3 | 4 | 5 [ 6 | 7 | 8
Naphthalene 3 7 n.d. 22 n.d. 2 n.d. 1
Acenaphthylene n.d. 1 n.d. n.d. n.d. n.d. n.d. n.d.
Acenaphthene n.d. n.d. 1 7 n.d. n.d. n.d. 2
Fluorene 27 41 21 7 27 19 9 25
Phenanthrene 52 40 28 289 657 30 38 32
Anthracene 2 4 2 57 240 2 2 1
Fluoranthene 98 28 75 482| 1402 156 74 26
Pyrene 81 27 59 487 1211 125 78 33
Chrysene 13 61 17 446 298 86 94 34
Benzo[a]anthracene 40 13 23 316 244 22 10 3
Benzo[b]fluoranthene 19 18 26 464 61 50 29 18
Benzo[K]fluoranthene 23 21 46 239 70 56 11 12
Benzo[a]pyrene 34 14 38 269 122 46 25 18
Indeno[1,2,3-c,d]pyrene 33 14 31 159 35 22 14 3
Dibenzo[a,h]anthracene 8 17 4 128 34 24 3 3
Benzo[g,h,i]perylene 9 29 10 156 15 26 3 3
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Sampling site
1 | 2 [ 3 ] 4 | 5 [ 6 | 7 | 8
Total PAH 442 335 381 3528| 4416 666 390 214
LMW/HMW 0.2 0.4 0.2 0.1 0.3 0.1 0.1 0.4
PHE/AN 26.0 10.0 14.0 51 2.7 15.0 19.0 32.0
FLU/PY 1.2 1.0 1.3 1.0 1.2 1.2 0.9 0.8
AN/(AN+PHE) 0.04) 0.09] 0.07] 0.16/ 0.26/ 0.06f 0.05| 0.03
FLU/(FLU+PY) 0.55| 0.51] 056| 050{ 054/ 056/ 049 044

Source: Author

Two primary origins are usually considered in the case of PAHS, petrogenic (from petroleum)
and pyrolytic (combustion of organic matter, e.g. fossil fuels). In most cases, sources are
mixed, with prevalence varying. To distinguish between petrogenic and pyrolytic origins,
different evaluation indices have been used [2]. Some of the most frequently used are
presented at the end of Table 2. It is well known that high molecular weight PAHs (HMW:; 4,
5 and 6 aromatic rings) are mostly formed during the combustion of organic matter (pyrolytic
origin), e.g. wood, petroleum, coal [2]. On the other hand, low molecular weight PAHs
(LMW; 2 and 3 aromatic rings) usually contribute to pollution by petroleum and its products
(petrogenic origin) [2]. For this reason the ratio LMW/HMW PAH is frequently used for the
first general determination of PAH origin. This ratio is <1 for pyrolytic origin and >1 for
petrogenic origin [4]. In our case all the calculated ratios were far below 1, indicating a strong
prevalence of pyrolytic origin. The four ring PAHs comprised more than 40 % of the total
PAH concentration at all sites, composing, together with those with 5 and 6 rings, more than
70% of the total PAH concentration. The amount of 2 and 3-ring compounds was higher than
20% only at sites 2 and 8, which implies a relatively higher content of petrogenic PAHSs.
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=

Figure 2: PAH distribution according to the number of aromatic rings

Source: Author

PAH isomer pairs with a similar molecular weight have also been widely used as diagnostic
ratios for the identification of potential sources of PAHs [2]. The resistance of these isomers
to degradation is different due to their different thermodynamic stability. For further
elucidation of PAH origin in the studied area, the two most commonly used ratios were
applied. The ratio fluoranthene/pyrene is <1 for petrogenic origin and >1 for pyrolytic origin,
while the phenanthrene/anthracene ratio is <10 for pyrolytic origin and >15 for petrogenic

14



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

origin [4]. Ratios, presented in Table 2, confirm the primary pyrolytic origin, with different
contributions of the petrogenic. Pyrolytic origin is the main origin at sites 4 and 5
(AN/(AN+PHE)>0.1)). The FLU/(FLU+PY) ratio also reveals coal/wood combustion as an
important source at sites 4 and 5 (>0.5), while petroleum combustion seems to be more
important at sites 7 and 8 (0.4-0.5) [5]. This is also shown in Figure 3.
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Figure 3: Determination of PAH origin

Source: Author

The temporal trends in PAH concentrations for the period 2004-2011 showed quite constant
concentrations, with some decrease at some sampling sites, e.g. Port of Koper and Marina of
Portoroz (Figure 4). This indicates a pretty weak impact of the increase of maritime traffic in
the investigated area in the last decade. This could be also due to the better environmental
management in such areas under strong anthropogenic impact.
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Figure 4: Temporal trend of PAH concentrations in the marina of Portoroz

Source: Author

In conclusion, results of the present study revealed that maritime traffic is one of the sources
of contamination by hydrocarbons in the Gulf of Trieste. Its impact seems to be rather limited
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to areas near the contamination sources. Concentrations of hydrocarbons are higher near the
expected sources and still elevated in the adjacent offshore areas. This is more pronounced in
the northern part of the Gulf of Trieste (ports of Koper and Trieste). The impact of maritime
traffic in terms of PAH concentrations and distribution is not so uniform. In general,
concentrations are higher close to contamination sources and the petrogenic PAH origin is not
negligible. However, the prevailing origin is pyrolytic, with an important input from other
sources on the coast.
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ABSTRACT

Results provided in this paper have been obtained from the EA SEA-WAY project which intends to
evaluate the relevance and the sustainability of an integrated network consisting of the ports facing the
Adriatic in the field of passenger traffic. The general objective of the EA SEA-WAY is to improve the
accessibility and the mobility of passengers across the Adriatic basin and its hinterland, through the
development of new cross border, sustainable and integrated transport services and the improvement
of physical infrastructures related to those new services. The paper considers state of the art in the
Adriatic region in air transport sector. Special attention is given to multi-modal connectivity based on
Adriatic ports hinterland with neighboring airports. The paper presents a multi-choice methodology
built on existing infrastructure (connectivity nodes, closeness (distance)), travel time, travel costs and
aircraft characteristics (capacity, comfortability, availability and sustainability). Related research
should be implemented on other macro regions.

Key words: Aircraft, Adriatic region, connectivity, air transport, multi-modal.
1 INTRODUCTION

The most conspicuous strategic advantage of the Adriatic region can be defined through its
typical characteristic which is placed at the active confluence of two regions — the Italian and
Balkan Peninsula, which are both very close to the growing market of Middle East. The
Adriatic region has a favorable geo-strategic position for attracting air traffic in over-flights
and regarding the projection of traffic growth between Northwestern Europe and the
Mediterranean and the Near East.

However, small size of national aviation markets in the Adriatic countries and the
geographical location of many airports positioned close to national borders have impact on
passenger air traffic volumes in the region as well as on intraregional air transport
connectivity. Also, the competition among the airports with overlapping hinterlands can be
fostered by improving road and rail links and cross-border procedures.

EA Sea Way study aims to improve intraregional connectivity within the Adriatic basin, as
well as better connectivity with global markets. The study should balance modal share and
passenger accessibility from ports to hinterland within the Adriatic basin. Moreover, it would
require improvement of existing services and some infrastructural investments in the near
future.
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1.1 State of art in air transport development in the Adriatic region

After signing the ECAA (European Common Aviation Area) agreement in 2005, the air
services were liberalized and the Adriatic route network has grown rapidly. New established
routes are connecting European destinations within the Adriatic region serving neighboring
hub airports as feeders while regional main airports, which could compare to European hubs,
have been established mainly in Italy. It implicates the lack of domestic traffic, with exception
in Italy and Croatia, which highlights the importance of cross border international traffic on
regional level. Table 1 provides overview of the current list of national airlines in the Adriatic
basin.

Table 1: List of national airlines in the Adriatic basin (2014)

Regional National . Former Number Aircraft Number of
g o Ownership . of .
Participant Airline ownership . types destinations
aircraft
Albanian
Albania ) i Airlines, ceased i i i
operation in
2011
Bosnia and B&H Government 2
Herzegovina | Airlines 99.93% i 2ATR 72212 4
. Croatia Government 4 A319 2
Croatia Airlines 96.22% - 121 A320 6 Q400 27
22 A319
Fully private 47 A320
Italy Alitalia company with - 103 12 A321 83
24 shareholders 12 A330
10 B777
Montenegro | Government L E-190LR
Montenegro Airlines 100% - 6 3 E-195LR 13
2 Fokker 100
8 A319
. . . Government 2 A320
Serbia Air Serbia 51% - 19 3 ATR 72-200 41
2 ATR 72-500
4 B737
. 2 A319
Slovenia ﬁ?r'célys gg’;ﬁ;}”me”t - 10 | 2 CRJ200LR 23
' 6 CRJ900LR
Kosovo* - - - - - -

Key determinants of air transport connections development are based on contracts for the joint
operations of air carriers and associated partners within airline alliances. Star Alliance, with
Austrian Airlines, Lufthansa, Croatia Airlines and Adria Airways as members, dominates in
this region, particularly within SEE (South East Europe) area. Accordingly, the highest
frequency air transport connections in the Adriatic region are linking the Adriatic region and
Western Europe, with the largest number of flights to European nodal airports (Rome,
Frankfurt, Munich and Vienna). Whilst number of destinations served from airports in
Slovenia, Croatia, Montenegro, Albania coast are less than 50 per airport (for example:
Rijeka-10 destinations in 2010, Split-50 destinations in 2010, Tivat-11 destinations in 2010,
Dubrovnik-49 destinations in 2010, Tirana-35 destinations in 2010), Italian coast is more
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developed by the number of served destinations (for example: Bari-32 destinations in 2014,
Venice-64 destinations in 2014).

Main indicators of current state of air transport in the Adriatic region are modes traffic flows
that represent 2% of passenger transportation in the world schedule traffic and 1.5% of the
number of international airports in the world as well as underdeveloped intra-regional
connectivity and lack of intercontinental flights (Table 2).

One of the highest air transport growth rates in Europe were recorded in the Adriatic region
but the traffic volume figures in comparison with other European regions are low (SEETO,
2014). In the last decade the Adriatic region recorded tremendous yearly growth rate in airport
traffic volumes in some regional participants exciding even 10%. Constant changes were also
noted in passenger traffic figures. The reasons for such developments in traffic volumes can
be found in entrance of low cost carriers’ on the SEE market in 2003.

Table 2: Indicators of passenger and cargo traffic on the airports in the Adriatic basin

Airport Passengers | Cargo (t) Passengers | Cargo (t) Passengers | Cargo (t)
2011 2012 2013
Tirana 1,817,073 2,656 1,665,331 1,875 1,757,342 2,164
Sarajevo 599,978 - 580,058 - 665,638 -
Dubrovnik 1,356,036 389 1,490,844 344 1,526,841 294
Pula 351,394 2 375,979 4 359,490 3
Rijeka 78,890 - 72,762 - 140,776 -
Split 1,302,084 619 1,424,013 577 1,587,264 450
Zadar 298,366 284,980 379,165 371,256 483,163 472,572
Zagreb 2,269,191 8,012 2,323,904 8,133 2,291,566 7,699
Podgorica 611,666 - 620,117 - 680,854 -
Tivat 647,169 - 725,392 - 868,423 -
Belgrade 3,124,633 8,025 3,363,919 7,253 3,543,194 7,679
Pristina 1,422,302 - 1,527,134 - 1,628,678 -
Ljubljana 1,359,646 19,659 1,168,261 17,031 1,269,192 17,777
Trieste 857,134 - 880,543 - 853,981 -
Venice 8,572,909 32,695 8,192,296 33,112 8,401,085 37,728
Rimini 918,863 787 799,828 744 562,554 834
Ancona 606,591 6,997 564,476 6,864 501,689 6,680
Pescara 550,062 1,200 563,187 1,221 548,217 721,1
Bari 3,724,058 2,127 3,791,977 1,999 3,601,377 2,033
Bologna 5,943,835 43,788 6,022,740 40,645 6,245,909 44,149.6
Verona 3,408,516 334 3,231,463 175 2,739,151 534
Florence 1,893,306 176 1,841,006 136 1,971,895 121
Rome 37,897,931 151,867 37,219,446 143,244 36,393,505 141,911
Naples 5,784,798 3,024 5,824,839 3,446 5,465,636 5,542
Total 85,396,431 567,337 84,648,680 638,059 84,087,420 755,382

By applying TEN-T (Trans-European Transport Networks) categorization on the airports in
the Adriatic region it can be noted that 4 airports on the basis of their traffic performance
(Venice, Bologna, Rome and Naples) are considered as International connecting points, other
10 could be in the second category as Community connecting points (Tirana, Dubrovnik,
Split, Zagreb, Belgrade, Pristina, Ljubljana, Bari, Verona and Florence), while other 10
(Sarajevo, Zadar, Rijeka, Pula, Podgorica, Tivat, Trieste, Rimini, Ancona and Pescara) are in
the third category as Regional connecting points.
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The airports in Adriatic region which could be considered as the second category are
equipped with one runway longer than 2,400 meters enabling operations of narrow and wide
body jets such as B767-300 and A310-300, while runway systems in the airports Belgrade,
Dubrovnik, Zagreb, Tivat, Ljubljana, Trieste, Venice, Verona and Rome are able to accept
even the largest body passenger aircraft (B474-400, A380, A340-500). Other airport capacity
limitations are visible in taxiway systems, aprons, gates and passenger terminal areas and
even though airport runways that are capable to accommodate largest passenger aircraft
mentioned limiting factors preclude its usage.

In a view of airports expansion and modernization, preliminary process focuses on
identification of highest priority capacity limitations. At the moment, apron and terminal
building construction are the highest priority in the airports expansions. Current airport
capacity within this region satisfies current demand but additional reconstructions and
modernizations especially regarding apron areas and terminals are needed.

2 ACCESSIBILITY ASSESSMENT OF THE ADRIATIC REGION NETWORK
AIRPORTS

The stumbling block in the further recognition of the airports in Adriatic basin in relation to
the inland transport modes are airport connections with other transport modes and with city
centers. The multimodal dimension in passenger transport is underdeveloped and hampers its
full integration in the transport system.

Air transport is not possible without the other means of transport. These serve as conveyer
and distributor. The national air traffic services are in demand of the road and railway traffics
ahead of all things. Because of the dimension of the catching and target areas of the air traffic
passengers and the airfreights, a narrow networking of the airports as an interface to the road
and railway traffic is an indispensable prerequisite for the development and competitiveness
of an airport. This is obliged to the interests of the respective country and the international
interests as a national instrument tied regionally. With the integration of the surface-bound
transport services in aeronautics these traffics also undergo their internationalization and the
operative and administrative necessities connected with the integration.

An efficient road network linked to the local system is an essential requirement when dealing
with ground access infrastructure projects. This relates not only to cars but also to buses,
where infrastructure for buses can extend beyond basic bus stops to a city bus interchange or a
regional bus (or coach) station. On the other hand, train services can range from links to a
city’s metro, subway or local transit trains, to the integration of a major train hub with
intercity train services. It is important to note that a dedicated high-speed rail link between the
airport and the city might be a solution for large airports isolated from a city’s main train or
other transport systems.

Road traffic is still predominant on the Adriatic basin network since this is the only transport
mode connected to all observed ports. Railway traffic is quite less used since the
infrastructure is not equally developed in the whole region and this market is still deregulated
which in some connections require much more travel time compared to other modes,
especially with air transport.

Passengers travelling by air have to consider fixed time blocks, respecting their duration,
mostly set by air transport. One of the major disadvantages of air transport to rail and to some
extent to road is the check in time, asking the passengers to be at the airport much sooner
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before the actual flight. In general, for European airports it is two hours for economy travelers
on international flights and about 90 minutes for domestic. Travel time used in analysis is
calculated as a sum of waiting time at the airport before the flight, flight time and waiting
time at the airport after the flight (Figure 1). Time spent at the seasonal airports in Adriatic
basin before and after the flight (45 minutes) is lower in comparison to European airports due
to its smaller capacity and volume of traffic.
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Figure 1: Ratio of travel time and distance on available air transport connections among
airports

Source: South East Europe Transport Information System (SEETIS) 111

Travel time is the most significant factor of influence which in the main aspect is determining
air/rail/road market share. Travel time has been analyzed in correlation to transport price
which is defined as second most important factor of influence on passenger choice (Figure 2).
However, since among Adriatic region airports only road transport is available on all port
connections while rail and air transport is available majority but not at all connections, it
should be taken into account that passengers are given reduced choices of available transport
services.

The EU transport study that examined interactions between HSR and passenger air transport
stated that shortening of travel time of 7h20 before the opening of HSR transport to 4h50
which influenced the travelers to change the mode. In spite further shortenings of travel time
to 4hl0 many passengers choose again the air transport mode. The investigation of modal
shifts on 25 city-pairs has shown that a change in modal choice took place where scheduled
rail travel time is less than 3-3h30 hours and for business 2 hours. The same principle can be
applied on road transport given that most people preferred to drive than fly on journeys of 300
km or less (3 hours equivalent travel time) with cost and convenience being major factors
(Bureau of Transport and Regional Economics, 2003).
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Figure 2: Ratio of travel time and cost on two sample connections among Sea-Way airports
Source: Official Airline Guide (OAG) Database
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When elaborating external costs of air, road and rail transport, with 93% in the EU, road
transport is responsible for the lion share of the external costs, aviation (only intra-EU flights
are included) has the second largest share in external costs with about 5% while rail transport
is responsible for less than 2% (CE Delft, INFRAS and Fraunhofer ISI, 2011).

However, when comparing travel costs of road, rail and air transport, as Figure 3 depicts, air
fare outpaces road (+129%) and rail (+57%) transport in terms of overall cost advantages in
operations, infrastructure, and cost of utilization, external environmental and accident costs.
Travel by air, starting from the routes of 500 km and beyond, is more cost-efficient than road
or rail. This fact certainly supports the action stated in the White Paper 2011 which requires
tripling the length of the existing HSR network in order to transfer majority of medium-
distance passenger transport from air to rail by 2050 (European Commission, 2011).
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Figure 3: Rail and air costs per passenger, by route length
Generally speaking about future air transport development within Adriatic region, it should be
mentioned some overall goals to be achieved in the near future. There is a strong EU
influence on providing action plans related to similar regional initiatives such as European
Union Strategy for the Danube Region. The main goals to be achieved are mentioned below
and fully applicable to the Adriatic region (EU, 2010):

e “Enhancing cooperation between air traffic stakeholders in order to prepare a plan to
implement shorter plane routes”. The basic principle behind this goal lies in
achieving better coordination between the ‘Functional Airspace Blocks’ that can
ensure a needed transition from domestic air traffic management arrangements to a
more integrated European dimension.

e “Developing further nodal planning for multimodality”. In order to resolve the
problem of congestion and loss of productivity in many nodes characterized by the
overlap of different freight and person transport, as well as underdeveloped terminal
infrastructure, air transport can play a key role in allowing access to remote regions.
In addition, this would improve the conditions for shifting transport volumes to more
energy efficient and environmentally friendly transport modes like rail and water.

3 AIR TRANSPORT FORECASTS

Air transport capacity has been one of the major trends investigated in contemporary air
transport development. Many of capacity indicators are the basis for huge infrastructure
investments as well as for passenger capacity growth. Main indicators are based on
measuring: IFR flights forecast by EUROCONTROL, GDP in the observed zones (Eurostat
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2013), GDP by flights and other relevant parameters (local airports statistics), relevant
economic facts (Eurostat 2013), fares, travel time, etc.

Air travel demand can be affected by various factors that feature air transport market
maturity: airport capacity and congestion; the policy and regulatory environment; low cost
carrier stimulation; and taxation and pricing regimes. However, the relationship between
economic growth and air travel demand can be used to justify the growth or decline in some
markets, where economic development and prosperity are the principal drivers for the
underlying demand for air transport, with GDP and its growth being the main measurement of
economic activity for econometric-based air transport forecasts (European Commission,
2013). As shown on Figure 4, the global GDP will grow on average 3.2% per annum between
2012 and 2032 (Figure 4).
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Figure 4: Average annual GDP growth 2012-2032

Source: Bombardier/Global Insight

As indicated by European Commission (2013), GDP is not the exclusive variable factor for
the explanation of variation in air transport main KPIs (passengers, aircraft movements and
cargo traffic). A number of other factors are being considered by aircraft manufacturer
forecasts, which can be divided into several groups depending on their principal influence —
economic, political or operational (for example, the rapid urbanization resulting from the rise
of the middle classes in emerging economies, or continued liberalization and deregulation of
air transport markets that allow further adoption of the low cost carrier business model).

Air transport demand is often measured in RPK (Revenue Passenger Kilometer), a measure
that indicates the number of fare paying passengers multiplied by the number of kilometers
flown. ICAO has produced a short term passenger traffic forecast for the period 2013 to 2015
based on RPK using 2012 preliminary figures as a base. The results are summarized in Table
3, from which it can be observed an expected global growth in 2013, 2014 and 2015 of 4.8%,
5.9% and 6.3% respectively. While the Middle East is projected to be the fastest growing
region, Europe is projected to grow faster than North America, albeit this growth will be
slower than in the emerging markets.
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Table 3: ICAO-RPK annual growth rate forecast

Region of Airline History Forecast

registration 2011(%) | 2012* (%) 2013 (%) 2014 (%) 2015 (%)
Europe 9.5 3.9 4.4 5.5 6.2
Africa 0.9 4.2 5.2 5.7 6.0
Middle East 9.2 13.7 10.2 11.2 10.8
Asia Pacific 6.8 6.4 5.5 6.4 6.8
North America 2.4 1.3 2.3 3.3 3.8
Latin America/Caribbean 11.1 8.6 7.6 8.8 8.0
World 6.5 4.5 4.8 5.9 6.3

Source: ICAO Medium Term Forecast 2012 *Preliminary figures

Aviation activity can also be measured through the number of IFR movements that provides
an insight from an operational standpoint. This allows for the analysis of overall aircraft
operational activity within European airspace, and thus helping to determine its pressures,
demands, capacities and constraints. This in turn is useful for planning improvements and
efficiencies in the aviation system; essential for projects such as SESAR, Clean Sky JTI, the
Emissions Trading Scheme and airport infrastructure and capacity. However, these forecasts
do not consider aircraft size or average numbers of passengers per flight.

4  AIR TRANSPORT ASSESSMENT IN THE ADRIATIC REGION

4.1 SWOT analysis

Development within the aviation sector is the key driver for medium and long-term planning
of infrastructure capacities (ATM, airports, etc.) as well as for increasing capacity related to
aircraft operations. Within the project scope, the SWOT analysis has been conducted in order
to evaluate the strengths, weaknesses, opportunities and threats involved in a project (Table
4).

Table 4: SWOT analysis

S W

- Geographic position and level of air routes -
network development;

- Airports infrastructure resources;

- Auvailable resources for aviation sector -
connection to port, road and rail resources; -

- Membership in European aviation
organizations of Adriatic region countries; -

- Auvailable sources for potential regional
airports network development and its - National monopoly on several airports;
connectivity with the rest of Europe - Lack of cargo resources;

- Lack of airports interconnection by rail;

- Insufficient airports utilization by passengers and aircraft
due to their capacities;

- Lack of certain airports interconnection with ports

Insufficiently usage of existing airport infrastructure
(particularly for small size airports with seasonal character
of aircraft operations);

Lack of modern air navigation system (in some airports);
Lack of financial resources for air mode infrastructure
development;

Weak and insufficiently steady political position of some
non EU countries;
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- Interests of airports development as an open | - Lack of aviation infrastructural development projects in
markets in European air transport network; relation to ports hinterland by air connectivity;

- Future possibility to air cargo transport - Slow aviation infrastructure development due to single air
increase; package projects;

- Possibility for establishing international and | - Manifestation of partial and local interests inside the
regional port connectivity by air; countries;

- Possibility for reducing travel time within - Long lasting economic crisis aiming the passenger
the ports by air connection decreasing trend;

- Airports seasonal character

4.2 Scenarios analysis for air transport

The analysis of the future air transport development of the Adriatic basin is neither possible
from the regional, national or EU integrated view but by an assessment from an international
perspective. The valuation basis is the macroeconomic valence of the economic instrument:
aeronautics as a means of transport for persons and high-quality goods. The possible socio-
economic effects at a national and regional level are only then assessable if the international
possibilities for development are known and the prerequisites necessary for it were defined.

The overall goal of future transport development within the Adriatic region should be based
on attracting international transport flows and increasing regional development (Simecki et
al., 2013). Air transport is recognized for adequate tool for connecting ports and hinterland
due to the easiest of new routes establishment. The existing capacity of airports and aircraft is
sufficient for the forthcoming period. As it is shown before, an important parameter of future
air transport development is GDP which is evaluate for Europe as 2% of average increase
until 2032. As a key driver in aviation development, this parameter is function of RPK which
from the Boeing statistics could be measured round 5% of growth rate for intra and inter
regional flights for the Adriatic region. Air transport has been in constantly growth rate in the
last decade.

Three potential scenarios are related to air transport development within the Adriatic region:
1. International and Intercontinental flights development (optimistic scenario - Best)

It is not possible to expect that the future development of airports in the Adriatic region
would be equal for all countries, but there is still great opportunity to develop new routes
which will continue to expand the number of potential passengers use ports services. The
possible way of future development should be based on hub connectivity (Roma, Milan,
Belgrade, Zagreb, etc.) with the expected growth rate of 5% RPK.

2. Regional and International flights development (realistic scenario - Modest)

This scenario considers existing flights routes between Adriatic region and other European
cities. The expected growth rate is evaluated as 2% of RPK growth, according to GDP and
forecast until 2032. This scenario will cover minor growth of passenger using port
services, while the growth rate is perceived on the basis of tourist destinations within the
region.

3. Municipal and local oriented airports (pessimistic scenario - Worst)

This scenario is not expected to be held within the large number of airports within the
Adriatic region, but still some future trends should bring reductions in RPK or number of
operations for some seasonal airports. Above all, some global economy drivers, Ukrainian
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crisis, etc. could provide reductions in larger airports but not more than 5% in the total
RPK within the region.

5 CONCLUSION

The existing connectivity network and air transport frequencies within the Adriatic region are
bellow growing needs and demands of the travelling public. While connections with main
European destinations are dominant and all leading European air carriers already operate in
the Adriatic region, presently less than 15% of all airlines commercial activities are realized
within the Adriatic network.

It can be concluded that the air transport in the Adriatic region is evolving from year to year
by application of EU legislation. However, the problem of intraregional connectivity prevails,
where majority of destinations from and to the Adriatic airports are in the Western Europe and
minor of all air transport operations in the region are realized within the Adriatic network.
Underdeveloped connections between the Adriatic ports and major cities represent a barrier
for fast and convenient travel within the region.

The following conclusions can be drawn from the present study:

e New air connections within the Adriatic region could considerably improve mobility
and accelerate economic integrations and touristic potential of regional development.

e Small aircraft transport system in Europe/Adriatic region is a solution to improve
transport infrastructure (accessibility).

e GA revitalization in Europe needs cooperation and support from ACARE, SESAR,
FP7/Horizon 2020 funding.

e New lines between Adriatic region cities by sea and by air due to the easiest way of
infrastructure establishment (road and rail should be connected by new infrastructure
development).

e Heliports development (for SAR on sea and passenger traffic within the ports).

e Traffic with hydroplanes improvements (due to the easiest of infrastructure
utilization).

Accordingly, new air transport connections within the Adriatic region could considerably
improve mobility and accelerate economic integrations and cooperation processes. In that

respect, this new mobility potential should be further considered and analyzed to answer
whether a new optimized route network could be established.
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ABSTRACT

Iris recognition system occupies a larger and larger place in biometric identification because of its
reliability. Popularity of this type of identification is growing in maritime systems, such as port
security, coast guard, etc. Iris images need to be stored in databases and often sent over
communication channel in large variety of biometric identification systems used in marine.
Consequently, iris images should be compressed while maintaining acceptable accuracy in
identification process. This paper explores advantages of Classified Vector Quantization (CVQ)
compression method combined with some standard image processing methods, such as contrast,
brightness, etc. Compressed iris images should differ from original images as less as possible.
Experiments presented in this paper show that processed iris images are less different from original
images than unprocessed iris images at the same bit rate level.

Key words: Marine safety, iris recognition, classified vector quantization, image processing.
1 INTRODUCTION

Iris recognition has become one of the most popular biometric identification methods due to
its stability and reliability in regards to other biometric methods such as face, voice and
fingerprint recognition [1],[2],[3]. It is a method of identifying people based on unique
patterns within the ring-shaped region surrounding the pupil of the individual’s eye, and it is
mostly used in security-related applications [1]. Iris biometric systems are increasingly
implemented in different marine systems that include port and ship security, as well as in
other areas of transport, such as airport and air traffic security, road transport security, border
security, etc. [4],[15].

Iris recognition method requires individual’s iris images to be taken and stored into databases.
A large number of iris biometric applications do not contain actual iris images in their
databases, but 512 byte binary files called IrisCode templates that represent unique patterns of
each and every individual. As a standard, grayscale iris images of format 640x480 pixels and
Daughmans algorithm are used in order to obtain IrisCode templates [1],[3]. Simplification of
the process would be usage of real iris images instead of templates. Moreover, different
policies even lobby that biometric data should be stored in image form, rather than in form of
templates created with specific algorithms, in order to achieve interoperability and vendor
neutrality [6]. Also, some of existing biometric systems use portable iris scanners that include
iris image transmissions over different communication channels, e.g. Coast Guard is using
portable iris scanners so that they can quickly identify smugglers or suspected migrants at sea
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[16]. These operations require fast data transmission and identification process. As an answer
to all these requirements, real compressed iris images can be used in the recognition
procedure instead of IrisCode templates. Experiments from previous researches proved that
this solution is possible, and that recognition accuracy is not significantly affected [8],[9]. It
has already been proved that Vector Quantization (VQ) gives better results than Discrete
Cosine Transform (DCT) method [10],[11]. DCT is generally accepted standard used in
majority of video and image compression methods [12],[13].

A more advanced version of VQ called Classified Vector Quantization (CVQ) is used in this
work along with the classification of blocks of pixels (vectors) which is based on edges [14].
One of the main goals of every data compression is to preserve the quality of compressed data
as much as possible. Quality preservation is particularly important when referring to
something sensitive and important as iris biometrics and iris images in marine safety, and
safety of other systems as well. This work explores weather there are improvements in quality
of compressed iris images if some of the standard image processing techniques are applied
over original iris images before coding and compression via CVQ. Next section describes the
CVQ compression method. Third section describes the methodology and results while the
conclusion is given in the last section.

2 CVQ

Ordinary VQ involves replacement of the original block of pixels (vector) from the original
image with a closest matching block of pixels (vector) from the single codebook —
approximation is done. During VQ of the input vector, it is not necessary to search the entire
codebook to find the most similar approximation vector. It is possible to select and consider
only one subset of the codebook when choosing approximation vector. In other words, the
input vector can be classified, i.e. determined to which subset of the total codebook it belongs.
This process is called CVQ, and Figure 1 illustrates the method.
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Figure 1: CVQ scheme

Source: Ramamurthi, B. & Gersho, A. (1986). Classified vector quantization of images. Communications, IEEE Transactions
on (Vol. 34, 1105-1115).
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Index, or the address of the vector from the codebook consists of two parts. The first part,
generated by classificator, determines the codebook C; in which the search for approximation

vector is performed. The second part of the index is the address of the code vector within each
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codebook. Codebooks C, are generated so that the overall training sequence T is divided into
M subsequences T,(j=123,...,M) after it passes through the classifier. Then, each

codebook L; of size mj(j :1,2,3,...,M) is generated using one of the algorithms (LBG

algorithm [5] is used in this work) for the appropriate subsequence only. Overall codebook is
composed from all codebooks L.

Different properties can be considered in order to perform classification of vectors from the
original image. Classification based on edges is most commonly used when it comes to
compression of images. In this work, classification of image vectors is performed using a
method called comparison of locally thresholded image vectors with a predefined set of
binary edge templates [7].

3 METHODOLOGY AND RESULTS

3.1 Background idea

Generally speaking, main idea of any variation of VQ is replacement of original image’s
vectors with the most similar vectors from the codebook. It means that the vectors (blocks of
pixels) from the original image are replaced with vectors from the codebook, in other words,
approximation is made (compressed image is composed of these approximation vectors). One
of the main goals of CVQ is better approximation of edges since edges within the image play
the most important role for the human visual impression. This means that outlines, curves and
all the sudden jumps between neighboring pixel values are approximated better than the rest
of the image. Logically, uniform areas within the image are not important as edges for the
visual impression and resolution of details. Average images from everyday environment do
not have tendency to contain as much as edges as iris images (iris image contains a dense
network of edges). CVQ based on edges can use this property in order to get better results.

Generally, codebooks contain approximation vectors developed from training set of vectors
collected from original images that represent the environment for which the images are
related. In order to get compressed images of better quality, training set of vectors should
contain as much as possible vectors that are as similar as they can be to an original images
that will be coded and compressed. In CVQ, training vectors are first classified into different
edge classes using the method [7] mentioned in the previous chapter, and the separate
codebook is developed for each and every edge class of training vectors. If there is a lack of
training vectors inside these classes (meaning that there is a lack of edges in the image),
developed codebooks do not contain approximation vectors that are good enough. This
problem is not an issue in the case of iris images, especially if CVQ is combined with some
standard image processing techniques like contrast, midtones/darktones level adjustment,
brightness, etc.

3.2 Methodology

Iris images from Phoenix database [17] were used for the purpose of this study. Six randomly
selected gray iris images were taken as training images for extraction of training vectors of
size 4x4 pixels. Images were cropped in order to get standard 640x480 pixels size, meaning
that the total of 115 200 training vectors were used for codebook development (each of 6
images containing 19 200 training vectors). Two test cases were analyzed. In the first test case
Microsoft Office Picture Management tool was used to apply some of the image processing
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methods i.e. contrast, midtones and darkcolors level manipulation. These methods were
applied in order to obtain as many edge vectors as possible during the classification process.
In this work, experiment showed that contrast ratio of 100:1, 20% increased input midtone
level and 20% decreased darkcolor level applied to original training iris images resulted with
the largest number of edge vectors during the classification. Images are shown in Figure 2.
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Figure 2: First test case training images

Source: http://phoenix.inf.upol.cz/iris/

After the extraction, training vectors obtained from these previously manipulated iris images
were distributed among 30 different classes. 28 classes refer to edge classes, and each of these
28 classes represents one edge type. Two remaining classes refer to a mixed edge class
(containing all the edge vectors that do not belong to any of these 28 classes) and to a non-
edge class. LBG algorithm was used to develop separate codebooks for each of 30 classes.
Codebooks of different sizes (64, 32, 16, 8, 4) were developed for each and every class,
meaning that the input vectors from original iris images can be coded at different bit rates
using CVQ (range from 0.43 — 0.68 bits per pixel). Finally, three randomly selected gray iris
images from phoenix database were coded (i.e. compressed) at these bit rate levels. The same
training images and the same methodology was used in the second test case, but without
image processing methods applied (contrast, midtones and darkcolores manipulation). Images
are shown in Figure 3.

\

Figure 3: Second test case training images

Source: http://phoenix.inf.upol.cz/iris/

Again, same three iris images were coded at the same bit rate levels as in the first test case.
Higher bit rates are of particular interest when compressing iris images because of the
significant image quality degradation at lower bit rate levels, and significant loss of quality is
not a desirable property when compressing biometric data such as iris images. Described
methodology was performed using several Maltab scripts designed for this purpose. First
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script that is executed pulls training vectors (size 4x4 pixels) from input training images.
Second script is used to classify these training vectors among 30 different classes based on
edge types. Third script uses LBG algorithm in order to develop codebooks of different sizes.
Fourth script codes original images that are selected for compression using one of the
previously developed codebooks. Fifth script decodes these coded original images. And the
last script measures the quality of coding (i.e. compression) using Mean Squared Error (MSE)
[18].

3.3 Results

Statistic of extracted training vectors that are classified among 30 different classes is shown in
Table 1 for both test cases.

Table 1: Classified vectors statistic for each test case

First test case (applied image processing | Second test case (no image
methods) processing methods)
class number of % of vectors number of % of vectors
vectors vectors

1 262 0.23 58 0.05
2 2937 2.55 652 0.57
3 3930 341 824 0.72
4 627 0.54 128 0.11
5 4588 3.98 1050 0.91
6 2251 1.95 497 0.43
7 186 0.16 54 0.05
8 3180 2.76 628 0.55
9 3133 2.72 817 0.71
10 606 0.53 295 0.26
11 4613 4.00 1156 1.00
12 2250 1.95 485 0.42
13 343 0.30 132 0.11
14 227 0.20 69 0.06
15 1447 1.26 283 0.25
16 5228 4.54 1568 1.36
17 283 0.25 153 0.13
18 292 0.25 129 0.11
19 1744 1.51 472 0.41
20 3473 3.01 906 0.79
21 496 0.43 153 0.13
22 1367 1.19 307 0.27
23 1935 1.68 516 0.45
24 1229 1.07 474 0.41
25 1238 1.07 477 0.41
26 2135 1.85 526 0.46
27 852 0.74 251 0.22
28 491 0.43 121 0.11
mixed 11835 10.27 2734 2.37
non- 52022 45.16 99285 86.18

In the first test case 54.84 % of vectors are classified as edges, while in the second case only
13.82 % of vectors are classified as edges. Therefore, codebooks from the first test case
contain better approximation vectors, which ultimately results in better quality of compressed
iris images in the first test case using the same bit rate levels. Coding results for both test
cases are shown in Table 2.
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Table 2: MSE for each test case

Iris 1 iris 2 iris 3

bpp MSE - 1st | MSE - 2nd MSE - 1st | MSE - 2nd MSE - 1st | MSE - 2nd
test case test case test case test case test case test case

0.437 41.11 47.13 44.20 50.23 39.72 44.65
0.5 27.24 32.15 28.87 34.16 26.66 30.82

0.562 16.35 21.03 18.05 24.17 17.51 21.09
0.625 10.01 15.54 13.21 18.02 12.07 16.72
0.687 8.42 13.94 11.60 16.22 11.01 15.13

Results show that iris images from the first test case (applied image processing methods) have
reduced MSE compared to iris images from the second test case (no image processing
methods applied). In other words, compressed iris images from the first test case are of better
quality.

4 CONCLUSION

This paper presents advantage of CVQ combined with image processing techniques when
compressing iris images in iris biometric security systems. Results show that iris images
compressed with particular combination of CVQ and image processing techniques are of
better quality than iris images compressed with CVVQ only. Increased number of edge vectors
within iris images when combining CVQ and image processing techniques is the reason of
these results. Proposed approach can be applied in security of marine systems, as well as in
security of other transport areas. It also has the potential to be applied in other biometric types
(e.g. fingerprint biometrics). Improvements of this approach are possible as well, e.g. time
required to develop codebooks can be reduced by increasing the size of the vectors that are
observed within the overall process. Another example of improvement may relate to increased
number of edge classes which would contribute to further quality increase of compressed iris
images. Future research will focus on these improvements.

REFERENCES

[1] Jain, K., Flynn P., & Ross, A. (2007). Handbook of Biometrics. New York: Springer.

[2] Zuckerman, A. E., Moon, K. A., & Eaddy, K. (2002). Comparison of Fingerprint and Iris
Biometric Authentication for Control of Digital Signatures. In Proceedings of the AMIA
Symposium (p. 1208). American Medical Informatics Association.

[3] Daugman, J. (2004). How iris recognition works. Circuits and Systems for Video
Technology, IEEE Transactions on (Vol. 14, pp. 21-30).

[4] McLaren, S. R. (2008). Reliability of iris recognition as a means of identity verification and
future impact on transportation worker identification credential. Doctoral dissertation.
Monterey, California: Naval Postgraduate School.

[5] Linde, Y., Buzo, A., & Gray, R. M. (1980). An algorithm for vector quantizer design.
Communications, IEEE Transactions on (Vol. 28, 84-95).

[6] Chapman W, Hicklin A, Kiebuzinski G, Komarinski P, Mayer-Splain J, Taylor M, Wallner
R. (2013 Jan). Latent Interoperability Transmission Specification. NIST Special Publication
1152. SAD: National Institute of Standards and Technology. U.S. Department of Commerce.
(46 p).

[71 Quweider, M. K., & Salari, E. (1996). Efficient classification and codebook design for CVQ.
IEE Proceedings-Vision, Image and Signal Processing (Vol. 143, 344-352).

33



[8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]
[18]

17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

Ives, R. W., Bishop, D. A, Du, Y., & Belcher, C. (2010). Iris recognition: The consequences
of image compression. EURASIP Journal on Advances in Signal Processing, 2010, 24.

Daugman, J., & Downing, C. (2008). Effect of severe image compression on iris recognition
performance. Information Forensics and Security, IEEE Transactions on (Vol. 3, pp. 52-61).

Kekre, H. B., Sarode, T. K., Bharadi, V. A., Agrawal, A. A., Arora, R. J., & Nair, M. C.
(2010). Performance comparison of DCT and VQ based techniques for Iris recognition.
Journal of electronic science and technology., 8(3), 223-229.

Cori¢ M. & Gudelj A. Application of the vector quantization compression method in the
video supervision of maritime systems. Paper presented at: 6th International maritime
science conference; 2014 April 28-29; Croatia, Solin.

Chen, W.H., Smith C.H., & Fralick S.C. (1974). Discrete Cosine Transform. IEEE
Transactions on Computers, IEEE Transactions on (Vol. 23, 90-93).

Bhaskaran, V., & Konstantinides, K. (1997). Image and video compression standards:
algorithms and arhitectures.2nd ed. SAD, Norwell, Massachusetts: Kluwer Academic
Publishers.

Ramamurthi, B. & Gersho, A. (1986). Classified vector quantization of images.
Communications, IEEE Transactions on (Vol. 34, 1105-1115).

http://en.wikipedia.org/wiki/lris_recognition, February 2015, (Iris recognition).

Stephanie Young LT. Securing our borders: Biometrics at sea. Coast Guard Compass:
Official blog of the U.S. Coast Guard. 2011 Nov 21[cited 2015 Jan 17].

http://phoenix.inf.upol.cz/iris/ , September 2014.
http://en.wikipedia.org/wiki/Mean_squared_error , December 2014, (Mean squared error).

34



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

EMISSION INVENTORIES FROM SHIPS IN THE
ADRIATIC’S URBAN REGIONS

Branislav Dragovi¢, D.Sc.
University of Montenegro
Maritime Faculty
Dobrota 36, 85330 Kotor, Montenegro
branod@ac.me

Davorin Kofja¢, D.Sc.
University of Maribor
Faculty of Organizational Sciences
Kidri¢eva cesta 55a, SI-4000 Kranj, Slovenia
davorin.kofjac@fov.uni-mb.si

Maja Skuri¢, M.Sc.
University of Montenegro
Maritime Faculty
Dobrota 36, 85330 Kotor, Montenegro
mskuric@ac.me

Andrej Skraba, D.Sc.
University of Maribor
Faculty of Organizational Sciences
Kidri¢eva cesta 55a, SI-4000 Kranj, Sloveniaandrej.skraba@fov.uni-mb.si

Tomislav Markolovi¢, M.Sc.
AD Marina Bar
Obala 13 Jula, 85000 Bar, Montenegro
tmarkolovic@marinabar.org

ABSTRACT

This paper deals with the emission estimation analysis of three ports located in the east Adriatic,
namely: Dubrovnik-Gruz (Croatia), Bar and Kotor (Montenegro). Here we specify the significant
growth of cargo and cruise ships arrivals in the last few years related to the collected data from the
ports, so these ports are very favorable for the measuring the level of emission from ships that affect
local urban areas. The emission inventories are followed by the traffic analysis in mentioned ports and
are consisted of presented distributions of ships’ arrivals at the monthly basis from June 1 to
September 1, 2012. A methodology for the emission estimation is reported. First, we specify the input
parameters for calculating the emission inventories. Second, the seasonal effects of the ships’ arrivals
and emissions in ports are described with the comparative analysis of the reported ports. The output
results will show the biggest and the lowest emitters with regards to the ship type. In order to reduce
the level of emissions, some directions are proposed. It can serve as a report to the local port
authorities to develop strategies and directions for more sustainable port model.

Key words: Emission from ships, Dubrovnik-Gruz, Bar, Kotor, estimation.
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1 INTRODUCTION

Like in many studies of analyzing ship emission inventories, the national legislation has to be
in accordance to the EU legislation especially to provide the actuality of the emissions and
provide some limitations to preserve the local inhabitants. It is well known that the EU
directive has made some headway in using lower sulphur content fuels. It imposes a 1,5%
sulphur limit on all ships that travel in the North Sea, the English Channel, and the Baltic Sea.
Some countries such as Montenegro recently ratified the Annex VI of MARPOL 73/78
Regulations for the Prevention of Air Pollution from Ships, but the fact is that emissions
without system emission control have a greater effect on coastal residents than on the open
sea. Therefore, this analysis like some before (cf. Dragovi¢ et al. (2014)) are directed to
calculate and compare the emission inventories from ships in three Adriatic’s urban regions
such as Dubrovnik-Gruz (Croatia) and Bar and Kotor (Montenegro) in the period of three
months in 2012.

This paper reports about the approach for calculating ship emission inventories and provide
statistical analysis of traffic intensity inside three ports as well as discussion about the
obtained results. The analysis is based primarily on the achieved methodologies from the
literature specified in Table 1. This review served as a good foundation for investigating the
level of ship emission inventories.

Table 1: Related literature on ship emission inventories (adapted from Dragovié et al. (2014))

Reference

Problem

Results

Schembari et al.
(2012)

Discussion about the impact of
European directive that considers
emission inventories from ships in
Mediterranean. Beside the
theoretical part, it is reported the
level of concentrations in ports.

After the use of monitoring station on one cruise ship,
the output results indicate that the average decrease of
mean concentrations in ports was 66%.

Vestreng et al.
(2007)

The level of SO, is reported
indicating to Longrange
Transmission of Air Pollutants in
Europe.

The results are related to the observations made for the
three periods. First one from 1980-1989 is specified
with the low annual emission reductions. In contrast,
from 1990-1999 is presented the high annual emission
reductions. Finally, observing the period from 2000-
2004, it’s characterized with medium to low reduction.

Trozzi et al.
(1995)

The level of emission inventories
inside Italian ports of Venice and
Piombino is reported. Primarily,

the maritime traffic is considered.

Two ship-based activities are recorded, i.e.
maneuvering and berthing. The obtained results
suggest on the difference inside the ports regarding the
emission level from ships.

Saxe and Larsen
(2004)

The problem to define the
dispersion of air pollutants is
described. The case study
included three Danish ports.

Authors used operational meteorological air quality
model. During the investigation the main point to be
emphasized was with regards to the aerial emissions
from ships - maneuvering and docking.

Corbett et al.
(1999)

The study included the measuring
of annual NOx and SO, emissions
from ship.

Two approaches have been evaluated. First, emission
test data and second fuel-based approach. The results
are recorded for the ship emission.

De Meyer et al.
(2008)

General approach included the
emission inventories of merchant
shipping in the Belgian part of the
North Sea.

A comparative analysis has been done on the basis of
obtained results for Dutch and EU ports, including
Antwerp, Ghent, Ostend and Zeebrugge.
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Reference Problem Results
Since the main objective of the study is employment of
Chang and Wang Authors considered the rgduction green port polit_:y, the proposal of onshpre power
(2012) of pollutants and also estimated supply system is provided. Also, reducing the ship’s
the emission. speed to 12 knots definitely has a positive impact on
minimizing fuel consumption.
Eyring et al !Descrip.tive ana_lysi_s of the The global approach of ship emissions is presented.
(2005) ' international shipping in the last The Vessel Rescue system is used to propose the

50 years is provided.

emission scenarios.

Provided the analysis of local air
pollutions produced by ships and

Sanabra et al. the impact on densely populated

Four emitters are considered with their externalities
(PM,5, SO,, NOX, and VOCs). The more controlling

(2014) port areas. Concer_ltratlon_on activities should be provided at the berth.

activities at berth is of prime

interest.

A special atmospheric chemistry The accent is to South European coast regarding air
Marmer et al. . K . . R oL
(2009) transport model is employed with | pollution from ships. The pollutants’ contributions are

regards to the Mediterranean. still much presented.

2 TRAFFIC ANALYSIS

From the collected data of the ports (DPA, 2013; CTGT, 2013; PBAD, 2013; PKAD, 2012),
in Figure 1 is given a distribution of a number of ships and port callings during the three-
month period in 2012. First, it can be stated that in ports of Dubrovnik-Gruz and Kotor, we
only took into the analysis cruise ships that visit these very attractive and UNESCO protected
areas. On contrary, in regards to the Port of Bar, we reported the traffic analysis based on the
arrivals of the following type of ships: bulk ships, container ships, general cargo ships, ferry
ships, Ro-Ro ships and tankers.

| Calls @ Ships

Kotor

1444644484453 185

Bar

Dubrovnik L

No. of ships and calls

0 50 100 150 200

Figure 1: Number of ships and port callings in study period for reported ports

Generally speaking, from Figure 1 we can emphasize that 55 cruise ships made 190 port calls
in Dubrovnik-Gruz, 53 different type of ships made 185 port calls in Bar while 38 cruise ships
made 150 port calls in Kotor. Assuming the reported period, in Figure 2 is presented a
distribution of number of port callings from June 1 to September 1, 2012. It is noticeable that
almost the biggest throughput in ports was achieved during the August.
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Figure 2: Distribution of number of port callings in study period for reported ports
3 METHODOLOGY

Perhaps the most convenient approach for our model is based on the calculation analysis
specified in Tzannatos (2010a,b). In these papers, the author discuss about the Piraeus port
which is characterized as the most frequent port calls by coastal passenger ships and cruise
ships operating in the region. He emphasized that the analyses must be provided in order to
estimate the main ship exhaust pollutants (NOx, SO, and PM) like we will provide in this
paper. To be more specific, in the first study (Tzannatos, 2010a), it was calculated that ship
emissions reached 2600 tons annually and their estimated externalities were around 51 million
Euros. On the other hand, but very similar approach like in the first paper, the second one
(Tzannatos, 2010b) used fuel-based emission methodology for calculating ship exhaust
emissions of CO,, NOx, SO, and PM from 1984 to 2008 within Greek seas.

First we start with the level of sulphur content in fuel. According to the EU directive, ships
burn fuel oil of 1,5% during sailing and maneuvering while maximally 1% sulphur content of
fuel is used at berth. Therefore, the emission for each port call is the sum of the emissions in
each ship activity phase (reduced speed zone (RSZ), maneuvering and hotelling (ships
serviced at berth) for Dubrovnik-Gruz while slow cruise, reduced speed zone, maneuvering
and hotelling (ships serviced at berth/anchorage) for Bar and Kotor).

In this analysis we applied main and auxiliary engine load factors during the various ship
activity phases from the existing research literature on this issue (Tzannatos 2010a,b; ICF,
2009). The emission inventories are built through the application of a ship activity-based
methodology. It means that emissions are estimated as a function of energy demand during a
specific activity (expressed in kWh) multiplied by an emission factor, where the emission
factor is expressed in terms of grams per kilowatt-hour (g/kWh). Regarding the selection of
the NOx, SO, and PM emission factors (like specified in Dragovi¢ et al., 2014; ICF, 2009), in
view of the dominance of medium speed diesel engines in the powering of the cruise and
other type of ships, it was considered appropriate to assume that all ships employ MSD
engines (whether for mechanical or electric power generation) which burn fuel oil of 1,5%
sulphur during sailing (incl. maneuvering) and 0,1% sulphur MDO/MGO at anchorage or at
berth in the case of Dubrovnik-Gruz and Kotor. For cruise ports, the emission factors are:
12,8 and 12,4 for NOy, 6,18 and 0,45 for SO,, and 0,67 and 0,18 for PM. The emission

38



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

coefficients are: 14,0 and 13,2 for NOx, 11,24 and 4,75 for SO,, and 1,43 and 0,42 for PM in
the case of Port of Bar. In the case of ships that are serviced at the Port of Bar, it is assumed
that those ships burn fuel oil of 2,7% while maximally 1% sulphur MDO at berth (ICF, 2009;
Dragovi¢ et al., 2014).

4 EMISSION RESULTS

After applying the defined approach, in Figure 3 are presented the emission results in tons
with regards to the three-month period in 2012.

June July August

Emission [t]

Emission
&

Dubrovnik Bar Kotor Dubrovnik Bar Kotor Dubrovnik

=502 mpM B NOX

Bar
mS02  mPM

Kotor

NOX m502 (1Y BNOX

Figure 3: Emission results of NOy, SO, and PM in tons for reported ports
In June, the biggest emission was produced in Dubrovnik-Gruz, in July this result was related
to Kotor port as well as in August. The lowest level of emission was at the Port of Bar for all
three months (see Table 2).

Table 2: Output results (emission in tons)

June July August
NOx SO, PM NOy SO, PM NOx SO, PM
Dubrovnik-
Gruz 61,304 | 14,181 1,903 | 52,887 | 12,337 1,650 | 64,353 | 14,826 1,992
Bar 17,746 7,946 0,812 | 18,277 8,590 0,901 | 26,845 | 12,367 1,284
Kotor 53,557 | 16,157 1,982 | 51,839 | 15,864 1,937 | 67,043 | 19,964 2,458

From the obtained results, it can be concluded that in these ports sustainable development
concept should be of the prime interest. It means that all three ports have to determine the
environmental policy in order to reduce the level of exhaust emission from ships in urban
areas. The results indicate that ships at the Port of Dubrovnik-Gruz produced on average of
1,18 tons per call. In the case of ships at the Port of Bar, the emission per call was 0,51 tons
while in the case of the Port of Kotor, the average emission per call was 1,54 tons. These
results and especially for the Port of Kotor indicate that the port authority needs to propose
some solution in order to prevent the increase of emission inventories in the port for the future
period where number of cruise ships are announced to be increasing.

5 CONCLUSION

This paper describes the approach for calculating emission inventories in Adriatic’s urban
regions. We presented the results of emission in three ports, namely Dubrovnik-Gruz, Bar and
Kotor for the period of three months in 2012. The results that are based on the reported traffic
analysis showed that all three ports should follow the EU and international standards to
improve the environmental national legislation inside the state. But, on the other hand, the
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port authority policies have to be more precise and to offer some measuring instruments in
order to follow the level of ship emissions. Moreover, this approach has its own advantages
and disadvantage. Advantages are related to the emission analysis in these ports that is very
interesting to obtain, but the disadvantages lie in the fact that the complete methodology is
approximate but on the other hand, can be improved by some simulation models as well as
dispersion models.

The results and complete analysis is especially important for the Port of Kotor, since it is a
cruise port and city of Kotor is UNESCO protected area, to provide more accurate
information for the level of emission inventories from the ships. This study serves to the local
port authorities to develop strategies and directions for more sustainable port concept which is
the target point of the mentioned investigation. Further researches of this theme should lie in
the fact to develop a more accurate model in order to prevent the increase of air pollutants
from the cruise ships. It represents an important input for the local port authorities and
municipalities in these reported regions.
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ABSTRACT

Traffic incident presents any non-recurring event that causes a reduction of a roadway capacity or an
abnormal increase in demand. Traffic management involves the application of traffic control measures
in areas affected by an incident. Traffic Incident Management (TIM) is a critically important part of
every transportation network management program. TIM comprises planning and coordination of
people and resources to safely address and quickly clear disruptions and disturbances to the flow of
traffic. TIM involves coordinated interactions of multiple public agencies and private-sector partners.
It should be considered in all stages of development and implementation of network management and
operations program as a key to reducing congestion. The objective of this paper is related to the
literature review of all aspects of TIM. Recent findings in incident management which are pertinent
for the state of the art have been presented. The elements of successful TIM programs have also been
described. From this perspective, the attempt was to draw the key issues from literature findings as
seen by different researchers. The concluding remarks address the differences between various TIM
techniques from technological and modelling point of view.

Key words: Traffic management, traffic incident, technology, modelling.
1 INTRODUCTION

The congestion is one of the most significant negative impacts in the road traffic which is
everyday concern in the road transport network. It may appear like recurrent and non-
recurrent. Recurrent congestion is considered as the result of factors which occurs periodically
in the road traffic system, whereas non-recurrent congestion is considered to be as the result
of unpredictable events which could not be foreseen in advance. It is too difficult to analyse
handling and modelling of non-recurrent as well as its increasing impact. Its causations are
various and unpredictable and some of them are as follows: traffic incident, road works,
weather, special events. According to literature [1] it is assessed that Traffic Incident (TI)
causing significant number of negative impacts such as: travel delays, increased pollutant
emissions, wasted fuel, and higher risks of secondary incidents. According to research
conducted [2] in 85 major centres in USA from 1982 to 2003, it was clear that non-recurrent
congestion contributed with 60%, and Tls contributed with 25% to the general figures of
congestion. Taking into account that congestion and in particular Tls in the recent years have
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been increased in many directions, various initiatives are initiated in order to begin with their
effective treatment and management so that given impacts are reduced. As consequence of
this TIM model became integral part of Traffic Management (TM). In general TIM is initially
dealt with by practitioners and later stage particular attention is placed also by other
responsible bodies and university authorities. Certainly this contributes to the rapid
development of technology, applications of different strategies/techniques and methodologies
known until now as well as coordination between them.

2 INCIDENT MANAGEMENT

2.1 Problem Statements

Incident may be qualified as local because it appears only in some parts of road network and
system-wide in which its impacts occur in the road network and wider. As the result of
occurance of those incidents, Tls strategies have been prepared to deal with them and which is
considered as programs for Incident Management (IM). Currently these programs are used in
many cities. Nevertheless it is obvious that their bigger focus is in urbane zones as well as in
some parts of road network, tunnels, bridges etc. In the literature there are several versions
defining IM. According to literature [3] IM is defined like “the systematic, planned, and
coordinated use of human, institutional, mechanical, and technical resources to reduce the
duration and impact of incidents, and improve the safety of motorists, crash victims, and
incident responders”.

By application of those programs and their update it was made possible to increase efficiency,
safety of participants and in paralell with this period to detection is reduced, verification and
suitable response, safe cleaning and its restore to the normal situation for the traffic flow [4].
Looking this through the wider picture the main aim of IM is to reduce traffic congestion.

2.2 Inter-Agency Coordination and Involved

Considering that Tls is a complex issue, there is no doubt that for the right management of it,
various stakeholders both from state authorities as well as private stakeholders need to be
involved. Based on [4] the most significant stakeholders are: law enforcement agencies, fire
and rescue, emergency medical services, transportation agencies, traffic information media,
towing and recovery providers. Dominant role in this area is played by legislation which
governs the role, obligations and responsibilities of each involved participant. The fact should
not be forgotten about specifics of various countries. Coordination between stakeholders is an
important aspect which may be achieved by appropriate training sessions. Often involved
agencies use assessment procedures for their performance level.

2.3 Incident Types

In order to determine the type of incident there is necessity to clearly understand the most
significant elements of Incident Types both from the point of view of severity level depending
on the place of occurrence, its impact and the duration of it. Based on [5] such classification is
reflected in Table 1.
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Table 1: Typical Incident types/classifications

Level 1 Level 2 Level 3 Level 4 Level 5
Vehicle Minor crash . - L
Type of on Vehicle in lane | (no injury) Serlo'us grash (injury) | Major injury crash
Incident - . Debris Fire Hazmat Fires
shoulder Minor debris
Estimated | \ ., 0-30 mins 30-60 mins 1-2 hrs >2 hrs
Duration

Source: Charles, P. (2007). Traffic Incident Management: Best Practices

2.4 Impact of Traffic Incidents

Tls is playing important role in application of transport system expressed by congestion,
increasing discharge of road congestions and which is resulting in reducing lost of vehicle
hours etc. Apart from direct impact such that: injuries, fatalities, property damage as well as
other road safety effects for participants, this is also very important to traffic mobility. There
are certain criterions by which Tls impact is assessed but the one which is used frequently is
incident rating which takes into account number of lanes and shoulders blocked, and delays.
In [6] this is the best explained by Figure 1, which as the basis is taking the incident type,
severity and durations.

» On shoulder \1> 15-30 min
80% 100-200 vhd
_» Minar Incident
80%
» Blocking lanes \1> 15-30 min
20% 500-1000 vhd
E On shoulder » 45-60 min
60% 500-1000 vhd
Recorded > Crash
70% 10%
; Blocking lanes ; 45-90 min
40% 1200-5000 vhd
Unrecorded
30% ; On shoulder » 15-30 min
ot 70% 100-200 vhd
_» ther
10%
t Blocking lanes » 30-45 min
30% 1000-1500 vhd

Figure 1: Composition Profile of Reported Incidents by Type
Source: Cambridge Systematic Inc, (1990)

According to [7] classification of incidents is done considering their severity, nature of
incident, time of occurrence and the number of agencies needed to respond and clear
incidents. Also, taking into account duration by literature [8], Tls are categorized into three
general classes: 1) Major Tls, 2) Intermediate Tls, and 3) Minor TIs.

2.5 Benefits of Traffic Incident Management

By [8] effective management of TIM program is done by quantity and quality data. It has
been proven that in order to decrease duration of Tls, benefitions should be identified through
TIM program. Often benefitions identified by National Traffic Incident Management
Coalition (NTIMC 2006) [9], are listed as follows: congestion relief, personnel savings, fuel
savings, economic savings, crash and secondary crash reductions, emissions reductions, faster
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incident detection, verification, dispatch and response time, increased responder safety,
reduce morbidity, reduced mortality, increased customer satisfaction.

3 TRAFFIC INCIDENT MANAGEMENT COMPONENTS

IM include but is not limited only to identify activities, services conducted by the personnel of
various organizations and agencies. Some activities are not necessary to be completed always
by predetermined cycle. IM process may be described by number of activities consisted of
five key components: 1) Detection and Verification, 2) Response,

3) Site Management, Investigation and Clearance, 4) Traffic Management and 5) Traveller
Information. Demonstration of those activities is done in the Figure 2. Component which is
paid more attention in the context of this paper is the Traffic Management (TM). TM covers:
Site investigation, Clearance and Recovery.

So, TM means application of control system of traffic in the zones in which an incident
occurred. Based on [5] in the wider context TM means establishment of control sites,
management of road space with intention to minimize the impact of traffic flow, engagement
of personnel, management of resources for traffic control which consist of traffic signal
control, ways of designing and their programming as well as selection of alternative roads.

< Traveller Information >
«———— Traffic Management ————————»

«—— Site Management ———»

Incident Response Traffi Incident
d?tefted dispaIched diveIt‘e:d zceafed
0909 —06—90 @ 0—O-»
A A T A
Incid Incid Response Site N |
o1:c:r';t 3: riﬁ?g arrives Investigated t??ﬂac

«—>»l«— Response —» «——— Site Investigation —-L— Clearance —>‘¢— Recovery —»
Detection &

Verification

< Incident Duration >

Figure 2: Timeline of Traffic Incident Management

Source: Charles P., (2007). Traffic Incident Management: Best Practices

3.1 Traffic Incident Delay Polygon

By the literature [6] the most significant features of TIM are expressed through incident delay
polygon for various versions of IM. In Figure 3, departures and time is presented in horizontal
axis while in vertical axis is presented cumulative arrivals of vehicles. Limited space between
two constitutes zone with irregular shape in the diagram which is recognized by delay
polygon and is expressed in “vehicle-hr” per incident. In the beginning of incident the rate of
arrival of vehicles is very low compared to the peak rate and as the result this cumulative
arrivals are equal with cumulative departures. After an incident occurred, the departure rate
declines significantly or is blocked completely and consequently it differs from arrival rate.

45



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

Incident Duration Recovery
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ol 1

v

Time (hours)
Figure 3: Delay Caused by Incidents

Source: Cambridge Systematic Inc., (1990). Incident Management

This causes delay in the traffic flow. These delays can be reduced immediately after detection
and undertaking appropriate measures for intervention in each component. As soon as
incident site is cleaned the departure rate can reach the maximum or the peak and there is time
demand to restore the situation back to normal condition.

This diagram will face modification if appropriate measures are taken applying management
programs for incident management, respectively application of models, known strategies,
techniques, tools, new artificial intelligence techniques etc. This will reduce period for every
component. An important role is played in informing drivers on time which will be facilitated
in using alternative roads and ultimately in reducing cumulative arrivals. Values in key points
of delay polygon can be determined numerically and graphically and be expressed in vehicle
delays, queue length and travel time savings.

4 TRAFFIC INCIDENT MODELS

Many research papers are conducted by various experts in drafting TIM models for delay
incident models and duration incident models. Particular emphasize of this paper is dedicated
to delay incident models. Once incident occurred in road transport network, travel time
reliability is impacted by number of factors and the most important are considered to be
duration of incident and incident delay. These factors need to be measurable as regards their
impact to TIs.

There are three components which need to take into account and which have an impact in
Travel Time Reliability (TTR) and Travel Time Variability (TTV), such as: 1) duration,
2) delay, and 3) extent as presented in Figure 4.
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Duration

\
LY
\

Figure 4: Components of Travel Time Reliability of a System due to Traffic Incidents
Source: Cambridge Systematic Inc. et al., (2008)

According to [10] duration means period in which Tls cause differences in travel time, while
delay refer to total delays and extent means general number of vehicles which are affected by
Tls. Variation in the reliability of the system is expressed by differences caused in the cube
volume in Figure 4. During the literature review it is found that there are two types of models:
1) Analytical models and 2) Simulation models.

4.1 Analytical Models

The duration of incidents is dependant on various factors, such as: incident type, incident
severity, geometric characteristics, weather conditions, temporal characteristics, and
operational factors. Since this is not the subject of treatment, we did not give any description
of these models. Here we consider only analytical delay models.

According to [10] the most representative approaches for incident delay models can be
categorized into the following four groups as presented in Table 2.

Table 2: Analytical incident delay models

No. | Model approach | References | Characteristics
Analytical delay models

Deterministic Li et al. (2006) Assumes demand and capacity are constant
1 queuing Qi et al. (2009) Assumes linear trend for flow rate

model ignores the network characteristics

Assumes some information is deterministic,

Al-Deek et al. (1995) such as traffic demand, reduced capacity, and

Traffic shockwave

2 analysis Knoop et al. (2010) incident duration
Ignores the network characteristics
Heuristic analysis Skabardonis et al. (2003) Capable of dlstmgulsh_lng between recurrent and
3 Chung and Recker (2012) non-recurrent congestion
Requires good historical traffic and incident data
Dowling et al. (2004) - . .
4 Other Approaches Abdel-Aty and Pande Unrealistic assumptions such as linear

relationship between incident duration and delay

(2005)

Source: Hojati, A.T., (2014). Modelling the Impact of Traffic Incidents on Travel Time Reliability
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4.2 Simulation Models

According to [11] there is another possibility to assess the impact of traffic congestion in
transport network respectively in calculating traffic incident delay which is distinguished like
simulation models. These models provide a powerful base and are used for assessing complex
traffic situations. Nowadays we find much software traffic engineering programe which apply
to visualise or simulate the real traffic situations in the road network. The most often used
software, are: AIMSUN, PARAMICS, CORSIM, VISSIM, TRANSIT-7F, EMME 2,
SATURN etc. In [12] it is stated that use of simulations is very important to generate real
scenario which describe actual traffic flow. It should be noted that apart from advantages
offered by them, there are also limits in their use to simulate features of traffic of real-life
scenarios [13]. By the literature [14] existing traffic simulation models, categorised into three
levels: 1) macroscopic, 2) mesoscopic, and 3) microscopic as presented in Table 3.

Table 3: Summary of estimation models on incident delay

No. | Model approach [ References | Characteristics

Simulation models

1 Macroscopic Lam and Wong (2003) Capable of relaxing some of the simplifying
Khattak et al. (2004) assumptions and limitations of the analytical
2 Microscopic Chien et al. (2002) process _ _
Dia and Gondwe (2008) Computational costs of simulation models
. Boyles and Waller (2007) Time-consuming and costly depending on the
3 Mesoscopic Kamga et al. (2011) level of simulation

Source: Hojati, A.T., (2014). Modelling the Impact of Traffic Incidents on Travel Time Reliability
5 TRAFFIC INCIDENT MANAGEMENT STRATEGIES AND TECHNIQUES

5.1 Strategies and techniques for improving Traffic Management

Efforts for mitigation of congestion raised the need to use strategies and various techniques
for many subsequent years and some of them have been updated continuously. Analysing and
studying congestion, mitigation strategies and their comparison resulted in selection of
strategies and techniques which ultimately had an impact in reduction of congestion. It is of
relevance to recognize advantages and disadvantages offered by each strategy and techniques
for real situations and to find optimal elements, significant to decision makers. Based on [15]
we are focusing on a summary reviewing in existing congestion mitigations strategies and
techniques with their advantages and disadvantages as given in Table 4.

Table 4: Strategies and Techniques for Improving Traffic Management

Strategies Advantages Disadvantages

and

Techniques
Removal of traffic demand from impacted Alternate routing for incidents may
roadway already be utilized around construction
Permits easier access to site by emergency project
response personnel Requires extensive pre-planning to

Alternate Develops collectively and cooperatively with execute

Route Plans other stakeholders Requires agencies to have resources
Diverts traffic to routes that can accommodate available to implement
demands Secondary alternate routes may be
Detours traffic around sensitive areas (such as required to provide detouring of primary
schools, hospitals, etc.) construction alternate route
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Strategies Advantages Disadvantages
and
Techniques
Applies to long-term incidents only
Allows incident responders to access incident Non-emergency traffic may be tempted to
Emergency scene from opposite direction use if no physical barrier is provided

Turnarounds /
Access Gates

Shortens travel time of responders to scene
May permit removal of incident debris to inside
construction area for later removal

May slow initial responders if they have
to remove physical barrier or gate to
access site

Alternative
Emergency Allows emergency vehicles to access to scene May require real-time adjustment if
Response quickly alternate route is congested
Access
Routes

Provides a common area or “rally point” for

responders

Provides a safe waiting area for storing response

vehicles - . .
Predefined Can be used to separate media from the May be difficult to locate staging area in

Staging Areas

emergency response areas and can be used to
keep media clear of the incident scene to ensure
their safety and the safety of the responders.
Can be located outside of construction area or
off roadway facility

some tight construction zones
Used only with large scale incidents

Provides a safe refuge out of travel lane where
minor repairs can be performed
Provides refuge area where disabled vehicles

May require construction of all-weather
surface
May be difficult to locate in limited work

Refuge Areas
can be pushed to Zone area
Important when the shoulders are used as travel | May be difficult to access at high traffic
lanes through the construction area. speeds
May require construction of improved
. Provides an established area for relocating area
Accident

Investigation
Sites

damaged or disabled vehicles
Could potentially serve as staging area of other
incident responders

Area must be large enough to
accommodate 3 to 4 vehicles
Requires installation of signs directing
motorists to site

Maximizes the utilization of paved surfaces to

May not always be possible when work
zones utilize shoulders as travel lanes

lSJr:;uLder move traffic Operational problems may exist at ramps
10€ Increases roadway capacity and interchanges
Policies .
Shoulders are no longer available as
refuge areas for disabled vehicles
. . Some incident responders may be hesitant
Incremental Keeps duration of lane closures to minimum X .
. - L to open and close lanes multiple times
Lane Opening | required to complete response activity :
i o : DY May increase tendency for secondary
Guidelines Maintains traffic flow past incident scene incidents
Only feasible when temporary lane
closures have been deployed as part of
Reopening Restores roadway capacity potential to pre- construction activity
Work Zone construction levels Depends on the type of work activity
Lanes Agency may need to perform an
additional lane closures at another time to
complete work activity
May result in longer response times if
. Equipment readily accessible to responders equipment needed at incident scene is
Equipment

Storage Sites

Results in quicker response times to incident
scene within construction area

NOT in close proximity to work zone
Requires a secure storage area in close
proximity to work zone
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Strategies Advantages Disadvantages
and
Techniques

Signal timing plans adjust automatically to Requires surveillance technologies on

Traffic - ; e alternate routes
. changing traffic conditions .
Responsive . Signal plan may not fully cover total
) Reduces the need for law enforcement officers e L
Signal range of potential incident conditions

to manually operate traffic signals at

Control Plans | . :
intersections

May require upgrade of existing traffic
signal control equipment

Construction may alter ramp geometrics,
making it undesirable or unsafe to use
ramp metering

Restrictive Reduces traffic demands on the freeway Ramp queues may block local arterial
Ramp Controls access to the freeway streets

Metering Ramp meters infrastructure may already be in Traffic may divert to an undesirable
Timings place to address recurring congestion problems | alternate route (unless acceptable alternate

route clearly defined)
Requires that TOC have communications
with ramp controllers

Source: FHWA. (2009), Traffic Incident Management in Construction and Maintenance Work Zones

5.2 Traffic Incident Management Tools

According to literature review, respectively according to [16] there is wide range of tools used
in Traffic Management. They can be grouped into two main categories: 1) hard engineering
tools and 2) soft engineering tools. The cycle of their implementation can be fixed through the
short to medium term and some of them long term and all this is depended from the topic of
application. They have been presented in Figure 5, since the hard engineering tools are placed
in Boxes 1 and 2, whereas soft engineering tools are placed in half below part of figure.
Undoubtedly, some of tools can be combined with each other supported also by Information
and Communication Technology which enables them to perform also in dynamic
environment.

Short term Long term
Road space:
Hard shoulder Additional lanes

Lane access controls
HOV, transit, freight

Tidal flow New/unconventional designs
Clearways, towaway Box 2
Merge

Overtaking Box 1 ATMS

VSL
AID Compliance

Data warehousing

Information for Te;ematt‘cs

road users and ‘PI?/IrCl:y

road managers :
Tolling

Ramp metering

Figure 5: Tools for Improving Network Performances

Source: Charles K., (2007). Tools that Impact Network Performance: Integrated Tools
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5.3 Artificial Intelligence Techniques — Agent Based Technology

Nowadays, in the field of road Traffic Management and control applications, the concept of
using intelleget agents became very attractive.

Artificial intellegence (Al) means the capability of system to adapt the environment when
changing external conditions as well as the possibility to get knowledge from data gained by
given environment so that decision makers will have easier job in taking daily decision with
regard to Road Traffic Management. Following intelligent techniques are included:
knowledge-based, case-based reasoning, fuzzy logic, genetic algorithms, artificial neutral
networks, and intelligent agents which are used widely to Traffic Management in the last
decade [17]. The domain of Al is wider. Undoubtedly, they are considered like new
techniques which are in the process of upgrade applied as well by academic research. There
are such advantages of given methods compared to old fashion methods which makes them
irreplaceable and applicable in many scientific and technology areas certainly also in the
Traffic Management field.

Agent technology marked significant increase in Al research. According to [18] the agent is
defined as “a computer system that is situated in the same environment, and that is capable of
autonomous action in this environment in order to meet its design objectives”. In order to
establish complex systems based on [19] it is not enough sole action of an independent agent
but there is requirement for multiple agents which need to be coordinated with each other and
which are recognized like Multi-Agent Systems (MAS).

An important part of Al implemented in adaptive traffic signal control as well as in TM is
Reinforcement Learning (RL). Main aspects for improvement of control in which there is
general impact like Al and Intelligent Agent (IA) defined according to [20] are listed: 1) The
capability of dealing with multiple problems and conflicting objectives, 2) The capability of
making decisions on the basis of temporal analysis and developments, 3) The ability of
managing, learning, and responding to non-recurrent and unexpected events, 4) Self
adjustability is an integral part of 1A based units, 5) More flexible control unit can proactively
optimise while operating.

6 CONCLUSIONS

Considering literature review about TIM one can clearly notice that this topic is dealt with
initially by practitioners and consultants, whereas with technology issues in the later stage are
dealt with by research institutes and university bodies.

In general, TIM is the policy through which certain measures may be undertaken permanently
to reduce negative impacts in many dimensions where in a specific way following issues can
be addressed, such as: travel delay and congestion, energy savings, public health and safety,
public safety resources and responders’ safety etc.

Once TIM program has been applied, appropriate benefits to national and regional economy
are multiple, which are expressed in reduction of travel delay, fuel consumption, emissions,
and secondary incidents.

This paper put efforts in providing a clear picture in regard to the relevance of traffic
congestion, its types, the role and significance of incident management, their impact, benefits
of them, coordination between various agencies involved, components etc. Exploration of
traffic delay polygon, shifting afterwards to the models explored so far, application of known
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strategies/techniques, use of tools and ultimately finalizing the role and relevance of artificial
intelligence in general and intelligent agents in particular.

As conclusion, we may recognize the fact that this is broad field with wide range of
stakeholders from different research backgrounds and the future researches in this area remain
imperative for every country in all levels.
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ABSTRACT

Road transport, a key factor in the modern world economy at the global level, is facing global energy
and environmental crisis. In addition to the use of fossil fuels, their increasing price and limited
resources, road vehicles have a significant impact on the global pollution and the green-house effect.

It is the environmental impact that calls for immediate measures and transition to vehicles using
alternative fuels.

Market penetration of alternative fuels in Slovenia provides the opportunity for zero-emission
mobility. However, it also brings some threats that should be overcome, such as: increasing demand
for new fuels, high investment cost in distribution and transport infrastructure, adoption of new
technology and change in travel habits. The economical, technical and environmental aspects shall be
taken into account, as well as natural conditions, capabilities and applicable law provisions.
Consideration should also be given to dynamical aspect and time horizon in relation with the progress
of research and development, changing economic conditions, time limits, the development of transport
and constantly changing needs.

The article deals with the interaction among these complex factors and integrates research findings
into economically efficient business models that are suitable for economic and social conditions in
Slovenia.

Key words: Alternative fuels, sustainable development, electric vehicles, liquefied petroleum gas,
biofuels, natural gas, hydrogen and fuel cells.

1 INTRODUCTION

Much has been undertaken lately, both in science and in economy, aiming to develop an
adequate, clean, renewable and cheap energy product to replace fossil fuels. An ideal fuel has
to be neutral to the environment over the entire exploitation process (from extraction or
production to consumption). Such fuels, the potential of which was assessed by numerous
research studies, include natural gas and liquefied petroleum gas, biofuels, electrical energy,
and hydrogen.

Fuels and energy product differ in their physical and chemical properties, in extraction
methods, storage and handling techniques, in safety requirements and in developmental
potential. Therefore, fuels need to be viewed from a user-specific angle, so the choice of an
adequate fuel is quite a complex decision.
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In international environment, we can find numerous business models, either tested or in their
pilot stage, for introducing alternative fuels. Perujo, Thiel, and Nemry (2011) concentrated
their attention to electric vehicles in an urban context [1], Hadley and Tsvetkova (2008)
studied potential impacts of plug-in hybrid EVs on regional power generation [2], Ramsden,
Ruth, Diakov, Laffen and Timbario (2013) examined hydrogen pathways updated cost, well-
to-wheels energy use and emissions of various hydrogen production [3], delivery and
distribution scenarios, while Thomas, James, Lomax and Kuhn (2000) concentrated on
various fuel options for the fuel cell vehicle [4]. Each research and project is placed within a
specific national or economical field which varies considerably from one country to another.

However, the transition from an individual project into a particular country is a complex step.
2 IMPORTANT FACTORS IN INTRODUCING ALTERNATIVE FUELS

Average air temperature on the surface of the Earth has increased by ca. 0.6°C in the last 150
years, and it is forecast to heighten by additional 1.5-4.5°C over the next hundred years. The
warming is strongly believed to be an outcome of man's activities and emissions causing the
increased volumes of greenhouse gases in the atmosphere and generating the greenhouse
effect [5].

In 2009, the European Union (EU) and the heads of states or governments of the G8 Group
agreed that by the year 2050, the CO2 emissions are to be reduced by 80% and the global
warming needs to be maintained below 2°C, which is considered as the safe level. The goal to
reduce carbon emissions by 80% by the year 2050 implies that carbon emissions in road
traffic need to be reduced by as much as 95%.

In Slovenia, the energy consumption in the year 2011 contributed more than 80% to total
exhausts of greenhouse gases on the national level. Thereof, fuel consumption contributed
75%, which comprises traffic as the largest source. The road traffic sector uses by far the
largest share of energy of all traffic segments. That share was 97 percent in 2011.
Automobiles spent as many as 62 % of total energy used in traffic, and in commercial
vehicles 33 percent.

In Slovenia, exhausts of greenhouse gases from traffic increased by 181 % between the years
1986 and 2011. Road traffic in particular remains one of major sources for air pollution
compared with the year 1986 [6].

The concept of sustainable traffic is derived from the general term ‘sustainable development’.
Sustainable transport can be approached by analysing the sustainability of transport system
alone to examine the positive and negative external impacts on environment, public health,
safety and reliability, use of land, traffic hold-ups, economic growth and social inclusion [7].

3 DEVELOPMENT OF MODELS FOR EFFECTIVE INTEGRATION OF CLEAN
FUELS IN SLOVENIA

The requirements addressing the issue of energy use and environmental pollution will demand
big changes in road traffic. New technologies in road traffic, which are envisioned to satisfy
these requirements, comprise a wide spectrum of technological solutions.

In Slovenia, present-day trade and distribution of petroleum products is well regulated. It is
determined by a business model that integrates the whole range of regulatory, economic,
technical, safety and environmental requirements. That model regulates the entire distribution
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route from fuel import, distribution via central storage facilities and numerous retail service
stations to end customers.

Also the distribution route of alternative fuels requires to build up an equally efficient
business models from manufacturer to consumer. The speed and efficiency of introducing the
alternative fuels and consequently, paving the way for clean vehicles, depend on effective
planning of the underlying business models. Clean vehicles must assure both short and long-
run economic development and aim to fulfil the expectations of the driving public. In addition
to low price, the eligible energy product also has to be as user-friendly as conventional fuel,
allow for the desired speed, efficiency, safety and availability of charging the vehicle.

As described above, the approach to a systematic introduction of alternative fuels integrates
the underlying economic, social and environmental aspects. These are intertwined with
scientific and technological development, conditions and capabilities given in a country and
regulatory framework. Such a complex, integration-driven task presents a challenge that can
be achieved by creating adequate business models.

The prospects of developing and integrating efficient models to introduce alternative fuels and
as a follow-up, enable a free flow of clean vehicles onto Slovenian roads, will bring
advantages and benefits to the driving audience and Slovenian society, which in fact stand for
a contribution to clean environment, more favourable prices of fuel, increased mobility,
achieving compliance with the EU and international commitments to environment, and last
but not least, new opportunities for national economy.

This paper focuses on the design of unsophisticated models by which we can have an efficient
way for introducing alternative fuels to Slovenia.

3.1 Road vehicle operation model

All self-propelled vehicles rely on a primary energy source that is available in the vehicle.
The vehicle converts, under controlled conditions in an energy converter, the primary energy
into mechanical work — i.e. kinetic energy necessary for drive or motion respectively.

Figure 1 shows the basic model of a conventional road vehicle that uses chemical energy from
hydrocarbons derived from mineral oil and stored in a vehicle reservoir. Chemical or intrinsic
energy is released in a combustion process generated within an internal combustion engine.
The energy conversion is partly seen as thermal energy and partly as useful mechanical work
— the motion, which is transferred to the drive wheels of a vehicle by a shaft mechanism and a
mechanical transmission.

Energy Source Energy Store Energy Converter DVEE
(Primary Energy) 1 (Engine) (Electrical or
- = (Fuel) s Mechanical)

Figure 1: Basic model of how a road vehicle is driven
Source: (Lane, B. (2007). Road Vehicle Technology Options)
In road traffic, such a basic model uniformly describes the use of fossil fuels as well as of
other alternative fuels. The essential operation is that the energy source is converted into the

form that assures the desired autonomy of vehicle for a longer time, and there must exist an
adequate mechanism (chemical, physical or electrical) to convert the energy from the fuel into
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kinetic energy, whenever necessary and in the necessary volume. In the broader sense, this
business model separately deals with propellants, and the technologies used in a vehicle [8].

3.2 Methods for model design

The basic model described herein is used as underlying for design and further development of
business models dealing with the introduction of individual alternative fuels. It has to be
upgraded by the aspects that are vital for introducing clean fuels. Such aspects can be
uniformly integrated and defined as “Prospects for development of technology and science”,
covering the social aspects, “Prospects for new economic opportunities” standing for the
economic aspect, and “Contribution to environmental protection, attraction and benefits for
users derived from alternative fuel introduced”, which combines the factors of the
environmental and social aspects [10].

To the three key aspects in this model, we added the pertaining quantities that can be
schematically evaluated by colour and size. Red colour denotes a low potential, yellow
medium potential, and green colour denotes a high potential. The arrow height level stands for
the global contribution expected from the introduced alternative fuel onto the mass driving
audience in Slovenia. The length of arrow shows the period of time in which the activities are
bringing their effects.

3.3 Creating a basis for designing efficient models

The method described above can be used to design a business model; however, the method
alone is not sufficient for that. Models must necessarily be based on detailed preliminary
scientific research dealing with one or several alternative fuels and comprising all the factors
applicable to international sphere, and to a national environment in particular. In addition to
technological and non-technological factors, the models are also dependent on factors that
have an indirect bearing on the penetration of an individual alternative fuel, or on the
introduction of clean technology, respectively. An example of an indirect impact on the
penetration of an alternative fuel is the environmental measure prohibiting traffic to vehicles
driven by liquid fossil fuels in an urban environment. Consequently, the demand for clean
vehicles has been rising. The second such measure can be the development and investment in
public transport. As a result, automobiles might be losing their attraction. The same applies to
cases of investing in telecommunications, which renders work from the home possible, or to
cases of laying out cycling routes.

To sum up, there are two vital aspects for designing our models: a thorough research in the
first place, and an appropriate method under which our model can be constructed as described
herein.

3.3.1 Model of introducing Liquefied Petroleum Gas in Slovenia

Based on the data obtained from preliminary research, the following factors can be resumed
for the introduction of liquefied petroleum gas [9]: The prospects of technological
development of LPG are primarily focused on improving the utilization rates and to reducing
the emissions of internal combustion engines. Further improvements are possible in
distribution processes and logistics of fuel, as well as in the applicable quality standards.

Due to only recent occurrence of serial filling stations in Slovenia, it is possible to observe a
low level of familiarity with technological processes of distribution and charging of vehicles.
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The main problem is the gasification of fuel in the course of handling process and variance in
the quality of gas at each filling (proportion of butane, propane and other admixtures). In the
economic sector, the interest in expanding and building up the retail distribution network is
limited to current distributors who are already operating in the segments of imports and
distribution of fossil fuels.

Expansion is foreseen for the range of vehicles for sale and for the after-sale service network.
Acceptance of new technology on the part of users is tied to the price of fuel and availability
of charging network. In the eyes of users, the quality of travel does not change essentially
whether there is a diesel or a petrol-operated engine in the vehicle [10].

Based on these data, the business model in Figure 2 was created.
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Figure 2: Model of introducing Liquefied Petroleum Gas (LPG) in Slovenia

Source: (Fic¢ur, E. (2014). Business Models of introducing alternative fuels in Slovenia)

The model shows that prospects for scientific, technological and economic development for
that type of fuel in the coming twenty years are minimal (red and low arrow). There is a
minimal number of national companies that take interest in that segment. The fuel is of fossil
origin, national procurement entirely depends on imports. As regards the acceptance of new
technology, this model shows a medium potential (yellow and low arrow). For the user, it is
demonstrated in a low retail price of fuel, provided that the price will not undergo an essential
change in the course of time.
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3.3.2 Model of introducing electric vehicles in Slovenia

Figure 3 shows one of the models of integrating the Plug-in battery electric vehicle (PBEV) in
the country. This model is based on data obtained from research on the effects of
implementation of passenger electric vehicles on the Slovenian transport network and energy
grid (Ficur, E., 2012) which showed a high potential for the PBEV in Slovenia [9]. It is
evident that the prospects for scientific, technological and economic development of the
PBVE for the next twenty years are high (green and high arrow). There is a large number of
national companies and scientists who are interested in this segment. That applies to all areas
listed below: energy generation from renewable sources; development and manufacture of
batteries; charging infrastructure; aggregates, and component groups for vehicles. The PBEV
introduction is further interesting for stakeholders who are not directly involved in traffic, but
rather in cooperation in developing smart electric grids, in providing the charging service at
drivers’ homes or offering free charging in large shopping centres, aiming to attract the
visiting audience and increase the sales turnover [9].
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Figure 3: Model of introducing electric vehicles in Slovenia

Source: (Ficur, E. (2014). Business Models of introducing alternative fuels in Slovenia)

Electrical energy can be generated from renewable sources in the national territory. Short-
termed supply relies both on non-renewable sources and on imports (green-red arrow). The
BEV have a high potential for the acceptance of new technology they offer good performance
(high torque, silent driving) to users, however, the initial phase will require much investing in
promotional activities and presentations.
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3.4 Comparison of business models presented herein

If equal procedures and criteria are applied, we can design uniform business models for all
alternative fuels. Unification of business models offers transparency and comparability. The
areas analysed herein can be compared and dealt with in detail, if necessary, they can be
expanded or curtailed; a review of activities herein and of the strengths and threats of such
activities can be determined. The business models can be supplemented by a financial plan.
These business models allow for dynamics in monitoring in the course of time, and sufficient
flexibility to adapt to new situations as they arise. Likewise, they also support a rapid
implementation of corrections if needed to cope with newly emerged political and economic
situation or to grasp a new economic opportunity (e.g. in case of notable progress of science
and technology).

4 CONCLUSION

Introducing alternative fuels to the Republic of Slovenia is a challenge that is not only
addressing the underlying research issue, but also closely embedded in the revival of national
economy, reducing the emissions, looking for new possibilities for independence from fossil
fuels, and improving the quality of mobility. All of these challenges are topical and demand
immediate action. There is no ideal way or approach thereto, but there are numerous prospects
and opportunities leading to accomplishment of the goals set.

The business models dealt with herein support the integration the detailed results of individual
research studies into basic business models. These schematically determine the possibilities
for introducing alternative fuels and the correlation between the activities falling within
individual phases of implementation in the course of time. The goal of our research is
accomplished: we have provided the business models that point to advantages and prospects
in the processes introducing alternative fuels into Slovenia.
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ABSTRACT

Nautical tourism is one of the most competitive Croatian products. The development of nautical
tourism ports in terms of macro-economic strategic plans are of significant national interest for
Croatia. The nautical tourism in Croatia is becoming increasingly important, but it still does not
achieve an adequate material profit considering its potential. The problem is that the current
development does not have a clear concept, which leads to non-selectivity in the development and has
negative environmental impacts. This article deals with statistical data referring to the selected area
and the marina management in Split-Dalmatia County. Also, the analysis of boat and yacht traffic in
nautical tourism within the specified area along the main and local navigation routes within Split-
Dalmatia County will be presented. This article provides an overview on security measures, guidelines
for listed nautical marinas as well as the implementation of the Blue Flag marina criteria.

Key words: Nautical tourism, competitiveness, marina capacity, marina management, boat and yacht
traffic, Blue Flag.

1 INTRODUCTION

According to the broadest definition, a port is a naturally or artificially protected marine,
river, canal or lake basin where the vessels can find shelter from waves, currents, tides, ice,
and effects of enemy attacks. It is a place where vessels can be loaded with fuel, water and
food, where people can repair the hull, machinery and equipment, clean parts, carry out safe
and quick loading, unloading or reloading of cargo and passengers and where the crew can
rest. [8]

Ports in Croatia can be divided into:

e The ports open to public traffic - are managed directly by state / county via the Port
Authority and can be used by every legal and natural person.

e Special purpose ports - are managed by state / county, which transferred the
management rights to the holder of the concession.

A nautical port is a tourist facility which in spatial, commercial, constructional and functional
view forms a whole and which provides all the necessary conditions for nautical tourism and
for meeting the needs of nautical tourists.
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A marina is a special kind of a nautical port which, in addition to berth service and vessel
accommodation, offers many other facilities and services related to nautical tourism. A dry
marina features an area of land intended to provide accommodation for vessels and their
transport from dry dock to sea and vice versa. If a nautical port wants to be declared as a
marina, it must meet a number of technical requirements such as:

e connection of electricity 220 V per 20 berths,

e access to hygienic water every 20 berths,

e lifting device of at least 50 KN

e repair shop for interventions on vessels,

grocery store maximum 500 m away,

storage space for vessels on land,

at least one toilet unit and shower with hot water every 50 berths,
VHF marine radio station,

equipment and accessories for first aid,

restaurant not farther than 500 m,

daily weather report,

parking for cars for at least 50% of the number of berths,
slipway for trailers,

working boat,

guarding service 0-24 hours,

telephone for public use,

equipment to prevent the spread of sea pollution,

money exchange office,

reception service,

gas supply.

The role of marinas in nautical tourism is of great importance, and is characterized by a high
share of investments per unit of capacity. The primary purpose of a marina is to ensure berth
and safe shelter for boats. However, marinas often offer additional services such as: boat
repair and maintenance service, administrative services, assistance with lifting and lowering
boats into the water, electricity and water connections, garbage disposal, supply of spare parts,
fuel, groceries and other necessities. Also, the marina can provide additional amenities such
as entertainment, sports, recreation and so on. Thus it can be said that the marina is the special
type of port in nautical tourism which offers berth services, shelter for boats and other
facilities and services to meet the contemporary nautical tourism demand.

If a marina wants to meet minimum requirements, it must pass categorization. In Croatia, the
categorizations of nautical ports are implemented on the basis of the Law on Tourism
(Official Gazette / Narodne Novine, Nos. 8/96, 19/96 and 76/98) and the Regulation on
Classification and Categorisation of Nautical Ports (NN, Nos. 142/99, 47/00, 121/00, 45/01
and 108/01).

Marinas are divided into three categories:

e The first category stands for marinas of the highest standard.
e The second one stands for marinas of medium standard.
e The third category stands for marinas of the lowest standards.
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2 NAUTICAL TOURISM IN SPLIT-DALMATIA COUNTY

The difference between the nautical tourism and other forms of tourism lies in mobility. The
term nautical tourist refers to frequent change of residence. Marine tourism has been
experiencing a large expansion in the last few decades. Nautical tourism is such a kind of
tourism that contains elements of nautical tourism product and nautical tourism service. The
law on tourist activities in the Republic of Croatia defines nautical tourism as "sailing and
staying of tourists-sailors on vessels, as well as staying in nautical ports for rest and
recreation.” [9]

Split-Dalmatia County has unique tourist potentials: the indented coastline, abundance of
islands, clear sea, beautiful nature and a unique cultural and historical heritage. As such, it has
great potential for development of nautical tourism. This potential should be recognized for
the purpose of creating identity in nautical tourism service. Nautical tourism has three forms:

- Nautical ports: ports that provide accommodation and service boats and nautical
tourists. This category is the most advanced form of business in marinas.

- Charter (chartering): business with vessels, in terms of their rental.

- Cruising: a form of nautical tourism which includes round trips by commercial boats.

Table 1: Statistics of nautical ports in Croatia, 2013

Marina|Marina|Marina Marina,
Land categorise | Uncategorise
COUNTY TOTA | ANCHORAG | MOORIN Marin 1st 2nd 3rd d and d nautical
L E G categor | categor | categor
a marked by ports
y y y anchors

Republic of Croatia | 106 22 13 14 6 24 17 6 4
Primorje-Gorski 32 10 5 7 1 3 3 3 i
kotar
Zadar 23 9 3 3 - 4 4 - -
Sibenik-Knin 14 1 - 1 2 4 5 - 1
Split-Dalmatia 17 2 2 2 - 5 3 1
Istria 14 - 2 - 3 6 2 -
Dubrovnik-Neretva 6 - 1 1 - 2 - - 2

Source: Central Bureau of Statistics, Republic of Croatia, March 2014.

Table 2: Capacity of nautical ports, situation on 31 August 2013

County of Split-Dalmatia

Water surface area (m2) 258810
Moorings, total 2021
Number of dry berths 503
Total surface area on land (m2) 77760

Source: Central Bureau of Statistics, Republic of Croatia, March 2014.

The city of Split, as an important nautical, administrative, economic and tourist centre of
Split-Dalmatia County, located in the central part of the Adriatic coast. Nautical tourism is the
most promising form of maritime tourism, which is especially notable in the Mediterranean
coasts, and on water surfaces of almost all European countries. All developed countries
indicate that nautical tourism is growing faster than the total tourist traffic and that it has an
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increasing share in the domestic and international tourism. This fact has opened up new
processes for construction and adaptation of specialized ports and harbours on the sea coasts,
but also on the inland waters of developed countries around the world. Production of vessels
for sport and tourism is rapidly growing. The development of nautical tourism in the world is
going through a phase of expansion.

i
200 000 000 192
164 2012.
160 000 000 142 144
B 2013.
120 000 000 121446
99 og 101 103
80 000 000
40 000 000 34 35
0 l = County of
Primorje-Gorski kotar Zadar Sibenik-Knin Split-Dalmatia Istria Dubrovnik-Neretva

Figure 1: The profit of nautical ports in the Republic of Croatia (without VAT)

Source: Central Bureau of Statistics, Republic of Croatia, March 2014.

The development of nautical tourism lies on a natural basis. Croatia’s Adriatic Sea features a
very indented coastline that is 6176 km long, of which 4398 km refer to the coastlines of the
islands. There are 1244 islands, islets and rocks, 50 islands are inhabited. The most attractive
areas for nautical tourists are areas under various categories of protection as prominent natural
values because of specific environmental value and biodiversity. According to the latest
survey in 2013, Split-Dalmatia County has a total of 17 nautical ports: 12 marinas (5 second
and 3 third category marinas, 2 dry marinas and 2 categorized and marked as anchorages), 2
berthing ports, 2 anchorages and 1 unclassified port.

Table 3: Number of vessels in hautical ports, situation on 31 December 2013

Vessels, permanently moored
Motor Total indices
Total achts Sailboats Other 1.-X11.2013.
y 1.-X11.2012.
County of Split-Dalmatia 1441 474 904 63 107.8
Vessels using sea moorings 1172 295 840 37 99.0
Vessels using only land (dry) berths 269 179 64 26 175.8

Source: Central Bureau of Statistics, Republic of Croatia, March 2014.

According to statistics performed in 2013, Split-Dalmatia County has a sea area of 258.810
m? suitable for nautical tourism, with a total of 2021 berths, and 503 dry berths. The total area
of land is 77.760 m?. According to the spatial plan of Split-Dalmatia County, another 55
nautical ports - marinas with about 10.200 berths are planned [6].
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Table4: Number of vessels in nautical ports in 2013

Vessels in transit

Total
Total Sgcc)aot; Sailboats Other |.-;?Idll.;((23513.
1.-X11.2012.
County of Split-Dalmatia 44649 7853 34633 2163 106,4
Vessels using sea moorings 44621 7830 34628 2163 106,5
Vessels using dry berths 28 23 5 - 65,1

3 MARINAS IN SPLIT-DALMATIA COUNTY

Source: Central Bureau of Statistics, Republic of Croatia, March 2014.

There are 106 ports of nautical tourism in the Republic of Croatia. 6 of them are 1st category
marinas, 24 are 2nd category marinas and 17 are 3rd category marinas. [5] Croatian marinas
have 16.000 sea berths and 8.500 dry berths. In addition, there are 30.000 berths in ports and

sports ports. [11]

Table 5: List of marinas in Split-Dalmatia county

Name Place Position Sea berths | Dry berths
ACI Marina Milna Brac P (p=43°19,7N A=016°27,6'E) 144 15
ACI Marina Palmizana | Hvar P (p=43°10,6'N A=016°26,4'E) 211

ACI Marina Split Split P (p=43°30,3'N L=016°25_8E) 364 60
ACI Marina Trogir Trogir P (p=43°30,8'N A=016° 14,9'E) 162 35
ACI Marina Vrboska Hvar P (p=43°10,8'N A=016°40,3'E) 125 17
Marina Agana Marina P (p=43°30,6N A=016°07,0'E) 134 70
Marina Baoti¢ Seget Donji P (¢=43°31,0N L=016° 14,0'E) 300

Marina Baska Voda Baska Voda P (p=43°21,5N A=016°56,8'E) 30

Marina Frapa Rogoznica P (p=43°31,9'N A=015°57,7'E) 450 150
Marina Kastela Kastel Gomilica | P (p =43°32,8'N A=016°24,4'E) 420 200
Marina Kremik Primosten P(p=43°343'N L=015°56,5E) 393 150
Marina Lav Podstrana P (¢=43°29,5N L=016°32,3'E) 75

Marina Podgora Podgora P (p=43°15.0N A=017°05.0'E) 220

Marina Ramova Krvavica P(p=43°19,4'N A=016°58,9'E)

Marina Tudepi Tudepi P (p=43°15,8'N L=016°03,5'E) 50

Marina Vlaska Brac P (p=43°18,9'N A=016°26,1'E) 75

Marina Zirona Drvenik Veli P (¢=43°27,00N A=016° 09,1 'E) 15 (150)

Source: author

Apart from basic services such as water and power supply, many ports of nautical tourism in
Croatia provide additional amenities such as traditional cuisine, primary health care, charters,
apartments, video surveillance, security service, etc. There are 17 marinas in Split-Dalmatia

County (Table 5).
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4 MAIN AND LOCAL NAVIGATION ROUTES IN SPLIT-DALMATIA COUNTY

The County’s major navigation routes are directed towards the Port of Split. International
routes, i.e. transit routes, mainly extend across the margins of the County. The largest part of
the international transit takes place in the area between Palagruza Island, Pianosa Island and
Point Gargano, whereas a smaller share of the traffic takes place around Vis Island. The most
important transverse international route is the passage connecting Split and Ancona in Italy.
Other transverse routes run along the coast, connecting Split with Rijeka, Dubrovnik and
other ports in the eastern Adriatic. Local navigation routes in Split-Dalmatia County connect
the Port of Split with the neighbouring islands of Brac, Solta, Drvenik, Hvar, Vis and
Korcula. Generally speaking, the densest maritime traffic occurs on the approaching routes
toward the City of Split.

The areas of increased risk to navigation may appear due to navigation obstacles,
unfavourable weather conditions and intensive traffic. With regard to Split-Dalmatia County,
such areas may include Splitska Vrata (Split Strait between the islands of Bra¢ and Solta),
Drvenik Channel, Solta Channel, Pakleni Islands and Pakleni Channel, areas of approach to
the Port of Split and other major County ports, Vis Channel, area covering the outer chain of
islands and the areas used by hydroplanes.

4.1 Traffic of yachts

In nautical tourism, 10 to 15 m long yachts make the predominant group of vessels. Yachts of
this size represent two thirds of the overall number of vessels. The sail boats and power boats
equally contribute to these figures.
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Figure 2: Monthly dynamics (%) of the number of vessels and their sojourn days in the ports of
nautical tourism in 2013
The traffic of yachts has some specific features. For instance, except for professionally
crewed large yachts, such vessels usually do not navigate at night. During night, most of these
vessels remain in marinas, ports, anchorages or other shelters. Of all accommodation options,
staying in marinas is their most frequent preference. They usually leave marinas early in the
morning and enter them late in the afternoon. The average daily navigation of yachts rarely
exceeds several hours. High performance power boats spend even less time at sea. However,
they travel at higher speeds. The densest yacht traffic occurs during summer season. Their
traffic features (data referring to speed and duration of navigation) is almost impossible to
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analyse due to the variety of navigation speeds and destinations (marinas, anchorages, large
and small ports, bays and coves, etc.).
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Sibenik ' I=tria ' Split Kvarner Dubmrru.k (County)
0O Overnight stay B Adgrivals
Figure 3: Traffic of boaters by Croatia’s regions in 2004, according to the Study of development
of nautical tourism in the Republic of Croatia (2006)
*In 2004, in the Republic of Croatia there were 198124 vessels in transit and 11598 at
permanent sea berths (In 2013, there were 177254 vessels in transit and 11605 at permanent
sea berths).

4.2 Traffic of boats

One of the inherent characteristics of boat traffic is that these vessels rarely leave the area of
their registration, so that the data on boat number present a rather accurate portrayal of the
area in which the boats move.

Table 6: Number of boats registered at Harbor master’s offices in Croatia’s central Adriatic

Boats in central Adriatic — Split area

Fishing boats 151
Trawlers 139
Purse seiners 12
Commercial boats 3641
Trawlers 35
Purse seiners 29
Others 1485
Boats for particular needs 20090
Boats — total 22969
Yachts 736
Commercial yachts 674
Yachts for personal needs 62

Source: Traffic-Navigation Study of Split, Ploce and Dubrovnik sailing areas, Rijeka 2014.

Boats predominantly sail close inshore during daylight and are mainly used for sports and
recreational fishing activities and for entertainment in summer months. The effect of boats —
particularly the privately owned ones — on the safety of navigation is irrelevant from the
statistical viewpoint. Their impact can be discussed from the aspect of their safety but from
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the aspect of the maritime traffic modelling. As the nautical tourism industry has been steadily
growing over the years, it can be expected that the number of yachts and boats engaged in
nautical tourism will gradually rise and so will the intensity of sea traffic immediately before
and after the main tourist season. The intensity of inshore traffic is not likely to grow during
winter. It is expected that the traffic on the Adriatic’s major navigation routes running towards
northern ports will remain unchanged in the terms of quantity and characteristics. On the other
hand, in the near future there may be an increase in traffic of new types of vessels such as
hydroplanes, vessels designed for underwater tourist trips, vessels supplying the diving teams,
etc.

5 IMPLEMENTATION OF THE BLUE FLAG CRITERIA IN CROATIAN
MARINAS

An important instrument in promotion of sustainable development of nautical tourism is the
Blue Flag. It is granted to the marinas and beaches that meet the criteria of ecological quality.
The criteria include continuing care for the environment by the owner of a concession,
personnel training aimed at environment preservation, informing the public on environment
condition, safety and services provided on beaches and in marinas, and environment
management in compliance with basic ecological principles. Nowadays, the Blue Flag is
globally recognised and represents one of the most important factors for choosing a nautical
destination.

60
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Figure 4: Marina visitors’ awareness, according to 2013 statistics: Have you ever heard for the
Blue Flag?

Source: http://www.lijepa-nasa.hr/images/datoteke/pz2013_bilten_4.pdf
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Figure 5: Survey on the importance of the Blue Flag in nautical tourism: Has the Blue Flag
affected your choice of destination for vacation?

Source: http://www.lijepa-nasa.hr/images/datoteke/pz2013_bilten_4.pdf

Entitled to a Blue Flag are the marinas that have pontoons or piers for accommodating boats
and yachts, as well as all other relevant facilities, including properly designed systems of
sewage and drains, systems for dealing with solid and fluid waste, etc. The marinas have to be
accessible to inspection and there must be a designated person in charge in each marina flying
the Blue Flag. A marina may form a part of a larger port engaged in other activities, but only
under the condition that the Blue Flag area is clearly separated from the port’s activities.

The Blue Flag is granted for a period of one year. During that period the marinas and beaches
are audited by Blue Flag inspectors. At the end of the season, an analysis of the
implementation of the relevant Blue Flag criteria is made. These criteria are divided into four
groups: 1. Personnel training aimed at environment preservation and informing the public on
environment condition, 2. Water quality, 3. Environment management in compliance with
basic ecological principles, 4. Safety and services. [29]

20
5 0
LI .
Education for the environment
Map of the marina
Services (toidet, showers, etc.)
Objects for maintenance of ships

Locations of lfesaving equipment
Info on local eco-systems

Figure 6: Type of information searched by marina customers, according to the survey conducted
in 2013: What information were you looking for at the notice board?

Source: http://www.lijepa-nasa.hr/images/datoteke/pz2013_bilten_4.pdf

70



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

120
a ,

| l S1ecufm- (Mfe saving equipment, fire fighting)
¥ Services (parking, todets, showers)

Y Access for people with disabdities,

Emvironmental management (waste containers)

Education for the environment

Figure 7: Importance of the Blue Flag, according to the respondents surveyed at Croatia’s
marinas and beaches in 2013: What does the Blue Flag mean to you?

Source: http://www.lijepa-nasa.hr/images/datoteke/pz2013_bilten_4.pdf

According to the statistics performed in 2013, there were 128 inspections of the beaches and
marinas. The major identified imperfections included insufficient information on nearby
environmentally sensitive areas, lack of training and education aimed at environment
preservation, lack of information on the bathing water quality and insufficient information on
the individual Blue Flag. However, according to the data gathered in 2014, there were 135
inspections. Most of the beaches and marinas had but minor difficulties in meeting the Blue
Flag criteria (36%), while as many as 16% of the marinas and beaches had major problems in
complying with the standards. According to the Blue Flag Survey which was conducted at
Croatia’s marinas and beaches in 2013, 39% of the respondents stated that they were spending
holidays with their families, whereas 35% of them were with their partners. The questionnaire
was completed by 101 marina customers, of which 54 men and 47 women. The share of
foreigners was around 75.3%, mostly aged 25-44 (40.6%), and 45-64 (37.6%).

6 CONCLUSION

Marinas have a very important role in nautical tourism and are characterized by a high
proportion of investment per unit of capacity. In the last few decades marine tourism is
experiencing a large expansion. Split-Dalmatian County has great potential for development
of nautical tourism. This potential should be recognized for the purpose of creating identity in
nautical tourism offer. The development of nautical tourism in the world is going through a
phase of expansion, and the production of boats for sport and tourism is rapidly growing. The
development of nautical tourism in Croatia lies on a natural basis, where the Adriatic Sea with
his indented coast, natural values, specific landscapes and biological diversity is the most
attractive area for nautical tourists. As for the traffic, in Split-Dalmatian County the main
navigational routes are directed to the port of Split, and international routes are mainly
stretched through the edges of the county. Some areas of increased danger for navigation may
occur because of navigational obstacles, weather conditions and intense traffic. Such areas of
increased danger for navigation within the Split-Dalmatia County are: Splitska vrata,
Drveni¢ki kanal, Soltanski kanal, Pakleni otoci i Pakleni kanal, entrance to city port, access to
larger county ports, Vis Channel, an area outside the edge of the island and the area of
navigation for hydro-planes. In nautical tourism the largest group of yachts are those from 10
to 15 meters. The yachts of such lengths are representing two-thirds of the total vessels, and
the yacht traffic is most in the summer season, and their movement (daily navigation and
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speed) is almost impossible to reliably process. The problem is that the speeds of such vessels
are various and destinations are numerous (marinas, anchorages, ports, harbours, bays, etc.).
The small boats traffic is characteristic in a way that they rarely leave the area in which they
are registered and therefore numbers data of small boats give a fairly good picture of the areas
in which they move. Traffic of small boats is occurring only during the day along the coast
and they are mainly used for sports and recreational fishing and entertainment during the
summer months. Their impact on the safety of navigation is statistically very small, especially
privately owned boats. Given the increase in nautical tourism, we can expect a gradual
increase in the number of yachts and boats intended for nautical tourism, the greater the
intensity of navigation in the period immediately before and after the peak tourist season. The
intensity of coastal traffic during the winter period will not change. In marinas the Blue Flag
IS very important, because they are given to beaches and marinas that meet strict
environmental criteria at the initiative of the European Union. According to the research, the
biggest shortcomings in marinas make the lack of information on the nearby natural sensitive
areas, lack of education activities for the environment, the lack of information on the sanitary
quality of bathing water and the lack of information on the Individual Blue Flag. These things
need to change, because the Blue Flag is a certification of sea protection and marine
environment and thus raises the quality of nautical tourism in Croatia.
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ABSTRACT

Fire protection engineering structures is a well-known topic. There are number of publications
founded on the theoretical analysis of the combustion process, the causes of the phenomenon,
organizational and technical methods to fight fires, processes, training etc. The specificity of warships
fire protection primarily due to the reasons for and consequences of the threat posed by a fire crew,
cargo and the environment. Due to the tasks, warships are exposed not only to the occurrence a fire
characteristic of commercial vessels, ie. the effects of crew negligence, accidents or damage of
installations but also to the effects of use enemies weapons. Another argument emphasizes the
thematic diversity can be a fire on the submarine, which in addition to the typical submerged hazards
associated with fire is exposed to oxygen depletion for the crew and respiratory toxicity of combustion
products resulting from the lack of ventilation capabilities. The impact of enemy weapons brings not
only a fire hazard but also detonation. Temperatures fires occurring on warships are significantly
higher, the rate of propagation of fire is also a greater risk of detonation of warfare agents stored on
board.

Key words: Firefighting, organization, operation, construction, naval vessel.
1 INTRODUCTION

Fire protection engineering structures is a well-known topic. It is possible to find many
publications on the theoretical analysis of the combustion process, the causes of the
phenomenon, organizational and technical methods to fight fires, processes, training etc. The
specificity of warships fire protection primarily due to the reasons for and consequences of
the threat posed by a fire crew, cargo and the environment .

Warships are exposed not only to the creation of a fire characteristic of commercial vessels,
ie. the effects of crew negligence, accidents or damage to offshore marine installations but
also to the effects of enemy weapons. Another argument emphasizes the thematic diversity
can be a fire on the submarine, which in addition to the typical submerged hazards associated
with fire is exposed to oxygen depletion for the crew and respiratory toxicity of combustion
products resulting from the lack of ventilation capabilities.

The impact of enemy weapons brings not only a fire hazard but also detonation. Temperatures
fires occurring on warships are significantly higher, the rate of propagation of fire is also a
greater risk of detonation of munitions stored applies to both the crew and the surrounding
marine environment.
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2 FIREFIGHTING REGULATIONS

Warships in the world are built according to defense standards, regulations and shipbuilding
experience. Principles of design does not require the use of the provisions of SOLAS although
the rule is that designers usually use them in some aspects significantly increase the structural
requirements. The Polish Navy approved the internal rules for fighting fires and prepared
regulations Classification and Construction of Warships. PRS, part V, Fire Protection in 2008
[1]. PRS provisions are not mandatory for shipbuilding, however, during the design process in
the field of fire protection systems are widely used. These provisions relate to the following
aspects:

general provisions relating to the scope of applicability,

structural fire resistance in design-oriented,

requirements for fire-extinguishing systems,

requirements for fire detection and fire alarm systems on the ship,

fire protection of marine spaces,

requirements for installation and equipment posing a fire hazard to the ship,
requirements for portable fire-fighting equipment on the ship,

specific additional requirements for certain types of ships.

Regarding the activities regulated by separate internal regulations of the Navy there are not
just a set of rules relating to fire-fighting equipment as well as maintenance and training
activities. Currently, firefighting training activity is one of the priority directions of training
on Navy vessels. The problem, however, is that most of them are only focused to the fire
fighting activities. Currently, other navies extend the three areas performed simultaneously,
ie. against fire, medical security and defense of an emergency team cooperation.

3 STRUCTURAL FIRE PROTECTIOS

The main issue is the occurrence of so-called. water and gas-tight bulkheads. They allow the
isolation of the individual compartments of the hull ship during a fire. The principle is the use
of non-combustible materials indoors or slowly spreading flames. In the case of living spaces
is permitted to use combustible materials with the heat of combustion Q does not exceed the
value of 45 MJ / m?. These calculations are performed using the following formula [1]:

Q=0sp-s [/ .l )

where:

Q - heat of combustion for the thickness of the material, [MJ / m?],

Qs - specific heat of combustion of the material, defined by ISO 1716, [MJ / m?],
p - density of the material, [kg / m?],

s - material thickness [m].

In addition, depending on the role of compartment regulations specify the maximum mass of
combustible material per 1 m? of space. The rule is that the premises with an area of less than
50 m? no obligation to sprinkler assembly they are equipped with signaling systems only. This
rule does not apply to special compartments that affect the life of the ship, its commanding
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processes or are warehouses of ammunition. For these reasons, the hull design provides three
classes fire resist partitions A, B and C, and 14 categories of compartments/spaces.

The size and purpose of the room determines the type and number of fixed fire-extinguishing
system used, the number of escape hatches and pop hardware. Particular attention is paid to
the premises where are stored fuel, oils, workshops, ammunition compartment and a kitchen.
These rooms are equipped with temperature sensors associated with global fire protection
system focused on:

e 30° C, to start automatic ventilation system in order to lower the temperature in the
room,

e 50° C, to start the automatic sprinkler wall of the room,

e 70° C, to start the automatic sprinkler horizontal surfaces of the room.

It should be noted that if the installation does not flood the whole capacity of the room within
30 minutes the room should be equipped with an additional installation of the flooding. In
terms of design attaches important role also for the construction and used materials for doors,
hatches, stairs, ladders and escape sculttles.

4 FIRE SYSTEMS

Marine fire protection can be divided into stationary and portable. Fixed installations should
comply with the requirement of constant readiness for use. The basic installation of fire on the
ships is due to the fire main installation is not inexhaustible supply of extinguishing agent
which is seawater. Installation is internally divided into hydrates, which works by using a
hose-usually on the open deck and sprinkler system, which protects the interior spaces -
Figure 1.

N

Figure 1: Sea water sprikler installation, where: 1 water main, 2 feed pumps, 3 - intermediate
tank, 4 - pump, 5 - automatic valves, 6 - sprinkler network [2]

Source: http://www.supo.com.p
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Depending on the size of the ship in the selected expense pressure water pumps and their
distribution in the hull whereas the principle of redundancy system. Pumps obviously must
satisfy the condition self-sucking and one of them acts as a principal and another emergency.
The rule is that one of the pumps should have an independent power supply to the emergency
pump flow cannot be less than 25 m® per hour, regardless of the type of ship. Also the
distribution of water pipes should have a ring structure with the piping on both sides should
be symmetrically arranged above and below the waterline. Selection diameter pipelines,
hydrants and fire hoses should allow mutual supply in the event of fire from land to ship or
ship to shore fire-extinguishing system.

Sprinkler system should be in permanent readiness to run without the crew. The installation is
divided into sections, each of which should not be more than 200 sprinklers. Installation of
automatic operation can be carried out by independent temperature sensors or sensors

integrated into the sprinkler - Figure 2.
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Figure 2: Sprinkler nozzles so. automatic sprinkler [2, 3]

7 A

Sources: http://www.supo.com.pl, http://www.fire-fighter.pl

Operation of the system should be accompanied by a system of visual and acoustic alarm and
the selection of sprinklers should take into account the condition that the water flow from one
of the sprinkler not be less than 5 dm®min per area of 1 m? (24 dm®min per 1 m?
ammunitions chambers).
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Figure 3: Diagram of foam system [4]
Source: http://www.langemachinery.com

Fire foam systems have become for many years the standard equipment of naval vessels.
Their main purpose is to ensure fire safety in machinery spaces of ships. Extinguishing foam
is usually heavy type and difficult for the calculation but it is accept that the installation
should have a minimum productivity of 5 dm® / min per 1 m? of surface area covered by the
fire during the operation of not less than 5 minutes. Diagram of a typical foam system is
shown in Figure 3. Sometimes a high expansion foam system wherein the condition of its
applicability is less than the number of foam 1000. These systems are also used to secure the
helicopter landing sites, the requirement of a minimum volume of the tank of 0,4 m?, and
depending on the category landing H1 ..H3 expense of from 250 to 800 dm*/min.

Due to the possibility of a very rapid spread of fire inside the ship and taking into account the
structural conditions compartments are commonly used in marine CO2 extinguishing systems.
Load weight of carbon dioxide for protected spaces is calculated using the following formula:

G=179-V-o, [kg] (2)

where:

V - volume of the protected space, [m®]

¢ - the filling factor, [kg/m?]

¢ = 0.3 for cargo spaces,

¢ = 0.35 for the machinery which adopted the gross volume including the volume of wells,
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¢ = 0.4 for the machinery which adopted the gross volume without taking into account the
volume of wells].

An additional requirement is that the installation has fulfilled 85% of the volume of the space
protected for time 2 minutes for machinery spaces and for other compartments in the course
10 minutes. Starting station of carbon dioxide can be implemented in automatic or remote
option. Due to the safety of the crew, which may be in the range normally protected remote
control installation is a decision about its use shall commander of the ship after confirmation
of information about the crew evacuation from the affected compartment. This procedure does
not apply to submarines where good not threaten the life of the crew and the ship safety is a
priority task. View of the ship's CO, station is shown in Figure 4.

Figure 4: Diagram of CO, system [5]

Source: http://www.freepatentsonline.com

Depending on the size of the ship powder systems can be installed as a stationary or portable.
The rule is that the powder was a carrier of an inert gas, but often you can meet power
systems with compressed air for technical purposes. In the shipbuilding industry rule of
thumb is to plant powder provide continuous operation for 45 seconds at the expense of 3.5
kg/s and a powder-range penalty of not less than 8 meters. Firefighting positions in machinery
spaces are normally higher requirements for standard ready to run no longer than 30 seconds.
All fire-extinguishing systems, stationary and portable, are subject to periodical, military
supervision.
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5 FIRE TRAINNIG SYSTEMS

The ship's crew A fire fighting trainer is now a three-stage, ie .:

e Theoretical training,
e Practical training at the training ground fire - Figure 5,
e Practical training during whole vessels exercises.

-

Figure 5: Training on the firefighting range [8]
Source: http://morska.edu.pl/szkola/baza-dydaktyczna/poligony/poligon-pozarowy

Theoretical training is typical, and refers to the fight against fire and risks of detonation. The
training program on the fire range is the most common two-level and includes such issues as:

theory of the fire formation - the fire triangle,

sources of ignition and fire hazard,

characteristics of combustible materials,

causes of fires on the ship,

fire detection,

construction, use and distribution of fire-fighting equipment,
construction and operation of stationary fire installation,
combat organization fighting a fire on the ship,
extinguishing agents.

The training program also includes practical exercises on the training ground from the scope
of fire extinguishing small fires extinguishers (CO, snow, light powder and water), expand
and collapse and linking of fire hose and nozzles, water currents workout - compact and
diffuse currents and the use of foam - hard, medium and light. On the model of the ship
performs the task in a smoky room with breathing apparatus and evacuation dummy. All
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exercises are meant to training of practical habits, to test the degree of acquired knowledge
and the identification of people with claustrophobia or other psychophysical deviations
preventing them from serving on ships.

Simultaneously with the process of training of crews marine research and development
centers carry out research for the implementation of new, innovative technologies. Institution
are focused on automation and robotics. The first area of research is the identification systems
indoors fire source and then automatically directing high pressure multi-directional flow of
firefighting. Such action should identify and eliminate fire from the identification of the
thermal system of supervision no later than 3 seconds. The second area studies is focused on
the use of fire-fighting robots - Figure 6.

Figure 6: Example firefighting robot during the simulation studies [6]

Source: http://morska.edu.pl/szkola/baza-dydaktyczna/poligony/poligon-pozarowy

The task of the robot is to be to identify the source of the fire and its self-extinguishing system
using a portable fire extinguisher. Such works were to be applied mainly on ships where there
is risk of the chemical or radioactive contamination.

6 CONCLUSIONS

Constructional safety issues warships are multithreaded and include areas of materials
engineering, construction and operation of machinery, shipbuilding, automation, control
systems and even robotics. The correctness of fire-resistant construction is essentially the
result of not only fulfillment of the standards and regulations but also the imagination of
designers and consultants with great maritime experience. All the "shortcuts" in the form of
savings on materials, redundant systems, etc. usually bring disgrace of the design office or
death of crew members. Ship equipment intelligent fire alarm systems are standard and not
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the unnecessary gadget. The real problem is only the cost of installation in the military
version, which requires adequate resistance to impact shock loads.

Regardless of the degree of automation and robotics it should be emphasized that man is most
likely to cause a fire occurs as the fact that man is the most effective factor in his extinguish
the fire. This is the reason that fire training combined with medical training are the most
desirable from the point of view of safety.
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ABSTRACT

The paper presents stages of stochastic ships traffic stream model creation which was applied for
optimization of different solutions of Swinoujscie-Szczecin waterway design. The model is based on
Monte Carlo methodology and is microscopic which means that each ship’s model is treated as
separate object possessing given attributes. The main output from the model is sum of delay time of
waiting ships and distribution of ships queue. Two alternative waterway traffic solutions with different
passing places for ships were analysed in this study and compared with each other. The model was
used for the first time for optimization of modernized Szczecin-Swinoujscie waterway in respect of
two different solutions of passing places for ships.

Key words: Ship traffic stream model, waterway capacity, ship intensity.
1 INTRODUCTION AND STATE OF THE ART

The increase of traffic in port area demands new tools for traffic optimization assessment of
different marine traffic engineering solutions and developing traffic control methods needs
especially within VTS. The analytical models used for capacity estimation are based on ship
domain theory are static and does not reflect stochastic nature of ships traffic process. To
overcome this stochastic models are created [Groenveld&Hoek 2000]. Some models of
capacity take into consideration alternative passing [Backali¢&Skiljaica, 1998]. Model for
traffic optimization with use of discrete optimization for Kiel Canal have been developed by
[Mohring et all. 2005] Several models have been developed with use queue theory [Mou et all
2005] and cellular automata [Feng 2013]. Usually domain models are applied [Zhou H. et all
2013] where domain is defined as area where navigator intentionally keep free from the other
ships.

Usually two criterions are applied for assessing marine traffic systems in scope of traffic
streams parameters:

1. time of ships delay and its distribution;
2. mean queue of ships waiting with its distribution.

It is much easier to draw conclusions from model researches when the relative measures are
applied like in this study where two alternatives were compared. In presented researches the
area of Swinoujscie-Szczecin waterway (fig. 1) is analysed and two alternatives of
modernisation are compared.
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Figure 1: Layout of Swinoujscie-Szczecin waterway with planned passing places for

Alternative Il and localisations of VTS radar stations

2 MICROSCOPIC STOCHASTIC MODEL OF SHIPS TRAFFIC

The created simulation model of ships traffic on the waterway for need of presented study has

following features:

1. is microscopic, that means that every ship is considered separately as an object;

2. is domain based (the distances of following ships are based on ships domain theory);

3. iIs stochastic, where some parameters like ships generators, ship length, draught,
speed are modelled as random variables generated from its distributions mostly by

Monte Carlo principle;

4. is one dimensional — the movement of ships is modelled in one dimension only

(along the waterway);

5. is kinematic — the ships are modelled as line interval (of length L) moving with
uniform speed along the given section of waterway, speed changes (if any) are

immediate.

The main algorithm of the model is presented in fig. 2. The model has several outputs, where

the main are as follows:
1. time of delay in respect to ideal situation without delays,

2. queue parameters in respect to ship categories and number of ships waiting,

3. passing and overtaking points with the ships categories.
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Figure 2: Stochastic microscopic simulation model of ships traffic in Swinoujscie-
Szczecin waterway
The model is written in Object Pascal language and Lazarus compiler distributed by Open
GPL licence Model has very simplify graphical interface the data are stored in text files.

The verification of internal consistence and errorless of the model was done on the simplify
properly chosen input data.

2.1 Dynamic domain approach

The ship domain dimensions on such very narrow waterways when the port regulation are
playing major role are dependant of the section of the waterway (x). The length of domain
Dy (x) could be defined as (fig. 3):

D, (X) =L+D¢ (x)+D, () +5, (1)
where:

L — ships length,
Dr(x) — domain length forward (from zero to minimal following distance),
Da(x) — domain length aft (assumed as 0),

I — domain variability.
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Similar formula can be used for width Dg(x) of ships domain:

Dg (X) =B+ Dg (X) + Dp (X) + 55 )
where:

B— ships length,

Ds(x) — domain width port,
Dy(x) — domain width starboard,
" lg — domain variability.

=

Figure 3: Ships domain parameters in narrow waterway
In presented study when 1-dimensional model is applied the Dg(x) could be defined as two
state variable: D, (X) ={o(x) = (1,0); p(x) = (0,))}where o(x) and p(x) are logical variables
defining if passing or overtaking of given ships is permitted on given section of waterway (0-
passing/overtaking possible, 1-passing/overtaking prohibited).

Navigator has very limited influence to adjust the length of domain on the aft (Da) and the
following ships adjust this domain size according to ship dimensions, port regulations and
intentions, so it is set to zero. The dependence of domain dimensions of x is the reason of
variability of waterway sections and regulations inside the sections and ships speed variability
in given sections. The domain variability (error) is changed according to navigators
behaviour. It is possible to model the risky, conservative behaviour or violating the
regulations. This effect was neglected in this study.

The most important dimension of domain in this study is Dg. The length before the ship which
navigator intend to keep free is important when one ship follows the other due to overtaking
prohibition. This distance is set by regulations or by navigator itself, taking into account
possibility of accidental stopping of the own ship. The accidental stopping in narrow
waterway is usually made by so called step-manoeuvre which depends of ships manoeuvring
characteristics. The step-manoeuvre is usually performed in steps changing set to engine in
order to avoid grounding of own ship. Usually in the first phase of step-manoeuvre the “Full
Astern” is set on engine then when ship start to considerably change her course (usually to
starboard) the speed telegraph is set to “Stop” and rudder is set to “hard to port” (or starboard
depending on the ships reverse turning ability). Then the procedure is repeated. In the last step
usually the anchor is dropped when it is possible. Study on step manoeuvres have been carried
in [Report 1980] for different ships size, passing the waterway with different speeds and
setting on engine (fig.4). In presented study the dimension of domain Dg has been set on the
base of stoping distance (fig.3) as Dr=Sd(Hah, DWT).
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Figure 4: Stopping distance (Sd) in case of accident of followed-by ship in step-
manoeuvre through narrow waterway for general cargo ships (based on results of
[Report 1980])

Due to model level of abstraction some approximations and conditions have been applied to

the model divided in following groups:

A. Ships generators

The model used ships generated by the Poisson distribution in 9 groups with given intensities.
The Poisson model is adequate and how good statistical consistence for under-critical
intensities such as exist in analysed waterway [Kasyk 2014, Gucma&Schefs 2007]. Computer
Poisson generator used in this study was created on the basis of [Zielinski&Wieczorkowski
1997]. Length of ships in groups were generated by uniform distribution with parameters:
[Lmax, Lmin]. Speed of ships was generated by normal right side cut distribution where cutting
distance was set as maximum regulation speed in given section. Extended studies over the
speed distribution in this area was done by author in this area [Gucma&Schefs 2007]. The
same intensities has been set to inbound and outbound ships (the choose of direction by ship
was modelled by Bernoulli distribution). Main elements of the algorithm of the model are 3
loops realized by computer programme in different time intervals:

1. The loop of ships generation and the recording of their main parameters (time interval
=1h);

2. The loop of the updating of the position of ships and the record of their passage (time
interval =1min);

3. The decision loop of the check of the possibility of letting in ships on the waterway or
to the queue (time interval =10min).
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B. Waterway characteristics

Described by n sections, defined by (X, Xi+1), each contain width of waterway, admissible
speed, and matrix of passing/overtaking possibility as boolean matrix of dimension 5x5 (i.e.
number of ships in classes).

C. Traffic control measures

Traffic control is mostly neglected in this study except keeping the ships in queue in case the
waterway is busy. In practical situation sometimes the speed reduction is applied as traffic
control measure by VTS operators.

3 PRACTICAL APPLICATION OF CREATED TRAFFIC MODEL FOR
ASSESSING TWO ALTERNATIVES OF SWINOUJSCIE-SZCZECIN
WATERWAY MODERNISATION

The planned modernisation from 16km to 63km (so called project “12.5m”) of waterway from
Swinouscie to Szczecin will cover:

1. deepening the depth from 10.5 to 12.5 (max ship draught from 9.15m to 10.5m);
2. widening the waterway depending of the area for two different alternatives | and Il

(fig. 4.);

For the traffic modelling purpose the ships was divided on 9 types and 5 classes
(tab.1). The possibility of ships passing and overtaking is depended of the width of waterway
and was different for given section in Alternative | (14 sections) and Alternative Il (16
sections).

Table 1: Applied division of ships in Swinouj$cie-Szczecin waterway

Class/Type | Name | L [m] | B [m] | T[m]
I Very large ships
1 Cruiser 200-260 28.0-33.0 7.0-9.0
2 Container 180-240 28.0-32.3 9.0-11.0
3 Bulk 180-220 26.0-32.3 9.0-11.0
Il Large ships
4 Cruiser 140-200 20.0-28.0 6.0-8.0
5 Container 140-180 20.0-28.0 6.0-9.0
6 Bulk/General 140-180 20.0-26.0 6.0-9.0
111 Medium ships
7 | Allkinds 120 -140 <20.0 <8.0
IV Small ships
8 | Allkinds  [<120 (100-120) ] <18.0 | <7.0m
V Very small ships
9 [ Allkinds [ <120 (70-100) | <18.0 | <50m

Alternative | assumes widening the waterway in Szczecin Lagoon to 130m in section from
16,5 km + 41,0 km and allowing for passing the following classes of ships: (3, 4, 5) with (3, 4,
5). Alternative Il assumes narrower waterway in this area (100m) but creating long passing
place of 250m width on Szczecin Lagoon from 23,8 km + 28,8 km which will allow to
passing of ships in following classes: (2, 3, 4, 5) with (1, 2, 3, 4, 5) i.e. only maximal (class 1)
with maximal cannot pass each other.
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Figure 5: Width of the waterway (W) in function of its length (X) for two analysed
Alternatives | and 11

3.1 Determining the future ship traffic intensities in Swinoujscie-Szczecin waterway

Port of Szczecin does not show significant dynamics of changes of the ships traffic, which is
below 3000 ships entering per year. It is presented in data form Polish Statistical Office [GUS
2013] presented in table 2.

Table 2: Ship traffic in Szczecin and Police ports

Year Szczecin Police Sum
2009 2775 173 2948
2010 3185 349 3534
2011 3084 306 3390
2012 2822 276 3098
1 | |
Cumulative density /,/"_'
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Figure 6: Cumulative distribution of length of ships entering to Szczecin in 2011
Analysis and forecast of ships traffic was done for the so called project “12.5m” based on
previous studies [Report 2008] and authors previous works such as [Gucma&Sokotowska
2012]. In 2011 there was 2680 entrances of ships above 50m to Szczecin. The cumulative
distribution (tab.2) of its length show very high concentration of ships 80m to 10m (small

ships).

89



On the

17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

basis of detailed size groups analyses in 2011 and economic forecasts for container

and cruise ships the intensities and yearly dynamic of ships in groups were determined and
final forecast intensities for 2021 were applied as input data for traffic model.

Table 3: Forecast of ships traffic in 2021 and intensities for given types of ships Szczecin and

Police

Yearly | Forecast| Intensity Double

. dynamic of | of ships of ships | intensit
Type v(\:/;SeSr\]:\(/)all’y Kind No ?:; Szh(;lpi traffiz increase en_trange applied Iian of bigg.es>;
for “12.5m” | inyear| the study ships
[9%6] 2021 [ship/h] | [ships/h]
1 1 Cruise 2 100 20 0.005 0.009
2 1 Cont. 10 25 25 0.006 0.011
3 1 Bulk 60 15 90 0.021 0.041
4 2 Cruise 5 100 50 0.011 0.023
5 2 Cont. 20 30 60 0.014 0.027
6 2 Bulk 181 15 272 0.062 0.124
7 3 General 421 15 632 0.144 0.144
8 4 General 466 15 699 0.160 0.160
9 5 General 1634 15 2451 0.560 0.560
Sum 2799 4298 0.981 1.099

4 RESULTS OF TRAFFIC SIMULATIONS FOR TWO ANALYSED
ALTERNATIVES

The simulation researches were carried out in 4 scenarios (2 waterway alternatives in two
traffic conditions):

Alternative | — traffic forecasted on 2021 (tab.2);

Alternative Il — traffic forecasted on 2021;

Alternative Ix2 - traffic for 2021 with double increased traffic in groups 1 and 2
(sensivity analysis of for biggest ships due to expected passing problems);
Alternative 1I1x2 - traffic for 2021 with double increased traffic in groups 1 and 2 (as
above);

Duration time of simulations was 365 days (1 year). Single scenario consumes approximately
1min of simulation time for standard PC computer.

The recorded output data from simulation were analysed under several parameters of

traffic streams such as:

1.

ook owm

Distribution of ingoing ships queue in classes.
Distribution of outgoing ships queue in classes.
Time of passage without delays (ideal).

Sum of delay time in classes and types.
Number of ships generated in classes and types.
Mean delay time in classes and ships types.

Table 4 presents results of the annual simulation for forecasted data for the year 2021 for two
Alternatives. There are visible differences between time of delay of large ships which are
equal approx. 1h more per one ship of 1 class and 0.5h per one ship of class 2.
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Table 4: Results of yearly simulations for Alternative | and 11 for traffic intensity of 2021 year

Type 1 2 3 4 5 6 7 8 9| Sum
Class 1 1 1 2 2 2 3 4 5
Alternative |

Time without delay [h] 159| 176| 704 | 317| 452| 1808| 3902 | 4523 | 13124

Time with delay [h] 255|349| 1310| 608| 768| 3252| 6570| 5565| 15892

Total ships generated 46| 51| 204| 92| 131| 525| 1132| 1313| 3806| 7300
Sum of delays [h] 97| 174| 606| 291| 316| 1444| 2669| 1042| 2768| 9407
Delay per 1 ship [h] 21| 34| 30| 32 2.4 28| 24| 08 07] 13
Alternative 11

Time without delay [h] 155| 155| 604 | 283| 424| 1756| 4030| 4454 | 13317

Time with delay [h] 275| 263| 967| 453| 664| 2749| 6130| 5416 | 16104

Total ships generated 45| 45| 175| 82| 123| 509| 1168| 1292| 3862| 7301
Sum of delays [h] 120|107 | 364| 171| 239| 993| 2100| 962| 2787| 7843
Delay per 1 ship [h] 27| 24| 21| 21 1.9 2.0 1.8 0.7 0.7] 11

In table 5 the sensivity analysis is presented where sensivity factor was the influence of
largest ship intensity increase (applied double traffic increase). The reason of such approach
was the fact that the largest ships are the main waterway blocking factor. It could be observed
large influence of large ships especially for the waterway in Alternative I. In compare to the
previous results, Alternative 11 is more robust on increasing large ship intensity in class 1 and
2 because differences are much smaller then primary simulation without traffic increase.

Table 5: Results of yearly simulations for Alternative | and Il for traffic intensity of 2021 year
and double traffic in ship class 1 and 2

Type 1 2 3 4 5 6 7 8 9| Sum
Class 1 1 1 2 2 2 3 4 5
Alternative Ix2
Time without delay [h] 311| 335| 1180| 735 835| 3443 | 4005| 4337 | 13283

Time with delay [h] 566| 616| 2416| 1402| 1403| 6292| 7037 | 5603 | 16943

Total ships generated 90| 97 342 | 213 242| 999| 1162| 1257| 3851| 8253
Sum of delays [h] 256| 281| 1236| 667| 568| 2849| 3031| 1266| 3660 13814
Delay per 1 ship [h] 28| 2.9 36| 3.1 23| 29| 26 1.0 1.0 1.7

Alternative 11x2
Time without delay [h] 221| 293| 1194| 725 883 | 3519 | 3978 | 4495| 13245

Time with delay [h] 378| 505| 1965| 1206| 1453 | 5880 | 6231 | 5603 | 16668

Total ships generated 64| 85 346| 210 256 | 1022 | 1154 | 1304| 3839| 8280
Sum of delays [h] 158 | 211 772 481 570| 2361 | 2254 | 1108 | 3423| 11337
Delay per 1 ship [h] 25| 25 2.2 2.3 22| 23| 20 0.8 0.9 14

Histograms of ships queue length and probability of queue on entrance (at Swinoujicie
approach) and departure (in Szczecin Port) are presented in fig. 6 (for Alternative | and I1) for
classes 3, 4 and 5 (ships with highest intensity). In ships of classes 1 and 2 the queues are
minimal due to small intensity.
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Figure 7: Probability of queue in ships classes 3, 4 and 5 for Alternative | and 11

5 CONCLUSIONS

The following conclusions could be drawn from presented studies:

The created for needs of this study stochastic model of ship traffic flow is stable and
its parameters such as queue length and number of ships are stabilising in time for
different input data.

Much better solution in respect of total ships delay is Alternative I1. This alternative
saves about 65 waiting days per year in compare to Alternative I. Most advantages
appear in delays of ships of 2nd and 3rd class where cost of ship delay is highest.

The sensivity analysis showed that Alternative 11 is less sensitive for traffic increase
in biggest ships group which are the factor of waterway blockage.

The queue of ships stabilises in time and probability of queue for class 3, 4 and 5 is
about 16%. Probability of queue is slightly less in Alternative 1. Length of the queue
is less then 5 ships for both alternatives.

The application of intelligent traffic control should optimize the ships traffic
parameters in these area.
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ABSTRACT

The Department of Marine Materials Engineering, Maritime University of Szczecin, has carried out
research into metal composites technologies, focusing on composite aluminium foams stabilized with
ceramic particles. The tested foams were made by the method of gas blowing into liquid metal. The
paper presents selected properties of metal composite foams — their strength and high temperature
resistance. These material can be used in maritime transport. Shipbuilding is another potential area for
a wide use of metal foams. Merchant vessels and warships are objects where powerful machines
generate vibrations and noise, radiate huge amounts of heat, some spaces require good thermal
insulation, and risk of fire or explosion is relatively high. Besides, electromagnetic waves are
generated, while some shipboard instruments have to be protected against electromagnetism.
Naturally, whether metal foams will be widely used in ships and to what extent will depend on their
price.

Key words: Composite foams, strength and high temperature resistance, maritime transport.
1 INTRODUCTION

Metal foams may be used to reduce consequences of collisions at sea, to reduce consequences
of impact and other forms of undesired contact with the quay or pier during berthing, or to
minimize effects of exceedingly dynamic interaction of vessel hull in heavy weather
conditions (waves, wind). Very high static and dynamic loads occur in the area of the bow, on
both forward sides of the hull, the sides in way of the engine room, collision bulkhead and
stern bulkhead. Particular attention is always paid to the forward part, as it is more susceptible
to hit bottom obstructions, floating objects or the quay.Cellular materials have many unique
properties that make them suitable as machine components. Thanks to low density, metal
foams are an ideal filler material for layered structures of high rigidity, low thermal
conductivity makes them good insulators, while the ability to damp vibration suggests
applications as vibration and noise absorbing layers. When under load, foams are liable to
substantial deformations, so they are used in systems absorbing impact energy or reducing the
effects of explosion. The proper method of making metal foams from pure metals or their
alloys leads to a rather restricted scope of changes in foam properties. The range of functional
properties of foams and the capability of controlling these properties may be extended by
using multiphase materials. These include composite materials made by combining at least
two physically and chemically different materials in such a manner that, as per definition [1-
4] — “with good mutual connection, there should be a visible boundary between them and the
distribution of the reinforcement phase should be possibly homogeneous across the whole
volume of the matrix”. Metal-ceramic composites, with wide ranges of components, may be
used for making foams of specific properties, which, satisfying the principles of material
engineering, broaden design opportunities. The Department of Marine Materials Engineering,
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Maritime University of Szczecin, has carried out research into metal composites technologies,
focusing on composite aluminium foams stabilized with ceramic particles. Composite metal
foams, thanks to their high thermal insulation capacity, geometric shape stability and different
properties can have various usage in many industries.

2 METAL COMPOSITE FOAMS - DESCRIPTION OF THE ISSUE

The blowing of varying amounts of gas into liquid composite may lead to varied effects in the
foam making process. Gas moves in the form of bubbles rising to the surface. The bubbles
either break and release gas or remain in the metal keeping gas closed by thin layers (walls) of
initially liquid, then solidified metal, making up a layer of foam. To produce foam, the created
physical and chemical conditions should be such that gas bubbles flowing up to the surface of
liquid metal will not be breaking up. The basic parameter that affects physical and chemical
properties of the system is the temperature-dependent viscosity of liquid being foamed. When
the temperature is lowered, the liquid viscosity increases, which stabilizes bubbles remaining
at the boundary of the two phases. By selecting geometrical parameters and those referring to
liquid metal properties of the system, and parameters of the injected gas, we can affect the
size and distribution of gaseous bubbles (pores in the solid state) in produced foams. The
chosen method of foaming a liquid metal broadens the capability of changing properties of the
produced foam by varying the foam structure. The ranges of parameters describing the
structure depend on physical and chemical properties of the system, technological parameters
and the geometry of the foaming device elements. Functional properties of foams result from:
type and properties of the material being foamed (metal); spatial geometrical structure, effect
of foaming; possibility of modifying the produced metal foam. This is described in a flow
chart (Figure 1).

Choice of type and
Preparation of a charge [«— composition of charge
¥ material

[ Foaming ]4— Technological
parameters of foaming

[ - |
i[ Geometric Metal | |« Modification of
structure of foamf | properties| | etal properties
!

Functional properties of foam:
compressive strength,

energy absorption,

vibration damping,

dissipation of electromagnetic wave,
thermal properties,

other.

Figure 1: Possibilities of controlling foam properties at various stages of the technological
process [2]
The discussed method comprises a wide spectrum of factors that can affect practically
functional properties of foams and have an impact on some of their properties — e.g. their
strength and high temperature resistance.
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3 STRENGTH AND HIGH TEMPERATURE RESISTANCE PROPERTIES OF
METAL COMPOSITE FOAMS

Strength researches were made on four types of foam, each made of a different material,
denoted, respectively: H — aluminium alloy AISi9, A, B and C — composite foams with AlSi9
matrix and SiC particles as reinforcement, 15 % by weight, differing in pore size. Three
samples were chosen from each group, and the results were averaged. The different size pores
are displayed in Figure 2. The tested foams were made by the method of gas blowing into
liquid metal [2— 4].

Figure 2: Metal foams with different pore sizes used for tests described in this study (notations
explained in the text)

Foam H had a density 0,228 g/cm®, while the respective densities of the composite foams
were as follows: A — 0,455; B — 0,250; C — 0,301 g/cm®. Assuming the true density of AlSi9
alloy as 2,65 g/cm?, the density of SiC being 3,21 g/cm®, we could calculate the true density
of composite material of foam: 2,72 g/lcm®. These data allow to calculate apparent densities
and porosities of all tested foams. The calculated results are given in Table 1.

Table 1Densities and porosities of the tested materials (metal foam H and metal composite

foams A, B, C)
Material Apparsent density True gensity Relative density Porosity
/ glcm /g/lcm / % theoretical | %
H 0,228 2,65 8,60 91,60
A 0,455 2,72 16,73 83,27
B 0,250 2,72 9,19 90,81
C 0,301 2,72 11,07 88,93

The foam was tested for static load by axial compression to examine how the geometry of
bubbles affects the stress in foamed composite. The tests of cuboidal samples of foams, sized
40 x 40 x 20 cm were performed using an H10K-T strength testing machine [4]. The results
are shown in Figure 3.
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Figure 3: Values of compressive stress dependent on compressive strain for all types of foam: H,
A B, C

The examined samples differed in pore sizes and average porosity, which had to affect the
results of strength tests [6]. Nevertheless, analyzing the changes in the strain-stress
relationship recorded during the tests of all materials, we can make a qualitative comparison.
All curves have a roughly similar shape, in which three stages can be distinguished, related to
the progress of destruction of foam microstructures during the test. The first stage represents a
single figure percentage of strain, a range in which the strain-stress relation is linear. Then the
strain increases up to 50 — 60 %, within which the average stress remains steady or slightly
rises. In the final stage, upon reaching a substantial degree of strain, over 60 %, the stress also
rises significantly with smaller changes of strain.

This is confirmed by the foregoing considerations and the literature [2— 3]. Values of strain
read out from the examined curves in Figure 3 clearly show that the lower total porosity is,
the higher stress is necessary for strain to occur. However, another difference can be noticed
in how the curves run. In the second stage the curve illustrating the strain of aluminium foam
is relatively “smooth”, while those for composite foams have considerable fluctuations of
stress. This is most probably due to a retarding effect of inclusions that block the plastic strain
in metal, causing a local accumulation of stresses. The amplitude of the fluctuations is related
to foam density — the greater the density, the larger fluctuations of stress occur during strain.

Apart from typical resistance properties making metal foams useful in various engineering
areas, fire resistance is an essential factor justifying the use of these materials in shipbuilding.
This property means that metallic foams maintain their cellular structure in high temperatures,
and do not emit smoke or toxic chemical compounds (organic insulating foams traditionally
used in ships emit phosgene and other gases. Metal foams keep their insulating properties
even if the humidity of the environment is high. Such properties have been found in
composite metal-ceramic foam based on aluminium alloy and carbide or oxide ceramics with
specific gravity ranging from 0.25-0.40 g/cm®.

Initial tests of melting aluminium-based foams and composites with Al-alloy matrix have
shown that heating foam samples to a temperature higher than the liquidus temperature of the
alloy or composite (even to 1000°C) does not result in obtaining a homogenous liquid metal.
The effects were as follows:

e for a foam made of aluminium using titanium hydride the result was a semi-fluid
suspension in some places changing into a solid phase with powder consistency (Fig.
4a),
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e for a foam obtained by blowing gas into liquid composite with Al-alloy matrix
reinforced with SiC grains (15% of metal mass) — the result was that the foam did not
change its form (Fig. 4b).

Figure 4 shows samples of the above mentioned foams after annealing them at a temperature
of 1000°C. This is an important observation indicating fire resistance of the examined
material making it useful in aircraft, passenger ship and other constructions [1].

Figure: 4 Samples of aluminium foams (a) and foam made of AlSi7Mg composite + 15% SiC (b)
after annealing at a temperature of 1000°C

4 CONCLUSIONS

Pointing out composite metal foams as highly fire resistant materials is also important in view
of consequences of a fire aboard ship at sea[5-7]. A fire breakout is considered as particularly
dangerous on a passenger vessel whose construction required a lot of finishing materials:
wood, fabrics, polymer carpeting etc. Most frequent scenes of fire are engine room spaces,
accommodating main engines and generating sets (Fig.5). A risk of explosion also exists in
these rooms due to the presence of fuel and lubricating oils. Fire risks in engine rooms are due
to many installations with flammable substances, and possibility of uncontrolled temperature
increase or sparking in some of engine room machines or devices. Besides, once a fire breaks
out, steel walls transfer fire to adjacent spaces, initiating flames through contact heating of
flammable insulating materials, or wall covering materials, or cause ignition of objects at a
distance through heat radiation. It goes without saying that effective fire protection onboard a
ship requires proper thermal insulation of separations, namely bulkheads and decks.

Figure 5: Conditions for fire spread: a) through steel bulkheads b) through steel bulkheads with
thermal insulation of composite metal foam
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ABSTRACT

In this paper the legal problem of solving relationhip between the two laws has been researched- the
Civil Obligations Act and the Maritime Code, on the very specific issue of the lease agreement (COA)
as a general law and contract of affreightment (Maritime Code) as a special law.

Conclusions are drawn and based on them according to the criterion of specialty (which is usually
considered the most important criterion) the absolute advantage has Maritime Law in a number of
cases which that particular- special law deals with, regardless of whether it is the matter of mitigation
or aggravation of solutions from the COA. However, it is pointed out that this applies only to that part
that regulates Maritime Code, and in regard to that part which is not concerned, COA is applied to the
contract of affreightment.

Key words: Contract, lease, ship, special law.
1 INTRODUCTION

Long time has passed when everything in law was simple, when there was one basic division
of private and public law, when a number of legal brances was simply incomparable to today's
situation when specialization (as a need, certainly not as a fad) has become conditio sine qua
non of progress and prosperity. It is inevitable that this general trend applies to individual
legal brances as well.

This paper deals with a classic civil law institute — lease contract, but not any lease contract,
not the one in which the subject of the lease can be anything (the one that is regulated by teh
COAY), but, on the contact of the affreightment (which is edited in Maritime Code?) and
regarding the so-called general lease agreement, meaning the one in which it does not matter
what the subject is . If there would be no special code that would in its regulations contain
deviations from the general solutions for a lease contract everything would be very easyand
simple- the one and the same legal text would be applied to all situations, no matter how
specific they are. The fact it would be easy and simple does not mean that it would be good,
because the specifics of a particular subject of lease , especially if it reasches the so-called
critical point, simply call for specific regulations.

! Civil Obligations Act, NN35/05., 41/08.,125/11-further COA or Civil Obligations Act.

Previously the law of the same name was effective which was adopted 08.10.1991, and originally was adopted in
1978 in the former state - Sluzbeni list SFRJ no. 29/78., 39/85., 57/89., NN53/91., 73/91., 111/93., 3/94., 7/96.,
91/96., 112/99., 88/01. - further COA78/91. or Civil Obligations Act 78/91.

2 Maritime Code, NN 181/04., 76/07., 145/08, 61/11., 56/13. - further MC or Maritime Code. Previously the law
of the same name was effective- Maritime Code, NN 17/94., 74/94., 43/96. - further MC or Maritime Code 94.
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Given the fact that the Republic of Croatia not only has no civil Code, but does not have in its
plan to make one, the COA is its replacement or substitute, with all the disadvantages and
disadvantages of such a solution. That law, as its integral part, has not only general
regulations relating to each contract (Art.1-375), but also a special section dealing with the
particular designated contracts (among other lease contract as well in Art. 519-549).
Accepting COA as a surrogate of the civil Code, the subject of this paper a relationship of that
Acta and Maritime Code, on the very specific issue, the issue of the lease contract which was
arranged by the Maritime Code(Art.658-672, while Art.673 defines the question of the
limitation period in the case of contracts of affreightment), but not in a way that excludes the
application of all relevant regulations of the COA. This means that the text deals with the
relationship of these regulations in the two mentioned laws, but in a way that it includes
everything that arises from the so-called nature of things, therefore is nowhere explicitly
formally and precisely regulated, but the nature of things is what decisevely influences the
conclusion of the application or inapplicability. It is the application of the rules of
interpretation, solving, both, the antimony and legal gaps.

2 LEGAL SOURCES

Civil Obligations Act® is one of the most important laws in Croatian applicable law. This in
no case means that there are unimportant laws, but only emphasizes its objectively great
significance, which is formally confirmed by the fact it is one of the laws that contain the
largest number of articles (1163 in the basic text) in Croatian applicable law*. Very similar is
with Maritime Code (1032 articles in the basic text).

Given the subject of this paper, legal sources are all those which more or less directly, deal
with contracts and in particular lease contract , both, those general from the COA and the
contract of affraightment from the Maritime Code as one of maritime contracts. Of course, the
most legal source is the Croatian Constitution® and all laws and bylaws must comply with it.
International agreements have legal power superior to the Constitution. There is an extremely
large number of international conventions, which under terms of ratification and publication
(as well as any other international agreement), acquire the satus of overlaw. Just as an
example we can mention in the field of sea transport Convention of the Equalization of
Certain Rules Relating to Bills of Lading (Hague Rules), 1924, with the changes of protocol
1968 (Visbyska rules) and in 1979.,the United Nations Convention on the transport of Goods

® Civil Obligations Act, NN35/05., 41/08.,125/11-further COA or Civil Obligations Act.

Previously the law of the same name was effective which was adopted 08.10.1991, and originally was adopted in
1978 in the former state- Sluzbeni list SFRJ no. 29/78,39/85, 57/89.,
NN53/91.,73/91.,111/93.,3/94.,7/96.,91/96.,112/99, 88/01- further COA78/91 or Civil Obligations Act 78/91.

* Despite the fact that the scope itself is not and will not be the decisive criterion (and a number of articles even
less, because a particular article may consist of one paragraph with one short sentence, or of more paragraphs
and subparagraphs with many sentences), it has particular meaning.

® Maritime Code, NN 181/04.,76/07.,145/08, 61/11.,56/13-further MC or Maritime Code. Previously the law of
the same name was effective- Maritime Code, NN 17/94.,74/94.,43/96 - further MC or Maritime Code 94.

® Croatian Contitution, NN 56/90.,135/97.,8/98-consolidated text, 113/2000, 124/2000-consolidated text,
28/2001, 41/2001, 55/2001- correction and the change of Croatian Constitution published in NN no.76/201,
85/10- Constitution.
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by sea (Hamburg Rules) in 1978, the United Nations Convention on the contract for the
international transport of goods by sea or things in their entirety (Roterdam Rules) 2009.”

Legal sources are rules that were effective prior to the above COA and MC,
especiallyregarding the rules that a particular situation should apply regulations that were
valid at that (earlier) time of acquisition, and even despite the fact that it is always possible
that subsequent regulation brings changes, whether to convalidate somethingthat initially was
not valid, or to differently arrange something that was valid at the beginning with the effect to
that earlier acquisitions.

The meaning of legal sources also have traditions, particulary on the basis of very clear and
very explicit regulation in Art.12 of the COA, which greatly complements special laws,
including Maritime Code. According to this Article, it is necessary to distinguish commercial
and legal traditions and customs, all with certain aatributes, but without cLuestioning that all
three fall under the legal sources which are prior to dispositive legal norms.

The meaning of legal sources have as well by-laws that directly or indirectly deal with issues
addressed in this text.

It is common to class judicial practice and legal science under legal sources. Ater Republic of
Croatia has gained full membership in the EU (01.07.2013), a Europian judicial practice (as a
part of judicial practice in general) has obtained a completely new significance. As fot the
legal science, formal membership in the EU has led to the fact that there are not any interstate
borders within the EU, which means that the scientific works of German, Italian, Austrian and
other scientists from the EU equally compete with those of Croatian scientists, and the only
criterion should be the power of arguments. Otherwise, by the nature of things, only science
gives the rightanswers to a series of questiones asked concerning the relationship of one
general regulation (COA) and one special (MC), which is esentially characterized by a
number of international agreements that have a power which is above statute regardless of
how they are implemented in Maritime Code. More precisely, legal texts (truely, by the will
of the legislature, and not by the will of science) generally do not contain anything on this
issue and everything is left to someone else and that someone else my be only science. In this
way, without any legislative interventiom, possible changes in attitudes of science are
accepted.

" Ivo Grabovac, Liability of the carrier in the transport of goods by sea in Maritime Code of the Republic of
Croatia and in international conventions, Knjizevni krug, Split, 2010., p. 9.

& More: Vilim Gorenc in : Zlatko Cesi¢, Vilim Gorenc, Hrvoje Kaer, Hrvoje Moméinovié, Drago Pavié, Ante
Perkusi¢, Andrea Pesuti¢, Zvonimir Slakoper, Ante Vidovi¢, Branko Vukmir, The Comment of the COA, RRIF
plus d.o.0., Zagreb, 2005., p. 24-27., Vilim Gorenc in : Vilim Gorenc, Loris Belani¢, Hrvoje Mom¢inovi¢, Ante
Perkusi¢, Andrea Pesuti¢, Zvonimir Slakoper, Mario Vukeli¢, Branko Vukmir, General editorial staff Vilim
Gorenc, The Comment of the COA, NN, Zagreb, 2014., p. 26-29.
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3 DEVELOPMENT OF CIVIL OBLIGATIONS ACT AND MARITIME CODE IN
RELATION TO THE LEASE AGREEMENT AND THE PROPERTIES OF THAT
CONTRACT

3.1 Properties of lease contract in the COA

According to the conventional and professionally accepted definition, a lease contract ° is
consensual two-sided mandatory contract under which one party (the lessor) agrees to pay
(rent) to let the other paty (the lessee) to use a thing along with a certain subcharge, where the
lessor has to be either the property owner or such proprietary authorized person who can
transfer his/her property to another person (eg. Usufruct) and on the basis of the lease
agreement the lessee has a right to benefit from the leased object, and this fact determines
lease facilities.’® Of course it is possible for an authorised person to make a lease agreement
(ie the one that neither is the owner nor has proprietary authority to transfer the execution of
their rights to another person). Such an agreement will be ( if there are no other downsides)
legally valid, but will be without the effect erga omnes, ie will remain with the effect only
between those who have signed it (with a good contractual liability of one who cannot fulfill
its contractual obligation).

The lease agreement is one (in addition to the loan, credit, licence and lease) of the contracts
on temorary use and the use of another's property, the nominee and nominate contracts (which
means that its name and content have become widely accepted, not necessary, but preferably
by law), billing or onerous contract (which means that action results in counteraction),
commutative contracts (which means that already at the time of conclusion of the contract the
action and counteraction are well-known), informal contracts (which means that form or form
of the contract is not prescribed), consensual contracts (ie contract is not real and the rights
and obligations arise by agreement rather than tradition as with real contracts), contracts with
lasting benefits or obligations , the causal contracts (because its economic purpose or Cause is
transparent from the contract itself.")

The subject of the lease agreement can be real estate (land, commercial property, buildings),
movable property (car, movie), but also a right (eg right to licence, but also the right to
usufruct),wherby that can be the future fact or law. It is usual to lease unconsumable items
and things that are individually determined and recognizable- if a person should lease an
expendable item (which ends up spent) that would be the loan contract, and if a given thing is
exchangeable, again it would be a loan contract that may be free of charge, and lease is never
free of charge.™

° Lease, lat. Locatio- condutio, engl. Lease, germ. Pacht, franc. Bail a ferme- Legal lexicon, Leksikografski
zavod Miroslav Krleza, Zagreb, 2007., p. 1811.

19 petar Klari¢ - Marin Vedris, Civil Law, NN, Zagreb, 2014, p. 515.

1 Hrvoje Kacer, Zvonimir Slakoper, Lease/loan contract in : Vilim Gorenc, Hrvoje Kacer, Hrvoje Momc¢inovic,
Zvonimir Slakoper, Branko Vukmir, Loris Belani¢, Mandatory Law- Special part |- Special contracts, Novi
informator, Zagreb 2012, p. 155-156.

2 Hrvoje Kacer, Lease contract in: Zvonimir Slakoper, Vilim Gorenc, Hrvoje Kager, Mandatory Law- Particular
types of contracts, Zagreb, 2010, p. 87.

103



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

Like any other contract, lease agreement as well produces rights and obligations of the paties.
The lessor has the obligation to submit the item in a correct state'*(ie state which is agreed), to
maintain it in good condition (except for minor repairs that requires regular use of things), be
liable for material defects'*(all that hamper its agreed or regular use) and legal deficiencies (if
a third party has a right which excludes or limits the leaser's right to use). The lessee shall use
the item as a good businessman (or a good host, or as stipulate in the contract or by the
purpose of the item), idemnify the use contrary to the contract or the purpose of the item, pay
the rent*® (within the deadlines specified by contract, law or custom in te place of transfering
the item, keep the item and return it undamaged after the termination of the contract).

It is important to emphasize that according to the COA sublease is permitted unless otherwise
agreed (art. 537.), even when after the completion of the agreed period continues the usage of
the item , and the lessor does not oppose, it is considered that the contract was tacitly
renewed as a contract of indefinite duration, under the same (other) contracts as the previous
one, and that the death of a lessee or lessor does not mean the termination of the contract ,
unless otherwise agreed.

3.2 Maritime Code

Maritime property right, as well as Maritime Law in general, historically developed parallel to
the development of freight traffic and shipping activities in the function of the traffic.First, it
was only common law (lex mercatoria), and later on from these practices specific marine
institutes were formed, first throuh statutory rights of autonomous medieval cities, and then
through codifications. Property relations in connection to the sea are a universal phenomenon
and have an international character.

It was acceptable that the Maritime Code does not deal with contractual part.It is a question of
priniple approach of the legislator who can decide on either of the two extreme approaches
(according to the first it entirely relies on the general law dealing with the conracts, according
to another the total problem is arranged by special law, as well for any of a number of
possible compromises or moderate solutions by which the specific law relies on the general
law in a greater or lesser extent, ie which in a greater or lesser extent, has its own specific
solutions , that more or less, deviate from the general ones.

In the new independent state the integral legal text which combines marine and legal matter
(includin maritime contracts) did not happen until 1994. During these three years of
independence the regulations of a number of special laws were in force®’, which were by

3 The item is in the correct state if it is ina condition agreed by the contract, and in the case of lack of contract ,
in such a condition it can serve the purpose of signing the contract-art. 521, par.2 of COA.

“ The lessor is responsible to the lessee for all the shortcomings of the rented item that bother its contractual or
regular use, regardless of whether he knew about them or not, and for deficiencies properties or characteristics
provided by contract or by implication. The shortcomings that are of minor importance are not taken into
account.-Art. 525. Parag. 1 and 2 of COA. However, article immediately following provides that the lessor is
not liable for defects that in the time of conclusion of the contract were known or could not remain unknown to
the lessee.

5 According to art. 535. of COA, the lesser may cancel the lease contract if the lessee does not pay the rent
withing 15 days after the lesser urged the payment, but the contract shall remain vaild if the lessee pays the lease
before he is notified about the termination of the contract.

16 petar Klari¢- Marin Vedrig, Civil Law, NN, Zagreb, 2014, p. 516-518.

" Which were by otherwise transitional and final provisions made ineffective and there precisely listed.
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otherwise transitional and final provisions of the Maritime Code 94 (Art. 1053) made
ineffective and there precisely listed.

Maritime Code 94 is considered to be the corpus iuris maritmi because the entire marine and
legal relations have been established in a special code’®, in this case Maritime Code precisely.
It is interesting that in Article 671 Maritime Code stipulates that :,The contract of
affreightment, according to this Law,...cretaing a certain contradiction and confusion, given
that it bears the name of MARITIME CODE, and the word code in legal theory is
indesputably taken as a formal emphasis of the law that has the meaning of overlaw or
something that is nevertheless more significant than (the ordinary) law.

Maritime Code 94 dedicated to the lease contract Art.675-686, all together 16 articles.Not
only that Maritime Code maintaines the same number of articles (different numberin, so now
we are talking about articles 658-673), but its content remains exactly the same, and the only
change in the law is that the legislator in Art. 658 (formerly 671) avoids earlier lapse and now
states: ,,The contract of affreightment , according to this Code...*

3.3 Affreightment contract properties in the Maritime Code

Maritime Code is a special law in relation to COA. Just as it is true as a general assessment, it
also applies to the caseof a lease contract of COA and contract of affreightment from te MC.
One one the oldest principles of law needs to be applied here, lex specialis derogat legi
generalil9 (special law repeals the general) and according to which priority is given to
Maritime Code. However, it is so when in these two laws there are mutually conflicting
regulations.

Maritime Code in art. 659 stipulates the written form for the contract of affreightment, and
under the threat of nullity (true, legal formulation is ,,has no legal effect” and although it is
quite clear, still it would be better to explicitly stipulate nullity).?° This is a case where a
special code (Maritime Code) imposes stricter and more demanding form from the general
law (COA).

With liability for material defeciencies situation is different- Maritime Code is more lenient
for the lessor because it allows him to prove that he could not detect defecencies due
diligence, while COA does not allow it.

In relation to the payment of the rent COA provides the payment within the time limits
specified by contractor by law (does not impose the so-called peremptory norm solution),
while Maritime Code precisely with peremptory norm in the art. 665 imposes the obligation
to pay a month in advance. So Maritime Code (for the lessee) is far more demanding than
COA.

In relation to the return of the lease COA does not contain specific regulations in case of
violation of this obligation , while Maritime Code provides (again by peremptory norm) for

8 lvo Grabovac, The transport of things in inland navigation in Croatia- de lege lata and de lege ferenda,
Knjizevni krug , Split, 2007, p. 7.

9 Special law repeals the general law. —Dragomir Stojevié-Ante Romac, Dicta et regulae iuris, Latin legal
rules, dictums and definitions with translation and explanations, 4th supplemented edition, Suvremena
administracija, Beograd, 1984, p.262, dictum no. 149.

% Maybe the explanation is in the fact that MC was brought before the COA.
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that case the obligation of paying compesation in the amount of double rent as a special case
of the contractual penalty prescribed by law. # So Maritime Code (for the lessee) is far more
demanding than COA.

According to COA sublease is allowed if the contract does not state otherwisem while the
Maritime Codestipulates theexact opposite- sublease is allowed only in the case of the lessor's
consent and in written form (form is a logical consequence of the fact that the contract of
affreightment is a formal contract). So Maritime Code (for the lesse) is far more demanding
than COA.

In relation to the question of limitation with regard to the lease contract Maritime Code
stipulates several important differences in relation to the COA. According to the COAIt is
forbidden to change the limitation period (not so short as not so long) while in the art.
673.parahraph 3 of MC it is allowed, as a result of claims, in written form bespojke the
limitation period that is longer than the one-year deadline stipulated for the contract of
affreightment in art.671. The one-year deadline is significantly shorter than the three-year
period for the lease under art. 229 of COA and of the general limitation period of five years
from art. 225 of COA, as well as from three-year deadline for claims under the contract of
trade of goods and services referred to in art. 228 of COA.

We have listed the legal regulations in which Maritme Code digressed from the decisions of
COA anf things are very clear there, Maritime Code has the advantage. It is significant |,
however, to note whether a special law (MC in this case) governs the whole legal institution
(that is, not only what COA has, eg. With the lease contract, but what belongs to the so-called
general part, eg. Irrevelance, actio Pauliana, lack of will...) which is the exeption that in the
case of Maritime Code and the contract of affreigthment didi not happen or specially edited
only what requires specifity of the matter (in this case, marine and legal component) and the
rest was left to COA as a general law. With such a situation the only thing left is to
determine whether there is in the nature of maritime contract something that 'by the nature of
things' requires a special approach to a certain problem or how to apply the phrase ' shall be
applied in a ppropriate manner' to the application of the regulations of COA to a certain
maritime contract (art. 14.0f the COA). Without excluding the existance of the specific
features, it should be emphasized that these are the exceptions that should be in each case
thoroughly proven. Specifically, that requires a logical premise- when legislator has already
decided on a special law (Maritime Code), a lease contract should be arranged, even though a
lease contract as designated contract is regulated by COA, then it is logical to conclude
Maritime Code has included all regulations for which it has been decided to take precedence
over those of COA. A contrario, for everything else (appropriately) the regulations of COA
are valid.

4 CONCLUSION

In this paper has been researched the legal problem of solving potential collision or antinomy
between two laws — Civil Obligations Act and Maritime Code, in the section dealing with the
lease contract or contract (COA) of affreightment (MC).

2! Otherwise, a contractual penalty is, according to COA, excluded when it comes to money penalty.
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Conclusions are drawn based on the criterion of specialty (which is considered to be the most
important criterion) according to which Maritime Code has an absolute advantage. However,
it was pointed out that this applies only to the part that regulates Maritime Code, and in
relation to that part which does not cover, in the application is a contract of affreightment and
COA as well. The above means that generally both laws will be applied- COA in the so-called
general part and special part, if this matter is not covered by the standards of Maritime Code.
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ABSTRACT

Up to the middle of the last decade LNG tankers were built only when the gas exploitation project as
well as the market to sell it existed. Ships were operating on the basis of the long term Sales and
Purchase Agreement, and predetermined terminals for LNG loading and unloading. As a result of
increasing LNG demands, a disproportion between LNG production, available ship transport
capacities, and LNG unloading and regasification terminals, has occurred. Such a situation has been
recognized as the opportunity to construct and utilise ships with necessary LNG regasification
equipment on board enabling ships to unload gas directly to the “grid”. The paper compares
conventional LNG and LNG — SRV tankers. Furthermore the advantages and disadvantages of SRV
(Shuttle and Regas) — LNG tankers have been pointed out in the context of increasing importance of
natural gas as the global energy source and its transport as well.

Key words: LNG tankers, SRV-LNG tankers, regasification, gas strategy, LNG production.
1 INTRODUCTION

Tankers carrying liquefied natural gas (hereinafter LNG) are ships that have existed in the
shipping industry for the last 50 years. Until 2004, LNG sea transport had been functioning as
a conservative industry, i.e. that ships had been built only when there was an existing gas
exploitation project or a defined market. Ships were operating on the basis of the long term
SPA (sales and purchase agreement) and predetermined terminals for LNG loading and
unloading.

Taking into consideration materials used to build cargo tanks, propulsion of LNG tankers and
high safety standards of extremely demanding administration, the operating life expectancy of
an LNG tanker is approximately 40 years.

As a result of the increased demands for LNG as a source of energy, a disproportion occurred,
during the last decade, between LNG production, available ship transport capacities on one
side and LNG unloading and regasification terminals, and further distribution on the other
side. So, LNG-SRV*' tankers have proved themselves as economically and technically
acceptable solutions. LNG-SRV tankers are used for transportation, storage and LNG
regasification as well as for unloading of regasificated natural gas directly to the grid.

! Shuttle and Regasification Vessel
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2 LNG PRODUCTION AND TRANSPORT

Liquefied natural gas is a fossil fuel which is a gas mixture consisting primarily of 85-98% of
methane (CH,). Natural gas is non-toxic, colourless, odourless and non-corrosive in contact
with other materials. Since it consists mainly of methane, natural gas is actually a greenhouse
gas because it increases the level of carbon dioxide in the atmosphere. Natural gas could be
considered environmentally friendly fossil fuel, because it has the lowest sulphur and nitric
oxide emissions whereas solid residues hardly exist. In its gaseous state and mixed with air (in
proportion from 5.5 to 15%) it becomes flammable and combustible. Natural gas has been an
unwanted by- product of active oil fields for a long time so it used to be burned off at oil
fields as “useless component”.

Due to its wide usage and existing reserves, natural gas has, nowadays, become the third
source of energy in the world. Some scenarios indicate that demand for gas will rise from
2539 Mtoe? in 2009 to 3928 Mtoe in 2035 (Chart 1).

It is mostly used as an industrial source of energy and as a household fuel. However, because
of its advantages, it is starting to be used as a fuel oil for the road vehicles and ships as well.
In 2010, IMO (International Maritime Organisation) adopted the revised MARPOL Annex VI
and reduced fuel oil sulphur content for ships to 3.5% globally and to 1.00% in ECA zones
(Emission Controlled Areas), with further reduction to 0.1% effective from 2015. It is
expected that fuel oil sulphur content for ships will be reduced to 0.5% and applied globally in
2020 [1].

m 1980
=2009
m2015
m2020
=2030
m 2035

Mtoe

Figure 1: Projection of the consumption of power sources till 2035 (Mtoe)

Source: Authors according to [2]

2 Million Tonnes of Oil Equivalent
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Because of all the above-mentioned reasons, the ship-owners’ interest in LNG as a fuel oil is
understandable.

Table 1 shows 20 countries with the largest natural gas reserves®.

Table 1: Countries with the largest natural gas reserves (Tcf)

No [Country Reserves| No | Country |Reserves|No | Country | Reserves| No |Country | Reserves
1 |lran 1187 6 |Saudi 291| 11 |Australia 133| 16 |Egypt 72
Arabia
2 |Russian 1163| 7 |United 215| 12 |Iraq 127| 17 |Canada 70
Federation Arab
Emirates
3 |Qatar 885| 8 |Venezuel 196| 13 |China 109| 18 |Kuwait 63
a
4 |Turkmenistan 618| 9 [Nigeria 182| 14 |Indonesia 103| 19 |Libya 55
5 |US 300] 10 |Algeria 1 159| 15 |Norway 74| 20 |India 47
Top 20 Countries 6049
Rest of World 565
Total 6614
Source: [3]

Almost 9% of the total amount of natural gas is, nowadays, transported by sea in LNG
state [4] — liquefied state with temperatures varying from -160 to -162 °C and volume 600
times smaller than when in gaseous state. Therefore, transport of large amounts of natural gas
by specially built LNG ships proved to be economically acceptable. Parallel economical
parameters have shown that LNG ship transport is far more profitable than pipeline transport
at distances larger than 4,500 km [5]. As a result of “geographical incompatibility” between
the areas where natural gas is exploited and those with the highest consumption, it is expected
that 30% of the world’s natural gas production will be transported internationally by 2020 [5].
Chart 2 shows the list of regions which are the biggest importers and exporters of LNG. The
biggest importers are not situated close to the exploitation fields, so LNG transport by sea has
become a logical choice.

LNG Imports by Region in 2012 (240 mmtpa) LNG Exports by Region in 2012 (240 mmtpa)

\

1%

4%
5% e [
‘ m Asia - Pacific
m Europe
S.America

u N.America

= Middle East

H Asia - Pacific

® Europe
¥ S.America

= N.America

\ = Middle East and N. Africa
2% " Africa

0%

Figure 2: LNG Imports and Exports by Region in 2012 (240 mmtpa®)
Source: [6]

® Measured in trillions of cubic feet (Tcf)
# 240 million tonnes per annum
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3 LNG SHIP TRANSPORT

LNG sea transport began in 1959 when a redesigned ship Methane Pioneer carried the first
LNG cargo from Lake Charles port in Louisiana to Great Britain. In 1964 the two newly
constructed commercial LNG tankers, Methane Princess and Methane Progress, were put into
service between Algeria and Great Britain. They had 27,000 m? cargo capacities and were
equipped with Conch independent aluminium cargo tanks>.

In 1997, the LNG fleet comprised 100 ships. Since then, there has been a gradual growth in
number and in capacity (Table 2 and 3.).

Table 2: LNG fleet

Year Total number Delivered ships Order book
2010 360 25 20
2011 359 16 59
2012 378 2 78
2013 393 45 113°
2014 402 - 121

Source: Authors according to [9, 10, 11, 12, 13]

Table 3: LNG fleet capacity

Year Capacity

Operational shipping capacity Total shipping capacity’
2010 5110 na6 mna 3 2610 na6mna3
2011 51910 53510
2012 53510 54010
2013 55410 56310

Source: Authors according [10, 11, 12, 13]

It is to be expected that LNG fleet will surpass 500 ships in the period from 2016-2017. This
figure includes both, conventional and non-conventional ships [4]. More than 75% of the
existing LNG fleet is younger than 15 years (Table 4).

Table 4: LNG fleet by age

Year 15 years 20 years
2010 77,8% 83,3%
2011 84,1% 89,7%
2012 76,5% 84,9%
2013 77,1% 85,5%

Source: Authors according to [7, 8, 9, 10]

When talking about LNG tankers, it is important to emphasize their safety aspect. That is, no
matter the physical or chemical characteristics of LNG when transported by sea, no greater
incident has, so far, been recorded on LNG ships.

® CONCH (Constock Liquid Methane Corp and Chicago Stockyards) are type A independent aluminium tanks
which were used when the first LNG ships were built

®6 FSRUS/RVs — in 2014

" Without laid-ups
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3.1 Conventional LNG ship transport

The term “Conventional LNG Tanker” is used for LNG tankers up to 180,000 m® cargo
capacity, self-supporting spherical Moss-Rosenberg tanks and prismatic membrane tanks.

Moss-Rosenberg self-supporting spherical tanks are made of aluminium alloys and are
designed without secondary barrier since it was found out that possible tank damages would
be detected and controlled before they could develop in such extent that can endanger
structural integrity of the tank. Today, ships having these tanks have the biggest cargo
capacity of approximately 177,000 m® (Grace Dahlia) [11].

No structural damage or cargo leakage has been recorded in the exploitation of LNG tankers
with spherical tanks so far.

N

o -J-.-.--. .

Figure 3: Self-supporting spherical Moss-Rosenberg tank, cross-section view
Source: [12]

Until 2000, LNG tankers with spherical tanks made 54% of the total LNG fleet [13].
However, that has changed with domination of ships with prismatic membrane tanks.

The reasons for this change are mostly economical. The price of tankers with a membrane
tank is approximately 10% lower than of those with spherical ones. Furthermore, because of a
different design and applied technology, tankers with prismatic membrane tanks need less
time for tank cool-down operation while preparing for cargo loading in ports. A membrane
tank ship is lighter and of smaller dimensions (when comparing tank capacities). Due to
design and ship construction (half of the cargo is stored above the main deck on tankers with
spherical tanks), tankers with prismatic membrane pay lower fees when transiting the Suez
Canal.

There are two basic types of membrane-type ships that are built in accordance with the design
of French company GT&T (Gaz Transport and Tehnigaz). Primary membrane of Mark Ill
tank is constructed of corrugated stainless steel plates whereas polyurethane foam is used for
insulation. Secondary barrier is made of triplex, which basically consists of aluminium foil
between two layers of fiber-glass texture.
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Primary and secondary membranes of No 96 tank type are made of invar-alloy steel
(Invariable)® containing 36% nickel and 64% steel. Its major feature is resistance to thermal
contractions.

This system uses plywood boxes filled with Perlite® as insulation.

Table 5: LNG fleet containment system

Year Containment system
Moss Rosenberg GazTransport Others
&Technigaz
2010 109 245 6
2011 104 245 10
2012 108 255 15
2013 109 268 16

Source: Authors according [7, 8, 9, 10]
3.2 LNG-SRYV tankers

The term “non-conventional” LNG tanker refers to, so called Q-Flex and Q-Max LNG
tankers™ with the cargo capacity of above 200,000 m?, to SRV (Shuttle and Regas Vessels)
and to FSRU (Floating Storage and Regasification Unit) ships as well. These ships have the
possibility not only to transport LNG but to store and carry out regasification operation as
well.

LNG-SRV ships are made on the platform of conventional LNG tankers with cargo capacity
of 145,000 to 170,000 cubic metres. Apart from standard LNG loading/unloading equipment,
they are also equipped with regasification equipment. The first LNG-SRV ship was built at
South Korean DSMI shipyard for the Exmar Company in 2005. Until 2010 the same company
built eight LNG-SRV tankers [14]. The Hoegh LNG built two LNG-SRV ships in 2009 and
2010 for the Neptune Project in Massachusetts Bay [15].

Operational versatility of LNG-SRYV carriers is enhanced by the ability to transport, store and
regasificate LNG, and unload natural gas under high pressure via connecting turrets and
submerged buoys directly to the distributional grid. In order to connect to the submerged
buoy, these ships are equipped with DP system (Dynamic Positioning) of high navigational
accuracy™. Moreover, through a manifold located amid ship, it is possible to unload LNG in a
conventional way, or under high pressure as a regasificated natural gas. In order to carry out
regasification operation, LNG-SRV ships are also equipped with additional heat exchangers.

& Invar (also known as Invar 36, NILO 36, Pernifer 36 and Invar Steel) is an alloy resistant to thermal
contractions containing 36% nickel and the rest is steel. It is, thus, suitable for industries which need high
dimension of construction stability.

® Perlite is a volcanic mineral which has been exploited and processed with almost no negative impact on the
environment. When it is exposed to fast, controlled heating, it can expand to as much as twenty times its original
volume and it gets foamy inner structure. This physical transformation, light weight and consistency make
expanded perlite extremely efficient at insulating.

% The Q-Flex vessels have a cargo capacity ranging from 210,000 m® to 217,000 m® while the Q-Max can
transport between 263,000 m® to 266,000 m® of LNG. The vessels were constructed at three ship building yards
in South Korea: Hyundai Heavy Industries (HHI) at Ulsan, Samsung Heavy Industries (SHI) on Geoje Island and
Daewoo Shipbuilding & Marine Engineering (DSME) on Geoje Island. They were made for Qatargas.

' (Dynamic Positioning — DP) computer- controlled system which automatically maintains ship’s position and
heading.
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Taking into consideration the fact that LNG has to be transported at the temperature of
approximately -160°C, heat exchangers are of complex technical design and function on the
basis of different mediums used for heating and regasification of LNG. LNG-SRV ship
Excelsior, built for Exmar Company at DSMI shipyard in South Korea in 2005, uses sea water
as a heating medium (Figure 2).

Regas Press: Max 100 bar
by~ — Regas Cap.: 500 mmscfd (typical)
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Figure 4: Schematic illustration of regasification equipment on a ship using sea water as a
medium for LNG heating
Source: [16]

LNG-SRV ships made for the Neptune Project in Massachusetts Bay, GDF SUEZ Neptune
and GDF SUEZ Cape Ann, have been equipped with new regasification equipment and use
steam heated glycol as a medium (Figure 3).

The advantages of such design are better temperature and pressure control of LNG.
Furthermore, they are in accordance with strict EPA regulations (US Environmental
Protection Agency) in order to prevent increase of sea temperature in the area where LNG is
unloaded via submerged buoy.
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Figure 5: Schematic illustration of regasification equipment on LNG-SRV ship called GDF
SUEZ Cape Ann which uses glycol as a medium for LNG heating
Source: [15]

4 ADVANTAGES AND DISADVANTAGES OF LNG-SRV SHIPS

Building an LNG (un)loading terminal has become a capital cyclic investment.
According to Barry Rogliano Salles Broking Company, unloading LNG terminals and
regasification equipment and distribution of LNG to the grid, make approximately 15-20% of
the price in the LNG Value/ Supply Chain [17]. The name LNG Value/ Supply Chain itself
describes the process that consists of four independent but closely related segments:
exploitation and production of LNG, purification and liquefaction, transport and unloading,
storage and regasification at an unloading terminal (Figure 4).

Fom W o BB s |
Fﬂﬁ‘l i_] : ' & @
. | 3
— G (44
— B -
Gas Reserve Exporter —" Importer

Gas Field Liguefaction Plant LNG Shipping LN G Regasification,
Production and Storage Storage, Distribution
and Pipeline and Marketing

Figure 6: LNG Value Chain
Source: [18]

Alongside with economic factors, it is extremely difficult, for environmental, safety and
security reasons, to find suitable locations and obtain permissions to build new LNG
unloading terminals. LNG-SRV ships may therefore be an attractive alternative because of
their flexibility and because, basically, they are LNG carriers equipped with their own
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regasification equipment. They can be used to transport and regasificate LNG, and to store
and unload natural gas directly to the distributional grid without any need to use the onshore
unloading terminal.

Therefore, in the context of LNG — Value/ Supply Chain, it can be concluded that building
LNG-SRV shipsinstead of unloading LNG terminals, presents considerable financial benefit
for the project. Secondly, bureaucratically speaking, the project is less demanding and
requires less documentation.

It takes almost seven years to build an unloading terminal and to obtain all the permits. The
price depends on several factors primarily on the position and accessibility of the location,
and on the price of local labor as well. On the other hand, it takes less than 30 months to build
an LNG-SRV ship. The project itself is almost the same as for an LNG ship whereas ship
owner or charterer can use LNG-SRV ship as a traditional LNG tanker or as an off-shore
unloading terminal.

As far as the exploitation is concerned, disadvantages of LNG-SRV ships are technical
demands and complexity of regasification equipment. The crew has to be additionally trained
to work on regasification equipment. Moreover, membrane tanks are subjected to possible
damage caused by dynamic movement of liquid inside a partially unloaded tank. This
phenomenon is called sloshing and is a result of non-existing compartment barrier inside a
tank. Considering the time needed for regasification and LNG unloading via submerged
buoys, tanks can stay partially full for days, increasing potential risk of tank damages in case
of a bad weather.

5 CONCLUSION

Fast growth of the exploitation of natural gas in the last decade and, consequently, growth of
transport of liquefied natural gas (LNG) by sea, has led to the development of new
technologies used to build LNG tankers and their equipment. At the same time, IMO has set
high construction standards for LNG ships and for their equipment in the so called IGC Code
(International Code for the Construction and Equipment of Ships Carrying Liquefied Gases in
Bulk).

Some ship owners have realised that the disproportion between loading capacities, available
capacities of the existing LNG ships and unloading capacities of terminals, gives the
possibility to build and exploit LNG-SRV ships. LNG-SRV ships are therefore commercially
interesting to all participants of the exploitation-transport cycle of LNG because of their
global usage provided by regasification equipment. The usage of these ships, despite the
higher price per unit, has justified the need for their construction since they have successfully
replaced onshore unloading terminals.
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ABSTRACT

Within the work package 4 (Assessment of the Adriatic port system and its integration with
hinterland) of the project EA SEA-WAY the researches of road infrastructure and motor vehicles
traffic flows within the area of ports in the Adriatic-lonian region were conducted. This paper presents
a part of these studies, which refers to the Croatian ports that are the subject of the project. The
analysis of road infrastructure and motor vehicle traffic flows covers six Croatian ports: Rovinj, Pula,
Krk, Mali Losinj, Rab and Dubrovnik. The distribution of traffic flows and analysis of transport
volumes are presented for four-year period (2010-2013), taking into account the different categories of
motor vehicles (passenger vehicles and freight vehicles) and seasonal inequalities. Seasonal
inequalities are expressed using a defined average summer daily traffic (ASDT) for the period from 1
July to 31 August.

Key words: Port, road transport, passenger vehicle, freight vehicles, traffic flow, traffic volume.
1 INTRODUCTION

Transport indicators are simple measures or statistics that demonstrate the state of the
occurrence that is the subject of transport analysis (Depolo, 2010). Motor vehicle traffic
volumes are among the primary indicators in the transport sector. They are the part of the
input data of different transport models by which strategic decisions are made and the goal of
these decisions is to create a sustainable transport system. One of the goals of EA SEA-WAY
project is development of sustainable passenger transport models for the Adriatic basin and
capacity building. Creating these models involves the collection and analysis of transport
indicators of each transport modes. Within the road sector for the purposes of models, it is
necessary to carry out road traffic flows analysis within the areas of ports in the Adriatic-
lonian region which covers a total of 17 ports from 6 countries, Croatia, Italy, Slovenia,
Montenegro, Albania, Greece. In this article is presented a part of the overall research relating
to the six Croatian ports: Rovinj, Pula, Krk, Mali Losinj, Rab and Dubrovnik.

In order to obtain the characteristic values of the traffic volumes realized on a road section or
in the whole area which includes part of the road network (e.g. areas of six Croatian ports) it
is necessary in the first step to dispose of the characteristic values of Annual average daily
traffic (AADT). AADT represents the ratio of the sum of the flow of motor vehicles at certain
days and the number of days in the year (Kuzovi¢, 1987), Eq. (1):

_ 2= DTy soeh
AADT==-220 (ZTy ) (1)
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where: DTg-motor vehicle flows on certain days (veh/day), n-number of days in the year,
n=365

AADT represents one of the main indicators of transport, which is used widely in planning,
design, operation, fuel-tax revenue projections and management of roads and facilities (Zhong
et al., 2012; Gastaldi et al., 2013).When it comes to certain areas which includes part of the
road network, for traffic analysis, traffic volumes are convenient such as transport indicators
because they take into account the length of individual road sections of the road network.

However, traffic volumes are the only one segment of the necessary input data for
methodological procedure for evaluating the impact of motor vehicles on the environment in
the area of Croatian ports so it is therefore necessary to identify and analyze. Figure 1 shows
one possible use of the traffic volumes to determine the impact of motor vehicles on the
environment in the area of Croatian ports.
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Figure 1: Methodological procedure for evaluating the impact of motor vehicles on the
environment in the area of Croatian ports

Source: Own Research

Figure 2 shows distribution of traffic flows in Croatia for the year 2010. This figure depicts
two main traffic corridors extending from the capital city Zagreb. The first main corridor
(highway A1) provides directions to the west and south west, i.e. through Karlovac to the
Croatian coast with the value of the average annual daily traffic (AADT) of approximately
30,000 veh/day (average for the period 2010-2013). The corridor includes the arterial that
bypasses Bosiljevo, namely, to Rijeka (highway A6) with AADT value of around 12,000
veh/day and to Zadar, Sibenik and Split (continued highway A1) with AADT value of around
13,000 veh/day. The second main corridor spreads from Zagreb across Nova GradiSka,
Slavonski Brod (highway A3) to the Lipovac border crossing with AADT values of around
20,000 veh/day, 13,500 veh/day, 10,500 veh/day, 6,000 veh/day, respectively. If the
geographical positions of the Croatian ports (Rovinj, Pula, Krk, Rab, Mali LoSinj, Dubrovnik)
are taken into consideration, it is evident that branches of the first main corridor are of
particular importance for the analysis of traffic flows in their respective regions, i.e. roads
from junction Bosiljevo to Rijeka and from junction Bosiljevo to Split and Dubrovnik.
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Figure 2: Road traffic distribution in Croatia (AADT/2010)
Source: Hrvatske Ceste, 2011

Figure 3 and Figure 4 show detailed distribution of traffic flows on the Istrian peninsula, the

%

Figure 3: Road traffic distribution within the areas of ports Rovinj, Pula, Krk, Rab and Mali
LoSinj (AADT/2010)

Source: Hrvatske Ceste, 2011

Figure 4: Road traffic distribution within the area of port of Dubrovnik (AADT/2010)
Source: Hrvatske Ceste, 2011
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2 DATA AND METHODS

In order to determine the traffic volumes for area of Croatian ports it is necessary to identify
the road sections in the characteristic regions, know the road section length and have the data
on AADT.

The traffic volumes at the level of area of Croatian ports are based and calculated on the Eq.
(2) (Topencarevic¢, 1987):

where: -TVj; traffic volumes for (j)th area of Croatian ports; L-road section length (km)

Data on AADT and road sections length, obtained on the basis of traffic counting conducted
by the company “Hrvatske ceste” (Croatian roads). The methodology of traffic counting
involves someone counting methods:

e Periodical automatic traffic counting (periodically automatic counting is executed at
specified times in the manner planned of schedule of counting)

e Continuous automatic traffic counting (for continuous automatic traffic count are
used stationary automatic traffic counters)

e Toll-paid traffic counting (conducted on the basis of use of some modern road
building where the charge tolls)

Table 1 contains the values of road traffic flows in the areas that are shown on Figures 3 and
4. The level of detail involves the following data:

e The year in which the actual traffic flow is realized (2010, 2011, 2012 and 2013)

e Categories of motor vehicles - passenger car, bus and truck (available for the years
2012 and 2013)

e Seasonal inequalities

Seasonal inequalities are expressed using a defined average summer daily traffic (ASDT).
ASDT represents the average daily number of vehicles that pass through the road section in
the summer period, from 1 July to 31 August.

Table 1: Detailed view of the actual traffic flows within the areas of ports Rovinj, Pula, Krk,
Rab, Mali Losinj and Dubrovnik [veh/day]

Rovinj-Pula area 2010 2011 2012 2013
km [AADT|ASDT |AADT|ASDT |AADT |Pass. V. |Bus |Fre. V.|ASDT |Pass. V. |Bus |Fre. V.|AADT |Pass. V. |Bus |Fre. V.|ASDT |Pass. V. |Bus |Fre. V.
Susiéi 7.4 |7,926 |12,639(7,930 (12,692|7,902 |6,668 (73 |1,161 |12,816|10,824 |124 (1,868 (7,575 (6,319 |79 (1,177 |[13,113|10,880 (144 |2,089
Limska Draga 7.4 6,246 (12,094(6,898 (12,009|5,520 |4,677 82 (761 12,472|10,583 |140 |1,749 |5,974 |5,218 89 |667 13,423|11,467 |142 (1,814
Kanfara-south 14.5 |7,544 |12,088(6,513 (12,220(6,097 |5,207 [101 |789 12,080|10,503 |147 (1,430 (6,402 (5,653 |102 (647 12,879|11,202 [144 |1,533
Vodnjan N-S 6.2 |5479 |9,196 (4,746 (9,656 |4,683 |4,016 (74 [593 9,669 |8,425 |112 (1,132 (4,949 (4,366 |78 |[505 10,239/8,893 (115 |1,231
Pula-north 4 10,414 (13,022|10,696 | 13,527(10,659 (8,522  |137 (2,000 |13,300|10,534 (153 |2,613 |10,514|8,890 (80 |1,544 |(13,262(11,488 |84 (1,690
Loborika 2.1 |6,911 |8,621 (6,973 (8,729 |6,979 |6,132 |41 (806 8,883 |7,860 |48 (975 6,724 |5871 |28 |825 8,423 (7,554 |26 (843
Raga 8.4 |3,282 |5,063 (3,290 (5,097 |3,298 |2,805 (28 |[465 5161 |4,412 |41 |708 3,186 2,696 (23 |467 4,736 (4,192 |26 (518
Step&ici 5.5 |5364 |7,818 (5889 (7,882 |5682 |4,848 (59 (775 8,019 |7,014 |53 [952 5592 |4,787 |56 |749 7,949 |7,012 (50 (887
Medveja 7.7 |4,716 |8,139 (4,671 (7,846 |4,672 |4,244 55 (373 7,992 |7,336 68 (588 4,427 4,012 61 |354 7,789 |7,161 70 (558
Opatija 2.6 |14,411|18,378|15,259 (21,065|15,250|14,299 (67 (884 20,763|19,601 |85 1,077 (8,817 (8,198 |13 (606 10,595/9,852 |10 |733
Lupoglav-south [12.8 {6,624 |10,114|6,803 |10,187|6,297 |5,039 |104 [1,154 |9,603 |7,926 |124 |1,553 (6,363 (5,082 |111 (1,170 (9,675 |8,020 (121 |1,534
Krk area 2010 2011 2012 2013
AADT |ASDT |[AADT |ASDT |AADT |Pass. V. |Bus [Fre. V.|ASDT |Pass. V. |Bus |Fre. V.|AADT |Pass. V. |Bus |Fre. V.|ASDT |Pass. V. |Bus |Fre. V.

Krk 2.3 |4,057 |8,892 (4,166 (8,958 |4,275 |3,719 |51 |[505 9,009 |8,116 |60 |833 4,329 3,729 |51 |549 9,271 (8,307 |68 (896
Sveti Vid 3.1 |8,817 |18,913(8,799 (19,070|8,756 |7,318 (81 |1,357 |19,146|16,052 |174 (2,920 (9,197 [7,512 |92 (1,593 |[19,793|16,416 (186 |3,191
Omisalj 2.3 |8,315 |15,374(8,586 (15,466|8,622 |7,264 (92 |1,266 |15573|13,459 |126 (1,988 (8,738 (7,282 |90 (1,366 [16,099|13,764 (129 |2,206
Kostrena 2.2 |7,384 |10,183(5,952 (7,402 |4,794 |4,264 (92 (438 6,915 |6,265 |87 563 4,220 (3,724 |91 |405 6,143 |5,540 |77 |526
Krizisce 3.7 |5581 [11,506|5,801 |11,606|5,267 |4,580 |44 |643 10,961|9,823 {128 (1,010 (4,663 (4,085 |37 (541 8,254 (7,436 |96 |722
Crkvenica 3.1 |7,789 |14,493(7,789 (14,132|7,620 |6,368 (59 [1,193 |13,968|11,941 |99 (1,928 (7,637 (6,423 |60 (1,154 |[14,768|12,650 (105 |2,013
N. Vinodolski-N 5.6 |7,462 |14,663(7,431 [14,685|7,153 |5,893 84 (1,176 |14,750|12,173 |157 |2,420 (7,596 |6,294 76 1,226 |13,911(11,618 |142 |2,151
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Mali LoSinj area 2010 2011 2012 2013
km |AADT|ASDT [AADT [ASDT |AADT |Pass. V. [Bus |Fre. V.|ASDT |Pass. V. |Bus |Fre. V.[AADT |Pass. V. |Bus |Fre. V.|ASDT |Pass. V. [Bus |Fre. V.
Predo3¢ica 10.1 |831 2,669 [779 (2,524 |749 |627 7 |115 2375 2,008 |21 |346 685 |578 6 [101 |2,057 |1,750 |17 |290
Cunski 6.3 2,198 |4,578 [2,216 [4,596 [2,217 |1,889 |21 [307 |4,509 |3,992 |24 |493 2,172 |1,859 |20 |293  |4,525 [4,019 |24 482
Rab area 2010 2011 2012 2013
AADT |ASDT [AADT |ASDT |AADT |Pass. V. |Bus [Fre. V.|ASDT |Pass. V. |Bus |Fre. V.|AADT |Pass. V. |Bus |Fre. V.|ASDT |Pass. V. |Bus |Fre. V.
Senj-north 13.3 |4,957 |11,436(4,885 (11,133|4,758 |4,127 52 |579 11,037|9,775 98 (1,164 |3,938 |3,146 65 |[727 8,473 |7,164 82 (1,227
Senj 11 |3,576 |7,680 (3,597 (7,619 |3,574 |2,708 |46 (820 7,827 |6,212 |57 1558 (3,417 (2,838 |42 |[537 7,555 16,593 |64 |898
Sveti Juraj 8.1 |3,762 |8,769 (3,764 (8,794 |3,666 |3,061 40 |565 8,728 |7,296 94 (1,338 |3,732 |2,988 44 700 8,618 (7,016 106 |1,496
Vlaka 19 2,967 |7,478 (3,077 (7,525 2,993 |2,444 (36 (513 7,242 16,231 |62 949 2,914 2,350 |37 |527 7,179 16,169 |65 |945
Rab 53 |3,826 |9,011 (3,699 (8,631 |3,616 |3,177 18 |421 8,376 |7,391 38 (947 3,580 |3,328 42 [210 8,150 (6,683 89 (1,378
Zuta Lokva-south |11.6 [12,251|30,873|12,841[32,809(12,162|10,363 [191 |1,608 [31,133|27,916 |293 |2,924 [12,414|10,996 |196 |1,222 [32,404(29,037 |302 [3,065
Brinje-south 11.1 |12,583|32,508 (13,244 [ 34,542|12,595|10,818 |189 (1,588 |32,845|29,550 (307 |2,988 (12,839(11,418 (195 |1,226 |(34,046|30,597 |314 (3,135

Ogulin-south 28.3 |12,716|32,635(13,378 |34,654|12,684 10,900 (190 |1,594 |32,962|29,646 |310 |3,006 [12,958(11,533 |198 (1,227 |[34,159|30,701 (317 |3,141

Otocac-south 32.1 (11,935(30,408(12,529 (32,341|11,898 10,135 |187 (1,576 |30,731|27,560 |288 (2,883 |12,145|10,743 (191 (1,211 |3,9,45|28,622 |295 |3,028

Dubrovnik area 2010 2011 2012 2013
AADT |ASDT |AADT|ASDT |AADT |Pass. V. |Bus |Fre. V.|ASDT |Pass. V. |Bus |Fre. V.| AADT|Pass. V. |Bus |Fre. V.|ASDT |Pass. V. |Bus |Fre. V.

Kupari 0.6 |(12,116(17,144|12,106|17,688|12,129 10,635 |257 |1,237 |(17,873|15,714 |397 (1,762 |12,286|10,737 |275 |1,274 |17,778|15,563 |393 |1,822
Zaton 9.1 |7,568 |13,416(7,824 (14,102|7,737 |5,749 100 |1,888 |[13,834(9,854 131 (3,849 |7,788 |6,582 136 |1,070 [13,831]11,951 |194 (1,686
Zaton Doli 6.1 |5329 |10,050(4,804 (9,769 |4,630 |3,732 [135 [763 9,698 |8,301 |210 (1,187 (4,556 (3,686 |138 (732 (9,338 |8,050 (205 |1,083
Putnikovic 6 1,818 (3,931 |1,787 |3,892 |1,712 (1,383 31 298 3,694 |3,124 56 (514 1,548 |1,276 25 |247 3,248 (2,781 41 |426
Golubnica 6.7 |1,992 |3,930 (1,902 (3,697 |1,856 |1,538 (17 (301 3,599 |2,983 |36 580 1,822 |1510 (17 |295 |3,411 (2,827 |34 |[550
Babino Polje 15.5 |309 670 311 652 338 285 1 52 627 552 0 75 327 279 0 48 660 581 1 78
Gruda-SE 1.6 |2,910 |5,693 (3,088 (6,369 {2,730 |1,721 (26 [983 5432 |3,254 |44 (2,134 (3,626 (3,213 |74 339 6,124 |5,533 |87 |504
Klek 8.8 |5,939 |11,132(5,374 (10,775|5,191 |4,185 75 (931 10,585|8,504 115 (1,966 |5,063 |4,081 73 909 10,4148,367 152 |1,895

Kor¢ula-west 0.8 |1,752 |3,490 [2,007 |3,351 |1,937 |1,671 [10 |256 3,239 |2,831 |14 |394 1,822 |1,510 |17 |295 3,411 (2,827 |34 (550

Kula Norinska 2.2 (9,195 [12,617|9,249 |13,513(9,336 |7,793 106 (1,437 (13,898(11,833 (158 (1,907 |9,192 (7,674 104 |14,14 (13,498|11,491 (154 (1,853

Metkovié 1 5,598 |7,756 (5,635 (7,531 |4,963 |4,538 (82 |343 6,852 16,317 |133 [402 4,794 14,492 |70 |232 6,578 16,266 |94 |218

Rogotin 3.1 (7,887 [14,169|8,103 |14,952|7,840 |6,459 140 (1,241 [14,566(12,581 (191 (1,794 |8,562 (6,784 (64 |1,714 (13,127(10,740 (70 (2,317

Source: Hrvatske Ceste, 2010; Hrvatske Ceste, 2011; Hrvatske Ceste, 2012; Hrvatske Ceste, 2013
3 DATA ANALISYS AND DISCUSSION

Table 2 shows the values of the realized average daily traffic volume expressed in vehicle
kilometers within the areas of ports Pula and Rovinj. Data were obtained from Table 1.

Table 2: Realized average daily traffic volume in the four-year period within the areas of ports
Pula and Rovinj [vehkm]

Year 2010 2011 2012 2013

Season full-year sumimer full-year sumimer full-year sumrmer full-year summer
y period Y period y period y period

Vehkm 520,039.5 | 810,948.0 | 513,762.2 | 824,026.1 | 489,236.0 | 819,990.8 | 475,928.7 | 812,194.2

Percentage value

compared to 2010 - - -1.21 1.61 -5.92 1.12 -8.48 0.15

Based on Table 2 it can be seen that the largest value of a daily traffic volume within the areas
of ports Pula and Rovinj is realized in the summer period of 2011 with 824.02 thousand
vehkm, which is 1.61% higher compared to the same period in 2010. The smallest positive
change in terms of an increase in traffic volume in relation to the year 2010 was recorded in
the summer period of 2012 and is 0.15%. 2012 and 2013 were characterized by a drop in
realized vehkm for 5.92% and 8.48%, respectively, if the whole year is being observed, which
suggests that traffic volume in this area out of summer season is having smaller value than the
equivalent value in 2010. By observing all four years, traffic has greater intensity during
summer period than in the other months for approximately 85%.

9

Table 3 shows the values of the average daily traffic volume for the road sections “Sus$i¢i’
(port of Rovinj), “Pula-north” and “Loborika ““ (port of Pula).
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Table 3: Realized average daily traffic volume on the road sections “Susié¢i“ (port of Rovinj),
“Pula-north”, “Loborika” (port of Pula) [vehkm]

Road Year 2010 2011 2012 2013
- summer summer summer summer
section Season full-year period full-year period full-year period full-year period
vehkm 58,652.4| 93,528.6| 58,682.0| 93,920.8| 58,474.8| 94,838.4| 56,055.0| 97,036.2
Susici Percentage value
compared to 2010 - - 0.05 0.42 -0.30 1.40 -4.43 3.75
vehkm 41,656.0| 52,088.0| 42,784.0| 54,108.0| 42,636.0| 53,200.0| 42,056.0| 53,048.0
Pula-north | Percentage value ) ) 271 388 235 213 096 184
compared to 2010
vehkm 14513.1| 18,104.1| 14,643.3| 18,330.9| 14,655.9| 18,654.3| 14,120.4| 17,688.3
Loborika | Percentage value ) ) 0.90 1.95 0.98 304 271 230

compared to 2010

It is interesting to note that the traffic volume that was realized in 2011 and 2012 at the road
section “Susi¢i” for all vehicle categories is almost identical to the one that was realized in
2010. The value of percentage change is less than 1.5% for both, summer and full-year period.
In 2013 the realized value of vehkm for the whole year decreased for 4.43% compared to
2010, while in the summer period it can be seen an increase by 3.75%.

The road section “Pula-north” is characterised by an increase in the realized traffic volume for
all three years (2011, 2012 and 2013) compared to 2010. The largest percentage increase was
noted in 2011 and for the summer period is 3.88%, while for the full year is 2.71%. During
the next two-year period the traffic volume is reduced compared to the year 2011 but still has
a higher value than in 2010.

The road section “Loborika* is specified by the lowest change of the realized traffic volume
compared to 2010. The highest positive change (3.04%) was observed in the summer period
of 2012, while in 2013 was noted a small decline of traffic volume: -2.71% and -2.30%.

Table 4 shows the values of realized average daily traffic volume measured in vehicle
kilometres in the areas of ports Pula and Rovinj according to vehicle categories (passenger
and freight) in years (2012 and 2013) for which data were available.

Table 4: The realized values of average daily traffic volume in the areas of ports Pula and
Rovinj according to vehicle categories in years 2012 and 2013 [vehkm]

Year 2012 2012 2013 2013

Season Year Summer Year Summer
Road Section Pass. V. Fre. V. | %Pass. V.| Pass. V. Fre.V. | %pPass. V.| Pass. V. Fre. V. | %Pass. V. | Pass. V. Fre. V. %Pass. V.
Susici 49,883.4 | 8,591.4 85.3| 81,015.2| 13,823.2 85.4 | 47,345.2| 8,709.8 84.5| 81,577.6| 15458.6 84.1
Limska Draga | 35,216.6 | 5,631.4 86.2| 79,350.2| 12,942.6 86.0 | 39,271.8| 4,935.8 88.8 | 85,906.6 | 13,423.6 86.5
Kanfara-south | 76,966.0 | 11,440.5 87.1|154,425.0| 20,735.0 88.2 | 83,447.5| 9,381.5 89.9 | 164,517.0 | 22,228.5 88.1
Vodnjan N-S 25,358.0| 3,676.6 87.3| 52,929.4 7,018.4 88.3| 27,552.8| 3,131.0 89.8| 55,849.6 7,632.2 88.0
Pula-north 34,636.0 | 8,000.0 81.2| 42,748.0| 10,452.0 80.4| 35,880.0| 6,176.0 85.3| 46,288.0 6,760.0 87.3
Loborika 12,963.3 | 1,692.6 88.5| 16,606.8 2,047.5 89.0| 12,387.9| 1,732.5 87.7| 15,918.0 1,770.3 90.0
Rasa 23,797.2 | 3,906.0 85.9| 37,405.2 5,947.2 86.3 | 22,839.6| 3,922.8 85.3 | 35431.2 4,351.2 89.1
Stepcici 26,988.5| 4,262.5 86.4 | 38,868.5 5,236.0 88.1| 26,636.5| 4,119.5 86.6 | 38,841.0 4,878.5 88.8
Medveja 33,102.3| 2,872.1 92.0| 57,010.8 4,527.6 92.6| 31,362.1| 2,725.8 92.0| 55,678.7 4,296.6 92.8
Opatija 37,351.6 | 2,298.4 94.2| 51,183.6 2,800.2 94.8| 21,348.6| 1,575.6 93.1| 25,641.2 1,905.8 93.1
Lupoglav-south | 65,830.4 | 14,771.2 81.7 | 103,040.0 | 19,878.4 83.8| 66,470.4 | 14,976.0 81.6 | 104,204.8 | 19,635.2 84.1
total 422,093.3 | 67,142.7 average | 714,582.7 | 105,408.1 average | 414,542.4 | 61,386.3 average | 709,853.7 | 102,340.5 average

123




17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

Year 2012 2012 2013 2013

Season Year Summer Year Summer

Road Section Pass. V. Fre. V. | %Pass. V.| Pass. V. Fre. V. | %pPass. V.| Pass. V. Fre. V. | %Pass. V. | Pass. V. Fre. V. | %Pass. V.

% 2013/2012 - - 86.9 - - 87.5 -1.79 -8.57 87.3 -0.66 -2.91 88.3

By observing the entire area of ports Rovinj and Pula, the share of traffic volume that comes
from passenger vehicles (passenger cars and buses) has the average value greater than 86%
for all road sections, regardless of whether the traffic volume is realized in the summer period
or throughout the whole year. It can be seen that the average value of the share of passenger
cars is approximately equal (constant - close to a value of 87%) during the summer period and
throughout the whole year and regardless of the year (2012 or 2013). The share of passenger
vehicles in traffic flow on the road section “Susi¢i” (port of Rovinj) is around 85% during
2012 and 2013. A similar distribution of the share of passenger vehicles in the traffic flow is
also observed on the road section “Loborika” (port of Pula) but with a higher value
(approximately 89%). The road section “Pula-north” (port of Pula) is specified by the share of
passenger vehicles in the traffic flow which is less for the year 2012 (approximately 81%)
than for the year 2013 (approximately 88%).

Table 5 shows the values of realized average daily traffic volume measured in vehicle
kilometers in the areas of ports Krk, Mali LoSinj and Rab.

In the area of port of Krk the realized total traffic volume during the summer period was twice
higher than the overall traffic volume realized during the other months of the year (2010-2.38;
2011-2.34; 2012-2.45; 2013-2.31).

The traffic volume in 2011 had a lower rate compared to 2010, but with a small percentage by
observing both time frames. In 2012 it was observed the decline in traffic volume by 5.1%
compared to the full year, but an increase of total traffic in the summer period for almost 3%.
In 2013 it can be noted an increase in traffic volume throughout the year (4.6%), while a
higher increase can be seen during the summer season (6.2%) throughout the whole four-year
period.

Table 5: The realized average daily traffic volume for the four-year period in the areas of ports
Krk, Mali Losinj and Rab [vehkm]

Year 2010 2011 2012 2013

Summer Summer Summer Summer

Season Full-year period Full-year period Full-year period Full-year period

Krk area, vehkm 158,615.9 306,458.0| 156,924.1 300,564.0| 150,520.2 297,560.7| 151,314.2 287,446.1
Percentage value

compared to 2010 -1.07 -1.92 -5.10 2.90 4.60 6.20

Mali \E:rfl‘(‘r‘g] area, 22,2405 55798.3| 21,8287 544472|  21,532.0 52,3942|  20,602.1 49,283.2
Percentage value

compared to 2010 -1.85 -2.42 -3.19 -6.10 -7.37 -11.68

Rab area, vehkm 107,123.0 260,869.2 108,556.1 259,950.7 105,726.4 252,687.6 104,569.2 249,401.8
Percentage value

compared to 2010 1.34 -0.35 -1.30 -3.14 -2.38 -4.40

The situation in the area of port of Mali LoSinj is different regarding the realization of traffic
volume in relation to the area of port of Krk. The traffic had been in continuous decline
starting from 2011 until the end of 2013. Rates of traffic decrease related to the average
values during the whole year were increasing from 1.85% (2011) to more than 7% (2013).
Changes in the decline of traffic volume were even more expressed in the summer months

124




17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

(2011-3.19%; 2012-7.37%; 2013-11.68%) compared to 2010. Despite of higher rates of
decrease of traffic volume during the summer season, in this period was realized an increased
value of average traffic (3.3-3.5 times higher) compared to its average value during the whole
year.

Rab island is specific by its values of the realized traffic volumes (average value throughout
the whole year and average value during the summer period) that have the same trend over the
four year period as realized traffic volume in the area of port of Mali LoS$inj but with minor
oscillations and smaller rates of traffic decline which can be seen from Table 5. Additionally,
as in the two previous cases, traffic has greater intensity during the summer months as
compared to other months (3.5 times higher).

Table 6 shows the values of the average daily traffic volume for the road sections “Krk”,
“Sveti Vid” (port of Krk), “Cunski” (port of Mali LoSinj), “Rab” (port of Rab).

Table 6: Realized average daily traffic volume on road sections “Krk”, “Sveti Vid” (port of
Krk), “Cunski” (port of Mali LoSinj), “Rab” (port of Rab) [vehkm]

Road Year 2010 2011 2012 2013
Section
Summer Summer Summer Summer
Season Full-year period Full-year period Full-year period Full-year period
Krk vehkm 9,331.1 20,451.6 9,581.8 20,603.4 9,832.5 20,720.7 9,956.7 21,323.3
Percentage value
compared to 2010 2.69 0.74 5.37 1.32 6.70 4.26
Sveti Vid vehkm 27,332.7 58,630.3| 27,276.9 59,117.0 27,143.6 59,352.6| 28,510.7 61,358.3
Percentage value
compared to 2010 -0.20 0.83 -0.69 1.23 431 4.65
Cunski vehkm 13,8474 28,841.4| 13,960.8 28,954.8| 13,967.1 28,406.7| 13,683.6 28,507.5
Percentage value
compared to 2010 0.82 0.39 0.86 -1.51 -1.18 -1.16
Rab vehkm 20,277.8 47,758.3 19,604.7 45,744.3 19,164.8 44,392.8 18,974.0 43,195.0
Percentage value
compared to 2010 -3.32 -4.22 -5.49 -7.05 -6.43 -9.55

On the road section “Krk™ in the area of port of Krk the realized traffic volume for all the
three years after 2010 increases in terms of AADT. In the summer period it is also evident a
traffic increase, but with lower rates ranging from 0.74% (2011) to 4.26% (2013). For years
2011 and 2012, on the road section “Sveti Vid” were recorded lower values of traffic volume
by observing the whole year, but in a very small percentage (0.2% and 0.69%, respectively).
During the summer months it can be seen a continuous traffic growth over the three years
period from 2011 to 2013.

The road section “Cunski” has higher traffic volume in 2011 and 2012 in a small percentage
(less than 1%), but it should be mentioned that during the summer in 2012 the traffic had less
intensity than the equivalent value in 2010. Rates of traffic decrease throughout the year and
during the summer period were present in 2013.

For the road section “Rab” as in the case of the whole region of the port of Rab it is
characteristic continuous traffic reduction. Rates of decrease in relation to the whole area
were higher which can be seen from the previous two tables.

Table 7 shows the values of realized traffic volume measured in vehicle kilometers within the
areas of ports Krk, Rab and Mali LoS$inj according to vehicle categories (passenger and
freight) in years (2012 and 2013) for which data are available.
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Table 7: Realized values of average daily traffic volume within the areas of ports Krk, Rab and
Mali LoSinj according to vehicle categories for the years 2012 and 2013 [vehkm]

Year 2012 2012 2013 2013

Season Year Summer Year Summer
Road Section | Pass. V.| Fre.V. %Pass. V.| Pass.V.| Fre.V.|%Pass.V.| Pass.V.| Fre.V.|%Pass.V.| Pass.V.| Fre.V.|%Pass. V.
Krk 8,671.0| 1,161.5 88.2| 18,804.8 | 1,915.9 90.8| 8,694.0| 1,262.7 87.3| 19,262.5| 2,060.8 90.3
Sveti Vid 22,936.9 | 4,206.7 84.5| 50,300.6 | 9,052.0 84.7 | 23,572.4| 4,938.3 82.7| 51,466.2 | 9,892.1 83.9
Omisalj 16,918.8 | 2,911.8 85.3| 31,2455| 4,572.4 87.2| 16,955.6| 3,141.8 84.4| 31,953.9| 5,073.8 86.3
§ Kostrena 9,583.2 963.6 90.9 | 13,9744 | 1,238.6 91.9| 8,393.0 891.0 90.4 | 12,357.4| 1,157.2 91.4
G Krizisce 17,108.8 | 2,379.1 87.8| 36,818.7| 3,737.0 90.8 | 15,251.4| 2,001.7 88.4| 27,868.4| 2,671.4 91.3
E Crkvenica 19,923.7| 3,698.3 84.3| 37,324.0| 5,976.8 86.2 | 20,097.3| 3,577.4 84.9| 39,540.5| 6,240.3 86.4
N. Vinodol.-N | 33,471.2 | 6,585.6 83.6 | 69,048.0 | 13,552.0 83.6 | 35,672.0| 6,865.6 83.9| 65,856.0 |12,045.6 84.5
total 128,613.6 | 21,906.6 average | 257,516.0 | 40,044.7 average | 128,635.7 | 22,678.5 average | 248,304.9 | 39,141.2 average
% 2013/2012 - - 86.4 - - 87.9 0.02 3.52 86.0 -3.58 -2.26 87.7
- Predos¢ica | 6,403.40 | 1,161.50 84.65 | 20,492.90 | 3,494.60 85.43 | 5,898.40 | 1,020.10 85.26 | 17,846.70 | 2,929.00 85.90
Eg Cunski 12,033.00 | 1,934.10 86.15 | 25,300.80 | 3,105.90 89.07 | 11,837.70 | 1,845.90 86.51 | 25,470.90 | 3,036.60 89.35
£ - total 18,436.40 | 3,095.60 average | 45,793.70 | 6,600.50 average |17,736.10 | 2,866.00 average | 43,317.60 | 5,965.60 average
= % 2013/2012 85.4 87.2 -3.80 -7.42 85.9 -5.41 -9.62 87.6
Sveti Juraj 25,118.1| 4,576.5 84.6 | 59,859.0 |10,837.8 84.7 | 24,559.2 | 5,670.0 81.2 | 57,688.2 |12,117.6 82.6
Ex Vlaka 47,120.0 | 9,747.0 82.9 1119,567.0 | 18,031.0 86.9 | 45,353.0 |10,013.0 81.9 |118,446.0 | 17,955.0 86.8
6 Rab 16,933.5| 2,231.3 88.4| 39,373.7| 5,019.1 88.7 | 17,861.0| 1,113.0 94.1| 35,8916 7,303.4 83.1
§ total 89,171.6 | 16,554.8 average | 218,799.7 | 33,887.9 average | 87,773.2|16,796.0 average | 212,025.8 | 37,376.0 average
% 2013/2012 85.3 86.8 -1.57 1.46 85.8 -3.10 10.29 84.2

Average values of the share of passenger cars in the realization of the traffic volume are
similar to those on the Istrian peninsula. In the area of port of Krk, average values are in the
range of 86% to 88% for the two-year period. If the values related to the summer and full-year
period are compared, the differences are very small. In the area of port of Mali LoSinj the
shares of passenger traffic were slightly lower than in the case of port of Krk (min 85.4% for
the year 2012; max 87.6% in 2013). Also, the shares of passenger traffic in the area of port of
Rab were slightly lower compared to the equivalent values of the port of Mali Losinj (min
84.2% in 2012 - summer period; max 86.8% in 2012 - summer period).

Table 8 shows the values of the realized average daily traffic volume measured in vehicle
kilometers in the area of port of Dubrovnik.

Table 8: Realized average daily traffic volume in the four-year period in the area of port of
Dubrovnik [vehkm]

Year 2010 2011 2012 2013
Summer Summer Summer Summer
Season Full-year period Full-year period Full-year period Full-year period
vehkm 246,286.7 | 443,278.7 | 240,992.0 | 448,061.8 | 235,277.9 | 438,779.4 | 235,970.1 | 427,200.1
Percentage value ) . ) . ) ) )
compared to 2010 2.15 1.08 4.47 1.02 4.19 3.63

According to data from Table 8, it is evident that the highest traffic volume in the area of port
of Dubrovnik was realized during 2010. On an annual basis, the value of the traffic value is
continuously decreasing from 2010 to 2012 (rate of decline ranges from 2.15% to 4.19%).
The realized traffic volume in 2013 is very close to the value of 2012. During the summer
period, it is also noticeable decrease of traffic that was realized in 2012 and 2013, while in
2011 the traffic had the same intensity as in 2010. If the traffic during the summer period and
in months beyond the summer period are being compared for all four years, it can be seen that
the traffic flow is 4 times higher during the summer period.
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Table 9 shows the values of the average daily traffic volume on the road sections “Krk”,
“Sveti Vid” (port of Krk), “Cunski” (port of Mali LoSinj), “Rab” (port of Rab).

Table 9: Realized average daily traffic volume on road sections of port of Dubrovnik [vehkm]

Year 2010 2011 2012 2013
Road Summer Summer Summer Summer
Section Season Full-year - | Full-year .| Full-year .| Full-year -

period period period period

Kupari vehkm 7,269.6| 10,286.4| 7,263.6| 10,612.8| 7,277.4| 10,723.8| 7,371.6| 10,666.8
Percentage value

compared to 2010 - - -0.08 3.17 0.11 4.25 1.40 3.70

Zaton vehkm 68,868.8| 122,085.6| 71,198.4| 128,328.2| 70,406.7 | 125,889.4| 70,870.8| 125,862.1
Percentage value

compared to 2010 - - 3.38 5.11 2.23 3.12 291 3.09

Gruda-SE vehkm 4,656.0 9,108.8| 4,940.8| 10,190.4| 4,368.0 8,691.2| 5,801.6 9,798.4
Percentage value

compared to 2010 6.12 11.87 6.19 4.58 24.60 7.57

Based on Table 9 it is evident that in the case of road section “Kupari” traffic volume has
approximately the same values for all four years (the maximum change was 1.4% for 2013).
During the summer months, an increase in traffic can be noticed ranging from approximately
3% (2011) to 4% (2012) compared to 2010. In summer period, traffic flows have values that
are 1.5 times (2010) to 1.6 times (2012) higher.

The road section “Zaton” is characterized by the largest increase in traffic volume by 5.11%
(2011-summer period) compared to the equivalent value in 2010. Since 2011, traffic has
slightly decreased. Rates of decrease have values of 2.23% and 2.91% in 2012 and 2013,
respectively. For the road section “Gruda-SE” it is evident that are present higher percentages
of change in traffic volume for the last three years of the four-year period compared to 2010.
The highest values of the traffic volume were realized in 2013 (percentages of growth were
24.60% and 7.57% for the whole year and summer period, respectively). For the year 2012, it
is noticeable traffic decrease of approximately 6%.

Table 10 shows the values of the realized average daily traffic volume measured in vehicle
kilometers in the areas of ports Krk, Rab and Mali Losinj according to vehicle categories
(passenger and freight) in years (2012 and 2013) for which data were available.

Table 10: Realized values of average daily traffic volume within the area of of port of Dubrovnik
according to vehicle categories for the years 2012 and 2013 [vehkm]

Year 2012 2012 2013 2013
Season Year Summer Year Summer
Road Section| Pass. V.| Fre.V. Pass. V.| Fre. V. Pass. V.| Fre.V. Pass. V.| Fre. V.
Kupari 6,535.2| 7422 89.8) 9,666.6| 1,057.2 90.1) 6,607.2| 7644 89.6| 9,573.6 1,093.2| 898

Zaton 53,225.9| 17,180.8 75.6| 90,863.5| 35,025.9 72.2| 61,133.8| 9,737.0 86.3/110,519.5| 15,342.6/ 87.8

Zaton Doli | 23,588.7| 4,654.3 83.5| 51,917.1| 7,240.7 87.8| 23,326.4| 4,465.2 839/ 50,3555/ 6,606.3| 884

Putnikovic 8,484.0| 1,788.0 82.6| 19,080.0/ 3,084.0 86.1 7,806.0| 1,482.0 84.0) 16,932.0, 2,556.0/ 86.9

Golubnica | 10,4185 2,016.7 83.8| 20,227.3| 3,886.0 83.9| 10,230.9| 1,976.5 83.8/ 19,168.7) 3,685.0/ 839

Babino Polje | 4,433.0/ 806.0 84.6/ 8,556.0/ 1,162.5 88.0/ 4,3245| 7440 853/ 9,021.0, 12090 882

Gruda-SE 2,795.2| 1,572.8 64.0/ 5,276.8| 34144 60.7| 5,259.2| 5424 90.7/ 8,992.0 806.4) 91.8

Klek 37,488.0| 8,192.8 82.1| 75,847.2| 17,300.8 81.4| 36,555.2| 7,999.2 82.0| 74,967.2| 16,676.0) 81.8

Korcula-west | 1,344.8/  204.8 86.8) 2,276.0 315.2 87.8/ 12216/ 236.0 83.8) 12,2888 440.0, 83.9

Kula Norinska| 17,377.8| 3,161.4 84.6| 26,380.2| 4,195.4 86.3| 17,111.6| 3,110.8 84.6/ 25,619.0 4,076.6| 86.3
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Year 2012 2012 2013 2013
Season Year Summer Year Summer
Road Section| Pass. V.| Fre.V. Pass. V.| Fre. V. Pass. V.| Fre.V. Pass. V.| Fre. V.
Metkovi¢ 4,620.0 343.0 93.1) 6,450.0 402.0 94.1) 45620/ 2320 95.2| 6,360.0 218.0| 96.7
Rogotin 20,456.9| 3,847.1 84.2| 39,593.2| 5,561.4 87.7| 21,228.8| 5,313.4 80.0/ 33,5110/ 7,182.7 82.3
total 190,768.0| 44,509.9| average|356,133.9| 82,645.5| average|199,367.2|36,602.9| average|367,308.3| 59,891.8|average
% 2013/2012 82.9 83.8 451 -17.76 85.8 3.14) -2753| 873

Based on Table 10 it can be observed that the average values of the share of passenger cars in
realizing the overall traffic volume are slightly lower in 2012 than in 2013 (about 83% in
2012 and about 86% in 2013). This factual situation is present for both, the full-year time
frame as well as for the summer period.

4 FORECASTS ON TRAFFIC VOLUMES

Generally, the total realized traffic volume on the road network for the certain area depends
on a number of factors which can be divided into several groups: geographical and location
parameters, socio-economic and sociopolitical characteristics, deployment activities, the
characteristics of the transport network, the parameters of the movement of passengers and
cargo. Most of the mentioned factors in the prediction of traffic or transport volume on the
road network are based on Transtools transport model. Therefore, the results of this software
package were used for forecasting of transport volumes for years 2020 and 2030.

Data of transport volumes until 2012 and forecasted transport volumes for 2020 and 2030
based on the results of the Transtools model (TenConnect, 2008) are given in Table 11, and
are shown in Figure 5. Results are presented for the entire territory of Republic of Croatia.

Table 11: Forecasted transport volumes for Republic of Croatia (1000 x million PKM/TKM)

2005| 2006 2007| 2008| 2009| 2010| 2011| 2012| 2020/ 2030 Cha”g)i)m/lz Cha”(%;)fo’lz
Pass car PKM| 24.00] 25.00| 26.00] 27.00] 26.80| 25.70| 25.24] 26.15| 34.60] 43.90]  32.33 67.90
Bus PKM 34| 35 38| 41| 34| 32| 31| 32| 38 44 17.70 35.90
Freight TKM| 9.33] 10.18| 10.50] 11.04] 9.43| 8.78] 8.93| 8.65 14.60] 18.40]  68.81 112.74

Source: Statistical pocketbook 2013 transport in figures EU, Statistical pocketbook 2012 transport in figures EU, Statistical
pocketbook 2011 transport in figures EU, International Transport Forum, Eurostat, Transtools Model

The declining trend in actual transport volume of passenger vehicles (passenger cars and
buses in 2011), and trucks (2012) stagnation (buses 2012) or a slight growth (passenger cars
for the year 2012 and trucks in 2011) in the case of Croatia are in line with the trend of actual
traffic volume on road sections in the port area observed within the study. Therefore the
changes at the state level can be characterized as relevant for assessing the growth or decline
of traffic in the future (short-term or medium-term) in the Adriatic region. Major
discrepancies can be evident during the summer months of 2011 and 2012, which was
expected given the fact that the data in Table 11 refer to the full-year period of observation.
From Table 11 it can be seen that in the short term (up to 2020) according to the results of the
model, expected growth in passenger kilometers is 32.33% for passenger cars and 17.70% for
buses compared to 2012. In relation to trucks, it is expected for 2020 tonne kilometers growth
of 68.81% compared to 2012. In 2030, the expected growth in transport volume based on
model approximation is 67.90% (passenger cars), 35.90% (buses) and 112.74% (trucks).
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Figure 5: Forecasted transport volumes for Republic of Croatia (1000 x million PKM/TKM)

Source: Statistical pocketbook 2013 transport in figures EU, Statistical pocketbook 2012 transport in figures EU, Statistical
pocketbook 2011 transport in figures EU, International Transport Forum, Eurostat, Transtools Model

5 CONCLUSION

Based on the performed detailed analysis, in most cases, we can perceive the continuous
reduction of the generated traffic volumes in recent years in the areas of Croatian ports. The
higher decreasing rates of traffic volumes (passenger and freight) are typical for a wider
overall area of port of Pula and Rovinj, wider area of port of Mali LoSinj and Dubrovnik,
narrow area of port of Rab (especially, “Rab” section). The least decreasing rates are typical
for port of Krk, while in 2013 growth rates of traffic volumes are evident. Also in the narrow
area of port of Dubrovnik (sections: “Kupari” and “Zaton”) an increase of traffic volumes
from 2011 to 2013 are realized. During the summer months, decreasing rates of traffic
volumes have less value than the rates of all year with exception of areas of port of Rab and
Mali Losinj. Larger deviations (traffic flow reduction compared to 2012) of the freight traffic
volumes are typical for the areas of the port of Dubrovnik and Mali LoSinj especially in the
summer months. In the future (2020 and 2030), we can expect an increase primarily vehkm by
passenger cars. The largest increase rate (in %) of vehkm is characteristic for trucks but is
quantitatively less than vehkm by passenger cars. The smallest change in the future in terms
of the transport volumes is characteristic for the buses.

ACKNOWLEDGMENT

This paper is based on the Europe Adriatic SEA-WAY project, co-financed by the European
Union in the framework of the IPA Adriatic Cross-Border Cooperation Programme 2013-
2016.

REFERENCES

[1] Depolo, V. (2010). Indicators in the traffic engineering. Techniques of traffic regulation TES
2010. (CD-rom). Belgrade-Subotica, Serbia: University of Belgrade-Faculty of transport and
traffic engineering.

[2] Kuzovi¢, Lj. (1987). The theory of traffic flow. Belgrade: Gradevinska knjiga.

129



[3]

[4]

[5]
[6]

17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

Zhong, M., Bagheri, E., & Christie, J. (2012). Improving Group Assignment and AADT
Estimation Accuracy of Short-term Traffic Counts using Historical Seasonal Patterns &
Bayesian Statistics. Procedia - Social and Behavioral Sciences 43(2012), 607-617.
Gastaldi, M., Rossi, R., Gecchele, G., & Della Lucia, L. (2013). Annual Average Daily
Traffic estimation from Seasonal Traffic Counts. Procedia - Social and Behavioral Sciences
87(2013), 279-291.

Topencarevic¢, Lj. (1987). Organization and technology of road transport. Belgrade:
Gradevinska knjiga.

TenConnect. (2008). TREN B1/159-2007: Traffic flow: Scenario, traffic forecast and
analysis of traffic on the TEN-T, taking into consideration the external dimension of the
Union. Tetraplan A/S, Copenhagen, Denmark.

130



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

THERMODYNAMIC ANALYSIS OF ONBOARD
COMPRESSED AIR SUPPLIED SYSTEM

Zdeslav Juri¢, D.Sc.
Nikola Raci¢, D.Sc.
Porde Dobrota, M.Eng.
University of Split
Faculty of Maritime Studies
Zrinsko-Frankopanska 38, Split, Croatia
zdeslav@pfst.hr

ABSTRACT

This paper discusses an onboard compressed air supplied system. The system is described by
differential equations of its components by which the model is developed. The simulation of the
system has been made for different operating conditions (different initial conditions of the air and
stepped regulation of air flow through compressor). Furthermore, simulation of the system under heat
exchanger failure is also considered. The results of the simulation show the changes in pressure and
temperature over time and the energy consumption for different operating conditions. In addition, the
simulation results show that the energy consumption is the lowest in case of normal operation of the
system with air flow regulation through compressor.

Key words: Onboard compressed air supplied system, simulation model, energy consumption.
1 INTRODUCTION

Increasing requirements for the preservation of the environment and reducing emissions from
ships, forced the International Maritime Organization (IMO) to introduce a series of measures
to regulate this issue. In addition to the restrictions that apply to ships operating in certain
protected areas (Emission Control Area — ECA), one of the important IMO measures
regarding the environmental protection against emissions from ships is the MEPC's decision
on the inclusion of the Chapter 4 into Annex VI of MARPOL 73/78. This refers to the rules
for determining and controlling the energy efficiency of ships, i.e. Energy Efficiency Design
Index (EEDI) and operational measures — Ship Energy Efficiency Management Plan
(SEEMP) apply to all ships on international voyages of more than 400 GRT, starting from 01
January 2013.

Some measures for increasing energy efficiency which are simply to implement were
neglected. This can be explained by insignificantly small part of carbon dioxide emission in
total maritime transport gas emission related to other type of transport (from 2.1 % to 2.7 %
related to [1] and [2], respectively).

Proper and responsible ship energy system management can considerably reduce gas
emission, and thus increase energy efficiency on annual basis. An example of energy
efficiency measures, which can be taken, will be presented through the analysis of the
compressed air system.
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2 COMPRESSED AIR SYSTEM

An example of a supplied air system on a ship with two-stroke slow-speed diesel engine as
propulsion is shown in Figure 1. The system is made according to the rules of classification
society for vessels fitted with fixed pitch propeller (FPP).

The compressed air system is served by two main two-stage air compressors and one
emergency two-stage air compressor. Air compressors are fitted with intercoolers (heat
exchanger between two stages of compression) and heat exchanger at the outlet of the second
stage of air compression.
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Figure 1: Compressed air system

Compressors take air from engine room and compressed it in air reservoir. The reservoirs are
dimensioned to provide at least twelve consecutive starts of the reversible engine [4]. Pressure
in air reservoir is usually 30-10° Pa. The operation of the air compressors can be automated,
which means that, when pressure in air reservoir reaches or drops under desired value, they
switch off or switch on automatically. Under normal operating condition, both compressors
work automatically, and one is selected as the main compressor. All three air reservoirs are
charged at operating pressure. Emergency air compressor, if necessary, can be started
manually.

Based on differential equations, a model in MATLAB-Simulink has been derived. The
analysis of changing parameters and their impact on energy consumption can be made
through the simulation of operation of the air compressed system.
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2.1 Air compressor model

Two-stage air compressors with intercoolers are used in order to compress air from engine
room to working pressure (30 - 10° Pa). The compression of air in the compressor will be
taken as reversibly adiabatic.

Air compression power can be calculated by air volume flow through compressor V, pressure
ratio of air in the air reservoir poy;, and compressor intake pressure pi, (from the environment
— engine room) [5]:

P:Pin'V'Cp'dT=pin'V'L' (M)ﬁ_l] (1)

®-1 Pin

where: ¢, — specific heat capacity at constant pressure and x — specific heat capacity ratio.

Marks in index “in” and “out” are related to the states at the inlet and the outlet of the
compressor. If the compression is polytropic, heat exchange is present during air compression,
and polytropic index n can be used instead of x. The value of n can be between 1 for
isothermal compression and « for reversible adiabatic compression.

Air pressure is greater at the outlet of the compressor than in the air reservoir, due to air
pressure drop caused by air flow resistance in the system. In this paper, air pressure drop will
not be taken into the consideration (air will be considered as non-viscous fluid).

To determine power required for driving the compressor, it is necessary to take into account
the losses that occur: mechanical and electric engine losses with related coefficients, #men and

el

P

Py = .
el Nmech'Mel

(2)

2.2 Heat exchanger

Air temperature at the heat exchanger inlet is determined by the compressor’s outlet
temperature, which depends on the air reservoir pressure. Assuming that the compression is
reversible adiabatic, according to the First law of thermodynamics for flow processes, there is
an equation [6]:

dh =v-dp, 3
where: dh — differential change of enthalpy, dh = ¢, -dT, and specific volume v = %T,
whence follows:

cp-dT=%T-dp and (4)
R — RT,

Temperature changing during time is expressed by equation:

dT _ (x—1)T . d_p

dt np dt’ (6)
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In case of polytropic compression, this change of temperature during time will be expressed
by equation:

ar _ =T ap
dt ~  np dt’ (7)

By using expression for the energy conservation, water temperature change during time in the
heat exchanger can be determined by equation [7]:

dT, . . .
My, HE " Cw * dt =My in" Cw" Tw,in — My out " Cw " Tw,out - QHE (8)

where: Qy; — heat transferred from cooling fresh water and compressed air, T — temperature,
myHe — Mass of fresh water in the heat exchanger, m — mass flow. Marks in index “w”, “in”
and “out” refer to water, inlet and outlet values respectively.

Change of compressed air temperature in the heat exchanger is expressed by equation:

ATair _ . . : : :
Myir HE * Cp,air * ac Myir,in * Cp,air Tair,in — Myir,out * Cp,air * Tair,out + QHE - Qconv - Qrad (9)

where: my e — mass of air in the heat exchanger, Qn, — heat transferred from the
compressed air to the environment by convection, Q,,q — heat transferred from the
compressed air to environment by radiation. These heats can be neglected with respect to the
heat which is exchanged between compressed air and cooling water, Qug, [7]. The
temperature of fluid in the heat exchanger and the heat exchanger outlet temperature of each
fluid are nearly equal (T,, = Ty oucand Toyp = Thiroue ). Based on these assumptions,
equations 13 and 14 can be expressed as:

drT, 1y (Tw—Tw i 0
wo_ w( w w,m) + HE and (10)
dt My, HE My, HE Cw
dTair — mair'(Tair_Tair,in) _ QHE (11)
dat Mair,HE mair,HE'Cp,air.

Heat transferred from compressed air to cooling water is expressed by equation:
QHE =k Apg- ATmean,log (12)

where: k — coefficient of heat transfer, Aqg — area of the heat exchanger between compressed
air and cooling water, Atmeanlog — Mean logarithmic temperature between compressed air and
cooling water for the counter flow heat exchanger:

_ (Tair,in_Tw)_(Tair_TW,in)
ATmean,log - l (Tair,in_TW) . (13)

(Tair_Tw,in)

As the amount of the exchanged heats in the heat exchanger is equal by absolute values, the
combination of equations 8, 9 and 12 gives:

QHE =k *Ayg ATmean,log = —Mgir * Cp,air * (Tair - Tair,in) =My Cy (Tw - Tw,in)- (14)
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2.3 Air reservoir

Pressure change in the air reservoir can be determined by differentiating equation for ideal
gasses:

p-V=m-R-T /= (15)
to achieve:

4 LA p 4T AR | am o,
p-tV-—=m-R-—+m-—T+—R-T. (16)

If it is assumed that the air reservoir wall is ideally rigid, the air reservoir pressure change
over time is

%zg_(m_d_T_i_d_m_T) 17)

Changes in the air reservoir temperature can be obtained by the Law of conservation of
energy for non-stationary systems [9]:

Q':fttl”[m-(h+cz—2+g-z)] -dt—fttl”[m-(h+%2+g-z)] -dt +

out in

[m-(u+%2+g-z)]n—[m-(u+cz—2+g-z)]I+W (18)

where: Q — exchanged heat between the reservoir air and environment through the reservoir
wall, ?— specific kinetic energy, g - z — specific potential energy, and W — work obtained by
compressed air. As it has been mentioned before, if the reservoir walls are ideally rigid, the
value W =p -% = 0. Kinetic and potential energy of compressed air in the reservoir can be
neglected, so the expression can be written as:

LY = § + 200 )i — X0 K)o (19)

Since the compressed air is considered as ideal gas whose specific internal energy and
enthalpy are functions of temperature, where u =c, T, ¢, — specific heat capacity at
constant volume, it follows:

mcy, dT | m:dceyT | dm-cy
+ +

T .
dt dt dt =Q+ Z Min " Cp Ty — Z Moyt " Cp * Tout (20)

Assuming that the change of specific heat capacity in used temperature ranges are neglected,
and the temperature at the outlet of the air reservoir is nearly equal to the temperature of air in
the reservoir, T = Ty, equation 20 becomes:

ar _ 1
dat m-cy,

(Q +Zmin'cp'Tin _Zmout'cp'T_Zmin'cv'T+Zmout'Cv'T) (21)
By combination of equations 17 and 21, change of air pressure reservoir becomes:

%:g'[Clv'(Q+Zmin'cp'Tin_zmout'cp'T)]' (22)
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Heat exchange between the air reservoir and environment through the reservoir wall, Q,
determined by thermal transmission coefficient k, area of air reservoir wall A and temperature
potential (difference of reservoir air temperature T and environmental air temperature Ten), IS
expressed by equation:

Q =k'A'(Tenv_T)- (23)

At the same time, heat transferred by convention from air in the reservoir to the reservoir wall
is proportional to convective heat coefficient a, area of air reservoir wall A and temperature
difference between wall materials and air reservoir temperature:

Qmat =a' A (Tpae —T). (24)
By combination of the two last equations, reservoir wall temperature change can be expressed
by:

AdTma A
L= . (T = Trnat)- (25)

dt Mmat Cmat

3 SIMULATION RESULTS

Based on the sets of differential equations, the model of a ship’s compressed air system in
MATLAB-Simulink has been made (Figure 2). The mathematical model is used to examine
the influence of air temperature increasing at the inlet of air compressor, using compressors
with changeable speed, and the influence of fouling in pipes on energy consumption for air
compressing.
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Figure 2: MATLAB-Simulink model of compressed air system
Figure 3 shows the diagram of energy consumption and mass of compressed air in the
reservoir. This type of diagram is used to avoid misinterpreted simulation results (as it is
obvious that the air pressure in the reservoir reaches the upper value faster at irregular work
than at regular work, e.g. heat exchanger scaling, failure of cooling water pumps in the system
fresh cooling water ...), because these results will show lower energy consumption.
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Figure 3: Compressed air mass — energy consumption diagram
The air inlet temperature of 293.15 K will be taken as the referent value, for the purpose of
comparing energy consumption. Energy consumption will be examined in the event of air
temperature increasing at the compressor inlet, use of compressors with variable speed, and
scaling at pipes on water side.

For the air temperature increasing at the compressor inlet by 5 K (from 293.15 K to 298.15
K), simulation results show an increase in energy consumption by 0.98 %. Air, which is used
in the compressed air system, is taken from the engine room where temperature is usually
higher up to 15 K than the outside air temperature. This is caused by a greater specific volume
at the compressor intake, which results in the reduction of air mass surged in the compressor.
The use of air from the outside of the engine room may result in reducing energy consumption
in the long term.

In case of using two-stage speed compressors, with pressure 10% less than nominal, the
compressor speed is reduced to 50 % of the nominal speed. In this way energy consumption is
reduced by 0.24%. In case of using three-stage speed compressor (70% of the nominal speed
is applied if the reservoir pressure is greater than 2.95-10° over the time period of 3 minutes)
there is no significant decrease in energy consumption with respect to the two-stage speed
compressor. Combining the nominal speed reduction and switching the timing of the reduced
speed, energy saving can be considerable and the use of three-stage speed compression gains
in importance.

The simulation results reveal an increase in energy consumption caused by fouling on pipes
on the water side. An energy loss due to 1 mm thick fouling on pipes is 0.27%, while the
thickness of 1.5 mm causes energy loss of 0.43%. By means of regular chemical treating of
the cooling fresh water and heat exchanger cleaning and maintenance, these energy losses can
be prevented.

It is important to mention that the simulation model did not take into consideration the losses
of air flow resistance through the system, nor the consumption of energy required for
circulation of fresh cooling water through the heat exchanger. Hence, the presented losses and
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reduction of energy consumption in the compressed air system are higher, especially in case
of scaling where the resistance of flow is significantly higher as is, accordingly, the energy
consumption for the circulation of fresh cooling water through the system.

4 CONCLUSION

More demanding and stricter regulations on maritime environment protection and reducing
gas emissions from ships encourage the analysis and implementation of measures for energy
efficiency improvement. Various measures, to be considered and taken during the process
extending from ship design to ship exploitation, including the ones referring to the
modifications of the systems, can provide ship energy efficiency improvement. According to
the results of the performed simulation, during the period of ship’s exploitation, even minor
measures that may look insignificant, can contribute to significant energy saving.
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ABSTRACT

Corpus linguistics relies on the use of corpora or collection of texts in the digital format that can be
used for a variety of linguistic analyses, in particular in the field of lexicography. Today all modern
dictionaries are based on carefully planned and analysed language corpora. Because of the need for
digitalization of written texts or transcription of spoken texts as well as complex and expensive
computer applications used for data analysis, in the past language corpora used to be limited to the
exclusive domain of dictionary writers and large publishing houses. With the availability of ready-
made digitalized texts and accessible (freeware) corpus analysis tools, language corpora are now
widely used by translators and foreign language practitioners whose main purpose may be to observe
how selected lexical items behave in context rather than to produce comprehensive dictionaries.

The analysis that will be presented in this paper stems from the frequent doubts of Slovenian students
of English for traffic technology and logistics with reference to which word form to use in the role of
pre-modifier in nominal phrases, whether ‘logistics’, ‘logistical’, or ‘logistic’. The specialized
language corpora used for this study consist of three volumes (1994, 2004, and 2013) of the
International Journal of Physical Distribution & Logistics Management. Two types of analysis have
been carried out. Firstly, a diachronic perspective will reveal the changes in the use in the examined
words through time, from 1994 to 2013. Secondly, a synchronic analysis will indicate the most
frequent collocates of each analysed word. To summarize, the results presented in this paper will
provide the answer to the question which among ‘logistics’, ‘logistical’, or ‘logistic’ should be used
when pre-modifying a nominal phrase in English texts in the field of logistics.

Key words: Language corpora, corpus analysis, diachronic analysis, synchronic analysis, logistics.
1 INTRODUCTION

In the Slovene language, pre-modifiers of nouns are typically expressed through adjectives.
On the other hand, using nouns to pre-modify other nouns is highly uncommon. The Nova
beseda® corpus, for instance, lists 1690 occurrences of the adjective logisticen in its various
case and definite as well as indefinite forms (e.g., logisticni servis, logisticnega terminala)
when pre-modifying nominal phrases. On the contrary, in English the use of nouns as pre-
modifiers of other nouns in compounds is part of the nominal nature of this language.

Cross-linguistic influence or (positive or negative) transfer from the mother tongue
undoubtedly is an important factor in foreign language learning and acquisition when making
assumptions about the language system of the language that is being learnt. Based on the

! http://bos.zrc-sazu.si/
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erroneous assumption that adjectives would typically be used to pre-modify nouns, Slovene
learners of English for Specific Academic Purposes (ESAP) have produced the following
sentences:

e The terminal in Verona supports the production of three main operator categories:
production activities, forwarding agents and logistic operators.

e In order to alleviate the pressure on the environment, it will be necessary for further
logistical plans to include green solutions.

e Environmental impacts are much higher in big cities with intense logistic activities.

e Redesigning the logistical system can play an important role, but can be expensive.

Should these ESAP learners be directed to use a dictionary to ascertain whether they have
used a correct form, they would find that both adjectival forms, ‘logistic’ and ‘logistical’, are
indeed listed in dictionaries. Among the definitions of these terms learners would also find
that they can mean “of or relating to logistics?, and that typical collocations in which

‘logistic’ or ‘logistical’ are wused include “logistic problems™  or “logistical

support/problems™.

In order to be able to provide empirically based feedback to frequent student inaccuracies in
the use of ‘logistic’, ‘logistical’, ‘logistics’ in the adjectival pre-modifying function in
nominal phrases, this paper has two aims. First, it will take a diachronic perspective and
examine the evolution of these word forms through two decades (from 1994 to 2013) in a
selected peer-reviewed journal relevant for the field: the International Journal of Physical
Distribution and Logistics Management. Then, from a synchronic perspective, it will indicate
the most frequent collocates that are used with each analysed word. In brief, the results of this
study will provide the answer to the question which word form, ‘logistics’, ‘logistical’, or
‘logistic’, should be used in the pre-modifying function in nominal phrases in English texts in
the field of logistics.

2 THEORETICAL FRAMEWORK

The development of computer software has enabled language teachers to engage in corpus
linguistics and acquire relevant information for the teaching of vocabulary and other language
elements. Corpus linguistics and analysis have certainly reached beyond the domain of
lexicography that was the first discipline to have recognized the benefits of computer
language analysis, and is today widely used for pedagogical purposes (e.g. Godni¢ Vicic,
2008; Dostal, 2015). Mukherjee (2006) speaks of three possible pedagogic uses of language
corpora: informed materials design, use of language corpora in the classroom, and learner
corpora analysis. A fourth potential use is corpus analysis as a tool for providing empirically
based feedback to frequent student mistakes or inaccuracies deriving from negative cross-
linguistic transfer.

In contemporary linguistics, a language corpus represents a collection of authentic texts (Krek
and Arhar, 2010), which is homogeneously encoded and computer readable (Aston, 1996).
Several referential wordlists based on general English corpora are available on the internet

2 http://www.collinsdictionary.com/
® http://www.oxforddictionaries.com/
* http://dictionary.cambridge.org/
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(e.g., the British National Corpus (BNC) or the Brown corpus wordlist). However, general
language corpora and wordlists do not indicate the specialized vocabulary inherent to a
specific study discipline and hence specialized corpora have to be constructed. Specialized
corpora refer to collections of texts that are designed in order to represent a sample of a sub-
language that we wish to examine (Gavioli, 2005) and comprise representative texts of this
particular domain (Fuertes-Olivera, 2008).

Research into language variation and use can adopt a synchronic or diachronic perspective. A
diachronic corpus will be based on texts from the same field but belonging to different periods
(Liideling and Kyto6, 2008). Diachronic corpus analysis will thus illustrate variation or change
in language use through time. A synchronic corpus, on the other hand, will focus on language
use at a particular (historical or contemporary) moment of time. It will commonly be used to
identify and interpret the extra- or intra-linguistic factors that affect the choice among a
variety of options in a given field (Liideling and Kyto, 2008).

Almost 25 years ago, Sinclair (1991) proposed that two interpretative principles should be
used in interpreting and constructing language meaning. The open-choice principle sees
grammatical and morpho-syntactical correctness as the guiding principle in the formation of
sentences from strings of otherwise unrelated words. On the other hand, the idiom principle is
based on the notion that sentences are made of pre-constructed language chunks that may
consist of several related words and should thus be considered as lexical units. According to
this principle, the choice of words is not arbitrary but depends on the context and co-text.

A large proportion of text, in fact, consists of fixed or semi-fixed language chunks that will
frequently occur within a corpus and whose meaning is associated with the unit as a whole
rather than with the meaning of each of its constituent parts (McEnery and Hardie, 2012). In
relation to these, analyses of language corpora will not indicate what is possible in a language
but rather, based on authentic examples of language use, what is typical and frequently
occurring (Krek and Arhar, 2010). In this paper, the term collocation will be used to denote
“co-occurrence patterns observed in corpus data” (McEnery and Hardie, 2012, 123).

Statistical corpus analysis can provide different information about the sub-language under
examination. The first is keyness. A word will be considered as key if its relative frequency in
the specialized corpus will be significantly higher than the relative frequency in the reference
corpus. Therefore, keyness is based on repetition. We may assume that in a specialized corpus
of logistics, for instance, logistics-related words will be key compared to a reference general
English corpus. The second piece of information about a particular term or keyword is its co-
occurrence with lexical items that can most commonly be found in positions left or right to
the examined term and that significantly contribute to its meaning.

3 METHODOLOGY

A specialized corpus that contains 162 academic articles from three volumes (1994, 2004,
2013) of the International Journal of Physical Distribution and Logistics Management has
been compiled. More specifically, three specialized sub-corpora, each representing one
volume, contain all academic articles that were published in this academic journal in 1994, in
2004, and 2013 respectively. The scope of the journal is to link theory and practice in order to
enhance the development of more competitive physical distribution and logistics management
systems, which indicates that the selected journal can be considered as being lexically
representative of the field of transport logistics. Essential corpus data is presented in Table 1.
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Table 1: Corpus data (International Journal of Physical Distribution & Logistics Management)

1994 2004 2013
Number of articles 56 66 40
Number of tokens 181,981 226,328 243,041
Number of types 8,964 10,316 11,042

As data presented in Table 1 show, the specialized corpus consists of three sub-corpora. The
1994 volume contains 56 academic articles, the 2004 volume contains 66 academic articles,
and the 2013 volume contains 40 academic articles. Each sub-corpus includes more than
100,000 tokens or running words, which is a limit set for specialized corpora by
Kaewphannagam et al. (2002). The number of types refers to the number of different words in
each sub-corpus. All texts were available in electronic format and corpus construction took
approximately three hours.

Oxford WordSmithTools 4.0 was the main application used to build the wordlist and extract
the keywords from each sub-corpus. To do so, the application compared the words in each
sub-corpus with the referential BNC, which represents a wide-cross section of current British
English. Any word that was found to appear in the specialized corpus significantly more often
(at the level of p=0.000) than in the referential corpus, was considered “key”. Secondly, the
same application was used to identify the most frequent collocates with ‘logistic’, ‘logistical’,
and ‘logistics’ in each sub-corpus.

4 RESULTS

The analysis presented in the Results section will chronologically follow these questions:

e Which are the keywords in each of the sub-corpora compared to the BNC?

e Does a comparison among the results of the analysis of the 1994, 2004, and 2013
sub-corpora indicate any variation in the use of ‘logistic’, ‘logistical’, and ‘logistics’
through time?

e What are the most frequent collocates with ‘logistic’, ‘logistical’, and ‘logistics’ in
each volume?

Firstly, each specialized sub-corpus was compared against the BNC that was used as the
reference corpus (RC). The results indicate that ‘logistics’ is the keyword with the highest
keyness (8,135.27 at p=0.000) in the 1994 sub-corpus. The frequency of occurrence in the
specialized sub-corpus is 721 (share of 0.40 % of all tokens in the sub-corpus) compared to
only 199 in the significantly larger reference corpus (Table 2). Among the keywords we can
find ‘logistical’ with 79 occurrences (share of 0.04 % and keyness of 758.12 at p=0.000)
against 94 occurrences in the reference corpus, and ‘logisticians’ with nine occurrences
(against one in the reference corpus) at keyness of 107.00 at p=0.000.
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Table 2: 1994 keywords

N Key word Freq. % | RC. Freq. RC. % | Keyness P
1 LOGISTICS 721 0.40 199 8,135.27 0.000
2 CUSTOMER 714 0.39 4,348 4,903.75 0.000
3 SUPPLIER 508 0.28 1,306 4,261.17 0.000
4 SERVICE 776 0.43 30,252 0.03 | 2,642.60 0.000
5 DISTRIBUTION 444 0.24 6,27 2,353.34 0.000
6 PRODUCT 495 0.27 11,039 0.01 | 2,198.57 0.000
7 INVENTORY 244 0.13 526 2,117.60 0.000
8 SUPPLIERS 302 0.17 1,797 2,086.25 0.000
9 PURCHASING 266 0.15 1,21 1,966.80 0.000
10 SUPPLY 404 0.22 9,563 1,749.08 0.000
11 CHAIN 281 0.15 3,666 1,530.99 0.000
12 PACKAGING 196 0.11 959 1,423.48 0.000
13 FIRMS 316 0.17 7,48 1,367.95 0.000
14 OMITTED 198 0.11 1,438 1,295.18 0.000
15 TRANSPORT 310 0.17 8,472 1,258.72 0.000
33 LOGISTICAL 79 0.04 94 758.12 0.000
360 LOGISTICIANS 1 107.00 0.000
LOGISTIC 0 148

Table 3 shows the keywords extracted from the 2004 specialized sub-corpus after a
comparison against the BNC reference corpus. The term ‘logistics’ is ranked second, after
‘supply’. It displays 846 occurrences in the specialized sub-corpus (share of 0.37 % of all
tokens and keyness of 9,287.20 at p=0.000) against 199 occurrences in the BNC reference
corpus. Among the keywords extracted from the 2004 specialized sub-corpus we can find
‘logistic’ with 22 occurrences (keyness of 137.55 at p=0.000) compared to 148 occurrences in
the BNC, and ‘logistical’ with 19 occurrences (keyness of 129.41 at p=0.000) compared to 94
occurrences in the BNC. The term ‘logisticians’ is not used in the 2004 specialized sub-

corpus.
Table 3: 2004 keywords

N Key word Freq. % RC.Freq. | RC.% Keyness

1 SUPPLY 1,586 0.70 9,563 10,244.27 0.000
2 LOGISTICS 846 0.37 199 9,287.20 0.000
3 CHAIN 1,202 0.53 3,666 9,216.46 0.000
4 SUPPLIER 562 0.25 1,306 4,565.17 0.000
5 MANAGEMENT 884 0.39 21,61 0.02 3,409.62 0.000
6 RISK 732 0.32 11,759 0.01 3,394.68 0.000
7 VALUE 795 0.35 17,758 0.02 3,198.91 0.000
8 SUPPLIERS 443 0.20 1,797 3,174.99 0.000
9 CUSTOMER 466 0.21 4,348 2,632.89 0.000
10 BUSINESS 808 0.36 35,127 0.04 2,269.73 0.000
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N Key word Freq. % RC.Freq. | RC.% Keyness

11 CHAINS 288 0.13 1,269 2,021.60 0.000
12 VULNERABILITY 244 0.11 528 2,010.28 0.000
13 ET 397 0.18 5,331 1,973.48 0.000
14 AL 400 0.18 5,668 1,948.22 0.000
15 RESEARCH 644 0.28 26,704 0.03 1,863.00 0.000
390 LOGISTIC 22 148 137.55 0.000
411 LOGISTICAL 19 94 129.41 0.000

LOGISTICIANS 0 0 1

The final keywords list, presented in Table 4, has been extracted from the 2013 specialized
sub-corpus. The term ‘logistics’ has the sixth highest keyness value (6,486.05 at p=0.000),
and 619 occurrences (a share of 0.24 %) against 199 occurrences in the BNC. Among the
keywords we can also find ‘logistical’ with 29 occurrences (share of 0.01 % and keyness of
212.41 at p=0.000), and ‘logistic’ with 28 occurrences (share of 0.01 % and keyness of 180.86
at p=0.000). The term ‘logisticians’ is not used in the 2013 specialized sub-corpus.

Table 4: 2013 keywords

N Key word Freq. % | RC. Freq. RC. % | Keyness P
1 AL 1,231 0.48 5,668 8,262.30 0.000
2 ET 1,193 0.47 5,331 8,070.81 0.000
3 SUPPLY 1,176 0.46 9,563 6,675.93 0.000
4 CHAIN 937 0.37 3,666 6,558.65 0.000
5 LOGISTICS 619 0.24 199 6,486.05 0.000
6 OMITTED 523 0.21 1,438 3,978.78 0.000
7 RESEARCH 950 0.37 26,704 0.03 | 3,211.16 0.000
8 ARTICLE 553 0.22 6,607 2,743.55 0.000
9 PERFORMANC 672 0.26 12,961 0.01 | 2,736.21 0.000
E

10 FIGURE 691 0.27 17,214 0.02 | 2,487.64 0.000
11 IMAGE 527 0.21 7,356 2,462.02 0.000
12 SCI 236 0.09 80 2,461.03 0.000
13 INVENTORY 295 0.12 526 2,453.24 0.000
14 MANAGEMENT 725 0.28 21,61 0.02 | 2,372.76 0.000
15 OUTSOURCING 206 0.08 26 2,297.28 0.000
301 LOGISTICAL 29 0.01 94 212.41

368 LOGISTIC 28 0.01 148 180.86 0.000

LOGISTICIANS 0 0 1

The data presented in Tables 2-4 show the keywords and their statistical properties at a given
moment of time (in 1994, 2004, and 2013 respectively). Picture 1, on the other hand, indicates
a trend or variation in the keyness of each examined word form from 1994 through 2013.
Firstly, as we can see the keyness of ‘logistics’ fluctuated: it rose from 8,135 in 1994 to 9,287
in 2004 but then fell again to 6,486 in 2013. The keyness of ‘logistical’ was highest in 1994
(758), then dropped to 129 in 2004, and rose again to 212 in 2013. The keyness of ‘logistic’

144




17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

seems to be recording a gradual increasing trend, from no occurrences in 1994, to keyness of
137 in 2004, and 180 in 2013.
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m1994 m2004 m2013

Figure 1: Keyness of ‘logistics’, ‘logistical’, and ‘logistic’ in the 1994, 2004, and 2013 specialized
sub-corpora

Picture 2 shows similar trends for shares held by ‘logistics’, ‘logistical’, and ‘logistic’ in each
specialized sub-corpus. The share held by ‘logistics’ gradually decreased from 0.40 % in 1994
to 0.37 % in 2004, and finally to 0.24 % in 2013. In 2004, the share of ‘logistical’ dropped to
0 % from the initial 0.04 % and rose to 0.01 % in 2013. The share held by ‘logistic’, on the
other hand, displays a slightly increasing trend, representing 0.01 % of all tokens in the 2013
specialized sub-corpus.

05
04
03 \
02
0.1
i —_
1994 2004 2013
——LOGISTICS ~====LOGISTICAL LOGISTIC

Figure 2: Shares of ‘logistics’, ‘logistical’, and ‘logistic’ in the 1994, 2004, and 2013 specialized
sub-corpora

In the final step of the analysis we will examine the most frequent R1 collocates of ‘logistics’,
‘logistical’, and ‘logistic’ through time.
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Table 5: R1 collocates with “logistics” (grey colour indicates pre-modifying function)

1994 2004 2013

Word R1 Word R1 Word R1
IS 36 AND 67 AND 44
MANAGEMENT 32 MANAGEMENT 52 ALLIANCE 26
OPERATIONS 31 RESEARCH 51 ACTIVITIES 21
SERVICE 29 CAPABILITIES 38 SERVICES 21
SYSTEM 29 DISCIPLINE 35 RESEARCH 18
PERFORMANCE 26 IN 25 SCHOLARS 17
IN 24 IS 20 SUPPORT 15
AND 23 FLOWS 19 ALLIANCES 14
STRATEGY 18 ACTIVITIES 17 SERVICE 14
ACTIVITIES 17 FUNCTIONS 16 IS 13
FUNCTIONS 15 FUNCTION 14 PROCESSES 12
CONCEPT 14 AS 12

SYSTEMS 14 FLOW 12

COSTS 13 SERVICES 11

PRACTICE 13

AS 12

RESEARCH 12

HAS 11

WAS 11

Table 5 shows R1 collocates with ‘logistics’ with frequency of occurrence higher than ten. In
addition to nouns, ‘logistics’ frequently precedes auxiliary verbs (is, has, was), prepositions
(in), and conjunctions (and, as). ‘Logistics’ is often used as a pre-modifier of nouns. In 1994
and 2004 the most frequent lexical R1 collocate was ‘management’ (logistics management)
while in 2013 it was ‘alliance’ (logistics alliance). Collocates that occur frequently in more
than one specialized sub-corpus include ‘management’, ‘service/s’, ‘activity/-ies’,
‘function/s’, and ‘research’. From the contemporary perspective, in 2013 there are some
collocates that were not as frequently used in the past. These are ‘alliance/s’, ‘scholars’,
‘support’, and ‘processes’.

Table 6 shows the most frequent R1 collocates with ‘logistical’. We can see that in 1994 the
list of collocates is longer and consists exclusively of lexical words, more specifically nouns.
The most frequent R1 collocate in 1994 was ‘segmentation’. In 2004 there were only two
collocates with ‘logistical’ with a single occurrence, the conjunction ‘and’ and the noun
‘packaging’. In 2013 the list shortened further to a single collocate with five R1 occurrences,
which is ‘support’.
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1994 2004 2013
Word R1 Word R1 Word R1
SEGMENTATION 14 AND SUPPORT | 5
CHANNELS 5 PACKAGING
COSTS 5
EXCELLENCE 5
FUNCTIONS 5

Finally, the data presented in Table 7 show that in 1994 and 2004 the term ‘logistic’ used to
appear together with ‘flow’ (logistic flow). In 2004 a second collocate was ‘regression’
(logistics regression) with 12 occurrences. In 2013, on the other hand, two other collocates
appeared: the lexical R1 collocate ‘support’ (logistic support) with eight occurrences, and the
conjunction ‘and’ with three occurrences.

Table 7: R1 collocates with “logistic”

1994 2004 2013
Word R1 Word R1 Word R1
FLOW 4 REGRESSION 12 SUPPORT 8
FLOW 5 AND 3

5 DISCUSSION AND CONCLUSION

The objective of this paper was to provide an empirically based answer to the question
whether ‘logistics’, ‘logistical’, or ‘logistic’ should be used as a pre-modifier of nominal
phrases in English texts in the field of logistics. The presented data clearly indicate the
prevalent use of the noun °‘logistics’ where in the Slovene language an adjective would
typically be used. However, some other interesting findings can be reported on.

Firstly, the very high frequency of occurrence of ‘logistics’ compared to those of ‘logistic’
and ‘logistical’ can be attributed to its use as pre-modifier in nominal phrases but also, or
above all, to its use as a single-word unit or in multi-word units where its acts as the core, for
instance ‘reverse logistics’, ‘military logistics’, and ‘forward logistics’. The English nouns,
therefore, have a versatility that English adjectives do not and that, importantly for Slovene
learners of English, Slovene nouns do not. Interestingly, however, it seems that ‘support’ can
easily link with all three word forms (logistics support, logistical support, logistic support).

Secondly, the data reveal that the share held by the term ‘logistics’ in the specialized sub-
corpora gradually decreased and so did the ranking of ‘logistics’ in the keywords lists (first in
1994, second in 2004, and sixth in 2013). Possibly more important than the ranking itself
(because of the inclusion of terms such as ‘et’, ‘al’, etc. in the keywords lists) is the fact that
in 1994 the term ‘supply’ was ranked tenth (share of 0.22 % of all tokens and keyness of
1,749 at p=0.000) and ‘chain’ eleventh (share of 0.15 and keyness of 1,530 at p=0.000).
Already in 2004 ‘supply’ became the word with highest keyness (10,244 at p=0.000, and a
share of 0.70 %), followed by ‘logistics’, and ‘chain’ in the third place with keyness of 9,216
at p=0.000, and share of 0.53 %. In 2013 both terms (‘supply’ is ranked third with keyness of
6,675 at p=0.000, and a share of 0.46 %; ‘chain’ is ranked fourth with keyness of 6,558 at
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p=0.000, and a share of 0.37 %) preceded ‘logistics’ ranked fifth. These results might indicate
a shift of research focus from logistics management (‘management’ cannot be found among
the most frequent R1 collocates of ‘logistics’ in 2013) towards supply chains and supply chain
management.

Finally, the results indicate that, in addition to trends in the development and use of lexical
items, corpus analysis may illustrate research and operational trends in a particular discipline,
in this case logistics. Among the R1 collocates identified in the 1994 and 2004 specialized
sub-corpora we cannot find the term ‘alliance’ and its plural form ‘alliances’, which only
appear in the 2013 collocates list, with 26 and 14 occurrences respectively. Given that an
alliance can be defined as “a union or association formed for mutual benefit, especially
between countries or organizations™, these results may be interpreted as an indication of a
need for establishing alliances in the logistics sector that had not been present a decade or two
decades ago. This assumption, however, would have to be corroborated through a qualitative
insight into the texts that the corpus is made of.
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ABSTRACT

E-Navigation is a concept and vision led by International Maritime Organization (IMO) created to
harmonize navigation systems and ashore services in maritime sector in order to satisfy end-user needs
[8]. IMO has defined E-Navigation concept and it is anticipated to have substantial results associated
to ship based, shore based and communication systems [8]. According to the IMO Strategy, one of the
benefits of E-Navigation is expected to be higher efficiency and reduced costs in maritime transport.
These benefits will be enabled by automated and standardized reporting formalities, leading to reduced
administrative burden that could be achieved by implementing Maritime Single Window (MSW).
MSW is defined as an electronic system that allows stakeholders involved in maritime transport to
provide and receive standardized information and documents in a single entry point to satisfy all
necessary reporting requirements. This paper presents an overview of the E-navigation and MSW
developments and their interconnection. The expected developments in both fields will be briefly
presented.

Key words: E-Navigation, Maritime Single Window, maritime safety, e-maritime, maritime cloud.
1 BACKGROUND

Since 2005, several IMO member countries (Japan, the Marshall Islands, Netherlands,
Norway, Singapore, UK and USA) have submitted a paper [1] to the Maritime Safety
Committee (MSC) on the development on an E-Navigation strategy. Submitted paper
proposed adding E-Navigation as a new topic to the work programme of the Safety of
navigation (NAV) and Radio communications and Search and Rescue (COMSAR), both sub
committees of IMO. The main purpose of that paper was to initiate development of strategic
vision for the utilization of existing and new navigational tools, in particular electronic tools,
in a holistic and systematic manner. Even if the scope of the proposal was broad, it was
anticipated that IMO will “develop a broad strategic vision for incorporating the use of new
technologies in a structured way and ensuring that their use is compliant with the various
electronic navigational and communication technologies and services that are already
available” [18]. Submitted paper also noted a possibility of E-Navigation strategy to support
IMO Facilitation Committee (FAL) for development of a solution for simplification and
facilitation of ship reporting formalities [1].

On 2009, IMO MSC on its 85th session came out with Strategy for the development and
implementation of E-Navigation and defined it as “the harmonized collection, integration,
exchange, presentation and analysis of marine information on board and ashore by electronic
means to enhance berth to berth navigation and related services for safety and security at sea
and protection of the marine environment.” [2].
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After considerable work carried out not only by IMO, but also by numerous organizations like
International Association of Lighthouse Authorities (IALA), International Hydrographic
Organization (IHO), IMO came out with preliminary list of nine main categories and practical
E-Navigation solutions [3]. When members of Correspondence Group (CG) on E-Navigation
to NAV were tasked to prioritize and propose a list of five out of the nine predefined
categories of E-Navigation solutions, they prioritized solutions that focus on efficient transfer
of marine information/data between all appropriate users (ship-ship, ship-shore, shore-ship
and shore-shore) [6]. Namely, solutions S2 (Means for standardized and automated reporting)
and S4 (Integration and presentation of available information in graphical displays received
via communication equipment) were most voted solutions among members of CG. This result
was expected having in mind that there are a lot of online reporting systems globally and the
systems are not harmonized, often duplicated, and based on different formats and platforms.
Driven from these reasons IMO has indicated application of MSW as a priority among planed
outputs, on its proposals for the high-level action plan of the organization and priorities for
the 2016-2017 biennium for the FAL [4]. Within the European Union (EU), need for MSW
implementation is defined in Reporting Formalities Directive (RFD) that was adopted on
2010. The important element of RFD is that each Member State must introduce a MSW, so
that ships arriving at EU ports can submit standard messages once, to a single point and that
information will be disseminated as required to all authorities that need access to it.
Furthermore, from 1 June 2015 the directive prohibits acceptance of reporting formalities in
paper form so everything from that date will have to be submitted electronically [5].

2 CURENT SITUATION RELATED TO E-NAVIGATION

In last year’s we have seen huge developments in Information and Communication
Technology (ICT) that had great positive impact within maritime navigation and
communication systems. Nowadays, technical support systems for mariners are developing
rapidly and therefore there is a need to coordinate systems and harmonise standards in
maritime sector. Currently vessels are equipped with various systems like Global Satellite
Navigation Systems (GNSS) and Electronic Chart Displays and Information Systems
(ECDIS). These on board systems need further improvement in order to be able to integrate
with various systems that are installed on other vessels or ashore [6]. Also there are a lot of
other electronic navigational and communication technologies and services available.
Mariners and supporting staff on shore are now familiar, to a greater or lesser extent, with
other systems like: Automatic Identification System (AIS), Integrated Bridge Systems and
Integrated Navigation Systems (IBS/INS), Automatic Radar Plotting Aids (ARPA), Long
Range Identification and Tracking (LRIT), Vessel Traffic Service (VTS), Global Maritime
Distress and Safety System (GMDSS) and other ICT systems used in maritime sector. Also
latest advancement in ICT related to data processing, storing and visualisation should be used
also in maritime industry. E-Navigation offers a vision for the integration of existing and new
navigational tools in a holistic and systematic manner.

2.1 IMO’s E-Navigation concept

IMO has developed E-Navigation Strategy Implementation Plan (SIP) that sets up a list of
tasks and specific timelines for the implementation of prioritized E-navigation solutions
during the period 2015-2019, facilitating a coordination of efforts by relevant Sub-
Committees, related international organisations, Member States, relevant regional bodies and
the maritime industry [6].
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After it was introduced to Navigation Communication Search and Rescue (NCSR) sub-
committee, SIP was presented to MSC for approval at end of 2014. Following are five E-
Navigation solutions that SIP gives importance:

solution S1 related to bridge system design,

solution S2 dedicated to standardized and automated reporting,
solution S3 is focused to improve consistency and integrity of bridge system
equipment and navigation information,
solution S4 aims to integrate and present different layers of available information in
graphical displays received from communications equipment and
solution S9 objective is to improve communication of VTS Service Portfolio [6].

Solutions S2, S4 and S9 focus on efficient transfer of marine information and data between all
appropriate users (ship-ship, ship-shore, shore-ship and shore-shore) [6].

As part of each one of the above prioritized E-Navigation solutions, several sub-solutions
were identified. In this paper we will present sub solutions for solution S2, means for
standardized and automated reporting, that are important for MSW implementation. They are
illustrated in table 1 alongside with their descriptions, task actions and task identifiers.

Table 1: Required regulatory framework and technical requirements for implementation (tasks)

for solution 2: Means for standardised and automated reporting [6]

Sub- I . Task Identifier
Solution Description Task Action (see Table 2)
slngle-er_]try_of r_eportab_le Develop test beds demonstrating the use of T8
Ss2.1 information in single-window . . - .
solution single window for reporting along with S2.4. T15
Much data is already collected in the
522 Automated collection of internal | navigation equipment — investigate the use of T9
' ship data for reporting this data for reporting of ship navigational
information.
Review the original AlS long range port
facility as well as the new long range
Automated or semi-automated frequencies made available at WRC 2012
diaital described in the latest revision of ITU-R
digtribution/communication of M.1371-5, the revised IEC 61993-2, or the
. . . developments within VDES (VHF Data T9
S2.3 required reportable information, . : .
) ; gt Exchange System) and see if the information T15
including both "static
. « - could be used for no cost or low cost
documentation and “dynamic . -
. . automated or semi-automated reporting. The
information ;
long range port was not used during the
development of LRIT due to the cost to ship-
owners of sending this information.
All national reporting
requirements to apply Liaise with all Administrations and agree on
standardized digital reporting standardised formats for ship reporting so as T8
S2.4 formats based on recognized to enable “single window” worldwide. In this

internationally harmonized
standards such as IMO FAL
Forms or SN.1/Circ.289

respect national and regional harmonisation is
the first step.
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Task identifiers from table 1, that are related to sub solutions of S2, are presented in table 2,
alongside with their tasks, expected deliverables, transition arrangements and implementation
schedule.

Table 2: Tasks, expected deliverables, transition arrangements and implementation schedule [6]

Task Expected Transition Prioritised
Task . Arrangements Implementation

No Deliverable

Schedule
Member States to agree on
standqrdlsed format guldillpe for ship Updated Guidelines _ _

T8 reporting so as to enable “single on single window National/Regiona 2019
window” worldwide (SOLAS reportin | Arrangements
regulation V/28, resolution A.851(20) P g-
and SN.1/Circ.289)

Investigate the best way to automate Technical Report on
. : : the automated
the collection of internal ship data for : -

T9 Lo . . collection of internal | None 2016
reporting including static and ship data for
dynamic information. P Ce

reporting.

Identify and draft guidelines on
seamless integration of all currently Guidelines on
available communications seamless integration
infrastructure and how they can be of all currently
used (e.g. range, bandwidth etc.) and | available -

. . Use existing on
what systems are being developed communications board

T15 | (e.g., maritime cloud) and could be infrastructure and L 2019

S communications
used for E-Navigation. how they can be used infrastructure
The task should look at short range and what future
systems such as VHF, 4G and 5G as | systems are being
well as HF and satellite systems developed along with
taking into account the 6 areas the revised GMDSS.
defined for the MSPs

SIP clearly recognised the need for identifying shore-based functions and services. There are
many different types of services in maritime sector. In order to harmonise and standardise
these service, in SIP are introduced the Maritime Service Portfolios (MSPs). MSPs have been
identified as the means of providing electronic information in a harmonised way. In SIP are
proposed 16 MSPs where are identified various services like: VTS Information Service (1S),
Navigational Assistance Service (NAS), Traffic Organisation Service (TOS), Local port
Service (LPS), Maritime Safety Information Service (MSI), pilotage, tug, vessel shore
reporting, Tele medical Assistance Service (TMAS), Maritime Assistance Service (MAS),
nautical chart service, nautical publications service, ice navigation service, meteorological
information service, real time hydrographic and environmental information service and last
but not least Search and Rescue Service (SAR) [6].

For vessel shore reporting (MSP8) as service providers are identified National Competent
Authority (NCA), Ship-owner, Operator and Master. Furthermore the aim of MSP8 is to
“safeguard traffic at sea, ensure personnel safety and security, ensure environmental
protection and increase the efficiency of maritime operations” [6]. Single Window is
recognised as one of the most important solutions to reduce the mariner’s workload (amount
of time spent on preparing and submitting reports to shore-based authorities). To achieve this,
reports should be automatically generated as much as possible from on board systems. Some
other important possibilities for vessel shore reporting system may include [6]:
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e single-entry of reportable information in single-window solution,

e automated collection of internal ship data for reporting,

e all national reporting requirements to apply standardized digital reporting formats
based on IMO FAL forms and

e automated or semi-digital distribution/communication of required reportable
information.

2.2 TALA’s role in the E-Navigation concept

IMO as leading agency of the E-Navigation concept has expressed an interest in the
contribution other outside organizations like 1ALA, IHO and others to the work on E-
Navigation. At the request of IMO, IALA is supporting IMO in the development and
implementation of E-Navigation by offering architecture proposals for coordinated review by
IMO [8]. For that purpose IALA Council have established an E-Navigation Committee (e-
NAYV) as they had considered that a subject of E-Navigation was relevant to the aims of IALA
and it needed further study, clarification or discussion. Furthermore e-NAYV is created with
purpose of developing recommendations and guidelines on shore-based E-Navigation systems
and services. The e-NAV is mainly dealing with technical aspects of E-Navigation relating to
aids to navigation (AtoN). Main objective of e-NAV is to develop IALA documents like
guidelines and recommendations related to AIS, DGNSS and AtoN systems. It is evident the
E-Navigation concept is complex so the technical solution will not be simple. Several steps
are required to arrive at a suitable technical solution. The first steps were taken in IALA
recommendation [9], while other consecutive IALA Recommendations on E-Navigation are
based upon this one.

The e-NAV closely cooperates with other international organizations and manufacturers,
distributors who are industrial members of IALA, in order to contribute to E-Navigation
concept and supports IMO by providing technical expertise. E-NAV committee is consisted of
following working groups:

e Operations group dealing with ashore activities,

e Position, Navigation, and Timing (PNT) group is focused on shore side sensors and
radio navigation,

e AIS and Communications group is covering technical aspects of AIS and
communications  spectrum and closely cooperates with  International
Telecommunication Union (ITU) and International Electrotechnical Commission
(IEC),

e Technical Architecture group is focused in creating shore side perspective of E-
Navigation architecture and

e Data Modelling and Interfaces group is cooperating with IHO in order to prepare
product specifications for IHO S-100 Gl Registry [10].

Another important role of IALA is in its efforts to provide a guideline in reporting of results
of E-Navigation testbeds. IALA has issued a document that offers guidance on the reporting
of results of E-Navigation testbeds [11]. This document includes initial considerations that
have to be reflected when planning a testbed and a reporting template for results in order to
ensure that results are valuable to the E-Navigation development community. A testbed itself
is a platform for trialling development projects and in principle involve rigorous, transparent
and replicable testing of scientific theories, computational tools and new technologies.
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Various administrations and organisations have conducted testbeds related to E-Navigation.
Some of them are ongoing. List of E-Navigation testbeds could be found in [11] and [12].

2.3 Overarching E-Navigation architecture

IMO has defined an overarching architecture for E-Navigation as given in the following
Figure 1.
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Figure 1: Overarching E-Navigation architecture [13]
On figure 1 it is easy to notice in horizontal level three most important parts of E-Navigation:
ship side and shore side structures are connected with communication links in between. In
vertical level are illustrated information and data domain with human and machine interfaces
in between.

The figure also presents one important feature that is also important for MSW
implementation. The shaded ellipsoid in the background represents Common Maritime Data
Structure (CMDS) that extends through whole horizontal level. CMDS should be most
important factor that will have impact on harmonization among different shipboard and
ashore technical systems [13]. It is worth mentioning that IHO S-100 data model will play a
key role in achieving above mentioned harmonization [6].

3 PREPEARING FOR MSW IMPLEMENTATION

Single Window concept has been introduced as a major platform for collaboration and
information exchange among different government agencies involved in international trade. In
2005 the United Nations Centre for Trade Facilitation and Electronic Business
(UN/CEFACT) summarized the Single Window concept in its Recommendation 33 [14] asa
“facility that allows parties involved in trade and transport to lodge standardized information
and documents with a single entry point to fulfil all import, export, and transit-related
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regulatory requirements. If information is electronic, then individual data elements should
only be submitted once”.

As regard for MSW, IMO addresses this issue, which is related to facilitation of international
maritime traffic, through FAL Committee. Work of FAL Committee, among other topics, is
focused on simplification of formalities, documentary requirements and procedures on the
arrival and departure of ships and harmonization of documents required by the public
authorities. Main result of work of this Comities are standardized IMO FAL Forms. Having in
mind that most of literature available on the single window concept is mostly concerned with
trade and cargo related issues, IMO has published guidelines for setting up a single window
system in maritime transport [15]. These guidelines attempt to provide more specific guidance
on maritime transport clearance, including the clearance of the ship. Guidelines are built upon
general single window concepts and characteristics which have been expanded to integrate the
requirements of maritime transport.

According to IMO, MSW would be focused on facilitating the clearance of ships, passengers
and crew members, and on connecting the cargo-related information with the single window
on cargo clearance already in place, using the information provided in the IMO FAL Forms

[4].
3.1 EU initiative — Reporting Formalities Directive

Unlike international level where MSW is still a concept that is broadly discussed, in EU level
there is clear road map and predefined dates for MSW implementation. RFD imposes to EU
member states to implement MSW, linking it with SafeSeaNet®, e-Customs and other
electronic systems, where all information will be reported once and made available to various
competent authorities and the member states. There are three types of reporting formalities
referred to RFD [5]:

1. Reporting formalities resulting from legal acts of the EU that includes information
which shall be provided like:

- Notification for ships arriving in and departing from ports of the EU,
- Border checks on persons,

- Notification of dangerous or polluting goods carried on board,

- Notification of waste and residues,

- Notification of security information,

- Entry summary declaration.

2. FAL forms and formalities resulting from international legal instruments

- FAL form 1: General Declaration

- FAL form 2: Cargo Declaration

- FAL form 3: Ship’s Stores Declaration

- FAL form 4: Crew’s Effects Declaration
- FAL form 5: Crew List

- FAL form 6: Passenger List

! SafeSeaNet is a EU platform for vessel traffic monitoring and information exchange between member states
maritime authorities established in order to enhance maritime safety, port and maritime security, marine
environment protection and the efficiency of maritime traffic and maritime transport.
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- FAL form 7: Dangerous Goods
- Maritime Declaration of Health

3. Any other relevant national legislation

RFD also require from each member states to ensure that the reporting formalities at their
ports are requested in a harmonised and coordinated manner. According to RFD, MSW must
be interoperable, compatible and accessible to the SafeSeaNet system and, where applicable,
with other paperless systems for customs and trade.

4 FUTURE TRENDS

A common feature of E-Navigation and MSW is to provide seamless transfer of information
across all available communication systems needed for their implementation. One of proposed
solution to achieve ‘Common technical shore based system harmonized for E-Navigation’
(figure 1.) is Maritime Cloud. Maritime Cloud is defined as: "A communication framework
enabling efficient, secure, reliable and seamless electronic information exchange between all
authorized maritime stakeholders across available communication systems” [16]. Relevant
IMO bodies also noted that the Maritime Cloud could complement MSW concept. It is
important to note that Maritime Cloud is not a ‘storage cloud’ containing all information
about every ship or cargo, nor is it referring to ‘cloud computing’ [19]. ‘Maritime Cloud’ is
envisaged as an enabler of seamless information exchange between various systems and
across different communication links in the maritime sector, that will enable realization of
communication infrastructure necessary for E-Navigation and MSW [19].

On EU level is present E-Maritime initiative that aims to foster the use of advanced
information technologies for working and doing business in the maritime transport sector. E-
Maritime envisages facilitating the movement of goods over sea, by using of ICT technology
to accelerate processes and services in maritime sector [17]. MSW that should be
implemented at EU level could be considered as a part of E-Maritime initiative. It is noted
that E-Maritime and E-Navigation could contribute to the development of each other. One of
views of coherence between E-Navigation and E-Maritime (including MSW) is that main aim
of E-Navigation is “to enhance the navigation capabilities of a ship without compromising its
efficiency”, while “e-Maritime aimed to increase its profitability without compromising its
safety” [17].

5 CONCLUSION

Nowadays there is an increasing demand by national maritime authorities to ask for more
information from vessels calling their ports and transiting waters under their jurisdiction in
order to manage possible safety, security and environmental risks. Moreover, ports and
coastal states are implementing more rules, requirements and mandatory reporting for vessels
arriving in or transiting waters within their jurisdiction. Number of regional and bilateral
agreements among coastal states related to maritime safety and environmental protection is
also increasing. Most of these agreements seek for additional reporting. All this impose to
stakeholders in maritime transport additional burden and workload. With implementation of
E-Navigation and MSW administrative burden, on board and on shore, will be reduced, that
will improve navigational safety and reduction of risks of accidents at sea.

Both concepts, E-Navigation and MSW, have common key words: harmonization,
standardization and facilitation. In front of stakeholders, international bodies and industry
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there is a great challenge, in coming years, in producing a unified strategies and latter develop
specific systems to meet needs for harmonization, standardization and facilitation in maritime
transport. If this will be achieved it will have great impact on maritime safety, security and
marine environmental protection.
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ABSTRACT

Transport is a sector of economy that largely contributes to the growth of global pollution. A vast
majority of harmful substances emitted as a result of transport activities comes from the road transport
means. However, maritime transport, due to high sulphur level in the maritime fuel oil, is mainly
responsible for the emission of sulphur oxides.

Bearing in mind such a large share of maritime transport in sulphur emissions, European Union
implemented the Directive 2012/33/EU. The Directive, in force since January 2015, requires a cut in
sulphur emissions from vessels, by using low sulphur fuels or installing scrubbers on ships.

The adverse effect of the implementation of the Directive - increased operating costs of shipowners
active in the Sulphur Emission Control Area (SECA) - the Baltic Sea, the North Sea and the English
Channel, can lead to a reduction in sea traffic. Additionally, the fact that the SECA area does not cover
the Mediterranean, the Bay of Biscay and the Norwegian Sea may lead to reorganization of transport
chains. The aim of this article is to answer how the implementation of the Sulphur Directive affects the
European shipping market.

The research has been based on an analysis of traffic and freight costs of two segments of shipping
market: ferry and container. It has shown that the restrictions of sulphur content in maritime fuel oil in
SECA tightened from 2015 on should not result in a reduction of traffic or necessitate reorganization
of transport chains.

Key words: Sulphur Directive, maritime transport, sustainable transport, sulphur dioxide, Annex VI of
MARPOL.

1 INTRODUCTION

Sustainable transport, as one of the objectives of sustainable development, should contribute
to social development and economic growth with the least negative impact on the
environment. It is hard to overestimate the economic role of transport, but unfortunately
transportation also generates negative social and environmental effects, known as
externalities. Transport externalities are mainly due to environmental pollution arising from
the combustion of fossil fuels by means of transport. The main compound emitted by
transport activities is carbon dioxide - a greenhouse gas that causes global warming. It entails
a growing number of locally occurring floods, hurricanes, droughts and rising water levels.
Apart from carbon dioxide, the burning of fossil fuels results in the formation of other
pollutants such as nitrogen oxides, sulfur oxides, particulate matters and non-methane volatile
organic compounds. In Europe, transport is responsible for almost half of emissions of
nitrogen oxides and about 10-15% of other pollutants and greenhouse gases.

The vast majority of harmful substances emitted as a result of transport activity comes from
road transport vehicles, while maritime transport, mainly due to the capacity, is considered the
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most environmentally friendly transport mode. However, the emissions from the maritime
transport sector cannot be considered a negligible source of atmospheric pollutants in
European coastal areas (Viana et. al., 2014). Maritime transport is a heavy contributor to SOx
emissions due to the nature of fuel used by ship engines; that is, mainly heavy fuel oil (HFO)
with a high sulphur content (Dore, 2006, Doudnikoff, Lacoste, 2014). Sulphur oxides are
responsible for the formation of acid rain, which results in the acidification of soil. In
addition, sulphur oxides have a strong impact on human health and life, resulting in, among
others, pulmonary and cardiovascular diseases and cancers (Pawtowska, 2000). The share of
maritime transport in SOx emissions is significant. De Meyer et. al. (2008) research proved
that in 2003 maritime transport was responsible for about 30% of total emissions in the
Belgian part of the North Sea. Hongisto (2014) studies have shown that ship emissions
contributed from 10% to 25% of the SO, and SO, concentrations along Baltic Sea coasts. The
growing importance of SO, emissions from international shipping contrasts with the strong
downward trend in land-based SO, emissions. The permissible sulphur content in the road
fuel is only 10 ppm (1 thou. times less than in maritime fuel oil IFO 380 1.0% S).

In response to the growing contamination resulting from maritime transport the International
Maritime Organisation introduced Annex VI to International Convention for the Prevention of
Pollution from Ships (MARPOL). Although it was announced in 1997, it entered into force
only in 2005. Annex VI limited the main air pollutants contained in ships exhaust gas,
including sulphur oxides (SOx) and nitrous oxides (NOx). The annex set the global limits of
sulphur in maritime fuel to 4.5% by weight. It also introduced the special SOx Emission
Control Areas (SECA) covering the Baltic Sea, the North Sea and the English Channel only,
where the sulphur content was established not to exceed 1.5%. The regulations allowed to use
scrubbers instead of low sulphur fuel. This annex was implemented to European legislation by
the 2005/33/EC Directive. The Directive specified the terms of introduction of the sulphur
content restrictions in SECA as August 2006 at the Baltic Sea and August 2007 at the North
Sea and English Canal. Additionally, since 2010 the Directive has required the use 0.1%
sulphur fuel oil by ships berthing in EU ports. This restriction brought tangible benefits in
short time. The research conducted in Mediterranean ports has shown that the introduction of
the directive requiring all ships at berth or anchorage in European harbours to use low sulphur
fuels led to decrease of the sulphur dioxide concentrations up to 66% (Schembari et. al.
,2012).

The Annex VI of MARPOL Convention was revised in 2008 (entered into force in 2010). It
introduced new limits of the sulphur content in the maritime fuel oil up to 3.50% by weight
after 1 January 2012 and 0.50% - after 1 January 2020. Within an SECA, the sulphur content
in fuel oil was set: 1% after 1 July 2010, and 0.1% after 1 January 2015 (IMO, 2008). The
revised Annex VI was implemented to the EU legislation by the 2012/33/EU Directive.
Unfortunately, these strict regulations concern only vessels operating in SECAs, excluding the
area of the Mediterranean, the Bay of Biscay and the Norwegian Sea.

The adverse effect of the implementation of the Directive is the increase of the operating costs
of shipowners active in the SECA (Bengtsson et al., 2014). The three main options to reduce
sulphur emissions: low sulphur distillates, liquefied natural gas (LNG) and, SOx scrubbers
highly increase the operating costs of shipping companies (Gilbert, 2014). Low sulphur
distillates are about 50% more expensive than heavy fuel oils. Using LNG as a fuel or
scrubbers needs heavy investments. For example, the cost of installing a scrubber reaches $5
million. The Interferry shipping association studies have shown that in 2011 of 108 examined
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Baltic ferries, up 60 percent were not suitable, either for technical reasons or due to lack of
financial viability, to install scrubbers (Shipowners under pressure of ecology, 2012).

There is a concern that increased shipping costs could lead to reduction in maritime traffic and
modal shift to road transport, effectively increasing the total adverse environmental impact.
However, researchers' opinions on this issue are divided. Notteboom, Delhay and Vanherle
(2010) indicate that the use of MGO (0.1%) will have a negative effect on freight rates and
the modal split on a large set of origin-destination relations. On some trade routes the short
sea option might lose its appeal to customers.

Kehoe et. al. (2010) studies predict that introduction of low sulphur fuel in SECA will cause a
modal shift in favor of the road-only route by approximate 10%, while the designation of the
Mediterranean as a SECA can cause a modal shift by 5.2% (Panagakos et. al., 2014).

However, not all studies support the modal shift thesis. The research results based on analysis
of five land-sea routes between Lithuania and Great Britain indicate that, despite the cost
increase as a consequence of the new requirements for maritime fuel, a modal shift from sea-
dominated routes to road-dominated routes is unlikely to occur (Holgman et. al., 2014).

2 METHODOLOGY

The studies of the impact of Sulphur Directive on the European shipping market were based
on analysis of two segments: container and ferry shipping. Although the European shipping
market covers dry and liquids bulk cargo and conventional and unitized general cargo
shipping, only ferry and container shipping lines highly compete with land (road and rail)
transport and their competitive position is strongly dependent on the maritime transport costs.

The study aimed to show how the introduction of the new requirements of Sulphur Directive
affected the activities of shipping companies. The study was conducted for the two segments
of short sea shipping market: ferry and container shipping.

Due to the fact that the European container shipping is primarily a final link of
intercontinental transport chains, there are no official freight rates. Prices are calculated for
the entire marine transport process. In order to determine the impact of changes introduced in
2015, a comparative analysis of the costs of freight from Chinese to main European ports
located in Mediterranean, North and Baltic Sea was conducted. The analysis was based on
average freight costs in one week of November *14 and one week in January 15 published by
China Shipping. The research included the analysis of China Shipping Container Index in
May ’14 — January ’15 period.

In order to determine how the previous changes of maximum sulphur content in fuel oil have
affected the container transport in the European region, the analysis of the dynamics of
container handling in ports located in the SECA and non-SECA was conducted. It was based
on Eurostat Database.

In order to determine the direct impact of regulations introduced in January 2015 in SECA on
the ferry market, a comparative analysis of ferry transport costs was made. The analysis was
based on tariffs published in December 2014 and January 2015 by the ferry carriers: Unity
Line, TT-Line and Polferries operating the routes Swinoujécie-Ystad and Swinoujscie—
Trelleborg. The analysis of ferry traffic, based on 2005-2013 Shippax statistic, complemented
the considerations.
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3 RESULTS

An important factor influencing the shape of the entire container land-sea transport chain, is
the place of origin and/or destination of the cargo. The European container shipping market
consists of two segments:

1. Continental transport, where the place of origin and destination of the cargo are
located in Europe; it is usually operated by short sea shipping companies.

2. Intercontinental transport, where the place of origin or destination of the cargo is
located outside Europe and the whole transport chain consists of two or more chain
links: ocean and feeder shipping (Kotowska, 2014).

Intercontinental transport constitutes the vast majority of European container traffic. The
ocean link is operated by global carriers, while feeder link could be operated by a global
carrier (who offers feeder services as additional part of the business) or independent feeder
carrier. In both cases the global carrier acts as the multimodal operator: it creates the whole
transport chain (the route and the price). Differentiation of regulations of sulphur content in
maritime fuel oil between the seas of Northern Europe and the Mediterranean can influence
competitive positions of container transport chains. Due to higher fuel costs of vessels
operating in SECAs there is some concern, namely that the global container operators will
redesign transport chains, especially on Asia-Europe loops. The higher volume of cargo will
be delivered to the Mediterranean ports and thence - by road or rail transport - to customers in
Northern Europe (Fig. 1).

Figure 1: Container land-sea transport chains

Source: author's drawing.

The first changes are already noticeable. In 2015 Maersk is operating 11 loops on Asia-
Europe routes, two more than in 2014 (Porter, 2014b). In 2015 the number of Maersk
shipping lines calling at European ports located at the Mediterranean Sea increased from three
in 2014 to six in 2015, while to the North Europe ports — by one only from five to six.

The analysis of the previous transhipments in European ports does not support this thesis.
Figure 2 shows the share of container handling in ports of SECA and non SECA European
regions. The share of North Sea and Baltic Sea ports is about 60%, whereas until 2008 there
was a slight 2% increase, followed by a 4% decrease. This dynamic should be rather
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identified with the global crisis, the gradual change from hub-and-spoke network to multilayer
network (see Ducruet and Notteboom, 2012) and development of Eastern Europe than with
Sulphur Directive. Since 2002 the share of Baltic ports has increased from 4.3% till 6.5% and
Black Sea ports from 0.2% to 4.8%.
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Figure 2: The share of container handling in ports of SECA and non SECA European regions

Source: author's calculations based on Eurostat Database

The average freight cost on the China-Mediterranean route is usually about $200 higher than
on China-North Europe route (Fig. 3). It is probably the main reason of such significant share
of northern ports in total European ports turnover. However, the expected increase in
operating costs resulting from the implementation of the Sulphur Directive highly affected the
fluctuations of freight prices. At the end of the 2014, the rate differences reached $400, while
in January decreased to $90 only.
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Figure 3: China forwarders freight index
Source: author's drawing based on ShippingChina (2014).
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In November 2014 Shipping Companies calculated that on intercontinental routes the cost to
shippers through low sulphur surcharges rose from $10 to $120 per TEU, depending on the
service in question. The higher surcharges concerned the shippers with cargo on services
within the Baltic region. MSC’s surcharge for cargo moving on Lion and Silk services from
Asia to northern Europe has been set at $15 per TEU, rising to $52 for Scandinavian and
Baltic destinations (Porter, 2014a).

Figure 4 shows the average freight rates between China and European ports in a selected week
in November 14 and January ’15. In January the costs of freights on most routes were higher
than in November. The highest, almost 50% increase, was on routes from China to Baltic Sea
ports (Gdynia, Gdansk), while to North Sea ports the increase was smaller and reached only
40%, similarly to the increase on China-North Adriatic route. Thereby the difference between
freight costs to Baltic ports and North Sea ports increased from $300 to $550. In the same
period, the cost of freight from China to West Mediterranean ports decreased by about 10%.
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Figure 4: The freight costs on selected Asia-Europe routes in November ‘14 and January ‘15

Source: author's research based on ShippingChina (2014).

The increase of freight costs to the ports located in SECA area was noticed despite the large
decrease of fuel prices. The price of low sulphur diesel oil in February was at the same level
as maritime gas oil (IFO 380) in October ’14. Considering the costs of fuel, the freight prices
should not increase at all. But the fluctuation of freight cost strongly depends on market
demand (in January the prices increased due to the Chinese New Year). At the beginning of
February the freight costs dropped again to $1100 per TEU on China — North Sea routes and
$1400 per TEU on China-Baltic Sea routes. Thereby, the difference in freight costs to Baltic
ports and North Sea ports returned to $300 that was noted in November ‘14.
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AUG14 SEP'14 OCT'14 NOV14 C14 AN 15 FEB°15
Figure 5: The average prices of: gasoline in Europe for road transport (right scale), low sulphur
maritime diesel oil (LSMDO) and heavy fuel oil (IFO380) for maritime transport (left scale)
from August 14 to Februar 15

Source: author's drawing based on: Bunkerworld (2015), EIA (2015).

Ferry shipping experiences a different situation . The latest sulphur regulations in SECA
forced the ferry companies to change their investment policies. Some operators, like DFDS
and Color Line, decided to install scrubbers, others, e.g. Containerships, ordered new LNG-
fuelled vessels or, like Stena Line, converted the old one to methanol propulsion (Martin,
2013; Roueche, 2013; Bonney 2014; Stena Line introduces methanol-fuelled ship, 2014).
Unfortunately, some carriers (e.g. DFDS and Transfennica), because of concerns that the new
regulation would result in a loss of volumes, cut some services (Brett, 2015). But most
shipping companies began to use low sulphur fuels. All of the mentioned methods contribute
to an increase in the operating costs of ferry companies, which in turn affects freight prices.
Most ferry tariffs consist of three components: basic fee, bunker adjustment factor surcharge
(BAF) and low sulphur surcharge (LS). Two of three analyzed tariffs of ferry carriers
operating on Swinoujscie (Poland) to Trelleborg/Ystad (Sweden) route are designed in this
way. In both cases the basic fee has not been changed in 2015, but the low sulphur surcharge
increased (from 3SEK to 22SEK for one line meter of truck). Despite a significant decrease of
BAF surcharge (from 14 SEK in December to 8 SEK in January) the total price increased by
5%. The third carrier tariff is designed differently. It consists of basic charge and bunker
surcharge. In this case in 2015 the bunker surcharge has not change significantly, while the
basic fee has increased by almost 30%. Although this increase is significant, the total price for
carriage on the analyzed route is lower than the offer of the other carriers (TT Line ferry
Swinoujscie-Trelleborg route was lauched in January 2014 and the low price in 2014 was a
form of incentive to attract new customers).
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Figure 6: The freight prices for self-propelled and non-self-propelled units on Swinoujscie-
Trelleborg/Ystad routes

Source: author's research based on: TT Line, Unity Line, Polferries ferry tariffs.

Despite the fact that in 2015 the cost of ferry freight has increased, with a decline in the cost
of road transport, resulting from fuel price decrease, a modal shift should not be expected.
This is due to the role that ferry services play. The vast majority of ferry services have
mandatory character (they represent 3/4 of European ferry shipping lines), for which there are
no alternative road routes (eg. shipping lines connecting islands with the mainland). The other
ferry services are optional. They can be divided into types:

e Dbridge type shipping lines - short lines of up to two hours of haulage time, they make
natural extensions of land roads,

e transverse type shipping lines, where the voyage lasts over two hours but shorter than
via the alternative road haulage, they are mainly lines connecting ports located on the
opposite coastlines of confined water areas, e.g. the Baltic Sea, the Adriatic Sea and
the northern part of the Mediterranean Sea (Kotowska, 2014)

Because of these features of ferry shipping, particularly small substitutability of ferry lines
and high correlation with road transport, the tightened rules of sulphur content in fuel oil
should not affect the modal shift to road transport. Confirmation of this thesis is the dynamic
ferry traffic in SECASs in 2005-2013 period. (Fig. 7) Tightening the sulphur rules in 2010 did
not lead to ferry traffic decrease. The opposite phenomenon was observed, most likely due to
the development of Eastern European countries. In 2010 the ferry traffic increased by almost
50% compared to 2009. Similar phenomena are observed in 2015. In January ’15 the volume
of cargo on Swinoujscie-Ystad/Trelleborg ferry connection rose by almost 4% compared to
January '14.
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Figure 7: The ferry traffic in 2005-2013 in the North and Baltic Seas (number of trailers)

Source: author's drawing based on ShipPax Data.
4 CONCLUSIONS

The level of freight rates, which increased significantly at the turn of the year, is slowly
returning to normal. The differences between the cost of freight to various European ports: the
Mediterranean, the North Sea and the Baltic Sea, slowly reach the level existing before the
introduction of the new sulphur restriction. Hence, the restrictive Sulphur Directive should not
significantly affect the container shipping market or redesign transport chains, such as
expected shortening of maritime links to end at Mediterranean ports.

The similar situation is observed in ferry shipping. Despite the increase of freight costs, the
modal shift from sea to land should not be expected, simply because Most ferry routes cannot
be replaced (or it is unprofitable) by road transport. This conclusion is confirmed by the latest
statistics of ferry traffic on the analyzed routes, which reveal a slight increase after the
introduction of the new sulphur restrictions. However, it should be remembered that the
effects of the provisions of the Sulphur Directive have been significantly mitigated by the fall
in fuel prices. Nevertheless, even if fuel prices return to the level before August 2014, the
freight rates should not rise more than 10-15% compared to those in December 2014. In
summary, the fear that the directive will affect the modal shift does not seem to be fully
justified.
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ABSTRACT

The paper covers background and chosen experimental results for voltage source inverters VSI
working in parallel with two types of electrical generators. Squirrel cage generator and synchronous
generator are connected in parallel to power network with means of back-to-back voltage source
inverters. Chosen real-time control algorithm of digital signal processor DSP and field-programmable
gate array FPGA is used to achieve proper excitation of machines and maintain high enough level of
direct current link voltage. Windings of both generators are fed with use of so-called machine side
inverters. Asynchronous generator is VSI driven with use of sensorless algorithm based on multiscalar
machine model, while field oriented controlled inverter excites synchronous generator. Proper control
of line side inverters allows smooth distribution of active and reactive power on alternating current
side. Line side inverters can be synchronized with ship’s electrical network with means of software
phase locked loop PLL or by voltage zero crossing sensing. To robustness of chosen algorithms,
different types of load were applied while parallel work of generators and inverters..

Key words: Back-to-back, active power, reactive power, power distribution, VSI, inverters, FOC,
multiscalar.

1 USE OF INVERTER FED GENERATORS IN SHIP’S ELECTRICAL GRID

1.1 Introduction

According to new regulations and rules there is urgent need to cut down emission of toxic
gases produced by maritime Diesel engines. One of the strategies is using existing
technologies of auxiliary combustion engines with new methods of connection electric
generators and electrical power distribution. Up to date most of generators used in ship’s are
constant speed synchronous machines but it can be seen great advance in shaft generators grid
inverters development. Next step for designers is creation of electrical system controlled
along with electronic management of Diesel engines to improve reduction of fuel
consumption and emission of exhaust gases.

Current work of group scientists and engineers in Institute of Electrotechnics and Automation
is focused on parallel work of different types of generators connected thru inverters. In the lab
called “Green Energy” there are three types of generators connected to main switchboard
(MSB) with means of widely used marine synchronizers. Electrical generators are driven by
squirrel cage motors, which are fed by vector sensorless commercial inverters. In classic ships
designs MSB is main point where all electrical sources and consumers are tied up together.
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There are installed protection units, power distribution devices along with circuit breakers,
voltage regulators, monitoring and alarm systems in ship’s main switchboard.

1.2 Two generator-inverter sets in parallel work concept

Proposed strategy of electrical generators control is based on assumption the every inverter
unit assigned to it’s own generator can act as power management system. While
communication means of i.e. Modbus network are assured, system can easy cooperate with
Diesel control unit to maintain optimal point of combustion engine work.

Main issue while connecting alternating current sources to parallel work is proper setting of
parameters to achieve most optimal active and reactive power sharing. In most of solutions
this is done by control over rotational speed and voltage regulators. In standard solutions
there’s a possibility to change active power load ratio simply by increase of fuel consumption
of one generator, which takes more of electrical load. Reactive power sharing is fixed and
proportional to nominal values so it cannot be changed in easy way by operator.

L11213
Control system 1
Synchronizer 1 Load group
@l | (bbb
s S 1kW
DI @_“.. $G) i
Hebaba | bebabc -
Control system 2 ik
Synchronizer 2 5kW
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DI{PM)-FAG)
Hebaba | babghe

Figure 1: Block scheme of tested system

Source: Author

In presented solution as alternating voltage sources there are used self-excited synchronous
generator denoted as SG and asynchronous squirrel cage generator marked as AG. Both
generators are driven by prime movers (PM) powered by drive inverters (DI). Such a solution
allows convenient driving of generators in wide range of RPM’s thus working parameters
testing become easy. As it can be seen in fig. 1. both inverters are in back-to-back connection
which can be extremely useful in case of power transfer in/out with variable speed shaft
generator use.

The synchronizers were used mainly for visualization of synchronization process and to give
information of actual circuit breaker state (close or open). In presented system features of
frequency control while synchronizing process were not utilized. As long as all data outputs
are in digital form it can be easily distributed to data inputs of power converters controllers. In
lab workbench all synchronization actions were made by changing frequency and amplitude
of line inverters output voltages by hand input data modifications.
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Important role of automatic synchronizers is to prohibit on bus connection of generator with
misaligned frequency and amplitude to prevent huge values equalizing currents occurrence.
When any of these parameters is not proper, closing of circuit breaker in automatic mode is
not possible.

2 CONTROL OF MACHINE SIDE AND LINE SIDE INVERTERS

Proposed system consists of two real-time controlled inverters where digital signal processor
can be freely programed with use of VisualDSP++ language while FPGA (field-
programmable gate array) is programmed by Altera Quartus software. In most modern real-
time power converters this type of control is recognized standard. FPGA digital circuit
controls switching strategy of IGBT (insulated gate bipolar transistor) transistors (SVPWM -
space vector pulse width modulation in this case) and provides handling of analog to digital
sensors. DSP circuitry calls it in it’s running real-time software interruptions and reads values
of measured current and voltages for control and protection purposes. Moreover after
calculation loop, digital signal processor sends voltages data in a-f3 coordinates to execute by
FPGA. Logic unit controls switching of transistors constantly taking care of power electronics
dead time.

Proper operation of line side inverter is ensured while direct current link voltage is maintained
at desirable level. In tested system, DC voltage was set on 700V and it was kept almost
constant by machine side inverters.

2.1 Self-excited synchronous generator control strategy

The 5,5 kW slip-ring synchronous generator (SG) driven by prime mover (PM) was used as
one of test objects. As control algorithm the field oriented control (FOC) was chosen to
utilize. In a manner of this method there can be independently controlled active and reactive
currents. Active current isy control loop in d-q coordinates provides constant DC link voltage
Upc value, while reactive current iy is set to zero.
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Figure 2: Scheme of synchronous generator control

Source: Author

The FOC control method is well known since it was introduced back in 1971 and is used
mainly in AC electrical drives speed control algorithms.
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The core of FOC is use of transformations calculated in DSP in real-time. With properties of
space vector there’s possibility of projection sinusoidal balanced three phase quantities as
easy to control with PI regulators constant values of currents, voltages and fluxes. For
example space vector x g representing aforementioned quantities can be expressed by two-

phase magnitudes called X, and Xz in the real-imaginary complex plane. Mathematically this
relationship can be written as:

- 2 ax + a2
X=X, + X =2 (Xt r A,

1)

The a-f components of the space vector can be calculated from the abc magnitudes
according to:

X, = Re{x_s}:g(xa—%xb —%xcj

)
X, = Im{x_s} =g ﬁxb —ﬁxC
3\ 2 2
@)
These two relations can be represented in matrix form as follows:
L1y
X0 |_2 2 2 y
%1 3, V3 3 xb
2 2 ¢ ()
For practical use it is convenient to define matrix given in (4) as follows:
2|t _% _%
7.2 5)
3p V3 48
2 2

This transform is referred as Clarke transformation named for the person who developed it
Edith Clarke.

Other very useful transformation, transforms stator phase quantities from the stationary abc
reference frame to the dqO reference frame which rotates with the rotor is called Park
transform.

cos@ COS(@—Z—EJ cos(9+2—ﬂj
3 3
Xd Xa
X :z —sin@ -—sin 9_2_7z —sin 6’+2—7z X
a1 3 3 3 b
KR! 1 oL
2 2 2
- - (6)
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Equations given in 4-6 are hard coded into VDSP++ and executed in real time just to obtain
values of currents, voltages and fluxes needed for easy control machine side inverter and DC
link voltage. To proper operation of algorithm there is need for rotating frame angle 6
calculation. It is done in sensorless way by measurement excited generator terminal voltages.
Those voltages are sinusoidal waveforms so by applying PLL (phase locked loop) or zero-
crossing sensing it is possible to calculate rotational speed and frame reference actual angle.
For preparation of inverter control signals inverse Park and Clarke transformations must be
applied.
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Figure 3: Process of charging DC link capacitors of synchronous generator without action of
machine side inverter

Source: Author

To effective control of line side inverter connected to synchronous generator DC link
capacitors must be initially charged to minimal required voltage level. Signal from voltage
sensor makes contactor denoted on figure 3 as K1 closed, and after this action machine side
inverter can be switched on and put into operation. Time of whole process depends highly on
generator’s rotational speed. As it can be seen on figure 3 when rotational speed is too low,
voltage may not reach needed value at all and generator’s machine side inverter will not
become into operation. Great advantage of this system is lack of external circuitry for
preliminary capacitors charging — self-excited synchronous generator does it all.

2.2 Squirrel cage asynchronous generator control method description

In case of asynchronous cage generator (AG), which in fact is regular 5,5 kW squirrel cage
motor task of excitation and stable work, is far more complicated than in self-excited
synchronous generator. First of all, DC link capacitors must be charged from some external
source. Similar to previous case contactor must be closed while DC voltage is high enough.
When it is done running generator is put into operation and initially takes energy stored in
caps for magnetization purposes. To control asynchronous generator in that manner algorithm
for machine side inverter is necessary, which supports decoupled control of magnetizing and
active current. Similar to synchronous machine it can be FOC, which is suitable for such
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purposes. To get a complete system it must be supplemented with some numerical procedures
to handle sensorless operation and flying-start mode.

However, in this particular solution sensorless, multiscalar model was chosen because of it’s
robustness and good dynamic response.
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Figure 4: Block scheme of asynchronous cage generator control working on the basis of
multiscalar model induction machine

Source: Author

Variables independence is one of advantages that come with use of multiscalar model while
FOC method suffers from its dependence on the machine parameters. Machine model is
discretized with means of Euler method and runs as DSP program in parallel with real
machine. To proper execution of software currents on at least two phases must be measured
and in digital form delivered to DSP. There’s no need to measure AC voltages since machine
inverter generates them. The only voltage measurement is made at DC link in order to
execution main control loop.

Actual value of constant DC link voltage taken from LEM voltage transducer is compared
with voltage set point. Error signal feeds voltage regulator of Pl type that generates the output
value denoted as xi», which is proportional to electromagnetic torque. This is compared with
value calculated with means of speed observer and result goes to regulator generating output
signal named m;. As it can be seen in figure 4 this value is used for control of decoupling
equations subsystem. In addition value denoted, as X,1 is squared rotor flux and after a
regulation process creates variable m, also needed in decoupling subsystem. After decoupling
process obtained values of control voltages u; and u, are passed to transform subsystem.
Voltages in a form of a-f coordinates are passing to FPGA and at the end TTL pulses are
formed to control arms of VVSI (voltage source inverter), which is machine side inverter.

Quantities used for multiscalar induction machine real-time model are described in the
following equations [3]:
X11 = Wy

X12 = LPrx"sy - LPrylsx )
X1 = WP

Xop = Wrxlsx + Lprylsy

where: w, — shaft rotational speed, ¥x — rotor flux in x axis, ¥y — rotor flux in y axis, is —
stator current in x axis, isy — stator current in y axis.
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Additional mechanical motion equation completes machine description, which is coded in
Luenberger observer and is used to determine the angular speed and actual angle of shaft.
d 1

awr :j(Te _TL) (8)

where: J — rotor moment of inertia, T, — electromagnetic torque, T, — shaft load torque.

2.3 Line side inverters control methods

Voltage line side inverters are main source of alternating current for ship electrical grid. It is
crucial to maintain constant value of DC link voltage to ensure stable work and proper power
distribution. Both of line inverters have implemented the same control algorithms. There are
provided two modes of operation: island type (one generator/inverter set feeding grid) or work
in parallel two inverters. In the first mode when only one generating set power up the grid,
line inverter has to control over the frequency and amplitude of resulting voltage. When there
is increase of demanded power, another generator set is started. After a synchronization
process, which ends with closing circuit breaker, control algorithm of one inverters changes.
One of parallel working inverters holds frequency and amplitude on constant level, while
second one carries out an algorithm of active and reactive power distribution. All the power
demand not covered by generator working in power sharing mode is covered by the second
one. For proper operation of power distribution regulators actual value of net frequency must
be provided constantly. For this purpose in presented system phase locked loop algorithm was
used once again.
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Figure 5: Experimental results of applying active power load while parallel operation of squirrel
cage generator along with synchronous generator

Source: Author

As it can be seen in the figure 5, there are some oscillations of active (P) and reactive (Q)
power. These oscillations occurred while active power load take over due to improper settings
of PI regulators especially proportional gain setting. There have been conducted extensive
tests on lab test bench for load takeover and load drop (both active and reactive) which have
shown good properties of investigated system. Some tests of parallel operation of two
generators along with inland power grid were performed and results showed near excellent
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control of active and reactive power distribution, which may be very useful while cold-
ironing.

|
\

SOIEI‘ D. .0

Figure 6: Experimental
test bench in “Green Energy” laboratory

Source: Author
3 CONCLUSIONS

Presented system allows easy distribution of active and reactive power and long-term
cooperation of different electrical sources such as electric generators of different types
working in parallel with changing in wide range angular speeds. System is still under
development by adding new sources (e.g. double fed asynchronous generator with rotor
connected inverter), better control algorithm design and testing under various load types. It is
a starting point for the design of ship electrical systems including distributed voltage sources
where energy distribution is carried out by use of direct current.
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ABSTRACT

The operations of individual ships, as well as the shipping industry in general, are a broader process
than merely a transport service. In addition to the fact that ship owners want to make the best use of
the ship’s capacity and optimize services to obtain the greatest possible impact and benefits, they must
also ensure human safety and environmental protection. Ship owners are required, when carrying out
activities in international maritime traffic, to follow strict regulations on safety imposed by the
International Maritime Organization (IMO) through a number of conventions. With the introduction of
the International Safety Management Code (ISM Code) in the 1990s, shipping companies were forced
to integrate into their business safety management imposed on them by international rules.

The whole organization of the shipping company, both in the economic and logistical perspective, is
subordinate to the implementation of international regulations. In order to comply with regulations and
at the same time to maintain a successful business they have to establish effective ship - shore
management. This should cover all areas of activity, such as maintenance, procurement, financial
management, human resource management and supervision of the implementation of international
regulations. The purpose of this paper is to show how effective ship - shore management operates and
what the advantages are of properly set up ship - shore management.

During the establishment of ship - shore management the ship owners raise the issue of how to
develop an effective system that would provide economic and logistic support and at the same time
satisfy the need for safety. The tendency is to maximize automation and the use of information
technologies. Ship owners could choose between two alternatives; creating their own information
system for ship - shore management or purchase already existing software in the information
technology market. In deciding between alternatives it is important to take into account several
aspects, such as the cost of production/procurement, quality and reliability of the system and in
particular, the time needed for the system to be complete and start operating efficiently. The second
objective of the paper is to analyse the advantages and disadvantages of both abovementioned
alternatives of establishing ship - shore management.

Key words: Shipping industry, ship owner, international regulations, ship - shore management, safety,
effective system, information technology.
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1 SHIP-SHORE MANAGEMENT AS A BASIS FOR SHIPPING BUSINESS

Maritime trade represents an important part of the world economy. It covers a major area of
all exports and imports. Not just vessels, but also many other shore facilities, such as ports,
shipping companies, coastal and governmental authorities, support maritime trade. This paper
addresses the aspect of shipping companies supporting ships in obtaining good trade and
complying with coastal and governmental requirements.

There exist various types of ship management companies. Bigger ship owners are usually
owner-operator companies, which own the ships and also manage them. Then there are some
ship owners that manage their ships and charter them out. The major part of that market is
covered by third party ship management companies, which provide ship management services
to ship owners.

In the last century, as a result of various accidents and other events numerous international
regulations were adopted to ensure human safety and environmental protection. Ship owners
are required to comply with and observe all the regulations and rules imposed by the IMO and
integrate them into their business organization. A well-organized ship owner, both in the
economic and logistical perspective as well as in the area of compliance with international
regulations can provide properly established and effective ship - shore management, covering
all areas of activity, such as maintenance, procurement, financial management, human
resource management (crewing), document control and supervision of the implementation of
international regulations.

1.1 The role of ship — shore management

Ship - shore management represents the company's organization (ship owner’s organization
or the organization of the company managing the ships). It represents the connection between
shore-based offices and vessels. This connection can be on a basic level or more sophisticated
with the use of the information technologies. Nowadays the tendency is to use as much as
possible information technologies (IT) and automation. In such a way companies can have
full control of vessel's operations and dealing with vessel's needs such as procurement of
spare part and services, control of other vessel's requirements, needs of crew changes,
maintenance, quality control and safety.

Some companies (especially smaller one) are using a basic approach to ship - shore
management. They apply IT just to certain areas of activity, and for the rest they use simple
tools such as Word and Excel, for instance in dealing with order requisitions, maintenance
plans and accounts control. For communications they are using only telephones and e-mails.

Instead of paper records, several companies are using software technologies that provide them
with more effective management and control over all areas of operations. They also have
direct exchange of data through software via satellite between the shore-based office and
vessels. In this way they have at every moment the most updated information, and the
communication between the shore-based office and the vessel is very fast and provides vital
support.

179



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

1.2 Advantages of properly set up ship — shore management

The aim of each company is to have all business operations under control. The most effective
control can be achieved with the use of software with a number of modules that cover each
specific area. The modules should be linked to each other in order to have a complete
overview of operations and the business itself.

The management should cover the following main areas:

Technical management and procurement
Crewing management

Quality and safety management
Financial management

1.2.1 Technical management and procurement

Technical management and procurement is a central point and the widest area of the business.
The effects of the Technical management and procurement have an important impact on the
other areas of operations.

To ensure good technical conditions of vessels and consequently smooth business operations
and compliance with all safety regulations, management companies should establish an
effective Planned Maintenance Plan (PMS). “It is not just an onboard documentation of jobs,
but a central communication platform for all technical matters and tasks” (Best Practice Ship
Management Study 2013). This can be achieved with effective software. Large Excel
spreadsheets and programs in Excel do not ensure enough control over the state of
maintenance and assets.

Software must allow:

e Planning of maintenance (define regular works and maintenance schedules as per
maker's recommendations, detect future maintenance work and deal with unexpected
maintenance, and working instructions can also be incorporated)

e Reporting of maintenance (generate various reports as performance of planned
maintenance, other maintenance records, keep records for inspection authorities such
as Class Register, Flag State and Port State Control, create work orders and dry dock
specification repair lists)

¢ Inventory control (inventory lists of each storage area, automatic update of inventory
after maintenance and purchase, alerts about the level of items in stock, all
information about suppliers, prices and units in order to calculate future costs in
advance)

e Asset control (overview of all assets and their condition, maintenance schedules)

e Monitoring of maintenance and inventory, and history of maintenance done, replaced
spare parts etc.

e Users should have access to all data, but they cannot change the basic data.

Maintenance and related tasks represent a significant cost, so it is important that
procurement/purchasing is working hand in hand with technical management. In this way
management companies can obtain a better overview of purchased orders, enquire about
quotes in time, ensure deliveries in time and reduce the overall costs. Procurement/purchasing
should also be supported with software that enables the receiving of order requisitions from
vessels or the creation of own orders, requisition enquiries, receiving quotes in the system and
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comparing them (save the data for future purchasing), purchase tracking (status of the
purchased order, expected time of delivery etc.) and costs and budgets tracking.

1.2.2 Crewing management

Crewing management is managing the crew on board vessels. Crews working on vessels must
be properly trained for their respective positions. They must have the relevant certificates to
comply with international regulations.

Any non-conformity with the STCW regulation (Standards of Training, Certification and
Watchkeeping) and MLC 2006 Convention (Maritime Labour Convention) can lead to
sanctions given by the authorities, or in the worst case even detention of the vessel. Ship
management companies must therefore keep accurate records of crew certificates and ensure
that all conditions of the MLC 2006 Convention are fulfilled.

The crew management software module should provide:

e Records of crews with the company and their positions (personal data, medical
information, documentation, contract details, appraisal reports)

Crew certificates records (control/alerts on expiry, listing of required certificates)
Planning crew changes and preparing embarkation and repatriation itineraries
Preparing travel documents and guarantee letters for authorities

Keeping track of supernumeraries on board

Connection with accounting for salaries calculation and payments

Personal and safety uniforms records

Production of various reports, such as crew list, leave request, sea service
certificates.

1.2.3 Quality and safety management

The shipping business must follow strict international regulations and also class and flag
requirements. To comply with all the requirements and standards, ship owners and
management companies have to establish a quality and safety control system. In this way the
management can ensure that all the areas of the organization follow the correct procedures.

Since 1994, it has been compulsory for all shipping companies to comply with the
International Safety Management Code (ISM Code) for the Safe Operation of Ships and
Pollution Prevention. While Quality addresses how ship management companies should
ensure customer satisfaction, the ISM Code specifies how ship management companies must
ensure that they operate their vessels both safely and in an environmentally conscious manner.
Like most compliance programs, the ISM Code requires companies to demonstrate how they
comply with the standard through both action and evidence. However, this has led to
problems with Safety Management System (SMS) maintenance.

According to the ISM Code, management companies must develop, implement and maintain a
Safety Management System (SMS) that ensures compliance with mandatory rules and
regulations and also applicable codes, guidelines and standards recommended by the
authorities. The SMS includes a safety and environmental protection policy, instructions and
procedures to ensure safe operation of vessels, defined levels of authority and lines of
communication between shore and ship staff, procedures for reporting: system performance
(audits and reviews), incidents and non-conformance, hazard identification, risk assessment,
preventive and corrective actions and any statutory (legal) requirements, procedures to
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prepare and respond to emergency situations.' The ISM manuals issued by the company
should comply and be approved by the class authorities. Vessels must be maintained in
conformity with all relevant rules and procedures and also any additional requirements which
may be established by the company.

The ISM Code documentation can also be integrated into software, together with all
international regulations that must be observed and they can be linked to other modules
(management departments) to provide compliance with all requirements at any level of
operations. The manuals can also be accessible through the software at any time. The frequent
problem of management companies is that persons in charge are not familiarized correctly
with the company’s ISM Code. The electronic version is more easily accessible than the hard
copy and the company can expect more consistent application of the rules and procedures.

The requirements for the SMS closely match the requirements for the Quality Management
System (QMS), albeit with a different focus. The same tools and processes that are used to
manage quality, are also applied to safety (and environmental) management systems,
documentation and document control, incident/non-conformance reporting, maintaining
records, managing training, and maintaining equipment.

For both management standards, the scope of what the management system will cover must
be defined, and both require a policy. In terms of safety management, it means the company
must have a process in place to identify and control risks and hazards and also a process to
identify legal requirements. In a quality sense, the focus shifts are to determine customer
requirements for the service, but requirements are also regularly included in the quality
planning process.

1.2.4 Financial management

The financial department is not directly related to the vessel's operations, but nevertheless has
an important role in the management company organization. Financial management should be
integrated into business operations, especially to ensure proper budgeting.

The financial management is usually done by trained accountants, but they have a strictly
accounting perspective over management company operations. It would be appropriate to
include a person with maritime field experiences in the financial department. However, in
order to ensure correct costs allocation and effective allocation of financial resources, it is
necessary to introduce the use of software, which should be directly connected to all other
departments through modules.

The financing software module should allow:

Direct connection to all other modules and importation of costs and cost allocation
Cash flow controls

Making financial plans and budgeting

Cost estimates

Accounting and cost controls

Reporting

Preparing payments and importation of payment files into the banking system

Y IMO; ISM Code and Guidelines on Implementation of the ISM Code 2014
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2 BUILD UP SHIP - SHORE MANAGEMENT

Due to the current situation in the maritime market, where the number of international
regulations is increasing, the lack of qualified shipboard personnel, higher fuel prices and the
slashing of charter rates because of overcapacity in the market, ship owners face the problem
of financing vessels. For this reason ship owners are looking for management companies that
provide them quality and safety operations, qualified and competent crew and transparency of
costs.

Nowadays there is no longer any place for paper records-based processes (although there is
still surprisingly a lot of paper-work in the maritime industry), and the need for information
technologies and automation is growing fast. Management companies are trying to adapt to
the new situation and establish as much as possible effective ship - shore management.

Although some management companies still mainly use paper records based processes and
use software just for certain segments, a large part of the management companies is trying to
establish effective ship - shore management by using information and communication
technologies.

Some companies decide to create their own in-house produced software and some rely on the
already verified and certified software on the market.

Below we show a case study of a company trying to establish its own model for management
and the analysis of what is more effective through three main aspects: cost, quality and
reliability, and time needed for the system to become operative.

2.1 Create own software for ship - shore management

Small management company X (name withheld for privacy reasons) manages the vessels of a
small ship owner. They manage just two vessels at the moment.

Ship - shore management condition:
The management company is structured into five departments:

Technical department (three employees, contractors)

Purchasing (one regular employee)

Crewing department (two employees; one regular and one contractor)
Financial department (two employees; one regular and one contractor)
IT department (two employees; one regular and one contractor)

The technical and purchasing department uses a paper record based process with no use of
any software. For planned maintenance, maintenance control, purchasing uses Word and
Excel. For communication between vessels and the shore-based office, the shore-based office
and supplier/authorities use telephones and e-mails.

The crewing department uses in-house produced software. The software is used only in the
shore-based office, because it does not support direct exchange of data from/to the vessels.
The software provides:

e Personal data records of the crew and appraisal reports
e Crew certificates records and control/alerts of their validity
e Personal working and safety uniform records.
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e Planning crew changes and preparing embarkation and repatriation itineraries and
travel documents

e Printing various documents (contracts of seafarer's employment, sea service,
application forms for flag required documents and endorsements)

e Crew salaries calculation and payments (the system generates a payment order file to
be imported into the banking system)

The company needed two years to produce and test the software and for it to become
completely reliable.

In the financial department some work is done with software, and some in the old way with
Excel spreadsheets. They produced an in-house accounting tool, which provides posting of
invoices, accounts control, simple reporting, preparing payments and importing of payment
files into the banking system.

The accounting software was produced in approximately one year, but it is still subject to
improvements. At the moment they are formulating software for financial management, which
will facilitate the production of financial plans, cost estimates and more sophisticated reports.

The IT department is responsible for purchase and maintenance of the equipment and IT
support in the office and vessels. They produce software applications according to plans and
needs.

2.2 Purchase software in the market

In the market there are already many providers of maritime software for ship management,
such as Spectec, BASS, DNV-GL, and Norcommes.

They provide ship managements with software solutions featuring many modules designed for
each department and fully integrated into the system. Ship managements can perform
integrated management of planned maintenance, purchasing, accounting, crew management,
document control, and safety management as described in chapter one. Such software ensures
that shipping companies comply with maritime regulations and perform safe, reliable,
effective and profitable ship operations and improve their operations.

Initial investment in such software is usually high, but over time this is recouped due to
transparency and process efficiency, better cost control, better communication flows and
better compliance with regulations as a result of effective implementation.

2.3 Comparison of the two possibilities

The analysis involves a comparison of the three main aspects companies consider when they
opt for more integrated solutions for their operations and use of information technologies.

Cost

The cost of purchasing existing software and communication systems for management
companies in the market is relatively high, but includes a lot of hardware. The price depends
on the size of the company, i.e. on the number of required units and the range of software
systems they want to acquire. Once the software and required hardware is installed, the
companies have to pay yearly subscription, maintenance and upgrades. In the long run the
costs for such system become quite reasonable.
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In the case of company X the two IT employees are paid approximately EUR 84,000 per year
(on the basis of their gross salaries/overall cost for the company). For such an amount per year
it is possible to purchase high-quality software and maintenance.

Quality and reliability
Software systems on the market are already verified and most of them also certified.

The in-house software must be tested and needs time to be fully effective and completely
reliable. Its quality is closely linked to this.

Time

Purchased software becomes operable and effective in a few weeks, while in-house software
needs time to be built and tested. This could take months, even years, and as already
mentioned above, needs a lot of time to be fully effective and reliable.

3 CONCLUSION

The current situation in the maritime market is such that ship owners and shipping companies
face the problem of financing vessels. Moreover, there are a large number of new regulations
and compliance requirements. Management companies must provide adequate supervision of
their operations and documentation, especially in the technical, purchasing and crewing area.
Only in this way can they control and try to reduce costs while ensuring compliance with all
regulations. Every detention of a vessel because of non-compliance represents an additional
and substantial cost for the ship owner.

According to the analysis made it is more appropriate to use already tested software from the
market and adapt it to the needs of the company. This is also useful for smaller companies. It
IS important to provide software to the most critical areas of the business, and these are
certainly the technical/purchasing department and crewing department. The case study of
company X shows that despite the fact they want to establish their own IT support, their
attention has been insufficiently devoted to the technical department where actual large costs
arise. The technical and purchasing departments need control and monitoring of effective
maintenance works in order to reduce costs.
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ABSTRACT

New technologies in shipping fundamentally alter the activity of the maritime economy, and changing
the world of maintenance and maintenance philosophy. Competition on the global shipping market,
great complexity and dynamism of the ship and its environment, require efficient management and
effective decision-making. Based on the information about the technology used by maritime
companies and data on the impact of technology on business and strategic development of companies
in the shipping industry analysis will determine the extent of the technological environment in the
strategic development of companies in the shipping industry. The analysis will show the importance of
technology for business, the risks that entails, and the connection between technology and strategic
development of the company. The aim of this paper is to analyse the impact of technological
environment on business strategy of shipping company i.e. to analyze the impact of new technologies
on decision-making and business management which is reflected in the overall operations and the
development of enterprises. Also, the aim of this paper is to explore, evaluate and define the methods
and computational procedures that will improve management strategies for maintenance of ships and
manage risk and improve performance information support.

Key words: Technological environment, strategic development, maritime company.
1 INTRODUCTION

The aim of this paper is the analysis of impact technological environment on strategic
development of maritime companies, i.e. analysis impact of new technologies on decision-
making and business management which is reflected in the entire business and enterprise
development. Also, the objective of the paper is to explore, evaluate and define methods and
computational procedures that will improve the management strategies of vessel maintenance
and risk management, and increase the success of impact technology (IT) support.

The objectives are:
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e Analysis of movement of progress and technology trends in shipping,
e Determine the impact of technological environment on the strategic development of
companies in the shipping industry.

Application of new technologies in marine systems, particularly software — such as neural
networks, expert systems, fuzzy logic, genetic algorithms, pattern recognition, information
fusion and the like — provides new possibilities in terms of signal processing, management
and diagnosis of marine processes and full supervision, management and guiding the ship as a
single integrated system, i.e. realization of the idea of intelligent ship. It is important to notice
and identify which factors have the greatest impact on business processes. The result of the
research will give more importance to the impact of technology on business strategy,
decision-making and the business enterprise. It is important to point out companies that they
should more attention focus on technology. The final contribution of this paper is in the
understanding of the importance of technology and the intensity and direction of its impact on
the strategic development of companies in the shipping industry.

2 ANALYSIS OF THE IMPACT OF INFORMATION TECHNOLOGY ON THE
STRATEGIC DEVELOPMENT OF THE COMPANY IN SHIPPING INDUSTRY

At the present time, characterized by the explosive development of new technologies based on
the use of modern means of information technology (computer and other equipment, program
funds and tools that are at a relatively high level of development), computer aided design is no
longer a futuristic idea, but realistically grounded scientifically — technical discipline, which
in modern conditions of production and business turns into essential need. Management of
business processes has an important task in contributing to the fulfilment of the mission of the
organization. Neglecting the business results and aspirations for its quality, would bring into
question the fulfilment of the requirements of stakeholders in the marine business.

Today information systems are socio-technical systems. Although they are composed of
computers, devices, and "severe" physical technologies, they require basic social,
organizational and intellectual investment in order to function correctly. Information systems
for decision support have task to assist in decision-making.

Computerization of shipping organization can be defined as the use of computers and other
information and communication means and devices in the automation of information
processes and flows, and automation of information’s, communication organization with its
relevant environment [4]. The aim of the computerization of shipping organization is
automation of basic processes (service, business, information ....) [7]. Among the basic long-
term goals of process automation of modern shipping organization, belongs achievement of
internal information integration of organization and its external information integration with
the relevant environment. In this regard, an integrated information system of the shipping
organization in its context includes [7]:

e Automation of all business processes of the organization;

e Management information system that provides data, information, and other
fundamentals for the management of the organization at the strategic, tactical and
operational level,

e Automation of the process in the preparation and making management decisions;

e Automation of the process in developing information systems, automation of the
process in engineering design, process automation in planning and quality control;
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e Automation of document management process in the organization and
e Automation of office duties at the highest level.

In order to determine which information resources are needed in ship maintenance
management strategies, it is necessary to consider the perspective of a shipping organization
as a whole, i.e. acquire strategic vision of the shipping organization [7].

It is necessary to adequately access the planning and strategy of development of information
systems by creating a conceptual project of information system. This stage within the life
cycle is often neglected, and one of the reasons for this situation is the fact that the largest part
of these projects were done insufficiently professional, without methodological foundation, so
it is created image that such projects should not be realized. However, conceptual design
information system is certainly the first and most important step that defines the structure and
determines goals and priorities in the development of the information system[7]. Experts for
maintenance of ships often seek information systems for project planning that can work
directly with the data from their system for maintenance, in order to obtain project planning
function without loss of detail about each element of the ship. Practice in the world is rich of
examples that speak about the problem of connecting the project planning software with
existing systems for ship maintenance [7].

The task of management is to do everything for the maintenance of ship in order to avoid
unexpected intermission or to reduce time of intermission, because every hour of intermission
brings huge costs to ship owner. Mastering the present means quality, efficiently and
effectively manage existing processes of maintenance of the ship. Although each system will
eventually have to change, in the meantime, while the change does not occur, it is necessary
to act more efficient, profitable and successful.

In order to get more effectively monitoring the process of maintenance of the ship, it is
necessary to select and introduce a specialized information system to support maintenance
management that will enable: determining the current state of business resources (staff, spare
parts and materials, tools, etc.), the introduction of preventive maintenance and its monitoring,
and analysis in order to plan future activities and related costs, so-called cost-effective
maintenance.

The quality of decision-making in the business process is closely associated with quality of
the information base. In order to do the main activity more effectively, it is necessary for
managers of different levels to provide accurate insight into business associates; therefore, it
is necessary to provide a simple, effective and quick way to access information that are
circulating in the business system. This is one of the important prerequisites that enable
managers to bring opportunely and correct decisions in dynamic business environment. To
ensure accuracy, which is required for this solution, it is absolutely necessary to applicate the
modern information and communication technologies, as well as adequate informatics
integration. The implementation should be based on the efficient organization of human and
material resources, their better redistribution within and outside the company, and reducing
costs, which results in an increase of income in enterprise and leads to even better results of
business, as the premise of business in conditions of constant economic changes. It can be
seen how technology affects all aspects of the business and finally to the financial results of
enterprise business.

The information is necessary to recognize and generate alternative solutions to the problem of
ship management strategies, as well as to identify the circumstances of decision making.
Information is the most important management resource. Manager of the maintenance of the
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ship shall timely and accurately respond what he does it just on the basis of timely and
accurate information. Information means information about the facts, report on something, the
element of knowledge, basic information that can be transferred and counted thanks to the
marking procedure and the respective devices. Information is also any message a subject in
the form of signals, which can decipher and interpret information and to find a minimum of
news. Information is a resource indispensable for the conduct of any business process,
including the work of the maintenance management of the ship. Ensuring information requires
the ability to apply the methods and procedures, specific time, labour and financial resources,
and built an information system.

Management of business process has an important task in contributing to the fulfilment of the
mission of the organization. Neglecting the business results and aspirations for its quality,
would bring into question the fulfilment of the requirements of stakeholders in the marine
business. And the decision of management of the ship maintenance affects the total business
enterprise, and is indispensable well-built information system that will help it in making
decisions about the business of the shipping enterprise. On the quality of information that is
necessary to the process management of the maintenance the vessel in decision-making, are
influencing both components of information requests. The absence of natural or valuable
components makes information insufficiently quality for making good decision. Only in
constantly interaction, natural and value expression of the information in the business process
produce a synergistic effect that gives characteristics of usability the information, as a base in
decision-making.

It is estimated that the construction of a quality system can achieve substantial savings
through proper management of maintenance of the ship, which means a very fast return of
money invested in the information system. For the accomplishment of the following tasks for
the information system, support or integrated logistics support is necessary, which is a set of
activities, mostly technical, economic and organizational, and which are taken on the ship to
ensure the necessary conditions for the performance of the projected objective function of the
ship.

In addition to providing information on the state of resources information system maintenance
ship the information system should be allowed to solve complex problems faced by managers.
The information system of the ship shall give an example of how responses to implemented
management information system determines predictive scheduling of periodic maintenance
and routine maintenance of the ship or how to reduce the shortcomings of manual handling
and the human error or to schedule maintenance. It is important to improve the decision
making with some of the techniques such as Monte Carlo techniques, game theory, decision
tree (risk conditions), Brainstorming and make decisions in terms of security, decision-
making under conditions of risk and decision-making under uncertainty. It is understood that
the complexity of certain methods of managerial decision making increases with increasing
uncertainty and risk affecting the managers and decision-making.

The necessity to develop and introduce special labelling systems for business factors, which
are now called tagging systems and whose necessity is as present as the growth of the number
of business factors in the business system is faster, and whose application in real systems is as
easier as the application of modern means of information technology is more present.

When designing an information subsystem maintenance of the ship, then shall be applied
flexibility in designing; on the one hand, must be developed a long-term global concept with
built-in organizational aspect, on the other hand, shall be developed a small applications to
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solve specific operational problems, which do not disturb the global concept and that can,
when the conditions are met, fit into the global development concept of integrated information
systems. That information system should serve different, but interrelated, parts of a whole
business system of shipping companies, such as: business, decision-making and management,
communication and collaboration. This means that modern information system includes and
connects system for transaction processing, which supports regular business and decision
support system, which supports all levels of management and decision making, as well as a
system for communication and collaboration, which may use information from all parts of the
information system, and at the same time it can generate data and information to support the
management of shipping maintenance. This information system integrates its parts into a
harmonious whole, and then we are talking about a complete integrated information system.
The key advantage of such a system is that the data of the business areas are well connected
with each other, i.e. integrated, and in that way it is easy to realize the functional and
procedural coherence within the organization, making it possible to effectively manage and
decide on strategies for the management of shipping maintenance, as well as at the level of the
whole of shipping companies.

3 SWOT (STRENGHTS, WEAKNESSES, OPORTUNYTIES, THREATS)
ANALYSIS

A SWOT analysis is applied as a tool for defining the framework and the possible directions
of strategic decision-making on the basis of information foundations to the management
maintenance of the ship [1].

Table 4: SWOT analysis

STRENGTHS WEAKNESSES

Improved accuracy and reliability of data,
increasing the speed of processing, control and
transparency of operations, and increasing the
efficiency of the process of maintaining the
ship;

Better communication between the ship -
administration;

Maintenance planning based on relevant data;
Planed procuration and optimal use of it
equipment;

Cost management and investment management
of shipping maintenance;

Handling customer relationships;

Handling relations with suppliers;

Team quality for the development and
maintenance of the system, extremely user
satisfaction with quality of the it support;

The introduction of innovative solutions;
Good relationship of the management and
understanding of the needs of innovation
investments and development of information
systems;

Positive users mood to introducing new
solutions for better business support;
Enthusiasm and willingness of informatics for
education and specialization in order to

Computerization is not an integral part of the
long-term development strategy of the company;
No formal methodology for developing
applications for the maintenance of the ship;
Poor coordination and control of it staff work;
Inappropriate management of human resources;
Dependence on key seafarers;

Inappropriate distribution of the scope of work;
Undocumented existing enterprise information
system;

Non-integrated application system that does not
allow for quickly getting critical information for
decision-making in processes of the shipping
maintenance;

Non-standard technological equipment;

No contracted service levels expected for
suppliers;

No plan of training of users and it;

Investment in the development of information
systems significantly lower than average;
Significant scope of work for the
implementation of initiatives to improve
decisions-making information substrates to
maintaining the ship;

Lack of internal knowledge, experience and
resources to manage development projects;
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introduce and maintenance new solutions. - It professionals have not the experience and
knowledge necessary for the implementation
and maintenance of new application systems
and technologies in the maintenance of the ship;

- Need to adapt business processes and business
models for the successful implementation of
information system;

- Ready solutions have not functionality
"according to the concept of enterprise business
processes, but the company must adapt.

OPORTUNITIES THREATS

- Increasing competitive advantages by better - Greater competitors supply and lower rental
exploitation readiness of ships; costs of ships;

- Creating a basis for e-business - Better communication of competitors to the

- On the supplier side; environment;

- On the user side; - Faster responses of competitors to user requests.

- Creating and maintaining relationships with
business systems from the environment (banks,
institutions, insurance ...).

Under conditions of great uncertainty in the market, crisis situations — when a large number of
maritime companies are really struggling for survival — maintenance managers need to make
decisions by using analytical, quantitative methods, i.e. they need to decide rationally. In
addition, many decisions are still made by intuition and/or experience. Rational decision-
making is based on data and information gathered from various data sources, both from the
various databases and data warehouses of the company, as well as from data collected from
external sources, such as the internet, magazines, advertising materials, etc.

Modern information technology by the concept of a data warehouse provides building the
modern decision support systems and affects the development and improvement of
information systems of the enterprise that must provide quality information for management
strategy for the maintenance of the ship. Network information points to the need of each
organizational unit for searching and giving information as a condition for their effective
exchange (balancing organizational potentials). It is a good method for detecting bottlenecks,
and after their identification by using the network information, it is possible to more
accurately arrange activities and remove bottlenecks in the process of maintenance of the
ship.

In that way it is possible to accelerate troubleshooting because of the fast access to
information. One of the weakest points of the proposed system could be a decision maker: the
indifference and ignorance of ship maintenance system can result in the new IT system are not
used. Some maintenance managers still rely only on their intuition and experience, and often
make decisions without consulting the information system for decision support. On the other
hand, there are those who rely only on the information system for decision support, while
ignoring their knowledge and experience. Only the combination of personal evaluation,
experience and knowledge of maintenance managers with decision support information
systems, can result in high-quality decisions, based on the information and analytical
scientific methods.

Possible estimate of future researches should be focused on the installation of elements of
human intelligence in programs that help developing systems capable of independent work
and decision-making in complex, incompletely characterized and/or indistinct situations that
are often the reality of maintenance management in shipping. Formal systems (mathematical
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logics) are universal language and a powerful tool for describing human knowledge,
especially in the field of qualitative and quantitative modelling of uncertainties, beliefs,
decision making, and so on. These systems are the theoretical basis for the development of
intelligent software systems, such as information systems and Internet agents, who are
capable of independent action in an unpredictable and complex environment of maintaining
the ship. Algebraic and fuzzy methods, and neural networks, can be used to optimize decision
diagrams, data processing, designing, reliability analysis and testing possible solutions in the
management strategies of maintenance of the ship.

Quality information system should enable the taking data at the time of their creation, a
complete evidence and fast data processing, and forwarding information to the place for
analysing and making management decisions. It is estimated that the construction of a quality
system can achieve substantial savings through proper management of maintenance of the
ship, which means a very fast return of money invested in the information system.

Except the providing information about the state of resources, i.e. objects of interest of
competent decision makers, information system of the maintenance of the ship should allow
solving the complex problems faced by managers, and improve decision-making, with the
help of available techniques, methods of different power and generality, the developed
methodology and models, and the commercial and purpose developed software.

4 CONCLUSION

By applying computational techniques to decision making system facilitates the selection of
options and reduces the risk for the decision maker. Combined with a system for decision
support is provided and timeliness of decision-making, reduce costs and reduces cognition
limitations of subject-making. In terms of the development of such support are increasingly
used techniques of artificial intelligence and expert systems to automate the process of
making a decision. Decision-making for solving business tasks, it is easier to improve
operations and achieve higher levels of business and organizational efficiency. The top
management of the company needs the necessary information, considering the decisions they
are making (mainly strategic). The aim is that decisions should be more formalized, i.e. to
make them on the pre-set programs, so they can be adopted more quickly and with lower
expenditures of capital and labour.

The expected implementation of the model of the information support strategy management —
is a key factor that affects the efficiency of the maintenance system. If the number of
maintenance actions is reduced by about 40 percentage, the availability of the ship can be
increased by about 30 percentage (as less maintenance actions, as greater availability), and the
number of jobs in maintaining reduced by up to 10 percentage [6]. This conclusion is logical
clear because it is clear that the commitment to the strategy of maintaining will influence the
nature, scope and frequency of maintenance works that should be done in this particular
system.

Among individual factors, the largest contribution will be shortening the administrative time
by changes in the type and form of organizational — management structure, and application of
modern technology for the collecting, transmission, processing and using information.
Increasing the number of works performed for the same time, in that case is about 15
percentage, a growth indicator of availability is for about five percentage [6]— that, and the
next attitude of the requests, except the redesigning the organizational structure, processes and
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procedures for managing and implementing appropriate information system at the level of the
company.

The implementation of the information maintenance system increases the degree of reliability
and reduces the number of hours of downtime. It certainly leads to costs reduction. The
proposed conceptual information system solution of the maintenance of the ship enables that
information of the ship, sets of machinery and devices, spare parts, maintenance plans, testing
facilities, as well as checks of the uptime and downtime of the ship — stay connected and in
one place. It allows for the automation in the warehouse of the spare parts, as well as in the
procurement process. Receivers, order-sheet and delivery notes are mutually associated with
the necessary equipment and work orders.

That enables assistance in optimizing maintenance works on ships. All information about
facilities, preventive and corrective maintenance, working hours and downtime, testing the
ship's equipment, procurement, spare parts warehouse, work orders and expenses, are stored
in the computer. It is possible to realize planning of the preventive and corrective
maintenance, work orders, planned spare parts, planned operations as planned professions of
the workers and a reminder for the performance of the planned preventive maintenance
works.

At the end of the above, it can be concluded that the new technologies, in this case
information technology, largely affects the business strategy of the enterprise, the strategic
development, decision-making, and the financial result of the business, i.e. the entire business
of shipping companies. The goal was just to point out the importance that technology has on
the company's business, the advantages and the risks that entails. Management of shipping
companies should give more attention to the development and adaptation of new technologies.
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ABSTRACT

Optical communications are widely spread in computer and integrated networks, LANs, WLANSs, and
Internet. These networks are present also aboard vessels of various types, from bulk carriers through
cruisers to war ships. Although ships appear relatively small in length, considering e.g. losses per
length of cables, actual length of all cables aboard is much longer. Hence, it would be interesting to
see how AWGN and Rayleigh fading influence BER of ship’s communications. This paper presents
such research with simulation results obtained in Simulink. A model of fiber optic communication
channel has been developed in Simulink environment. Change of Doppler shift in range from 10 to
10000 results in BER change of 0.0082 or 0.85%. Change of SNR from 1 to 1000 results in change of
BER of about 0.0011 or 0.11%. We can conclude that optical communication channel is very robust to
noise in the communication channel in case of fiber optic cables.

Key words: Optical link, communication channel, BER, Rayleigh fading, AWGN.
1 INTRODUCTION

Fiber optic links become popular media for communication. There are a lot of general
advantages of such communications. Fiber optic systems were firstly introduced aboard navy
vessels. Due to increase of usage of the integrated ship’s systems, number of optical networks
aboard ships is rapidly increasing. There are several reasons for optical technology useage
aboard vessels: high reliability (there is no need for grounding, no worries of short circuits,
overvoltage, fire, and similar), reduction of volume and weight up to 90% in comparison to
cooper wires, simple self-diagnostics (reflectometer), integration of all ship’s systems and
subsystems by FOLAN (Fiber Optic Local Area Network), support of increase in capacity,
long lifetime, resistivity to EM (Electro-Magnetic) disturbances and interferences, cheep and
simple installation, and maintenance cost reduction [1]. Fiber optic media became an optimal
media for application in dangerous, explosive and high temperature environments as in ships.

Optical fiber communication systems’ performance depends on many factors. Influence of
nonlinear effects was presented in [2]. Detail analysis of all parts of the optic communication
system is presented in [3], with emphasize to application in Simulink. A simulation platform
for photonic transmission systems is presented in [4]. Simulink was a software base for this
platform. This paper aims to analyze influence of noise in the communication channel, which
consist of fiber optic. Section 2 describes a model of the optic communication system in
general. Section 3 presents actual simulation model and simulation results. Conclusions are
provided in the last section.
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2 MODEL OF OPTIC COMMUNICATION SYSTEM

Every communication systems consist of transmitter and receiver part, and the model of optic
fiber. Transmitter part consists of signal’s source, modulation block, transmit filter, and optic
transmitter. Model of fiber optic media must contain any shifts and changes, which could be
found in operation of the communication system. We used AWGN (Additive White Gaussian
Noise) and Rayleigh fading to simulate all influences. Finally, receiver part consists of optic
receiver and demodulator. This is schematically shown in Fig.1.

Transmitter part of the communication channel

{ | Signal’s Modulation Optic ;
i source and transmit transmittey i
' filter !

fading :

Optic

Figure 1: Modeled fiber optic communication system
Since there are several options in building simulation model in Simulink for the system in Fig.
1, next section gives the precise description of blocks.

3 SIMULATION RESULTS

Figure 2 shows used Simulink simulation model. “Fiber optic channel” is generated
subsystem, which we can for this research represent as single input single output block
system. The input signal is the output of the transmitter antenna. The output signal is the input
to the optic receiver. “Fiber optic channel” block includes blocks for AWGN and Rayleigh
fading.

Figure 3 shows simulation results of BER (Bit Error Rate) in time domain. Different curves
correspond to different Doppler shift in block “Rayleigh fading” (in the “Fiber optic channel”
mask, Fig.2). Maximum Doppler shifts in our experiments were 10, 100 and 10000 [Hz].
Doppler spectrum type was flat.

Figure 4 shows curves for different SNR in AWGN block (in the “Fiber optic channel” mask,
Fig. 2). Curves shows cases of SNR for 0.1, 1, 100 and 1000 [dB].

From Fig. 3 and 4, it can be seen that change of parameters influences the BER’s value, but
not waveform of the curves. So, every curve has similar waveform. From Matlab Command
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Window, it is possible to calculate mean value of curves. Mean of the curve for 10 [Hz] in
Doppler and 100 [dB] SNR is equal to 0.957. Mean is equal to 0.9573 for the curve obtained
with 100 [Hz] shift and 100 [dB] SNR. Mean is equal to 0.9652 for the curve obtained with
10000 [Hz] shift and 100 [dB] SNR. When Doppler shift is changing (form 10 to 10000 Hz),
the change in BER is 0.85%.

We can conclude that disturbance in the Doppler shift has higher impact to BER than
disturbance in SNR of AWGN.

On the other hand, if a Doppler shift is constant, then BER increases with increase of SNR.
Namely, for SNR=0.1 [dB], mean value of BER is 0.9584. For SNR=1 [dB], mean value of
BER is 0.9585. For SNR=100 [dB], mean value of BER is 0.9573, which leads to the
conclusion that we have one window. For SNR=1000 [dB], mean value of BER is 0.9595. For
constant Doppler, we obtained with simulation that BER is changing for 0.11%.

Transmitter side of the communication channel
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Figure 2: Simulation model in Simulink

We also tired to simulate the change in the fain of the optic transmitter antenna. We obtained
the same results for BERs in cases of gains between 1 and 100.
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BER vs max Doppler shift in Rayleigh fading
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Figure 3: Simulation results — BER vs Doppler shift introduced through Rayleigh fading
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Figure 4: Simulation results: a) BER vs SNR introduced in AWGN block, b) enlarged part of a)
4 CONCLUSIONS

This paper presents the research of the impact of the noise in the fibers to vessel’s
communications. Research has been conducted by using fiber optic channel model and it is
represented as single input and single output system in Simulink. For disturbances the
Adaptive White Gaussian Noise model and Rayleight fading have been used.

From used model it can be concluded that disturbance in the Doppler shift is closely
correlated with BER than disturbance in SNR of AWGN. As experimentally validated, BER
is not in the relationship with the gain of the optic transmitter antenna for gains between 1 and
100.
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ABSTRACT

Navigational safety is an important aspect of the operation of every boat in open as well as internal
water. This aspect is more important in the case of passenger ships. Koman Ferry is a passenger ferry
service operated by two local companies along the Koman Reservoir (also known as Lake Koman) in
Northern Albania. Lake Koman was formed when the rugged Drini valley was dammed in the early
1970s, thus Albania to quickly develop its own industrial base and become an energy exporter.
Nowadays Koman the large lake stretches 30 km eastward to the town of Fierza. Actually in the lake
operate different boats for passenger transport, some of which lack the information about the
characteristics of the stability and others lack the necessary technical documentation to be classified by
the Albanian register of Shipping. In this paper will be presented a case study of the stability analysis
of a boat that operates in Lake Koman and the attainment of stability characteristics. The procedures in
this study case have these steps: measurements to define the ship offsets, geometric modeling of ship
hulls in CAD software, hydrostatic and stability calculations, and the verification of stability criteria.
The procedures in this study case will be used in other similar Albanian boats operating in internal
lakes.

Key words: CAD software, geometric modeling, ship stability, passenger ship.
1 INTRODUCTION

The geographical position of the Koman region is considered a connecting nodal point for the
development of northern Albania. 'In Lake Koman many boats about which knowledge is
lacking or full documentation regarding navigation safety is missing exert their activity. For
this reason, this study was conducted upon request of the owner of the vessel Dragobia for the
completion of the necessary documentation from the Albanian Maritime Administration for
exerting the activity [1].

The difficulties that existed in the writing of this paper were associated with the ship itself,
namely the lack of technical drawings that would facilitate it and with the Albanian Naval
Registry stemming from the lack of authentic normative for ships in internal transport. These
difficulties were overcome through ship inspection for several successive days for the
realization of all measurements and physical controls on the ship, necessary for the
reconstruction of the ship hull, as well as through collecting all the information needed as
predicted by the classification societies (members of IACS - International Association of
Classification Society) for vessels operating in inland waters. In the following paragraphs the
procedure followed for the verification and fulfillment of stability criteria for this vehicle will
be given in detail.

The drafting of flow charts and algorithms for modeling and 3D-CAD building of the hull has
been designed to assist in the modeling of the hull ship. Through the exchange of information
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between PREFIT and MAXSURF programs, part of the computer FORMSY'S package [2] the
preliminary design of the hull surface was prepared and then, the optimizing of the surface to
achieve the best surface.

2 REBUILDING AND 3D CAD MODELING OF THE SHIP HULLS

Traditionally the hull shape is defined by the lines drawing [3], that is body plan, sheer plan
(profil) and waterlines plan, all together are collectively known as the lines drawing of the
ship (figure 1).

B i e
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Profil ~ /

Body Plan

Figure 1: lllustration of the lines drawing

3D CAD model of a ship hull can be rebuilt according to the rebuilding of the 3D model of
the ship hull using measurements on physical objects or according to technical drawings.

This process is similar to the process of Reverse Engineering (RE). Practically RE can be
defined as: "the design of a product through a digital model taken starting from a “cloud” of
points which can be taken with the help of 3D scanning of a physical object” [4].

In our case we are dealing with the Re-engineering of curves and surfaces of the ship hull as a
problem for determining the curve or surface that interpolates or approximates a cloud of
points.

The formulation of the process of re-engineering of the curve/surface of the ship hull can be
considered as an optimization problem and it consists of three basic elements: design
variables, objective function and constraints.

In our case, the design variables are offsets 2-D of the ship hull along with control points that
serve to build the curves / parametric surfaces (B-spline, NURBS). The objective function is
the taking of curves and surfaces in such a way that the distance between the curves (surface)
and offset certain points is minimized. Restrictions are related either to the geometric
constraints or to the performance of curves and surfaces.

In the case of the ship’s surfaces and curves as geometric constraints and performance may be
included:

e achieving a satisfactory level of smoothing of the curve / surface;
¢ maintaining of ship’s coefficients of form;
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o vertical position of the hull center.

Maxsurf program is the main program of Maxsurf Formsys computer package. It is a very
versatile program for designing new hull surfaces, but it seems to be problematic in terms of
adapting the surface of the hull under a given offset set, thus adapting the surface under a
given cloud of points.

Alternatively within the Maxsurf computer package is Prefit program which is very versatile
to adapt the hull surface under a cloud of points, but there are a lot of problems when it comes
to local or general modifications of the previously designed surface.

Therefore Prefit-Maxsurf combination is a very convenient combination because the surface
is preliminary generated in the Prefit program and is later optimized with the help of the
Maxsurf program [5].

The first action to be done, starting from the traditional drawing (real measurement of the
points), is the individualization of a series of characteristic points. In such a case we are
dealing with the identification of half-breadth plan. In order to have a better line between the
real hull and the 3D model to be built it is better that the number of ordinates to be measured
be as large as possible. Special attention should be paid to areas where the vessel hull presents
more complexity.

In this way the main objective of these measurements is the creation of the cloud of points
that will be used to rebuild the ship hull.

Rebuilding of the 3D model of the ship hull based on real measurements the scheme must be
followed (1-7 steps) and figure 2 shows a general flow chart of steps to be followed for the
rebuilding of CAD models of the hull [5,6].

1. The necessary measurements in the line of Keel, extreme parts of the hull and its
sections are taken.

2. On the basis of measurements and the hull drawing the dimensionless frame of half-
breadth of this hull is compiled.

3. Prepare and compile the cloud of points, following the requirements of CAD model,
which contains the coordinates of points derived from the measurements in the
drawing.

4. On the basis of the cloud of points the preliminary generation of the hull surface is
made.

5. Comparative analysis of the ship hydrostatic characteristics to be generated by the
CAD model.

6. The smoothing of the surface of the CAD model is done until the required level of
compliance with hydrostatic characteristics is achieved.

7. The drawing of the CAD model of the modeled hull is carried out.
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Start Process of CAD Modeling
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Figure 2: General flow chart of the process of rebuilding the hull

2.1 Measurements in reality for building the lines drawing of the hull to be modeled

The starting point which unguestionably has significant impact on the final result of the
process 3D CAD modeling of a ship is the realization of real measurements of the ship hull
that will be modeled. The process of measurement is related to measurements for the
determination of bow-stern extreme parts, baseline and deck line, measurements for each
water line and for each ordinate. To obtain accurate results, the measurement process of half-
breadth ordinates is realized in the physical ordinates of existing watertight in the ship: 1, 4,
10, 28, 31, 55 and in ordinates 0, 2, 5, 15, 20, 25, 30, 35, 40, 45, 50, 60 with the help of
measuring instruments (meter, sextant, level). From the measurements a new cloud is built in
AUTOCAD program and then in determining the coordinates of the cloud of points to be used

for modeling of the hull.
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We measure water lines in every AT = 10cm, from baseline (BL) to design water line (DWL).
In the out of water ship part, the distance between the lines is taken twice 2AT = 20cm. Upon
completion of measurements in relation to the ordinates, profile line, and extreme parts for

getting database (Data Base) in "Excel Sheet" the opportunity for setting up an dimensionless
half-breadths of the model that we need to build is created.

Table 5: Main dimensions of “Dragobia” ship

Length Overall LOA =12.90 m | Passenger Number 46

Length between perpendiculars | LBP =11.70 m Main Engine 260 HP FIAT
Breadth Overall BOA=4.50m Construction Material Stee

Depth D=185m Year of Construction 1982

Draft T=125m Place of Construction Albania

MAIN DECK VIEW

Figure 3: General arrangement of the Dragobia ship

After the initial setting of the coordinates of the cloud of points, we make its visualization

We identify possible errors in it during the insertion of coordinates, make appropriate

modifications and eventually record the file that contains all the coordinates of the cloud of
points necessary for the generation of the hull.

In Figure 4 are presented the cloud of points according the measurements
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Figure 4: Cloud of points according the measurements.
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2.2 Preliminary design of the hull surface of the model

Upon completion and adjustment of the cloud of points, the next very important step is the
preliminary design of the model surface. The design process of the hull surface can pass into

three phases [7], as shown in Figure 5.
Building of the surface :> Smoothing of the
surface

1 Phase 2 Phase 3

J — J iy
Y Y N Y -
Figure 5: Stages, the process goes through the surface modeling

' Modeling of initial I

After the determination of the cloud of points, the eventual task of geometric modeling
process is to design the surface of the model hull in order to better approximate the cloud of
points specified in advance. For this, the first step is the determination of the surface control
points, points which affect the form of curves and surfaces.

To obtain a surface as appropriate as possible, within certain limits and restrictions imposed in
advance, the following should be done [2]:

1. The restrictions taken for control points, aim at improving the regularity of the control
points network that will be generated, forcing them to lie in some determined areas.

2. The limits of Convergence deal with two elements:

e Maximum error, which would mean that the maximum deviation of the approximate
surface in each of the coordinates of the cloud of points should be smaller than a
preset value.

e lteration number that indicates the maximum number of necessary iteration for
obtaining the corresponding area.

Upon fixing the distribution of control points and choosing the flexibility of B-spline curve,
the curve is automatically adapted to the points of section, by the Prefit program. After the
adjustment of all the curves with the cloud of points is complited, the surface generation of
the hull model is made. In this case it is a B-spline surface forced to adapt to a certain
tolerance (specified by the level of convergence) the border curves of the sections.

3D Rendering View of DRAGOBIA

g 3D Lines Plan of DRAGOBIA

Figure 6: The final form of the ship model after the consecutive iterations
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3 EVALUATION OF STATIC AND DYNAMIC STABILITY AND VERIFICATION
OF GENERAL AND METEOROLOGICAL CRITERIA OF THE DRAGOBIA
SHIP TAKEN IN THE STUDY

3.1 Hydrostatic DATA

Hydrostatic data are calculated with the help of Maxsurf and Hydromax Software. Here we
present the data of the vessel with full load, that correspond waterline DWL=1.25m.

Table 2: Hydrostatic DATA of “Dragobia” ship

Draft Amidsh. M DWL=1.25 | Block Coeff. 0.429
Displacement tonne 27.4 | Midship Area Coeff. 0.725
Draftat FP m 1.25 | Waterpl. Area Coeff. 0.717
Draft at AP m 1.25 | LCB from zero pt. (+ve fwd) m | -0.563
Draft at LCF m 1.25 | LCF from zero pt. (+ve fwd) m | -0.702
WL Length m 11.635 | KBm 0.792
WL Beam m 4.176 | BMtm 1.413
Wetted Area m"2 46.728 | GMt m 0.905
Waterpl. Area m"2 34.839 | Immersion (TPc) tonne/cm 0.357
Prismatic Coeff. 0.6 | MTc tonne.m 0.217

Also, the vertical center of gravity of the ship is calculated as: KG = VCG = 1.45m taking into
account that:

e The maximum number of passenger on board is 46 people. The weight of each
passenger is taken as 75 kg [8].
e The height of the center of gravity for passenger is taken 0.3 m above the seat [8].

3.2 Stability DATA

Stability data are calculated with the help of Maxsurf and Hydromax Software. Here we
present only the diagram KN depending on displacement A for any heel angle o.

Also is presented graphically static stability curve of the hull in the right position of the ship
taken in the study.
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Figure 7: KN diagram depending on A for any heel angle ¢ and GZ diagram of the hull in the
right position of Dragobia ship

3.3 Dynamic stability calculation

As we know the lever of dynamic stability is expressed by the definite integral of the lever of
static stability. From this import property of the lever of dynamic stability we can deduce that
the ordinate of dynamic stability represent, to a certain scale, the areas under the diagram of
statistical stability bounded by the curve, the axis of abscissa and the corresponding ordinate.

From these properties and from the curve of static stability lever we have calculated the lever

of dynamic stability

The graphical representation of dynamic stability curve is presented in the following figure.

0.250

0.200

0.150

e

i

0.100

/

Lever of dynamic stability rad.m

0.050

/

/|

4

0.000

10

20

30

40 50

Heel angle Deegre

60

70 80 90

Figure 8: The graphical representation of dynamic stability curve
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3.4 Fulfillment of criteria regarding righting lever curve properties

For the verification of the stability criteria are used criteria set forth in the IMO stability code
and regulations provided by the classification societies and literature [8,9,10]. The fulfillment
of criteria regarding righting lever curve properties:

Ship Full load departure

Code Criteria Value| Units Actual | Status Margin
Area 0 to 30 3.1529( m.rad 5.2166| Pass +65%

Area 0 to 40 5.1592 m.rad 7.8535| Pass +52%

Code on Intact Stability [ Area 30 to 40 1.7197| m.rad 2.6369| Pass +53%
2008 Max GZ at 30 or greater 0.200 m 0.281| Pass +41%

Angle of maximum GZ 25| degree 30| Pass +20%

Initial GMt 0.150 m 0.755| Pass +403%

Area 0 to angle of GZmax 3.1510| m.deg 5.3648| Pass +70%

*Full-load arrival, with 10% stores and fuel

Code Criteria Value| Units Actual | Status Margin
Area 0to 30 3.1510| m.deg 5.3648| Pass +70%

Area 0to 40 5.1570( m.deg 8.1285| Pass +57%

Code on Intact Stability | Area 30 to 40 1.7190| m.deg 2.7637| Pass +60%
2008 Max GZ at 30 or greater 0.200 m 0.286| Pass +43%

Angle of maximum GZ 25.0( deg 30.0| Pass +20%

Initial GMt 0.150 m 0.769| Pass +412%

Area 0 to angle of GZmax 3.1510| m.deg 5.3648| Pass +70%

** Full-load arrival, with 50% stores and fuel

Code Criteria Value| Units Actual | Status Margin
Area 0to 30 3.1510| m.deg 5.2721| Pass +67%

Area 0to 40 5.1570| m.deg 8.1563| Pass +58%

Code on Intact Stability | Area 30 to 40 1.7190| m.deg 2.8843| Pass +67%
2008 Max GZ at 30 or greater 0.200 m 0.296| Pass +47%

Angle of maximum GZ 25.0] deg 31.8| Pass +27%

Initial GMt 0.150 m 0.736| Pass +390%

Area 0 to angle of GZmax 3.1510| m.deg 5.2721| Pass +67%

3.5 Weather criteria (wind and rolling criterion) [8,9,10,11]

The ability of a ship to withstand the combined effects of beam wind and rolling shall be
demonstrated, with reference to the following figure, as follows:

1. the ship is subjected to a steady wind pressure acting perpendicular to the ship’s

centerline which results in a steady wind heeling lever (Iw;=0.046m);

2. from the resultant angle of equilibrium (p=3.50), the ship is assumed to roll owing to
wave action to an angle of roll (¢;=19.290) to windward. The angle of heel under
action of steady wind (¢o) should not exceed 160 or 80% of the angle of deck edge
immersion, whichever is less;

3. the ship is then subjected to a gust wind pressure which results in a gust wind heeling
lever (Iw,=0.062m);

4. ¢, = angle of down-flooding (¢f) or 50° or ¢c, whichever is less,

5. and under these circumstances, area b shall be equal to or greater than area a,

S

S, 2540
S,

=——=278>1
912
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as indicated in the following figure below:
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-0,4
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Figure 9: Stability diagram in which reflected the meteorological criteria
4 CONCLUSIONS

The study was conducted with the objective of completing the necessary documentation from
the Albanian Maritime Administration for exercising of the activity of Dragobia ship in Lake
Koman.

In this paper is presented a complete procedure of control and fulfillment of the norms of
stability through the implementation of traditional and computer methods.

Compiled flow charts and presented algorithms ranging from real measurements on a ship,
not only help 3D modeling and 3D CAD building of the ship hull, but they also present an
working model to be implemented in similar cases of the ship.

FORMSY'S computer package helps with a considerable reliability in achieving better surface
of the ship hull.

Available in the Dragobia ship documentation are apart from the Lines Drawing of the ship
also the hydrostatic data calculated with the help of Maxsurf and Hydromax Software.

The fulfillment of the stability criteria are verified according to the criteria in IMO stability
code and regulations prescribed by the classification societies and in this study case result
fulfilled.
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ABSTRACT

The safety of the navigation and response to the ships accidents are the priority for Baltic Sea region
because of the specific conditions of the Baltic Sea and heavy traffic. Such large disasters like oil spill
occur relatively rarely, but when it comes to a major spill, negative effects could be observed for
years. In such event like an oil spill response action should be taken to collect the pollution. Such
action should proceed smoothly and its duration should be as short as possible. Response actions
involve the dispatching of cleanup equipment. This paper presents mathematical model designed to
optimize the deployment of response resources to combat oil spills due to the cost of oil spill fighting
action. Model is based on genetic programming and mathematical oil spill fate model. As the result of
presented researches optimal allocation of oil spill response resources is obtained.

Key words: Oil spill response resources, genetic algorithm for optimal allocation of resources.

1 INTRODUCTION

The Baltic Sea is one of the most heavily trafficked seas in the world. There are around 2,000
ships at the Baltic Sea at any one time. Approximately, 20% of them are tankers, carrying as
much as 166 million tons of oil per year . Each year there are 120-140 shipping accidents in
the Baltic Sea area. According to the HELCOM statistics 150 ship accidents occurred in the
Baltic Sea area in 2013, which is the highest recorded number in the last ten years (Fig. 1)
[HELCOM, 2014]

The majority of accidents are groundings and collisions. Around 7% of the shipping
accidents in the Baltic Sea results in some kind of pollution, usually containing small amounts
of oil (0.1-1 tons). Despite this Baltic Sea is relatively safe comparing to other regions. The
largest pollutions accidents are as follows [HELCOM, 2010]:

e 1990 “Volgoneft’, 700-800 t. of waste oil; nearly all oil recovered at sea,
e 2001 ‘Baltic Carrier’, 2,700 t. of oil; around 50% of oil recovered at sea,
e 2003 ‘Fu Shan Hai’, 1,200 t. of fuel oil; around 1,100 tons of oil recovered at sea.
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Number of reported accidents in the Baltic Sea
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Figure 1: Number of reported accidents in the Baltic Sea
Source: HELCOM 2014, Annual report on shipping accidents in the Baltic Sea in 2013

2 ALLOCATION PROBLEM

In the past, attempts were made in order to formulate mathematical solutions to strategic
problems and tactical planning rescue operations in case of oil spill at the sea. One of attempts
in order to solve a problem the optimum-allocation of the emergency equipment made
Harilaos & Psaraftis and Babis & Ziogas in 1985 . They developed the procedure of the
optimization in order to support the decision-making of the land resort. The objective function
was described as minimizing costs incurred and the indemnity caused by oil spill at the sea.
Entries to the model are the information on the type of the leakage, the availability and the
presentation of the available equipment, as well as transport and the operation of the
equipment on scene. The algorithm is based on the linear programing, however, gives only
approximate results. Creators of the algorithm are divided into the decision-making through
the hierarchical structure for the analysis of business systems [Anthony'ego 1965] on three
levels: strategic, tactical and operational.

Ziogas and Psaraftis algorithm refers to the tactical level of response and accepts that the
strategic plan of action was finished. Of course, decisions undertaken on level of the tactical
planning are limited by problems identified on the lower level.

lakovou E. and others [1996] whereas the present model for the strategic level of response
based on linear programming.

This model is determined by the optimum-number of rescue bases which should be built and
the number of equipment. The objective function consists of fixed costs related to the build
on shore bases, the cost of the storage of the equipment and transportating of the equipment
from the base to the spill site. Similar attempts were made during the search of the best
arrangement of police stations, the ambulance and the fire brigade. Church and Revelle [1974]
propose a solution to the problem of deploying posts by greedy strategy using linear
programming. This consists of following partial coverage areas of databases, every from
which is limited to his range of activity.

The matter of the Location - Allocation (LA) is a strategic problem in the decision-making of
the choice of the best arrangement of productive centres and the transport network connective
with buyers. General definition of the problem is the choice of the optimal LA arrangements
subset of the set of all possible combinations to meet the demand nodes [Rabbani M.,
Yousefnajad H 2013]. Sometimes this definition is extended to formulate CAL (called
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Capacited AL), which is a problem AL with restrictions, such as a specific budget, which
amounts to placing production facilities in existing locations and / or the creation of new
locations, where they can be placed.

3 MODEL OF OPTIMAL ALLOCATION

3.1 Genetic algorithm

Genetic algorithm (or a variant thereof evolutionary algorithm) is a kind of algorithm, in
seeking alternative solutions to the problem in order to find the best solutions based on the
criterion (time, cost, profit). Genetic algorithms are widely used to solve complex
optimization problems. Application of genetic algorithm to speed up the process of finding
the best solution to the problem of the distribution of power and resources.

An evolutionary algorithm for the approximate algorithm, which uses stochastic mechanisms
inspired by biological evolution, such as selection, reproduction and mutation. The population
of the corresponding natural selection pressure forced and controlled environment of a
specific objective function. Only the fittest individuals have the opportunity to start a new,
usually improving population. The evolutionary algorithm, the problem to be solved is the
environment in which the "life" of the population. Each item can be a possible solution to this
problem. Evolutionary algorithm usually tend gradually to create new and better solutions,
often used to solve optimization problems, because the optimization process by searching
through the space of potential solutions to the problem in order to find the best solution.

3.2 The cost minimization

Created model of optimal allocation refers to the strategic level of response action and is
designed to fit the deployment of such a rescue ships in sea rescue bases, in which the time of
arrival of ships at the spill site, the cost of the shares and the environmental impact as a result
of a failed rescue operation will be as small as possible (Lazuga & Gucma, 2014). It is so
deploy ships to minimize the sum of the following costs:

total cost of reaching the spill site,

the total cost of collecting the spillage by involved vessels,

cost of contamination on the environment as a result of a failed action,

the cost of establishing a new port (if needed),

the cost of buying new ships and their equipment (if none of the proposed
arrangements vessels does not provide complete removal of the spill),

cost of maintaining the ships in the harbour,

e maximize profits from the use of ships for other purposes such as tugs (multi-criteria
optimization).

To find minimal cost of response action the following objective function is proposed:

K I J K

| J
Min Zzztijkcikxijyik+Zzztikcikxijyij
i=1 j=1 k=1 i=1 j=1 k=1 (1)
where: I-ships, J—ports, K—pollutions, tiy—time of reaching k-th oil spill form j-th port by i-th
ship, cik—cost of reaching the spill from given port by ship and cost of given spill cleaning up,
x—logical variable (0,1) depending of ship allocation in given port, y—logical variable (0,1)
depending of ship scheduling in given response action.
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The created model using evolutionary programming methodology for optimization
(minimization) the cost of response action (Lazuga i Gucma, 2014). The interface of this
model is presetned in Fig. 2. It enables to observe during simulation the advance in cost
minimisation throughaout generations (left upper panel) of given layout of ports and oil spills
(right window).
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Figure 2: Computer interface of optimal cost model based on evolutionary programming
Source: Lazuga, K., & Gucma, L., 2014.

4 MODEL VERIFICATION ON THE EXAMPLE OF THE HEAVY OIL SPILL IN
THE GULF OF GDANSK

Place of spill chose on the basis the stochastic model (Gucma & Przywarty , 2007). Oil spill
accident can occur in arbitrary moment. Scenarios were simulated for risk of oil spill impact
evaluation. Meteorological conditions represent average Baltic Sea conditions. On the base of
wind and current data probable situations were formed. The data show simulated pollution
zones.

The stochastic model output is long time spatial distribution of oil spills in given area (Fig.3).
Averaging the results with consideration of simulation times it is possible to find mean
probabilities and amount of oil spilled per year.
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Figure 3: Simulated oil pollutions collision at the southern Baltic Sea (long time simulations
results)

Source: Gucma, L. & Przywarty, M., 2007.

4.1 Simulations results

One carried out simulations verifying described model. Simulations concern the overflow 100
tonnes of the heavy fuel oil in characteristic for the summer season hydrometeorological
conditions. In the simulation are taken under the attention three Polish ports (1-Swinoujscie,
2-Kolobrzeg, 3-Gdynia), three possible places of the spill (Fig. 4) and three ships together
with the equipment and the crew.
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Figure 4: Ports and spills locations

A first step herein to the investigation is the settlement of the allocation of oil response ships
in ports by means of remembered in previous step the application based on the evolutionary
programming. A result of carried out simulation is the following arrangement of ships: all
ships in the port No. 2 (the result of the algorithm 222) and the first ship in the port No. 3 and
two ships in the port No. 2 (the result of the algorithm 322).
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Figure 5: Application interface with simulation results

The paper presents results of the oil spill response action for third spill possible location near
the Gulf of Gdansk (Fig. 4).

For first result from genetic algorithm and above condition one simulation on simulation
Pisces Il were carried out. According to the genetic algorithm result all ships were located in
port no 2 (Kolobrzeg).

Simulation input:

amount of spilled oil: 100 t heavy oil,

wind speed and direction:7-10 kts, 000°,
current speed and direction: 0.25 kts, 045°,
ships (recovery rate, type of oil, home port):

- Kapitan Poinc: recovery rate 280 t/h, all types of oil, Kolobrzeg,
- Czestaw II: recovery rate 40 t/h, all types of oil, Kolobrzeg,
- Zodiak: recovery rate 160 t/h, all types of oil, Kolobrzeg.

Figure 6: Ships moving along oil slick
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Simulation result are presented in the table below (Table 1). 100 t of heavy oil were spilled,
maximum slick area were 0,02 km? and all of oil has been removed from water surface. The
cost of the entire action was 101000 PLN.

Table 1: Oil spill history- simulation results

Amount | Amount

. - Amount | Amount |  Amount Amount | Amount | Amount floating | recovered ‘Max Slick Viscosity,
ime spilled, | floating, | evaporated, | dispersed, sunk, recovered, mixture. | mixture thickness, | area, oSt
Iton Iton Iton Iton Iton Iton Iton ’ Iton ' mm km2
1 | "0:05" 3 3 0 0 0 0 3 0 35 0 47,6
2 | "1:05" | 423 42,3 0 0 0 0 46,4 0 14,5 0 58,9
3 | "2:05" | 817 81,5 0,1 0,1 0 0 98,3 0 14,1 0,1 75
4 | "3:05" | 984 98 0,2 0,2 0 0 137 0 4.2 0,1 110
5 | "4:05" | 984 97,8 04 0,3 0 0 163 0 39 0,1 179
6 | "5:05" | 984 97,6 05 0,3 0 0 192 0 41 0,1 282
7 | "6:05" | 984 97,3 0,7 0,4 0 0 221 0 4.2 0,1 426
8 | "7:05" | 984 97 1 0,5 0 0 247 0 43 0,2 594
9 | "8:05" | 984 96,7 1,2 0,5 0 0 268 0 43 0,2 763
10 | "9:05" | 98,4 96,4 15 0,5 0 0 284 0 41 0,2 922
11 | "10:05" | 98,4 19,5 17 0,6 0 76,7 60,9 216 34 0,1 1090
12 | "11:05" | 98,4 0 1,7 0,6 0 96,1 0,1 276 1 0 1201

5 CONCLUSION

Planning and organization of respons oil combating action is quite a complicated process,
especially if it is planned to use the available resources in a local optimum. Therefore, it was
decided to create a model to find the best possible solution for the question of the allocation of
emergency. Model of optimal allocation of resources can improve the decision making
process at the level of planning rescue operations. It is intended primarily for the effective
implementation of the rescue vessels in various ports. The application described in this article
is in the process of expansion and fulfillment of new features.

The model of the optimal allocation of oil spill response resources permits to choose the best
arrangement of ships to fighting with pollutions at sea on the assumption probable places of
overflows and the quantity and the kind of oil. After defining of above-parameters the
programme stations the allocation of individual ships in defined earlier ports. After examining
of the series of solutions the programme permits choosing of most profitable solution of the
arrangement of ships due to the cost of the conduct of the salvage.
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ABSTRACT

EU regulation 913/2010 aims on establishing a competitive freight transport in Europe. Core element
is a network of rail freight corridors promoting international freight transports. The Baltic-Adriatic
Corridor (Rail Freight Corridor 5, RFC5) connects the Polish Baltic Sea harbors (Gdansk, Gdynia and
Szczecin) with the Adriatic harbors Koper, Trieste, Venice and Ravenna. The RFC 5 passes Poland,
Slovakia, Austria, Czech Republic, Slovenia and Italy. It will be operational in November 2015. In
order to prepare the implementation of the RFCS5, a transport market study had to be conducted
according to the EU regulation. It includes a survey addressing demands on the RFC5. This survey
was conducted by the Institute for Transport Studies in 2014. Target companies were shippers, logistic
companies, railway undertakings and operators of terminals and ports from the six countries
mentioned before.

One part of the survey referred to an assessment of several items of rail freight transport in the specific
countries. Up to 16 items were taken into accounts such as transport costs, flexibility of trains,
maximum permitted weight of trains, contact to railway infrastructure manager or access to terminals.
Additionally, respondents were asked to rate the need of improvements for these items.

Distinguished by category, the current status was assessed particularly badly concerning “flexibility of
train services”, “rail transport time” and “rail transport costs” with the latter having by far the worst
assessment. Contrary, particularly positively evaluated categories were “contact to infrastructure

operator”, “risk of damages/goods lost/theft” and “safety systems”.

Key words: Rail freight transport, rail freight corridor, requirements, satisfication, survey.

1 ONTHEWAY TO A MORE ENVIRONMENTAL FRIENDLY TRANSPORT
SYSTEMS: RAIL FREIGHT CORRIDORS

There is no doubt that public transport has specific advantages compared to other modes of
transport — this refers to both, passenger and freight transport. Switching transport from road
to rail decreases the amount of greenhouse-gas emitted per person- or tonne-kilometre, helps
avoiding traffic congestion and increases traffic safety. On the contrary, the use of public
transport is less flexible, more expensive and often time-consuming. Obviously, the
advantages of public transport are more or less societal benefits, while the costs are assigned
to the individual person or company — this is a bad allocation for the promotion of public
transport and contradicts the aims of the European Union regarding the contribution of the
transport sector to climate protection [1]. These aims are formulated by the European
Commission within the White Paper — Transport published in 2011 [2]. It calls for the
reduction of at least 20% of emissions of the transport sector until 2030. The objectives
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concerning freight transport are even more straightforward: 30% of road freight transports
covering a distance above 300 kilometres should be made by other transport modes in 2030
and 50% in 2050 (Objective 3). This should be reached without negative impacts on the
economic development [2].

The White Paper also determines the path to reach its objectives regarding freight transport:
By developing appropriate infrastructure and establishing a network of freight corridors.
These European rail freight corridors are said to address a major common disadvantage of
current rail freight transports and turn it into a comparative advantage: Rail freight transports
are competitive when many (standardized) or heavy goods are transported over long
distances. Examples are new vehicles or resources like coal or iron transported from a harbour
to a far-distant agglomeration. This particularly refers to freight transports passing several
countries. However, national borders often cut this advantage out of several reasons such as
waiting times or required changes of locomotives, waggons or staff out of legal reasons at
border crossing. Even more important are transaction costs and disadvantages when
organising rail freight transports: a national authority has to allow a transport by assigning a
requested train path. If more than one country is passed, the permission has to be given by
each national authority. Obviously, finding a solution in terms of continuous train paths is
getting the more complicated the more countries are passed. This requires time and money,
while it decreases the flexibility of the rail system. These problems can be solved by
implementing international rail freight corridors with a unique management.

There are two kinds of corridors to be implemented within Europe. The more popular ones
belong to the Trans-European Transport Networks (TEN-T). It is based on “Decision No
1692/96/EC of the European Parliament and of the Council on Community guidelines for the
development of the trans-European transport network”. The TEN-T-network will include all
transport modes. A core network has to be developed until 2030; the entire network has to be
implemented until 2050. Network development refers to the task of building and maintaining
a high-level infrastructure [3].

The second kind is rail freight corridors (RFCs). They are based on EU regulation 913/2010
which aims on establishing a competitive rail freight transport in Europe. Core element of the
regulation is a network of rail freight corridors promoting international freight transports. The
implementation of RFCs does not include building and maintenance measures although the
TEN-T-standards on infrastructural facilities are also used as informal benchmark for the
RFCs. Instead, RFCs aim on promoting rail freight transports by implementing an improved
corridor management. This includes facilitating the accessibility of the rail network, offering
pre-arranged train paths (PAP) and implementing a central contact point responsible for a
specific RFC (Corridor One Stop Shop, C-OSS). PAPs are continuous train paths between
two stations (cities, terminals or harbours) allowing to use a train of a specific maximum
length and weight at a given date, departure and arrival time. When using a PAP there should
be no or nearly no waiting times at border crossings. A list of possible PAPs is developed by
the C-OSS, companies can tender for a PAP. While until now only certain kinds of companies
— mainly railway undertakings with specific licenses — could apply for a train path, this will be
possible for all companies that become a so-called authorized applicant in the future.
Authorized applicants can apply for a PAP and look for a railway undertaking operating on
the corridor once they got the approval. This should foster the competition on the transport
market and lead to lower transport prices. The C-OSS develops and allocates the PAPs for the
entire corridor and acts as central contact point for all requests. A not ordered PAP becomes
part of the so-called reserve capacity. This reserve capacity allows reacting on short-term
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demands for rail transports and thus increases the flexibility of rail transports. Thus, rail
freight transports should become faster, cheaper and more flexible when using RFCs. There
will be nine RFCs throughout entire Europe, which will be operational in 2015 or were
already implemented in 2013. In order to prepare the implementation of the RFC5, a transport
market study had to be conducted according to the EU regulation [4].

2 THE BALTIC-ADRIATIC CORRIDOR RFC5 AND THE BELONGING
TRANSPORT MARKET STUDY

The Baltic-Adriatic Corridor (Rail Freight Corridor 5, RFC5) connects the Polish ports at the
Baltic Sea (Gdansk, Gdynia and Szczecin) with the Adriatic harbours of Koper, Trieste,
Venice and Ravenna. The RFC 5 passes Poland, Slovakia, Austria, Czech Republic, Slovenia
and Italy. In more detail, it will include railway connections between Swinoujscie / Gdynia —
Katowice — Ostrava / Zilina — Bratislava / Vienna / Klagenfurt — Udine — Venezia / Trieste /
Bologna / Ravenna / Graz — Maribor — Ljubljana — Koper / Trieste. It will be operational in
November 2015 (Figure 1).
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Figure 1: Preliminary course of the RFC5
Source: Kriebernegg et al. (2014).

The transport market study contains of several parts: (i) an analysis of the status quo including
the available infrastructure, (ii) a survey addressing the current status of rail transports as well
as demands on the RFC5 and a stated-preference survey on mode choice in freight transport,
(iii) a forecast of the economic development and the transport volume and (iv) an assignment
of the transport volume on the future rail infrastructure. This paper focuses on a descriptive
analysis of specific parts of the survey.
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3 THE SURVEY ON RFC5: CONTENT, PROCEDURE AND PARTICIPANTS

The survey for the transport market study was conducted by the Institute for Transport Studies
in 2014. Target groups were the relevant decision makers in rail freight transport [5]:
shippers, logistic companies, railway undertakings and operators of terminals and ports from
the six countries Austria, Czech Republic, Italy, Poland, Slovenia and Slovakia.

All target companies were addressed by an announcement letter in national language. The
letter also included a declaration of data security and an explanation of the survey procedure.
Participation to the survey was possible via web or face-2-face for all target companies;
railway undertakings and terminal and port operators could also fill-in a questionnaire by
hand or attend a phone-based interview. Questionnaires in all languages were prepared for all
four target groups. If a company did not react on the announcement letter, up to seven
reminder calls were made and reminder e-mails were sent.

Target companies were selected based on a desk research, since a random selection was not
possible due to missing registers of relevant companies in most countries. ldentified
companies are target companies when (i) they belong to the first or second economic sector,
(it) have a certain company size and (iii) import or export primary products, resources or
goods that are either rail-affine or at least intermediate (rail share of the specific good is a
maximum of 10 percentage points below the rail share on national modal split; this only refers
to international transports). The adjusted gross sample per target group and country, defined
as number of companies for which a valid address could be identified and which indicated to
use rail transports at least sometimes also including those refusing to participate is shown in
Table 6.

Table 6: Adjusted gross sample: number of identified target companies per country and target

group
AT | cz | 1T | pL | sl SK Total
number

Shippers 58 45 52 33 40 47 275
Logistic companies 42 28 48 65 47 55 285
Terminal / port operators 17 14 33 24 10 10 108
Railway undertakings 14 16 9 17 4 8 68
Total number 131 103 142 139 101 120 736

Source: Own results, own illustration

Some companies from the adjusted gross sample refused to participate to the survey. The
resulting number of completed interviews reaches 288 with a certain asymmetry towards
Austrian and Slovenian companies as well as terminal and port operators and railway
undertakings (Table ). Additionally, 25 companies did not complete the entire interview.

Table 2: Number of conducted interviews per country and group

AT | cz | 1T | pL | sl SK Total
number
Shippers 29 14 15 11 18 21 108
Logistic companies 15 11 14 12 21 8 81
Terminal / port operators 9 7 15 11 6 7 55
Railway undertakings 12 11 4 6 4 7 44
Total number 65 43 48 40 49 43 288

Source: Own results, own illustration
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A certain skew becomes even more obvious, if the participation rate is taken into account
(Table ). The overall participation rate reaches 39%. The rate varies between the specific
target groups. It is lowest for logistic companies reaching a share of only 28%. This is
somehow surprising since logistic companies were expected to be more interested in the topic
than shippers. The highest commitment was reached among railway undertakings from which
66% participated to the survey. There are also large differences with regard to the countries
with Austria and Slovenia companies having the highest willingness to participate by far. The
participation rate might also have impacts on the results of the survey: A high participation
rate may imply that companies with a low level of interest and knowledge on the RFC5 or
degree of rail-affinity participated to the survey. This might produce below-average ratings in
this specific country or target group.

Table 3: Participation rate

AT | cz | 1T | pL | s sK Total

number
Shippers 52% 31% 29% 33% 45% 45% 40%
Logistic companies 36% 39% 29% 18% 45% 15% 28%
Terminal / port operators 53% 50% 42% 46% 60% 70% 50%
Railway undertakings 86% 69% 44% 35% 100% | 100% 66%
Total number 50% 42% 33% 29% 49% 37% 39%

Source: Own results, own illustration

The location of the participating companies is shown for the example of Slovenia in figure 2.

N e wm Kilometers

'l 0510 20 30 40

®  Group 1: Shippers
®  Group 2: Logistic companies
©  Group 3: Terminal operators
©  Group 4: Railway undertakings
% /. RFC5 Catchment area Slovenia 100 km
RFC5 Catchment area Slovenia 150 km

Figure 2: Preliminary course of the RFC5

Source: Own results, own illustration
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4 SURVEY RESULTS: ASSESSMENT OF THE RAIL FREIGHT SYSTEM IN
CENTRAL-EASTERN EUROPE

The results presented in the following mainly refer to the assessment of the current situation
of the rail freight system in the countries passed by the RFC5 and the respective need for
improvements. For this purpose, respondents were asked to rate the current status of up to 16
different items using a four-tier scale including bad, rather bad, rather good and good. Those
items were “Contact to infrastructure managers”, ‘“Harmonization of rules/processes”,
“Crossing of borders”, “Network access”, “Safety systems”, “Risk of damages/goods
lost/theft”, “Punctuality/reliability of train services”, “Rail network capacity”, “Rail transport
costs”, “Total transport time (door-to-door)”, “Frequency of train services”, “Flexibility of
train services”, “Information on goods shipped”, “Trains: maximum possible weight”,
“Terminal access”, “Trains: maximum possible length” and “Others (Please define)”. Not all

items were used for all target groups.

Additionally, the companies were asked to assess, if there is a need for improvements (serious
needs, rather serious needs, rather no needs, no needs) for each item. Contrary to the previous
question, this question aims to reveal the relevance of the single items. Thus, a bad status quo
does not have to come along with a high need for improvements, while there might be a need
to further improve an already good status quo.

Since there might be major differences between the countries, respondents were asked to
select either the most relevant RFC5-country for the company or rate the entire RFC5-area. It
was also possible to select Germany as reference area. Respondents could also select different
reference areas for both questions. However, the Pearson correlation coefficient of 0.922 for
the comparison of the selected country for both questions indicates that most companies
selected the same country for both questions. The selected reference areas are shown in figure
3. Most respondents have chosen the entire RFC5 as rating area, those who selected a specific
country decided for their origin country most often: 87 % of those not selecting Germany or
the entire RFC 5 decided for their own country as reference for the rating of the current
situation, while this share reaches 77 % for the rating of the needs for improvements.
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Figure 3: Reference areas for the rating of the current status and need of improvements

Source: Own results, own illustration
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Two methodical remarks are worth mentioning. The following figures are percentage values
of the answers “good” and “rather good” on all valid answers for the rating of the current
status: If e.g. two of three valid answers rate a specific item to be “rather good” or “good”, it
receives a value of 67%. The same refers to the share of “serious” and “rather serious” needs
for improvements on all valid answers. Thus, a high value means either a good rating of the
status quo or a high need for improvements. However, also a rating of 100% does not have to
mean that the current status is perfect or a serious need for improvements exists, since this
indicator includes also the second best or second worst answer opportunity.

Secondly, different target groups might have different perceptions of the current situation as
well as the need for improvements; e.g., terminal operators might have the tendency to have a
more optimistic view on the terminal access compared to other groups. To avoid a
determination of the results by a varying number of respondents from the four target groups, a
standardization of the results was conducted. For this purpose, the lowest number of
completed interviews was taken as reference value meaning eleven interviews for the
shippers, eight for logistic companies, six for terminal and port operators and four for railway
undertakings. This reference values were applied on each item of each reference area: If, e.g.,
four logistic companies rated a specific feature for a given reference area, each of their answer
was weighted by the factor 2.

4.1 Bad average ratings: rail transport costs, flexibility of trains, transport time

“Rail transport costs” receives by far the worst rating of all categories for the current status.
This refers to all reference areas — the best rating is reached with a value of around 35%
“rather good” or “good” ratings in Austria and Poland. In average, only every fifth respondent
(22%) rate transport costs to be satisfying, for the entire RFC5 area this value reaches 19%.
This is associated with a high need for improvements. 81 % of the valid answers assessed the
needs for improvement to be “rather” serious” or “serious”. This concerns all reference areas:
The minimum share of participants stating at least rather serious needs for improvements is
measured in Poland with still 70%. This particular bad rating is a major problem since
transport costs are the most relevant aspect when selecting the mode of a shipment [6; 7].
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Figure 4: Assessment of the rail transport costs

Source: Own results, own illustration

Responsiveness is of major relevance in the freight logistic market, in particular with regard
to just-in-time production. This responsiveness refers to the frequency of trains, but even
more to the flexibility of the rail system. A sufficient flexible system can compensate
disadvantages of a low frequency of trains.

The mean value of the rating of the flexibility is the second poorest with regard to both, the
current status and the need for improvements. Exceptions are the Czech and the Austrian rail
system. The rating of the current status reaches in all other reference areas a maximum value
of around 40%, while the need for improvements accounts at least for 70%. The average
rating of all reference areas is 77% - more than three out of four participants see needs to
improve the flexibility of train services. For the flexibility and the transport costs, there is a
clear correlation of the rating of the current situation and the need for improvements: A low
rating comes along with a high need for improvements and vice versa.
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Figure 5: Assessment of the flexibility of the rail system
Source: Own results, own illustration
Among those features with the poorest rating — exactly with the third worst average rating — is

the rail transport time. This is also an area — together with the frequency of trains — where the
needs for improvements are particular high.

pL T
e=rating of current status === need for improvements

Figure 6: Assessment of the rail transport time

Source: Own results, own illustration

227



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

4.2 Good average ratings: contact to infrastrutucure operator, safety systems, damaged
or lost goods

The three features with the best average rating are in ascending order “contact to the
infrastructure operator”, “safety systems” and “share of damaged or lost goods”. With only
few outliers the share of positive ratings of the current situation is above 70%. This correlates
with a low need for improvements. Nevertheless, particular needs for improvements could be
identified for the reference areas Slovenia, Italy and Poland for the contact to the
infrastructure operator, in Slovenia and the entire RFC5 for safety systems and in Poland for

the share of damaged or lost goods.
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Figure 7: Assessment of the share of damaged or lost goods

Source: Own results, own illustration
4.3 Further aspects: punctuality and harmonization of rules

The results mentioned above show country-specific differences, but they remain limited. This
draws the picture of a unique area with regard to advantages and disadvantages of the rail
freight system. This does not refer to all items considered. The ratings for other items vary
highly between the countries. This refers e.g. to the punctuality of trains. The situation in
Austria and the Czech Republic receives extraordinary good marks, while the situation in
Poland, Slovenia and the entire RFC5 is marked bad. Although this might depend on the
devastating consequences of the cold spell in Slovenia, the situation has obviously to be
improved.

Large difference can also be identified for the harmonization of rules. However, the
interpretation is not that straightforward, since the assessment refers most probable to an
adaptation of the standards of the reference country to the European level, but can also refer to
the point of view of companies assessing the specific reference area towards the situation in
other countries. If we follow the more probable first explanation, then there is a particular
need to improve the current situation in Poland and Italy and also within the entire RFC5 area.
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Particularly, the latter makes sense if the situation in Poland and Italy is regarded as limiting
factor.
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Figure 8: Assessment of the punctuality of trains

Source: Own results, own illustration
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Figure 2: Assessment of the harmonization of rules

Source: Own results, own illustration

5 FURTHER SURVEY RESULTS
Respondents were asked about their expectations on the development of their transport or

throughput volume until 2020. The answer should be distinguished by the transport mode and
also by a comparison between transports in the RFC5 area and the entire transport volume.
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Similar results were obtained for all groups of respondents for the future relevance of the
RFC5 area: The expectations on the development of the transport volume for the RFC5 area
lag behind the overall expectations for the entire transport volume (comparison of the first and
the second as well as the third and the fourth group of columns in figure 9). Obviously, other
markets are assumed to receive higher awareness such as Western Europe, Russia, but also
Middle and Far Eastern Countries were mentioned.

If the development per transport mode is analysed within one area — either for the RFC5 area
or the entire transport volume — there are varying results per target group. Terminal and port
operators expect rail transports to get more relevant than other modes for both reference areas
(comparison of the first and the third as well as the second and the fourth group of columns in
figure 9). This also refers to the expectations of logistic companies, while there is no clear
tendency for shippers. The number of shippers expecting a rather higher development is
smaller for rail use than for other modes regardless the reference area, while the opposite
picture is drawn when viewing on the category “higher development” where the expected rail
use exceeds the other modes regardless the reference area.

70% -
60% m
50%
40%
30% —
20%
10% T
0% — . []

Total transport  Only RFC 5 Total transport  Only RFC 5
with rail use area with raill  without rail use area without rail
Luse Luse

Share of valid answers

m Smaller mRathersmaller oEven mRather higher mHigher

Figure 103: Expected development of the throughput volumne of terminal and port operators
until 2020

Source: Own results, own illustration
6 CONCLUSION

The implementation of the Baltic-Adriatic rail freight corridor (RFC5) is assumed to improve
the situation for rail transports in central-eastern Europe. In order to prepare the
implementation of the RFC5, a transport market study including a survey was to be
conducted. 288 companies from all affected groups (shippers, logistic companies, terminal
and port operators as well as railway undertakings) participated to the survey. Their answers
provide an insight into their perception of the rail freight systems, their needs for
improvements and their expectations on the development of the rail freight system.
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The rating of the current situation reveals major differences in the assessment of the items.
The current status is considered to be particularly bad for the items flexibility, transport time
and transport costs with the last receiving by far the poorest rating. Particular good average
ratings were given for “share of damaged or lost goods”, “contact to infrastructure operator”
and “safety systems”. Obviously, the aspects marked as most important in literature get the
worst marks [8]. At least two of them — transport time and flexibility — are addressed by the
RFC5 which might imply an improvement of the situation. However, additional efforts are

needed in order to make rail freight transports more competitive in this area.
ACKNOWLEDGMENTS

This article is based on the transport market study for RFC5. We thank the clients of this
study OBB Infrastruktur AG, SZDC, RFI, PKP PLK S.A., ZSR, SZ-Infrastruktura, d.o.o. and
AZP as well as our project partners IKK ZT-GmbH Certified engineers, Institute for
Advanced Studies (HIS) and the Centre for Transporteconomics and Logistics (ZTL).

REFERENCES

[1] Rich,J., Kveiborg, O., & Hansen, C. O. (2011). On structural inelasticity of modal
substitution in freight transport. Journal of Transport Geography, 19(1), 134-146.

[2] Commission, E. E. (2011). WHITE PAPER roadmap to a single European transport area
towards a competitive and resource efficient transport system. COM (2011), 144.

[3] Council, E. P. a. (1996). 1692/96/EC of the European Parliament and of the Council of 23
July 1996 on Community guidelines for the development of the trans-European transport
network. GU L, 228(9), 11.

[4] Kriebernegg, G., Ferk, D., Piskaty, B., Gerike, R., Link, C., Koch, S., et al. (2014).
Transport market study on European Rail Freight Corridor 5. Final Report.

[5] Willumsen, L. G., & Ortuzar, J. d. (2011). Modelling transport: Wiley.

[6] Meixell, M. J., & Norbis, M. (2008). A review of the transportation mode choice and carrier
selection literature. International Journal of Logistics Management, The, 19(2), 183-211.

[7] Marcucci, E. (Ed.). (2013). Logistics Managers' Stated Preferences For Freight Service
Attributes: A Comparative Research Method Analysis. Bingley: Emerald.

[8] WANG, Y. D, Chuan; LIU, Chao; XIE, Binglei. (2013). An Analysis of Interstate Freight
Mode Choice between Truck and Rail: A Case Study of Maryland, United States. Procedia -
Social and Behavioral Sciences, 96, 1239 — 1249.

231



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

ENERGY LABELING OF ROAD NETWORK

Blaz Luin, D.Sc.
Stojan Petelin, D.Sc.
Franc Dimc, D.Sc.
Universitiy of Ljubljana
Faculty of Maritime Studies and Transport
Pot pomorscakov 4, 6320 Portoroz, Slovenia
blaz.luin@fpp.uni-lj.si

ABSTRACT

Some roads connect traffic origins and destinations directly, some indirectly. Indirect connections
result in longer distances driven by the vehicles and therefore in increased fuel consumption in order
to reach destination. When driving on congested roads or curvy mountain roads emissions are higher
than on flat roads. If traffic volumes are high, a lot of extra fuel is burned by the vehicles due to longer
and more energy inefficient roads. Therefore we propose a framework to label road according to the
energy labels that are used for vehicles and other devices as well. The framework should take into
consideration traffic volume, vehicle type distribution, road geometry and energy needed for road
operation and construction.

Key words: Traffic, energy, infrastructure construction, vehicle emissions.
1 INTRODUCTION

To analyze energy footprint of a road, geometrical and traffic data have to be obtained. We
propose two parameters that can be calculated to measure energy efficiency of the road:
energy ROI (return period of invested energy for road construction) and energy label. Usually
ROI can be calculated because new roads provide more direct connections, less congestion
and in most cases shorter routes with smaller longitudinal gradient which results in less
energy consumed by the vehicles traveling from same origin to a destination.
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Figure 1: Energy analysis of a road section

Obtaining input data is the basis for estimating energy needed for road construction and the
energy needed by the traffic passing through the road section. It was expected that largest
share of energy needed for construction will be due to the ground works, tunnel and rock
drilling due to high specific drilling energies of the rock (Bilgin, Copur, & Balci, 2013;
Celada, Galera, Munoz, & Tardaguila, 2009), but it was shown that, especially in case of
tunnels, largest energy share was due the manufacture of Portland concrete.

For our purpose only rough calculations for using the drilling specific energy and excavation
volumes were carried out. There are high uncertainties in input parameters, but using
conservative approach by assuming worst case parameters, order of magnitude of energy
consumption, CO2 emissions can be obtained.

On roads with large traffic volumes, largest input is traffic data that is used for estimation of
energy used by the vehicle that travel through the tunnel. In our analysis we defined impact of
the tunnel as a difference between fuel used as if there was no tunnel and fuel used on the
tunnel route.

2 ENERGY FOR ROAD TUNNEL CONSTRUCTION

Energy needed for construction a road tunnel depends greatly on energy needed for
excavation. Excavation energy depends on method of excavation and on ground hardness.
Nowadays most common excavation approaches are (Bilgin et al., 2013; Celada et al., 2009;
Heinid, 1999):

e drill and blast
e roadheader (machine with rotating cutting head)
e TBM (Tunnel Boring Machine)
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Apart from the excavation, energy is also needed for transportation of excavated material and
for construction of tunnel support. Tunnel equipment installation is less energy intensive than
other construction phases.

Drill and blast approach requires energy for drilling and the energy that is released by the
explosive for fracturing the rock.

Roadheader is a machine with a rotating head. According to (Heinid, 1999), largest rotating
heads are driven with approximately 300 kW and total installed powers are around 500 kW.
Energy that is needed for excavation is a product of installed power (as rotating head has to be
moved during the excavation), excavation rate and excavation volume,

Net energy needed for the TBM based tunnel tunnel excavation depends greatly on rock
structure, and can be between orders of magnitude of 0,001 GJ/m3 for coal to 2 GJ/m3 for
schists. Net energy is energy supplied to the TBM, multiplied by the energy transfer ratio
which is usually at the order of magnitude of 0,7 — 0,8. (Bilgin et al., 2013)

Therefore in order to asses amount of energy needed for tunnel construction of a certain
tunnel, geological data must be obtained or one can rely on construction statistics. Since there
are hardly any precise data on resources used for tunnel construction available, it is better to
rely on estimates of:

excavation volume

specific energy for drilling

energy for concrete installation

energy for steel reinforcement manufacture and installation

drilling
M steel
manufacture

68 % concrete
1]

Figure 2: Construction energy distribution for tunnels in limestone rock
3 ENERGY CONSUMED BY THE TRAFFIC
3.1 ldeal Road Estimate

To assign road an energy label, we propose assumption of an ideal road between an origin and
a destination. An ideal road should be a road with:

e Minimum longitudinal gradient
e No curves
e Smooth traffic flow
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Minimum longitudinal gradient and no curves can be assured with straight road connection
between an origin and a destination. In most cases this can be realistic estimate, but in rare
cases, if longitudinal gradient is too high, curves will be needed.

Energy estimate needed by the traffic flowing through a real road is then compared with an
energy needed by the traffic on an idealized road.

3.2 Traffic parameters considered

Estimates of traffic volume and vehicle types will be needed before conducting the analysis.
We propose sorting the vehicle into the following classes: light vehicles, light commercial
vehicles, heavy goods vehicles and buses.

Based on traffic volumes, a fuel consumed can be estimated using models of vehicle fuel
consumption for each vehicle type. Among different models we found specific vehicle power
model (Jiménez-Palacios, 1999) to be the most suitable. Vehicle specific power can be
calculated as

_ E+Ep+FresV+FaeroV+Finter?

VSP = , (1)

m
where derivates of Ex and E, represents power due to changes in Kinetic and potential energy,
Fres IS resistive force, Fqero IS aerodynamic resistance force and Fiqr IS internal resistance, v is
vehicle speed and m mass.

However there is also Zhai's formula that has simpler formulation of kinetic and potential
energy changes due to acceleration and road inclination (Zhai, Frey, & Rouphail, 2008)

VSP = v(a + gsin(¢p) + ) + {v3, ()
where [1[]is road gradient[][][][]is air resistance and[][] is rolling resistance coefficient/]

Vehicle specific power can be used to calculate emissions of vehicle on certain road sections.
The method takes into consideration all necessary parameters except increase of rolling
resistance due to curves is not considered. This is a parameter that could easily be measured
based on road geometry.

In our simplified model we so far used only data on average personal vehicle and HGV fleets
with distinction only between city and highway traffic. Enormous amounts of energy used by
the traffic imply development of more detailed model that would be based on exact road
geometry, vehicle data and weather conditions that would estimate used fuel on basis of
microsimulation by evaluating fuel consumption as a function of vehicle mass, acceleration,
road gradient, wind velocity and vehicle efficiency

1y = f(VSP(t), m,) ©)

We plan to implement such a model into road tunnel simulator. For preliminary calculations
we used only average statistic data for daily fuel consumption that is a product between length
of road section d and a sum

E,=d Zi Qdaily,iei' (4)
where Quaily,i 1S a daily traffic volume of i-th vehicle type and ei is fuel consumption per unit
length of the road.

Total fuel consumption is directly related to the overall CO, emissions.
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4 CASE STUDIES

We compared two very different tunnels in terms of construction and location. First tunnel
is a Karavanke tunnel that is linking Slovenia and Austria through the Alps. It is a single tube
tunnel with bidirectional traffic. Traffic volume is quite low at the moment. There are no
convenient alternative routes available. Taking an alternative route results in a lot longer
journeys and passing of serpentines on mountain passes that are unsuitable for cargo traffic.

Second tunnel is a motorway tunnel in the city of Ljubljana that is linking motorwey A2 to
the Ljubljana ring bypass and connecting two parts of the city as well. A map of the route can
be seen in the Figure 3. Daily traffic volume for 2012 was over 43000 vehicles which is a lot
higher than 8155 in the Karavanke tunnel.

In the Table 1 traffic data and energy consumed by the traffic can be seen. It should be
noted that the alternative route is not only longer in case of Sentvid, but also passes city
streets with semaphores that cause congestions and fuel loss.

In case of Karavanke tunnel alternative route is a lot longer due to high mountains in the
area. Data on fuel consumption and energy savings due to the tunnel can be seen in the Table
1. In the table 2 estimates of energy needed for the construction of the tunnel can be seen.

Table 7: Energy consumed by the traffic

Tunnel Sentvid Karavanke
Total average daily traffic 43.779 8.155
Personal vehicles/day 37.459 6.326
HGV/day 5.975 1.785
Route length (tunnel/ alternative)

[km] 46/6,5 26/65
Fuel consumed

(tunnel route)[1] 20307 23812
Fuel consumed

(alternative route) [I] 35317 59530
Saved energy [MJ/day] 540.350 1.285.853

Ev,tun - Ev,alt-
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Figure 3: Sentvid tunnel alternative route

Daily savings of the energy can be calculated from the equation 5. For Sentvid tunnels, daily
savings are 524.753 MJ or 1100 kg CO, and for Karavanke 1.268.400 MJ or 2616 kg CO,
emissions.

Another interesting parameter is time of return of investment that is how much time it takes
for the saved energy to compensate the energy that was used for the construction of the
tunnel. For Sentvid tunnel it is 1529 days or 4.2 years and for Karavanke tunnel it is 853 days
or 2.3 years.

Table 2: Energy needed for tunnel construction

Tunnel Sentvid Karavanke
Length of all tubes 1464 m main, 343 m,
1494 m main, 244 m 8019 m
(total 3545 m)
Tunnel type bldlrectlonal,_ _ unidiractional
underground junctions
Excavation volume approx. |316.399 m? 801.900 m?
Net excavation energy 9.492 GJ 24.057 GJ
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Tunnel Sentvid Karavanke
Gross excavation energy 39.549 GJ 100.237 GJ
Dlese_l fuel needed to power 1.098.608 | 2784.375 |
machinery
Energy for concrete 654.946 GJ 738.089 GJ
production
Energy for steel

107861 GJ 243.989 GJ
manufacture
Total 802.358 GJ 1.082.316 GJ

5 CONCLUSIONS

As the analysis shown, biggest impact on the overall energy consumption is due to the traffic.
Energy consumed by the vehicles was historically not considered a problem by road
operators, but as the analysis showed, large amounts of energy that can be saved with
upgraded traffic infrastructure or even with better traffic control. As fuel consumption is
lower on level roads and tunnels usually have smaller gradients than open roads in mountain
areas, energy consumption could be lowered by replacing open routes with tunnels.

We plan to further implement a vehicle energy consumption model that will consider drag
coefficient, vehicle mass, acceleration, road gradient and driving speed for different types of
vehicles such as petrol powered, hybrid, personal and HGV. We expect to achieve this
through vehicle specific power parameter.

Energy saving in the field of transport is implemented by promoting sales of more energy
efficient vehicles by labeling them according to the CO, emissions level that depend of fuel
consumption.

On the other hand impact of the roads was not addressed. We consider that there is need for
implementation of road energy labels that would be defined on the basis of road geometry.
Curvy roads with higher gradients would get worse labels than level roads. Same goes for
roads with congested or free flowing traffic.
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ABSTRACT

The main aim of this publication is an assessment of financial abilities to development of local self-
government units in Poland in the area of transport and communication. In this approach, against the
background of theoretical questions, empirical studies has been taken, involving analysis and
assessment of budgetary revenues and expenditures of local self-government units, generated in
chapter 600 of budgetary classification: “Transport and communication”. Scientific considerations of
this publication, focused especially on measurement and assessment of financial indicators for public
services involving transport and communication, and realized by local government at local and
regional level, additionally investment activity of these units has been investigated and financial
indicators of development ability has been calculated. Analysis has been performed in dynamic terms,
on the basis of historical data from Local Data Bank, investigations include 2008-2013 period.

Key words: Transport and communication, local self-government, budgetary revenues and
expenditures.

1 INTRODUCTION

Public authority in Poland is also exercised by local governments which represent a form of
decentralized public administration®. Local governments perform particular tasks based on
legal acts, using their specific authority and on their own responsibility. These tasks are
performed by local governments to the benefit of a particular community, which is regulated
by the acts concerning individual levels of local governments, such as Act on Local
Government in Gimnas, Act on Local Government in Powiats and Act on Local Government
in Voivodeships?. This is caused by the three-level structure of local government in Poland,
with 2749 gminas, which are principal unit of territorial division in Poland, 66 cities with
powiat status and 16 voivodeships.

Entities of territorial division and their bodies perform a series of functions. They participate
in making political decisions, with particular focus on administration policy, financial policy
and budget economy. The principles of participation in these decision processes result from
the Constitution and high number of local and regional public tasks to be performed. The

! Nowacka, E.J. (2005). Polski Samorzqd terytorialny. Warszawa: Wydawnictwo Prawnicze LexisNexis, p.10
? Dylewski, M. (2007). Planowanie budzetowe w podsektorze samorzadowym. Uwarunkowania, procedury,
modele. Warszawa: Difin, p. 46

240



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

concept of a public task should be brought closer to the reader since all the tasks performed by
the entities of local government have character of public tasks as they are oriented at meeting
collective needs of the community - either local or, in the case of internal tasks or the whole
society organized into the state with regard to contracted tasks.® Public tasks can be also
considered as obligations which are legally imposed by public government. They are
compared to traditional domains that relate to public authority.*

Specific characteristics of local government ensure appropriate competencies for performance
of the tasks. According to the Constitution of the Republic of Poland, local government is
responsible for performance of public tasks, not restricted for other forms of public authority.
The tasks performed by the entities of local government can be considered using many
criteria. The basic criteria are association and universality. According to the criterion of
association, there are internal tasks, contracted tasks and entrusted tasks, whereas criterion of
universality distinguishes between facultative and obligatory tasks.> Division into internal and
contracted tasks results from local government acts, whereas the scope of tasks depends on
the type of local government entity. Internal tasks concern activities aimed at meeting the
needs of local government communities whereas the contracted tasks result from the needs of
the state.® The types of tasks indicated in a budget of the entities of local government are
organized according to the division of budget classification, with the main sectors that
determine the type of activity being: agriculture and hunting, forestry, fishing, mining and
quarrying, industrial processing, manufacturing and supply of electricity, gas and water,
commerce, transport and communication, tourism, real estate economy, services, public
administration, public security and fire prevention, various settlements, higher education,
health care, education, social assistance, municipal economy and environmental protection,
culture and protection of national heritage, physical culture and sport and other sectors.
Among these sectors, number 600 is ,, Transportation and communication®. Entities of local
governments are obliged, within the scope of the sector for performance of tasks connected
mainly with infrastructure of inland transport’, to build, rebuild, renovate, maintain and
protect roads and manage them at the level of gmina, poviat or voivodeship®.

Due to the topic of this study, it is justified to bring closer the information about budgetary
revenues and incomes in the entities of local government connected with transportation and
communication. The investigations presented in this paper attempt to answer to the following
questions:

¥ Tarno, J., Sieniu¢, M., Sulimierski, J., & Wyporska, J. (2004). Samorzqd terytorialny w Polsce. \Narszawa:
LexisNexis, p. 39.

* Famulska, T. (2009) Gospodarka finansowa jednostek samorzadu terytorialnego w warunkach integracji
europejskiej. Katowice: Difin, p. 16.

®> Dylewski, M., Filipiak, B., & Gorzalczynska-Koczkodaj M. (2006). Finanse samorzqgdowe, Narzedzia,
Decyzje, Procesy. Warszawa: PWN, pp.23-25.

® Wankiewicz, B. (2009). Zasoby finansowe a rozw6j samorzadnosci lokalne. Warszawa: CeDeWu, p20.

" More about development of transport infrastructure: Nowicka-Skoworn M., & Mesjasz-Lech A. (2013).
Globalization and the Development of Logistics Infrastructure of the Freight Transport by Road. Regional
Integration: Europe, the Mediterranean and the World Economy. (19 p.). Palermo, Italy: 53rd ERSA Congress.

& More about the management of transport services: Skowron-Grabowska, B. (2014). Business Models in
Transport Services. Przeglgd Organizacji. 1(888), 35-39; Skowron-Grabowska, B. (2014). Problems of
Managing Transportation Systems in Urban Areas. Logistyka. 5, 25-27; Brzozowska, A. (2013). Zarzadzanie w
globalnych sieciach transportowych. Gospodarka Materiatowa i Logistyka. 10 (1226), 10-17.
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e What was the share of revenues and expenditures connected with transportation and
communication in individual types of local government entities in the percentage
structure of this type of revenues and expenditures in total in such entities?

e \What was the dynamic of changes in budgetary revenues and expenditures connected
with transportation and communication over the years 2008-2013?

e What was the scope of investments in the area of transportation and communication
in local government entities?

e Was stagnation or a revival observed in Poland in 2008-2013 in investment activity
of local government entities in the area of transportation and communication?

In order to deal with the above questions, the paper attempts to analyse and evaluate
budgetary revenues and expenditures in local government entities based on the data obtained
from the Central Statistical Office of Poland collected in Local Data Bank and Regional
Accounting Chambers and the Ministry of Finance in Poland. The historical data collected in
the study allowed for ex-post analysis, particularly in terms of calculation of the indices of
percentage structure and dynamics of changes in the values studied in 2008-2013.

2 EVALUATION OF BUDGETARY REVENUES AND EXPENDITURES IN
LOCAL GOVERNMENT ENTITIES IN THE DIVISION OF BUDGETARY
CLASSIFICATION OF "TRANSPORTATION AND COMMUNICATION" IN
2008-2013

In 2008-2013, budgetary revenues in local government entities in total generated in the area of
"Transportation and Communication™ were characterized by a progress, from 5.75 billion in
2008 to 11.54 billion zlotys in 2013, which is illustrated by the data presented in Fig. 1. The
greatest revenues in these terms were recorded in the period studied in gminas (increasing
from 3 to over 8 billion zlotys). Powiats showed an upward tendency for budgetary revenues
until 2010 (with the increase from 0.73 to 2.49 billion zlotys), whereas this value declines to
the level of 1.17 billion zlotys in 2013. Furthermore, revenues in voivodeships ranged in
2008-2011 from 1.03 to 1.38 billion zlotys, whereas a dynamic increase was observed in
2012-2013 (to 67 billion zlotys in 2012 and 2.26 billion zlotys in 2013).
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Figurel: Budgetary revenues in local government entities in the area of ""Transportation
and Communication™ in 2008-2013 (in billion zlotys)

Source: own calculations based on Central Statistical Office of Poland, Local Data Bank.

In conclusion, it can be indicated that the greatest revenues on tasks in the area of
transportation and communication were generated in the period studied by gminas, which is
demonstrated by the data illustrated in Diagram 2. The more in-depth analysis leads to the
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conclusion that the highest (rising from 63.8 to 74.75%) share of revenues in individual types
of local government entities was observed in gminas. Share of revenues in powiats in
revenues in total in local government entities generated for tasks in the area of transportation
and communication was increasing until 2010 (reaching 24.7%), whereas in the next years
this value was gradually decreasing, reaching 10.17% in 2013. Furthermore, voivodeships
recorded the highest share in this type of revenues in 2008 (23.48%). In 2009-2012, this
measure ranged from 12.78% to 14.8% and reached 19.58% in 2013.

100,00
80,00 23,48 14,00 13,67 12,78 14,80 19,58
60,00
40,00
20,00
0,00 . . . . :
2008 2009 2010 2011 2012 2013
Voivodships ® Powiats ®m Gminas

Figure 2: Structure of budgetary revenues in individual types of local government
entities in the area of ""Transportation and Communication® in 2008-2013 (in %)

Source: own calculations based on Central Statistical Office of Poland, Local Data Bank.

Table 1 presents dynamics of changes in terms of budgetary revenues in local government
entities generated in the area of "Transportation and Communication”. Analysis of fixed-base
indices, with the reference base being the year 2008, reveals that budgetary revenues in local
government entities in total nearly doubled in 2009-2013. Similar tendency was observed in
gminas. Powiats and voivodeships in 2013 showed the increase in this type of revenues at the
level of over 60%. With regard for chain indices, it can be concluded that, compared to the
previous year, dynamics of changes in budgetary revenues in local government entities in
total was characterized by slight increases, with this measure ranging from 2 to 6%. From
2010, gminas recorded a slowdown in growth dynamics, from 31.65% to 17.33%, whereas in
2013, a decline in the revenues was observed compared to the previous year (by 3.77%). In
2011, powiats showed a decline in revenues on transportation and communication by 15.78%,
with even more substantial decline in 2012 (43.76%), whereas in 2013, this downward
tendency was reduced (only 0.38%). Furthermore, voivodeships, except for 2009 and 2011,
where a decline in the value studied was observed (by 23.47% and 1.23%, respectively),
showed in the following years a dynamics of increase at the level of between 22 and 33%.
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Table 1: Dynamics of changes in budgetary revenues in local government entities in the area of
"Transportation and Communication™ in 2008-2013 (in %)

2009 2010 2011 2012 2013

— A| 12846| 13165| 11578| 117.33| 9623
B| 12846| 16912| 19581| 229.74| 221,07
. A| 22372| 15196| 8422| 5624| 99,62
Powiats
B| 22372| 339.95| 286,29| 161,01| 160,39
Vovode Al 7653| 133.16| 98,77| 12282| 13541
otvoasni B| 7653| 101,90| 100,65| 12362| 167,39
Local self-governments in total Al 12839] 136,36] 10566] 106,00] 102,38
B| 12839| 17507| 184,98| 196,08| 200,75

A — previous year = 100%; B — 2008=100%
Source: own calculations based on Central Statistical Office of Poland, Local Data Bank.

Budgetary revenues generated in individual local government entities were used partially for
expenditures on transportation and communication. As demonstrated by detailed data
illustrated in Diagram 3, the expenditures in this areas incurred by local government entities
in total were increasing gradually until 2011 from 23.26 billion zlotys to 32.61 billion zlotys.
In 2012, this value was 29.43 billion zlotys, whereas in 2013, it reached 30.17 billion zlotys.
Similar (to local government entities in total) tendencies in spending public resources on tasks
connected with transportation and communication were observed for gminas: until 2011,
expenditures rose from 15.76 billion zlotys to 21.64 billion zlotys, whereas in 2012-2013,
they were characterized by a regression from 20.62% to 20.38%. Expenditures of
voivodeships were at the level of 5.23 to 6.87 billion zlotys, whereas the lowest expenditures
were incurred by powiats (2.27 to 5.16 billion zlotys.
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Figure 3: Budgetary expenditures in local government entities in the area of
"Transportation and Communication* in 2008-2013 (in billion zlotys)

Source: own calculations based on Central Statistical Office of Poland, Local Data Bank.

Similarly to revenues, expenditures in gminas represented the highest share in the
expenditures on transportation and communication in local government entities since they
ranged from 64.5 to 70%, which is demonstrated by the data illustrated in Diagram 4. Share of
expenditures of voivodeships in the percentage structure accounted for from 18.9% to 22.76%
in 2008-2013 (with 9.6% to 16.17% in powiats).
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Figure 4: Structure of budgetary expenditures in individual types of local government
entities in the area of ""Transportation and Communication' in 2008-2013 (in %)

Source: own calculations based on Central Statistical Office of Poland, Local Data Bank.

Budgetary expenditures in local government entities on transportation and communication
were characterized by poorer growth, contrary to the revenues generated. In the case of fixed-
base indices, progression of expenditures was observed until 2011, from 23 to 40% and a
slowdown to 26.5% was observed, with a slight increase observed in 2013 (to the level of
29.67%). Similar growth rate was recorded in gminas, expenditures for transportation and
communication increased from 17% in 2009 to 37.28% in 2011 and in 212-2013, this index
was at the level of ca. 30%. Escalation in the case of voivodeships was recorded in 2013
(31.3%). Furthermore, expenditures in powiats in 2009-2011 nearly doubled, whereas in
2012-2013, dynamics of the increase in expenditures for transportation and communication
was at the level of 24-28%.

Table 2: Dynamics of changes in budgetary expenditures in local government entities in the
area of "Transportation and Communication® in 2008-2013 (in %)

2009 2010 2011 2012 2013

Gminas A 117,05| 112,76 104,01 95,30 98,82
B 117,05| 131,98 137,28 130,83 129,29
. Al 17597| 129,00 85,53 64,10 | 103,34
Powiats
B 175,97 227,01 194,16 124,46 128,61
Voivodshi A 117,71 96,96 109,98 91,09 114,84
B 117,71 114,13 125,52 114,33 131,30
Local self-governments in total Al 1229 111,63 10214 90,23| 102,51
B 122,96 | 137,26 140,20 126,50 129,67

A — previous year = 100%; B — 2008=100%

Source: own calculations based on Central Statistical Office of Poland, Local Data Bank.
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Figure 5: Budgetary deficit in individual types of local government entities in terms of tasks
connected with transportation and communication in 2008-2013 (in billion zlotys)

Source: own calculations based on Central Statistical Office of Poland, Local Data Bank.

In conclusion, the investigations point that local government entities in Poland generated in
2008-2013 much less budgetary revenues, whereas they incurred much higher expenditures
on transportation and communication. This led to budgetary deficit and the need for finding
additional sources of finance, increasing debt in the entities studied. The highest deficit (over
21 billion zlotys) was generated by local government entities in total in 2009-2011, and the
deficit decreased to over 18 billion zlotys due to a slowdown in dynamics of expenditures in
total on transportation and communication. Deficit in the period studied accounted for 64-
69% in gminas, 8-12% in powiats and 21-24% in local government entities in total.

3 EVALUATION OF INVESTMENT ACTIVITY IN TERMS OF TASKS
CONNECTED WITH TRANSPORTATION AND COMMUNICATION IN 2008-
2013

High demand on investments in terms of road infrastructure determined budgetary
expenditures in the area of Transportation and Communication in 2008-2013 incurred by local
government entities, which is illustrated by the data presented in Fig. 6. Revival of investment
activity was observed in 2008-2011, with investment expenditures rising from 11.71 billion
zlotys to 18.87 billion zlotys. This was caused mainly by the opportunities of using EU Funds
available in the period of programming 2007-2013 and the increase in internal budgetary
resources.

The thesis of opportunities of financing investments from foreign sources is supported by the
data presented by the Regional Accounting Chambers in annual report on budget in local
government entities. For example, in 2013, local government entities spent in total on
programs and projects that used foreign resources 8.47 billion zlotys, which accounted for
40.6% of all the budgetary expenditures, with the expenditures financed with foreign
resources at the level of 5.68 billion zlotys (67%). It can also be indicated that the greatest
expenditures on programs and projects that used foreign funds in the area of "Transportation
and Communication™ were incurred in the Masovian Voivodeship (16.1%), Silesian
Voivodeship (13.4%), Lower Silesian Voivodeship (8.7%) and Pomeranian Voivodeship
(7.2%). Regional Accounting Chamber also reported that, compared to the year 2012,
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expenditures on programs and projects that used foreign funds reduced in 2013 by 2.6%°. The
slowdown in investment activities in 2012-2013 was caused, among other things, by
economic tendencies in the country, which resulted in poorer dynamics of the increase in
budgetary revenues and completion of the programs and projects financed from EU funds
within the perspective of 2007-2013. No additional sources of finance had an effect on a
reduction in investment expenditures in terms of transportation and communication for all
types of local government entities in Poland.
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Figure 6: Investment expenditures in local government entities in the area of ""Transportation
and Communication™ in 2008-2013 (in billion zlotys)

Source: own calculations based on Central Statistical Office of Poland, Local Data Bank.

The highest expenditures on investments were incurred by gminas in 2008-2011. It should be
emphasized that until 2011, investment level increased from 7.91 billion zlotys to 12.13
billion zlotys, whereas in 2012-2013, this value was over 10 billion zlotys. Analysis of the
data presented in Fig. 7 also shows that investments in gminas were predominant in the
structure of investment expenditures in total in terms of transportation and communication,
accounting for 59-69%. This results in particular from the greatest infrastructure in terms of
transportation and communication, thus the necessity of incurring the highest expenditures to
support, modernize, build and rebuild this infrastructure.

The highest share in the structure of investment expenditures in individual types of local
government entities on transportation and communication was found in powiats in 2010
(19.52%) and this value reduced gradually from 2011, first to 16.06% and than to over 10% in
2012-2013. Furthermore, voivodeships in 2008-2009 were characterized by 22% share of
investment expenditures in the expenditures in local government entities in total. In 2010, this
share reduced to 17.34% and increased in 2011-2013 from 18.76% to 24.36%.

% Sprawozdania z dziatalnosci RIO i wykonania budzetu przez jednostki samorzadu terytorialnego w 2013 r., s.
201 http://www.rio.gov.pl/html/sprawozdania_rio/2013/sprawozdanie_za 2013 r_www.pdf
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Figure 7: Structure of investment expenditures in individual types of local government entities
in the area of ""Transportation and Communication' in 2008-2013 (in %0)

Source: own calculations based on Central Statistical Office of Poland, Local Data Bank.

The highest share in the structure of investment expenditures in individual types of local
government entities on transportation and communication was found in powiats in 2010
(19.52%) and this value reduced gradually from 2011, first to 16.06% and than to over 10% in
2012-2013. Furthermore, voivodeships in 2008-2009 were characterized by 22% share of
investment expenditures in the expenditures in local government entities in total. In 2010, this
share reduced to 17.34% and increased in 2011-2013 from 18.76% to 24.36%.

Table 3: Dynamics of changes in investment expenditures in local government entities in the
area of ""Transportation and Communication™ in 2008-2013

2009 2010 2011 2012 2013

Gminas A| 118,33| 119,34| 108,59 86,89 94,87

B 118,33 141,21 153,35 133,25 126,41

Powiats A| 238,74 131,70 86,82 51,16 | 109,59

B| 238,74| 314,41| 272,97| 139,64| 152,86

Voivodoship A| 132,68 90,91| 114,19 83,62| 129,19

B 132,68 120,62 137,74 115,18 148,80

Local self-governments in total Al 13305] 11518] 10529 8048| 103,12
B| 133,05 153,24| 161,35| 129,85| 133,91

A — previous year = 100%; B — 2008=100%
Source: own calculations based on Central Statistical Office of Poland, Local Data Bank.

The thesis of the slowdown in investment activity in terms of tasks connected with
transportation and communication is supported by the indices of dynamics of changes in the
economic values analysed in the study, presented in Table 3. However, it should be
emphasized that individual types of local government entities were characterized by different
tendencies for changes. Gminas showed a dynamic increase in investment expenditures
compared to the year 2008 as the reference base, with progression from 18.33% to 53.35% in
the years 2009-2011. In 2012-2013, a slowdown in dynamics of increase in investment
expenditures was observed, from 33.25% to 26.41%. Evaluation of chain indices leads to the
conclusion that the negative rate of changes was observed in 2012-2013 since the investment
expenditures decreased by 13.11% in 2012 and 5.13% in 2013.

Furthermore, powiats in 2009-2011 were characterized by over doubled and tripled
investments compared to 2008, followed by the slowdown in the growth dynamics to ca. 40%
in 2012 and 53% in 2013. In the case of chain indices, the greatest regression was recorded in
2012, with the investment expenditures reduced by nearly half. Furthermore, a declining

248



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

tendency in investment expenditures on transportation and communication was observed in
voivodeships in 2011-2012. In 2013, fixed-base indices and chain indices rose dynamically.

Table 4: Share of investment expenditures on transportation and communication in budgetary
expenditures in total in individual types of local government entities in 2008-2013 (in %)

2008 | 2009| 2010 2011 2012| 2013

Gminas 50,19| 50,74] 53,70 56,07 51,12| 49,07
Powiats 48,81| 66,23| 67,61| 68,63| 54,77| 58,08
Voivodoship 49,15| 55,40| 51,95| 53,94 49,51| 55,70

Local self-governments in total 50,34| 54,75| 56,00 57,86 51,52| 52,02

Source: own calculations based on Central Statistical Office of Poland, Local Data Bank.

The last question analysed in this study is analysis and evaluation of the share of investment
expenditures in budgetary expenditures in terms of public tasks concerning transportation and
communication. To achieve this goal, the detailed indices were calculated (presented in Table
4), with division into individual types of local government entities. Undoubtedly, it can be
concluded that the tasks in terms of transportation and communication were characterized by
a very high share in budgetary expenditures in total: for local government entities in total in
Poland, this index accounted for 50-57.9%, with 49-56% in gminas, 48.8-68% in powiats and
49-55.7% in voivodeships. Therefore, on the average (53.95% for local government entities in
total, 52.5% for gminas, 58.4% for powiats and 52.35% for voivodeships), over half of the
expenditures generated in the division of the budgetary classification "Transportation and
Communication™ are investment expenditures.

4 CONCLUSIONS

The analysis and evaluation of revenues and expenditures in local government entities in
Poland connected with performance of public tasks in the area of transportation and
communication carried out in this study revealed the greatest share of this type of revenues
and expenditures in individual types of local government units in gminas. As indicated in the
study, this results primarily from the greatest number of entities of this type and the biggest
communal infrastructure that needs substantial investment expenditures.

Two periods can be distinguished in the years analysed in the study. The first period, from
2008 to 2011, was characterized by a dynamic increase in budgetary revenues, finding
additional sources of financing of infrastructural initiatives, particularly EU funds, which
directly translated into a revival of investment activity in terms of activities connected with
transportation and communication. The second period, i.e. the years 2012-2013, was
connected with a slowdown in investment activities. This results, among other things, from
completion of financing tasks from EU funds in 2007-2008 and the economic tendency in the
country, lower dynamics of growth of budget revenues, limitation of the budget deficit in
local government entities, generated particularly in previous years.
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ABSTRACT

In this study, a comparison between deep sea shipping container services, offered from the main
Italian ports, in the years 2011 and 2014, is carried out. The study sample is formed by the departures
registered during the months of January 2011 and August 2014. We have made reference, in
particular, to ports belonging to the following clusters, which, altogether, form the 95% of the Italian
overall deep sea container traffic: the Ligurian Sea - Northern Tyrrhenian Sea multi-port gateway
system (Genoa, La Spezia, Savona, Livorno), the Center-North Adriatic multi-port gateway system
(Ancona, Ravenna, Venezia, Trieste), the Campania gateway multi-port system (Napoli, Salerno), the
Italian multi-port hub system (Gioia Tauro, Cagliari and Taranto). The world areas are grouped in:
North America, South America, Central America, West/Pacific America, West Africa, East/South
Africa, Red Sea, Arabic / Persian Gulf, Southeast Asia / Far East. A comparison regarding route
structure and vessel capacity is also carried out. The comparison has shown that, while the number of
deep sea shipping departures, from Italian ports, slightly increased between 2011 and 2014, the
dimensions of the ships, which call in Italian ports, increased relevantly, and this is in line with the
current trend in container ship gigantism. At present the most important Italian port system, with
regard to deep sea shipping direct routes, is the Ligurian — Northern Tyrrhenian port system, while the
least important is the Adriatic port system: in fact Adriatic ports mainly offer short sea shipping
services. On the other hand, the development of European Adriatic-Baltic Corridor will bring, in years
to come, to a reduction of the current gap between deep sea shipping container direct services in
Ligurian- Northern Tyrrhenian ports compared to that of the Adriatic ports. The world area mostly
connected with Italian ports is the Southeast Asia — Far East, where the most important container ports
of the world are located; also North America and Red Sea are well connected with Italian ports. The
least number of connections occurs with Africa (West and East/South Africa) and with Australia.

Key words: Deep sea shipping, container routes, container traffic, Italian ports, maritime traffic
comparison.

1 INTRODUCTION
Containerized traffic is the most important cargo type transported by sea; moreover, the trend

in Italian GDP is highly connected with the trend of this cathegory of freight [4].

In this paper, at first, a review of deep-sea container shipping services to/from Italian ports in
2014 is performed. A full analysis, regarding the services registered in year 2011, has been
performed in Lupi et al. [3]. Then, a comparison between the services registered in 2011 and
2014 is carried out.

Italian ports have been classified in the following clusters:
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e Ligurian Sea - Northern Tyrrhenian Sea multi-port gateway system: Genoa, La
Spezia, Savona, Livorno;

e Northern Adriatic multi-port gateway system: Ancona, Ravenna, Venezia, Trieste;

e Campanian multi-port gateway system: Napoli, Salerno;

e Multi-port hub system: Gioia Tauro, Cagliari and Taranto.

The paper is organized as follows. Section 2 focuses on the analysis of statistical data
regarding Italian port container traffic. In section 3 details on container deep sea shipping
routes, at major Italian ports, in the year 2014, are provided. In section 4 a comparison
between data in the year 2011 and 2014 is carried out. Conclusions follow.

2 THE TREND OF CONTAINER TRAFFIC IN ITALIAN PORTS

In Table 1, the development of containerized traffic in Italian ports is reported. In general, the
overall Italian throughput shows a constant increase until the years 2007-2008, when the
maximum throughput, of 10.5 — 10.6 million TEUSs, is reached. After 2008, a long period of
crisis has followed which resulted: in a severe decrease of traffic in 2009, a slight increase
in 2010, a slight decrease in 2011-2012, and a slight increase in 2013. In any case the pre-
crisis traffic, of 2007, hasn’t yet been reached.

The most important port in the Ligurian-Northern Tyrrhenian system is the port of Genoa,
which has registered an almost constant increase in the container throughput in the last years.
The port of La Spezia, instead, has closely followed the development of the economic crisis,
with a slight decrease in 2009 and in 2012, but in 2013 it has overcome the pre-crisis traffic
level. The port of Savona - Vado Ligure has experienced an impressive growth until 2008, but
after, until 2013, a strong decrease of traffic can be observed. The port of Livorno is located
in the Northern-Thyrrenian Sea and can be considered to belong to the same cluster including
Ligurian ports. Container throughput at Livorno has not changed relevantly until 2003, then it
has increased, significantly until 2008, then decreased in 2009; in 2013 the pre-crisis traffic
hasn’t yet been reached.

The North-Adriatic multiport gateway system is formed by the following ports: the Italian
ports of Venezia, Trieste and Ravenna; the Slovenian port of Koper; the Croatian port of
Rijeka. With reference to the Italian ports, traffic in Ravenna has remained quite constant
between 2000 — 2010, with values between 160.000 and 200.000 TEUs, but it registered a
small increase to 230.000 TEUs from 2010 to 2013. Containerised traffic in Venice has
registered a slight, but constant, increase and it has been only slightly affected by the global
economic crisis. The port of Trieste has been characterised by a severe decrease in container
throughput during the years 2002 — 2003 and by an increase in the subsequent years, with
only a slight reduction of traffic in 2009. After 2009, Trieste has doubled its traffic reaching a
throughput of over 400.000 TEUs. As far as the ports of Koper and Rijeka is concerned, they
have both experienced a very impressive increase in the last years: in particular, the port of
Koper has become the first container port of the North Adriatic port system with a container
throughput of 600 000 TEUs in 2013.

In the matter of the Italian transhipment hub ports, i.e. Gioia Tauro, Taranto and Cagliari, it
can be noted that Gioia Tauro is characterised by the highest container throughput in Italy,
with a maximum throughput of about 3.5 million TEUs in 2008 and 3.1 million TEUs in
2013; however, this port has registered a serious decrease in the years 2009-2011, in
particular, in 2011, it reached the minimum throughput of 2.300 TEUs. Cagliari has strongly
increased its throughput from 73.600 to 314.000 TEUs between 2002 and 2003. After, it has
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further increased its throughput to 600.000 — 700.000 TEUs (702.000 TEUs were registered in
2013). Taranto instead, after a consistent increase in the throughput from 190.000 to 700.000
TEUs from 2001 to 2004, has registered a severe decrease in traffic, in the last three years,
reaching in 2013 the 190.000 TEUs: that is the traffic registered in 2001.

Table 1: Container throughput at Italian ports, in number of TEUS, in the period 2000 — 2013
2001] 2002[ 2003[ 2004] 2005] 2006]  2007] 2008 2009] 2010] 2011] 2012] 2013

PORTS

ITALY
(total)

7272001(8228781|8911152{9482593|9702708|9864375|10609108|10549886|9513014|9777962|9526808|9618700|10082380

Gioia T. |2488332|3008698(3148662|3261034(3208859|2938176| 3445337| 3467824|2857440|2852264(2304987|2721108| 3094254

Genova  |1526526|1531254/1605946|1628594|1624964|1657113| 1855026| 1766605(1533627|1758858(1847102|2064806| 1988013

La Spezia | 974646| 975005|1006641|1040438|1024455|1136664| 1187040 1246139|1046063|1285155(1307274|1247218| 1300432

Livorno 501912| 519751| 540642| 638586| 658506 657592| 745557 778864| 592050| 628489 637798 549047 559180

Taranto 197755| 471570| 658426| 763318| 716856| 892303| 755934 786655| 741428| 581936| 604404| 263461| 197317

Cagliari 25908| 73657| 313938| 501194| 639049| 687657| 547336 307527| 736984| 629340| 603236 627609| 702143

Napoli 430097| 446162| 433303| 347537| 373626| 444982| 460812 481521| 515868| 534694| 526768| 546818| 477020

Venezia 246196| 262337| 283667 290898| 289860| 316641 329512| 379072| 369474| 393913| 458363| 429893 446591

Trieste 200623| 185301| 120438| 174729| 198319| 220310 265863| 335943| 276957| 281643| 393186| 408023| 458597

Salerno 321304| 374868| 417477| 411615| 418205| 359707 385306, 330373| 269300| 234809( 235209 208591 263405

Savona 50092| 54796 53543| 83891| 219876| 227197| 242720| 252837| 196317| 196434| 170427| 75282 77859

Ravenna | 158353| 160613| 160360 169432| 168588| 162052| 206786 214324| 185022| 183577| 215336| 208152| 226879

Ancona 90030| 94315 75841 65077 64209| 76458 87193| 119104| 105503| 110395| 120674| 142213| 152394

Koper 93187| 114863| 126237| 153347| 179745| 218970 305648 353880| 343165| 476731| 589314| 570744 600441

Rijeka 12711| 15215| 28298 60864| 76258 94390| 145040 168761| 130740( 137048| 150677| 152016| 169943

Source: Assoporti [7]. The North-Western gateway system is formed by the ports of Genova, Savona, La Spezia and Livorno,
the North-Eastern Adriatic gateway system by the ports of Venezia, Trieste, Ravenna, Ancona; the Campanian gateway
system is formed by Napoli and Salerno; the Italian hub port system by the ports of Gioia Tauro, Taranto and Cagliari. The
others are minor ports.

3 DEEP-SEA SERVICES IN THE ITALIAN PORT SYSTEMS IN 2014

This research has been accomplished through a collection of data from: I' Avvisatore
Marittimo [6] and Informare [5], where the list of ship departures for each Italian ports is
provided; and from several websites: Marinetraffic [8], which provides day by day the exact
position of the ship; Oceanschedules [9], which reports for each vessel the ports called in the
last days; and the major global shipping companies’ websites. We made reference to ship
departures registered at Italian ports in the month of August 2014.

Table 2 depicts deep sea shipping container departures from Italian ports, separate in the four
clusters mentioned above.

With regard to Tyrrhenian ports, Genoa is the largest deep-sea shipping port in the Northern
Italy, both taking into account the number of direct connections and the DWT of the
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containerships calling at this port. La Spezia port is the second in rank and Livorno is the
third.

Regarding Adriatic ports, the only port registering a deep sea shipping service is Trieste. It
can be noticed the huge gap to be filled by North-Eastern Adriatic Italian ports to reach the
North-Western Tyrrhenian Italian ports respect to direct deep sea services. Actually North
Adriatic Italian ports operate their deep-sea container traffic volumes mainly being connected,
through feeder services, to Gioia Tauro and Malta hubs [1, 3, 6].

The Campanian ports of Napoli and Salerno have also a considerable container deep sea
shipping traffic; moreover their deep sea shipping traffic is greater than that of the Adriatic
ports.

With reference to hub ports, the port with the highest number of departures is Gioia Tauro,
followed by Cagliari: moreover the dimensions of the ships calling at Gioia Tauro are the
largest among the ships calling at Italian ports.

The deep sea shipping destinations of the Italian ports have been grouped according to the
geographical classification proposed by the “Avvisatore Marittimo”: West Africa, East
Africa, North America, Central America, South America, America / Pacific coast, Red Sea,
Arabic / Persian Gulf, Southeast Asia / Far East. The area with the highest number of
connections is Southeast Asia / Far East, with a total of 66 ship departures from all Italian
ports, in particular: 43 ship departures from the North-Western Tyrrhenian Italian gateway
port system, 11 from Northern Adriatic Italian gateway port system, 27 from the Campania
gateway system and 19 from the hub port system. West Africa and East Africa are the least
connected world regions to Italy.

In Far East, mainly Chinese and Japanese ports are served, but also Indian ports, such as
Mumbai and Chennai, and Port Kelang (Malaysia) are major destinations connected to Italy.
Other shipping routes connect directly (i.e. without transhipment) Italy to ports located in the
Arabic Sea and in Central America.

Also North America is highly served by deep sea shipping container routes: 38 departures in
the month of August 2014 have been registered considering all Italian ports, while 37
departures have been registered from the Northern Tyrrhenian gateway ports. North America
regards, in particular, the U.S. ports of New York, Norfolk and Savannah. Instead, Central
America comprises all the major ports of the Mexican Gulf, in particular the U.S. ports of
Houston and Miami.

Other important world areas are Red Sea and Persian Gulf. These areas are on the way to Far
East. Moreover, because the route to Far East crosses the Suez Channel, several ships call at
the ports of Port Said and Suez, respectively on the north and the south of the channel:
however we considered both ports as part of the Mediterranean region. Therefore, if a vessel
stops at Suez but not at any other port of the Red Sea, the connection to Suez is not
considered a connection to the Red Sea. The most important port in the Red Sea is Jeddah in
Saudi Arabia, and the most important port in the Persian Gulf is Port Qasim in Pakistan.
However, not all the ships directed to Southeast Asia / Far East call at the ports belonging to
these two world areas, and this explains the reason because they register less ship calls than
Far East.
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Table 2: A synthesis on the deep sea container services to/from Italian ports, distinct by
destination region, in terms: of number of services by month, of total and average DWT, of

average draught. Data refer to August 2014.
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As to northern Tyrrhenian ports, the world area mostly connected is the Southeast Asia / Far
East, with 43 departures per month; this is also the area connected by the biggest ships: the
average DWT is nearly 90000 tons. The second important world area, for departures per
month, is North America, with 37 departures, followed by Central America (i.e. Mexican
Gulf), with 25 departures; but the average DWT is quite low, and equal to around 50000 tons
for both areas. America / Pacific registers 20 departures per month and an average DWT of
70000 tons. The Red Sea registers 18 departures per month and an average DWT of 76000
tons. Actually the number of connections to Red Sea is not so high because Suez was
considered as part of the Mediterranean in the 2014 analysis. The Arabic Sea / Persian Gulf
world area registers 14 departures by month and an average DWT of 86000 tons. The least
connected world area is East Africa / South Africa, with only 3 departures per month.
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With reference to Adriatic ports, the number of ship departures is very low: only 3 ships per
month call at America/Pacific ports, 6 call at Red Sea ports and 11 call at Southeast Asia / Far
East ports. The average DWT is around 65000 tons for ships directed to Red Sea and Far East,
and 45000 tons for ships directed to America.

In regard to Campanian ports, the most important connected area is Central America
(Mexican Gulf), with 11 ship departures per month, followed by North America and by East
Africa / South Africa, with 5 ship departures per month. The maximum average DWT,
instead, is registered for ships direct to Red Sea (93000 tons) and Southeast Asia / Far East
(86500 tons).

Regarding hub ports, again the best connected world area is Southeast Asia / Far East, with 19
departures per month and an average DWT of over 100000 tons. Follows Arabic / Persian
Gulf with 15 departures and over 100000 tons of DWT. South America registers 13
departures per month, North America and America / Pacific 11, while Red Sea registers 10
departures per month . Ships direct to America/Pacific registers the lowest average DWT for
hub ports, equal to 59000 tons; Ships direct to North America registers an average DWT of
around 68000 tons, and ships direct to Red Sea of 82000 tons. The least connected world area
is West Africa, because there are no departures from hub ports having West Africa as
destination; there are only 2 departures to East Africa / South Africa.

All these information refer to the year 2014. The same information regarding the year 2011
are reported in Lupi et al. [3].

4 COMPARISON WITH DATA RECORDED IN THE YEAR 2011

The data collected in August 2014 have been compared with the analogous data collected
between 23 December 2010 and 25 January 2011 reported in tab.3. The comparison between
the data collected show that the overall deep sea shipping traffic from Italian ports has
increased since 2011: both regarding the total number of deep sea shipping services, by
month, which call at least in an Italian port (this number increased from 150 in 2011 to 158 in
2013) and the total DWT (this number increased from 8 in 2011 to 11 million tons in 2013).
In particular, the increase has been registered rather in the ships dimensions than in the
number of services: actually the increase in the total DWT has been is by 40%, while the
increase in the number of departures has been by 5%.

As far as the traffic in each port is concerned, some observations can be done. A comparison
between data in 2011 and 2014 is reported in table 4. The table shows the variation in the
number of departures by month and in total DWT for each port and port clusters.

Genoa kept the same number of deep sea departures by month, equal to 80, but increased the
total deep sea DWT by 35%, from around 4 million tons in 2011 to over 5 million tons in
2014. La Spezia increased both the number of departures (from 43 to 48, +12%) and the total
DWT (+42%); Savona instead saw a relevant reduction in the deep sea shipping traffic, as it
decreased the departures from 10 to 3 (-70%), and the total DWT from 277000 tons to 69000
tons (-75%). Livorno increased the DWT from 1.5 to 2.1 million tons (+42%), while the
monthly deep sea departures remained the same.

Ravenna and Venezia completely lost all their deep sea shipping departures (which actually
were only 2 and 6 respectively); actually the container throughput in these two ports did not
decrease from year 2011 values, and it is also not negligible: therefore this traffic is now
generated only by feeder short sea shipping container routes. Trieste’s number of departures
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nearly doubled (i.e. +83%), from 6 in 2011 to 11 in 2014, and also the total DWT increased
relevantly (+88%).

Table 3: A synthesis on the deep sea container services to/from Italian ports, distinct by
destination region, in terms: of number of services by month, of total and average DWT, of
average draught. Data refer to January 2011.
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CAGLIARI 0 12| 0|15/ 8| 0| 3| 4|10]| 0 |24]| 1130892 47121103
TARANTO o[3[o|lo|lo|o|o|o|3|0]| 3| 235003|78364]|13.2
TOTAL NORTH
WEST GATEWAY | 8 | 47| 3 |24 32| 7 [ 19| 24|54 | 11 |120| 6117959 | 50983 |10.2
TOTAL NORTH
EAST GATEWAY | O | 8 |0 |0 0|0 0| 1|80 |9 | 458086 |50898 |9.82
TOTAL
CAMPANIA 7115|4913 0|6 |7 |11| 3|43/ 2169909 | 50463 | 10
GATEWAY
TOTAL HUB
PORTS 0 26| 2 |22|18| 4| 8 |14|23| 3 |59 3608572 | 61162 | 11
TOTAL 8 68| 5 |32]33| 7 |20|35]| 77|11 |150| 8072955 | 53397 | 10.4

Source: L ’Avvisatore Marittimo [6], and shipping companies websites [10].

With reference to Campanian port system, the gap between Napoli and Salerno reduced,
because Napoli decreased its departures by month from 35 to 16 (-54%), while Salerno
increased them from 8 to 12 (+50%). The total DWT of Napoli decreased from about 2
million tons to 1.1 million tons (-43%); the total DWT of Salerno increased from 220000 tons
to 520000 tons (+135%).

In regard to hub ports, Gioia Tauro increased the deep sea departures by month, from 32 to 37
(+16%), and the DWT from 2.2 to 3.3 million tons (+48%). It must be noted that, in 2011,

257



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

traffic data refer to the early beginning of the year, when Gioia Tauro did not experience yet
the massive reduction in container traffic that occurred at the end of the summer, when two of
the most important shipping companies abandoned this port. Cagliari decreased the
departures, by month, from 24 to 15 (-38%) and the DWT from 1.1 to 1.0 million tons (-
10%). Taranto increased the departures, by month, from 3 to 5 (+67%) and the DWT from
235000 to 328000 tons (+40%)

Table 4: Comparison between deep sea shipping container services in 2011 and 2014. The table
shows the number of departures per month and the total DWT, as well as the variation in
percentage of these two quantities between 2011 and 2014.

Variation 2011 -
2011 2014 2014
n°departures g\ol\t;ill! n°departures I;)r\ol\t/?ll n°departures | Total
per month (tons) per month (tons) per month | DWT
GENOVA 80 4005659 80| 5408645 0% | 35%
LA SPEZIA 43 2572361 48 | 3663203 12% | 42%
SAVONA 10 277410 3 68937 -710% | -75%
LIVORNO 40 1468481 40| 2089657 0% | 42%
ANCONA 0 0 0 0 0% 0%
-1000 i
RAVENNA 2 23820 0 0 100% 100%
-1009 i
VENEZIA 6 270245 0 0 100% 100%
TRIESTE 6 369606 11 693576 83% | 88%
NAPOLI 35 1949034 16| 1101488 -54% | -43%
SALERNO 8 220875 12 519923 50% | 135%
GIOIA TAURO 32 2242587 37| 3325122 16% | 48%
CAGLIARI 24 1130892 15| 1022107 -38% | -10%
TARANTO 3 235093 5 328495 67% | 40%
TOTAL NORTH WEST
GATEWAY 120 6117959 122 | 8131420 2% | 33%
TOTAL NORTH EAST
GATEWAY 9 458086 11 618574 22% | 35%
TOTAL CAMPANIA
GATEWAY 43 2169909 27| 1583502 -37% | -27%
TOTAL HUB PORTS 59 3608572 57| 4675724 -3% | 30%
TOTAL 150 8072955 158 | 11281739 5% | 40%

On the whole, the Northern Tyrrhenian ports increased the departures by month from 120 to
122 (+2%) and the total DWT from 6.1 to 8.1 million tons (+33%). The average DWT
increased from 51000 to 66700 tons (+31%) and the average draught from 10.2 to 10.9
metres (+7%). The northern Adriatic ports increased the departures by month from 9 to 11
(+22%) and the total DWT from 458000 to 618600 tons (+35%). The average DWT increased
from 51000 to 56000 tons (+10%) and the average draught from 9.82 to 10.5 metres (+7%).
Campanian ports decreased the departures by month from 43 to 27 (-37%), and decreased the
total DWT from 2.2 to 1.6 million tons (-27%). The average DWT increased from 50500 to
59000 tons (+17%) and the average draught from 10 to 10.3 metres (+3%). Hub ports
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decreased the departures by month from 59 to 57 (-3%), and increased the total DWT from
3.6 to 4.7 million tons (+30%). The average DWT increased from 61000 to 82000 tons
(+34%) and the average draught from 11 to 11.1 metres.

Fundamentally it can be observed that:

e from 2011 to 2014, the average DWT almost always have increased, that is the
overall ships dimension have increased, instead the total number of departures by
month did not change relevantly, because in some ports the number of departures
increased, while in others it decreased;

e the port grouping mainly crossed by deep sea shipping routes is the North-Western
Tyrrhenian port cluster; however, the biggest vessels cross the hub ports.

Generally container ships, crossing Italian ports, show a tendency to increase their
dimensions: therefore Italian ports must adequate their depths in order to continue being
crossed by deep-sea shipping container routes.

As to the world areas mostly connected to Italian ports, the most important world area is the
Southeast Asia / Far East; however, the number of departures by month decreased from 77 in
2011 to 66 in 2014 (-14%). The second important area in 2011 was the Red Sea, with 68
departures by week; in 2014 the departures by week is considerably less, i.e. 34 (decrease by
50%), but this is a result of an incongruence in data collection, because in 2011 Suez was
considered a Red Sea port, while in 2014 it was considered as a Mediterranean port. The
second important area, in 2014, is in fact the North America, with 38 departures by week; in
2011 this area registered only 32 departures (increase by 19%). Other important areas are:
Arabic-Persian Gulf, with 35 departures by month in 2011 and 26 in 2014 (decrease by 26%);
and Central America, with 33 departures by month in 2011 and 26 in 2014 (decrease by 21%)

The least connected area in 2014 is the East / South Africa, with only 5 departures by month,
in 2011 they were the same number. Other not well-connected regions, in 2014, are West
Africa and Australasia / Pacific, with 10 departures by month each: in 2011 West Africa had 8
departures by month (increase by 20%) and Australasia 11 (decrease by 10%). In 2011, East
/South Africa registered the same number of departures.

5 CONCLUSIONS

In this paper, an analysis, with reference to data collected in August 2014, of deep-sea
shipping departures from Italian multiport systems is presented; a comparison with an
analogous set of data collected in 2011 has been carried out.

The performed survey shows, clearly, that the main deep sea shipping routes are those
connecting Italian ports to Southeast Asia / Far East, crossing Red Sea and Arabic ports, as
well as those to North and Central America ports. Other routes which connect Italian ports to
South America, to Africa and to Oceania are only minor routes. Moreover, North-western
ports have several deep-sea shipping departures, followed by hub ports and by Campanian
ports. Actually, while the higher number of routes cross Tyrrhenian ports, the biggest ships
cross hub ports, particularly Gioia Tauro.

Adriatic Italian ports play only a minor role in direct (that is without transhipment) deep sea
shipping services. Feeder services to transhipment hubs are not considered in the present
study, but the analysis clearly indicates that the deep-sea shipping connectivity gap, that
separates the North-Eastern Italian multi-port gateway system from the North-Western Italian
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multi-port gateway system, is far to be filled. Indeed, despite the container throughput at
North Adriatic ports has progressively increased and its value does not appear to be negligible
compared to North Tyrrhenian Ligurian ports, the majority of the containerships calling at the
Adriatic Sea ports refer to the Short Sea Shipping services.

Nevertheless, the new giant ships, once put in operation along the trunk routes, will free
smaller, but still very large, ships which will accommodate the demand growth in other routes
with direct services. Among these routes, the direct links from the Far East to both the North
Western and the North Eastern Italian deep-sea port gateway systems could benefit of some
reinforcement in terms of service frequency and overall capacity. Finally, both the economic
development of Central and Eastern EU countries and the extension of the Trans-European
Transport Network towards the East Europe could contribute to add and/or shift towards the
North Adriatic Sea some important deep-sea services.

REFERENCES

[1] Danesi, A., Farina, A., Lupi, M. (2010). A comparative analysis of Lo-Lo and Ro-Ro Short
Sea Shipping networks in Italy, International Conference of Transport Science 2010,
Portoroz, Slovenia: Faculty of Maritime Studies and Transport, University of Lubiana.

[2] Gouvernal, E., Debrie, J., Slack, B. (2005). Dynamics of change in the port system of the
western Mediterranean. Maritime Policy and Management, 32(2), 107-121.

[3] Lupi, M., Danesi, A., Farina, A., & Pratelli, A. (2012). 1l trasporto marittimo di container in
Italia. Studio sulle rotte Deep e Short Sea Shipping in partenza dai principali porti Italiani e
sulle quote modali ferroviarie. Ingegneria Ferroviaria, 67(5), 409-444.

[4] Lupi, M., Farina, A., Pratelli, A., Gazzarri, A. (2014). Application of classification rules to
Italian ports. Promet — Traffic & Transportation 26(4), 345-354.

[5] Informare, all the editions of August 2014
[6] L’Avvisatore Marittimo, 91 (50), 28 December 2010.
[7]  Assoporti website: www.assoporti.it
[8] Marinetraffic website: www.marinetraffic.com
[9] Oceanschedules website: www.oceanschedules.com
[10] Main shipping companies websites:
o http://www.zim.com/services/schedules/pages/schedulebyvessel.aspx
e  http://www.hmm21.com/cms/company/engn/index.jsp#
e http://www.yangming.com/english/ASP/e-service/vessel_tracking/search_by_vessel.asp
e http://www.evergreen-marine.com/

e http://ebusiness.coscon.com/wps/portal/!ut/p/b1/04_Sj9CPykssyOXPLMnMzOvMAFGjzO
L9ffx9fJ19fS2cAKMNDDwWIT lycvLx8jQ2CTPULshOVAdsZgHs!/

o  https://www.hanjin.com/hanjin/CUP_HOM_3005.do?sessLocale=en
o  https://wwwz2.nykline.com/
o http://www.oocl.com/eng/ourservices/serviceroutes/tpt/Pages/default.aspx

260



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

ENVIRONMENTAL ASPECTS OF PUBLIC PROCUREMENT
IN TRANSPORT SECTOR

Axel Luttenberger, PhD
University of Rijeka
Faculty of Maritime Studies
Studentska 2, Rijeka, Croatia
axel@pfri.hr

Lidija Runko Luttenberger, PhD
Komunalac d.o.o.
Jurdani 50, Jurdani, Croatia
lidija.luttenberger@komunalac-opatija.hr

ABSTRACT

Each year European public authorities spend a significant amount of the EU gross domestic product in
public procurement of goods, services and works related to transport. Public procurement, being a
policy strategy instrument, must integrate environmental considerations in the contract award
procedures. The paper analyses environmental impacts of transport, the environmental aspects of 2014
EU Procurement Directives and their capacity to contribute to the reduction of adverse environmental
effects in the sector of transport. The new legislation should pursue various efficient alternatives
competing to provide the most environmentally friendly solutions. The authors put forward the
proposal for implementation and future development of procurement legislation and present barriers
and recommendation in its implementation.

Key words: Public procurement, transport sector, environmental aspects, legislation.
1 INTRODUCTION

Public procurement is the purchase by governments and state-owned enterprises of goods,
services and works. In 2011, on average, general government procurement spending
represented 29% of total general government expenditures (or 13% of GDP) [1].

It was due to solid foundation of jurisprudence built up by the ECJ over the last 15 years that
all levels of government in all the EU Member States could be brought to commit to
¢European procurement law, despite heavy political resistance and its encroachment of the old
status quo [2].

The paper analyses the concept of sustainable procurement, public procurement of innovation,
the provisions of EU 2014 Procurement Directives related to the environment, the real costs
of procurement, its role in reducing the environmental effects of transport sector, considers
the barriers and puts forward the recommendations for implementation and future
development of procurement policy.

2 SUSTAINABLE PROCURMENT WITH PARTICULAR REFERENCES TO
ENVIRONMENTAL PROTECTION

Sustainable public procurement (SPP) means making sure that the products and services that
the organisation buys achieve value for money on a life cycle cost basis and generate benefits
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not only for said organisation, but also for the environment, society and the economy. SPP is
used by both public and private sector organisations to ensure that their purchasing reflects
broader goals linked to resource efficiency, climate change, social responsibility and
economic resilience. These aspects are often interlinked, see Figure 1. At its most basic, SPP
can mean buying energy efficient computers or fair trade coffee. At its most comprehensive it
means systematically integrating sustainability considerations into all procurement activities,
whether purchasing goods, services or works and regardless of the form which procurement
takes (e.g. service contracts, centralised framework agreements or other 'non-traditional
procurement approaches). Some examples would be a rainwater harvesting system providing
water for the fire engine, the use of blended fuel for vehicles made from used cooking oil, the
criteria for reducing packaging, etc. [3].

Therefore, sustainable public procurement can have a role in indirectly stimulating social and
environmental benefits through exerting pressure on suppliers to reduce their own impacts [4].

The principles of sustainable public procurement, primarily in the interest of fostering local
employment and local business, could also be enforced by a document such as Code of
Practice, like the one in Lewisham, UK [5] stating that the contractors, suppliers and service
providers engaged to work for the Council must show a commitment to the borough, its
residents and businesses.

Social
Basic rights
Fair wages
Accessibility ‘

Social inclusion //

Environmental ~ Economic
Climate change | Life-cycle costs
Water use 4| Innovation |

Energy /‘ Growth /
Waste / Unemploymen

Figure 1: SPP goals [3]
3 PUBLIC PROCURMENT OF INNOVATION

Public procurement can be a major source of innovation. Public procurement might allow to
improve the service delivered to the local community and to increase the technological
competitiveness of the local industrial and research system. In this context, regional foresight
might help identify both long-term societal needs and the patterns of evolution of emerging
technologies that can match these needs [6].

However, while public procurement is increasingly seen as an important potential instrument
of innovation policy, according to Georghiu et al. [7] the evidence of its effectiveness is
largely anecdotal. The main barriers (to innovation) reported by suppliers refer to the lack of
interaction with procuring organisations, the use of over-specified tenders as opposed to
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outcome based specifications, low competences of procurers and a poor management of risk
during the procurement process [8].

Innovative ideas are not — not yet — implemented due to an insufficient consideration of the
impact, a lack of resources, regulations, policy and existing procurement frameworks, but also
due to the uncertainty that comes with innovation. As a result, an organization could make a
distinction between two types of innovation: small-scale innovations that can be obtained
through regular procurement (requesting functional specifications and awarding based on
most economically advantageous tender criteria) and larger, radical innovations that require a
special procedure [9].

4 ENVIRONMENTAL ASPECTS OF EU 2014 PROCURMENT DIRECTIVE

EU 2014 Procurement Directives' provide for some new options for implementing
environmental protection put forward hereinbelow.

4.1 Principles

Article 18(2) of Directive 2014/24/EU [10] sets out that ,Member States shall take
appropriate measures to ensure that in the performance of public contracts economic operators
comply with applicable obligations in the fields of environmental, social and labour law
established by Union law, national law, collective agreements or by the international
environmental, social and labour law provisions listed in Annex X. “

Recital 37 clarifies the scope of Article 18(2) stating that ,,it is of particular importance that
Member States and contracting authorities take relevant measures to ensure compliance with
obligations in the fields of environmental, social and labour law that apply at the place where
the works are executed or the services provided and result from laws, regulations, decrees and
decisions, at both national and Union level, as well as from collective agreements, provided
that such rules, and their application, comply with Union law*.

4.2 Technical specifications

Technical specifications® define the characteristics required of a works, service or supply.
They can include requirements relating to a specific production process, such as taking
account of environmental or social aspects.

If, for example, a contracting authority wants to favour local products over ‘exotic’ products,
it can include costs of transport in the costs, while ensuring that it does not discriminate
between operators. It can stipulate in the technical specifications that purchased products
should not contain toxic chemicals or that they should be produced using
environmentally efficient machinery creating minimum waste. However, the technical
specifications cannot stipulate that the product must be fair trade or that a minimum price
must be paid to the producer. In other words, ethical dimensions cannot be defined at this
stage [11].

! 2014/23/EU (the Concessions Directive), 2014/24/EU (the Public Sector Directive) and 2014/25/EU (the
Utilities Sector Directive) — hereafter simply referred to as the 2014 Directives.
?2014/24/EU - Article 42

263



17" International Conference on Transport Science — ICTS 2015

~ Conference proceedings ~

For works contracts, specifications can relate to, for example the performance of the
constructed works (e.g. energy performance of a building, accessibility for disabled people,
indoor climate), the way in which the works are carried out (e.g. minimising of waste and
noise from construction sites, optimising material delivery schedules to lessen traffic
disruption, energy/water efficiency of machinery), and the materials used in construction
(e.g. use of renewable and/or recycled materials, restriction of harmful or unrecyclable
materials, efficient use of material) [3].

Labels® may be used as part of procurement to define the technical specifications, and also
award criteria or contract performance clauses and to verify compliance with those.

4.3 Choice of participants

The Directive in Article 56 provides that contracting authorities may decide not to award a
contract to the tenderer submitting the most economically advantageous tender (MEAT)
where they have established that the latter has not complied with the obligations laid down by
Union legislation on social and labour law or environmental law or with the international
provisions on social and environmental law listed in Annex X to Directive 2014/24/EU.

However, ,,Contracting authorities may decide not to award a contract to the tenderer
submitting the most economically advantageous tender where they have established that the
tender does not comply with the applicable obligations referred to in Article 18(2).“ Therefore
the disparity between an ambitious principle and its optional application reduces the scope of
the provision”[11].

4.4 Contract award criteria

With regard to Article 67, the contracting authorities must base the award of public contracts
on the most economically advantageous tender, identified on the basis of the price or cost,
using a cost-effectiveness approach, such as life-cycle costing, and may include the best price-
quality ratio, which shall be assessed on the basis of criteria, including qualitative,
environmental and/or social aspects, linked to the subject-matter of the public contract in
question. Such criteria may comprise, for instance: quality, accessibility, and social,
environmental and innovative characteristics; organisation, qualification and experience of
staff, where the quality of staff can have a significant impact on the level of performance
of the contract; and after-sales service, technical assistance and delivery conditions.
Consequently, the ‘lowest cost’ concept has been preferred to the ‘lowest price’ concept in
order to expand the options available to contracting authorities, by allowing them to base their
decision on a more comprehensive assessment than just price [11].

However, the Directive also states that ,,Member States may provide that contracting
authorities may not use price only or cost only as the sole award criterion...*

As with specifications, award criteria can relate to production processes or any other stage of
the life cycle — for example the way in which raw materials are sourced, energy or water
consumption during use, and the end-of-life recyclability or biodegradability of a product [3].

%2014/24/EU - Article 43
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4.5 Life-cycle costing

Article 68 of Directive 2014/24/EU enshrines a concept which did not exist in Directive
2004/18/EC, namely life-cycle costing (LCC) in works and services. The aim is to send a
political signal to public purchasers. The life-cycle concept covers all internal costs borne
during the life-cycle of works, supplies or services, such as costs imputed to
environmental externalities, which include pollution caused by the extraction of raw materials
or collection and recycling costs. This measure is aimed to improve environmental protection
and aid the fight against climate change. Accordingly, the LCC will cover, insofar as these
are relevant, the ‘cost of emissions of greenhouse gases and of other pollutant emissions and
other climate change mitigation costs’ (Article 68(1)(b)). This is clearly a powerful lever to
change the production and consumption habits of public authorities [1].

Article 68(2) reads further: ,,Where contracting authorities assess the costs using a life-cycle
costing approach, they shall indicate in the procurement documents the data to be provided by
the tenderers and the method which the contracting authority will use to determine the life-
cycle costs on the basis of those data. “The method used for the assessment of costs imputed
to environmental externalities must fulfil certain conditions.

Finally, it is stated that ,,whenever a common method for the calculation of life-cycle costs
has been made mandatory by a legislative act of the Union, that common method shall be
applied for the assessment of life-cycle costs. A list of such legislative acts, and where
necessary the delegated acts supplementing them, is set out in Annex XIIl. The Commission
shall be empowered to adopt delegated acts in accordance with Article 87 concerning the
update of that list, when an update of the list is necessary due to the adoption of new
legislation making a common method mandatory or the repeal or modification of existing
legal acts.*

It should be noted that social protection and employment promotion have not been included in
the calculation of the life-cycle cost [11].

4.6 Abnormally low tenders

Article 69 lays down that it will be compulsory to reject an abnormally low tender in cases
where the contracting authority finds that the abnormally low price or costs are due to failures
to comply with obligations arising from Union law or national law compatible with Union
legislation in the field of social and labour law or environmental law, or international labour
law provisions.

4.7 Procurement procedures

Four procedures allowed under the 2014 Directives offer enhanced flexibility [3]:

e When procuring research and development (R&D) services, it is possible to make
use of an exemption to the Directives and apply pre-commercial procurement
(Recital 47).
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e The innovation partnership* procedure is specifically designed to cover the full
innovation cycle from R&D through to piloting and purchase on a commercial scale
of new products or services.

e The competitive dialogue® procedure allows meeting with bidders to progressively
refine the requirements, especially where it is not possible to write a specification in
advance. Norwegian Directorate of Public Roads opted to use a competitive
dialogue in order to explore innovative solutions for the design, construction and
operation of a low environmental impact vessel [12]. Uttam et al. [13] applied it to an
infrastructure project that includes the construction of a bridge, tunnel, underpass as
well as pedestrian and bike path.

e The competitive procedure with negotiation® gives public sector more freedom to
negotiate with bidders where contracts involve elements of design or innovation or in
other defined circumstances.

4.8 Encouraging SMEs to bid

Article 46 sets out that ,,contracting authorities shall, except in respect of contracts whose
division has been made mandatory pursuant to paragraph 4 of this Article, provide an
indication of the main reasons for their decision not to subdivide into lots, which shall be
included in the procurement documents or the individual report referred to in Article 84.¢

Dividing contracts into smaller lots may make contract requirements more achievable to small
and medium-size companies (and less attractive to bigger companies). Under the 2014
Directives it is required to explain why a contract has not been divided into lots [3].

4.9 Variants

Allowing some flexibility around specifications can be a good way of encouraging the market
to propose innovative and sustainable solutions. One means of doing this is to allow
variants7: solutions which meet your minimum requirements but in a different way to that
envisioned in the detailed technical specifications. This method also helps to minimise the
risk of a low number of compliant bids or unfeasibly high prices. For example, if the
purchaser of vehicles is uncertain whether electric, hybrid or alternative-fuelled options may
be suitable, it may be allowed to propose those as variants. The minimum requirements in
terms of safety, ergonomics, features and warranties would be specified in tender documents.
Variant bids would then be assessed against the same award criteria as applied to non-variant
bids, allowing to compare costs, quality and environmental performance and make a decision
about which fuel/propulsion technology is best see [3].

4.10 Trials and demonstrations

If new products or methods are being proposed as part of the contract, it may make sense to
have a trial period or request samples prior to making a decision on awarding the contract.

4 2014/24/EU - Article 31
® 2014/24/EU - Article 30
®2014/24/EU - Article 29
"2014/24/EU - Article 45
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4.11 Exclusion criteria based on compliance with fundamental labour and
environmental law

The 2014 Directives have clarified that technical specifications can relate to sustainability
impacts at any stage of the life cycle of a product and it is not necessary for them to define
qualities of the finished product only?®,

4.12 Public-public cooperation

The Directives provide for the first time explicit legislative rules determining which contracts
can be concluded between public sector entities without applying public procurement
procedures. These rules are based on European Court of Justice case-law, but also take into
account the need, often expressed by procurement practitioners, for improved legal certainty
and they involve in-house relationships, cooperation between contracting authorities and
transfer of a public task [14].

5 THE REAL COST OF PROCURMENT

Assessing the real costs of procurement means calculating the total cost of an asset, from the
point of purchase right through to the use phase and including the end-of-life costs, see Figure
2. Unfortunately, most public sector organisations are still faced with budgets which
prioritise upfront purchase price over longer-term costs, and which may ignore social or
environmental costs altogether. These problems can be exacerbated if one organisation
purchases a product, service or work but another is responsible for its operation, maintenance
and disposal. Such a scenario presents the so called 'split incentive' problem [3].

As explained in item 4.5 hereof, the 2014 Directives® specify that following costs may be
taken into account, whether they are borne by the contracting authority or other users [3]:

() Costs relating to acquisition;

(I1)  Costs of use, such as consumption of energy and other resources;
(1) Maintenance costs;
(IV)  End of life costs, such as collection and recycling costs;

(V) Costs imputed to environmental externalities linked to the product, service or
work during its life cycle (e.g. greenhouse gases and other pollutant emissions,
or other climate change mitigation costs) if their monetary value can be
determined and verified, see Figure 3.

8 2014/24/EU - Articles 18, 57 and Annex X
®2014/24/EU - Article 68
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Figure 2: The process of life-cycle costing (LCC) involves assessing costs arising from an

asset over its life cycle and evaluating alternatives that have an impact on this cost of
ownership [15].
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Figure 3: Environmental LCC structure [16].

The aim is to strongly encourage procurers to ,,think outside the (price) box* in the context of
sustainable public procurement. It is quite evident that buying green can save money,
particularly when an LCC approach is taken during the procurement process. In a quote
attributed to Einstein, we are warned that ,,not everything that can be counted counts and not
everything that counts can be counted*. In advocating the use of LCC, it is however important
to acknowledge that the science of LCC is far from perfect. The success of LCC is dependent
on its scope (meaning the inclusion of environmental externalities or/and other externalities)
and the methodology used (which in many cases is incomplete and based on experts'
perceptions, not on hard scientific evidence) [4].

Life cycle costing (LCC) is sometimes confused with life cycle assessment (LCA) — however
they are very different. Where LCC calculates the costs of a product throughout its life cycle
(which can include giving a monetary value to environmental externalities), LCA assesses the
environmental impacts, such as greenhouse gas emissions, over the life cycle [3, 17].
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Therefore, LCA and LCC ae two different sciences and are governed by considerably
different considerations [18].

An environmental LCC methodology takes into account four main cost categories plus
external environmental costs, as shown in Figure 3. The latter may come from LCA analyses
on environmental impacts, which measure for example the external costs of global warming
contribution associated with emissions of different greenhouse gases. Environmental costs can
be calculated also in respect of acidification (grams of SO,, NOx and NH3), eutrophication
(grams of NOx and NHs), land use (m**year) or other measurable impacts [16].

6 TRANSPORT SECTOR

Transport sector must take part in the collective effort to limit the rise in average global
temperature by suggesting improvements in the design of the materials used but also the
organisation of transport itself [19].

European legislation requires the tailpipe emissions of CO, to be measured during the type
approval procedures for new vehicles. This approach, known as tank to wheel (TTW) only
counts the CO, emissions produced when fuel is burned by the vehicle engine. This however
is a poor indicator of climate impact as much of that impact actually occurs during the
production of the fuel — especially for alternative vehicle fuels [20].

The impact of transport on the environment was, until recently, viewed mainly in terms of
atmospheric pollution and noise emissions. Transport has a wide-ranging impact on the
environment ranging from operational pollution, land-use, congestion and the risks inherent to
the transport of dangerous goods. The measures should pursue the reduction of transport
intensity and emission, reduction of land use, and the choice of carrier under considerations of
sustainable aspects [21]. The development of urban transport should give priority to collective
and “soft” transport [19] and to adequate link-up between the different stages of urban
journeys as well as to easy access to and from inter-urban transport [22].

Therefore, in transport sector, environmental aspects of public procurement should be
considered in three major areas: transport means (vehicles, ships, etc.), construction of
infrastructure (with particular reference to land use) and also logistics services provided in
supplying the goods, services and executing the works.

Vehicles are purchased or used by many public authorities, and will play a role in the delivery
of other contracts such as for construction, landscaping, waste management, social care,
facilities management and highways maintenance. Savings on fuel and, in many cases, vehicle
tax, can be substantial when cleaner and more efficient vehicles are chosen. Further savings
can be realised by rationalising fleet requirements and making the most of eco-driving and
innovative technologies such as telematics and satellite navigation to reduce wear and tear and
unnecessary mileage [3].

An example of how environmental externalities may be included in LCC is given by the
Clean Vehicles Directive (2009/33/EC) [23]. Under this Directive, contracting authorities and
entities are obliged to take energy consumption and emissions into account in their purchases
of road transport vehicles [16].

The Republic of Croatia transposed into its legal system the Clean Vehicles Directive by way
of the Act Promoting Clean and Energy Efficient Road Traffic Vehicles [24] on the basis of
which were adopted the Ordinance on methodology for calculating operative costs throughout
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a period of exploitation of road transport vehicle [25] and the Ordinance on standards used in
procedures of public procurement of road transport vehicles [26] laying down that upon
purchase of vehicles the contracting authorities shall consider energy effects and
environmental effects throughout the period of exploitation of a vehicle with regard to energy
consumption, CO; emissions, NOx emissions, emissions of non-methane hydrocarbons and
particles emissions.

Ship life cycle management is elaborated in [27]. Gratsos et al. [28] indicate that ships built
with corrosion allowances, which are truly adequate for the ship's design life, when all factors
have been taken into account, have a lower life cycle cost per annum for the maintenance of
the integrity of their structure. This despite the fact that they would carry a slightly smaller
quantity of cargo and therefore their income over time would be marginally less. Furthermore
these ships are more reliable performers having a lower average annual downtime.

An important benefit with ship transportation is the limited need for land areas. Methods to
calculate the land use requirements for ship transportation and the pollution contribution from
ports should be established. Furthermore, methods have to be developed to allocate the
environmental impact of port activities to ship transportation. The scrapping phase has to be
addressed. These problems are important to address to enable consistent comparison of
alternative transportation modes [29]. The advantages of short sea shipping compared to road
transport and integral environmental effect of shipping are analysed in [30].

Public sector has a lot of power to influence practices in the construction industry and obtain
better environmental, social and economic outcomes [3]. An example of construction of a
low-carbon motorway exit is presented in [31].

Available research on sustainable procurement intensively focuses on international product
suppliers and less on service suppliers such as logistics services providers. However, in
addition to their well-known economic role, logistics processes have a strong impact on the
environment (e.g. transportation-induced greenhouse gas emissions, noise and land
consumption) and social issues (e.g. transport safety and physically draining occupations)
[32].

7 BARRIERS AND RECOMMENDATION

Just as spatial planning refers to the methods used by public sector to influence the future
distribution of activities in space [33] and which may determine transport modes available in
the future and whether public transport will be preferred or not, so can the policy enshrined in
public procurement laws and implementation thereof significantly affect the transport sector.

As regards EU procurement directives, it may be regretted, for example, that several
provisions are optional and have been left to the discretion of the Member State or contracting
authority. It may also be regretted that the level playing field has not been kept watertight and
that a form of competition between the least stringent legislation has been made possible. The
result of the Directive’s transposition must be assessed at the end of the next legislative
period, in 2019, on the basis of a robust ex post impact analysis, which takes account of
the reality on the ground and which allows the results effectively achieved to be measured
[11].

As the procurement Directives are principally concerned with how to buy, rather than what to
buy, contracting authorities have a considerable amount of scope in determining the subject
matter or title of their tender and should benefit therefrom. The examples of subject matter
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could be provision of sustainable catering services for schools, supply of low emission
vehicles, construction of low energy office building, etc. [3].

Borg et al. [34] hold that there is the lack of investment culture in the sense that mission
statement of public administration is directed by service provision, while investments aimed
at yielding direct future economic returns are not a natural part of this culture. This is
reflected at the decision-making level, where priority is directed to improving service levels,
and within administrations which often lack the skills to undertake simple cost benefit
analyses.

Sustainable public procurement needs to be made simple. Public procurement is full of
procedures and red tape as it is, so we must not add more [18]. Apart from lack of
understanding of the sustainability issue by policy makers and those responsible in the
contracting authorities, existing LCC tools are either very complex for ordinary user, not user-
friendly, or are sometimes not available online because there is a problem in its financing,
meaning that the knowhow is available only at a fee.

Also, the question is how feasible is to expect procurers to have advanced multi-disciplinary
skills? Currently, a large majority of procurement professionals across the world tend to hail
from academic backgrounds that lean towards business administration, international relations,
political sciences, social sciences, history and the arts [18].

Many procurement officers confuse ,,green procurement™ with energy efficient procurement.
One may question whether it is allowed for a school to purchase locally produced food on
legal grounds (to minimise the energy needed for transportation). But it is, in legal terms, easy
to specify energy efficient equipment since such equipment can be compared and evaluated
on their technical and economic performance. The problem is that of defining the correct and
relevant evaluation criteria, hence the need for purchasing guidelines [34].

The criteria for EU green public procurement are provided as voluntary instrument elaborated
for several goods/services/works, such as passenger cars directly purchased or contracted
under leasing/renting systems, public transport vehicles and services, and waste collection
trucks and services, while for sectors associated with transport, such as construction, road
construction those are currently under revision [35].

The ,,buy national®, especially ,,buy local* programs certainly constitute sustainable public
procurement initiatives as they support less international transport, less packaging, and
support the creation and expansion of ,,green jobs* and ,,green industries*.

Mitigation strategies that effectively incorporate LCA into transportation planning should
involve the following [36]: changing analytical and decision criteria for project selection,
improving the capability to compare different transportation modes to one another in planning
and project financing processes, improving the capability to conduct analysis of complex
environmental impacts into transportation planning before project selection occurs (i.e. not
only in post-decisional environmental impact assessments, improving analytical integration
across different spatial and temporal scales, and creating purchasing strategies that emphasize
the use of products and materials with higher recycled content and establish relationships with
suppliers that have instituted efficiency measures

Finally, accounting for social costs and benefits is particularly challenging. For example, costs
such as unemployment benefits that would have been necessary without the procurement of a
given asset, or health care costs that would have been necessary if environmentally preferable
alternatives would not be been procured, are particularly challenging to forecast [18].
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8 CONCLUSION

Transport is the sector that in many ways exerts an impact on the environment — through
production and operation of vehicles, construction and maintenance of infrastructure, and the
transport component integrated in the delivery of goods, provision of services and
performance of works. Although there are now various instruments available for pursuing the
procurement that will affect the environment less, there are still many complex obstacles in
the way.

The first one is that in preparation stage seldom there occurs any analysis of various possible
alternatives in transport projects, particularly with regard to their integral impact on the
environment. Besides pollution and greenhouse gas production, particular attention should be
paid to materials consumption, land use, and the consumption of water and energy.

The application of available LCC calculation models still requires multiskilled professionals
of multidisciplinary background. Also, not always very clear and unambiguous wording of
procurement legislation requires much skills to apply just procedure for achieving the desired
environmental and sustainability goals.

Sustainability aspects should support public-public partnerships and ,,buy local* programmes,
and certainly less the public-private partnerships involving design, build, operate and maintain
contracts. The costs of environmental protection and environmentally-friendly operations will
hardly be borne by private sector.
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ABSTRACT

Logistic and supply chain have been ever developing business functions over the past decades.
Following the major logistic and supply chain trends globally, it has become very important to
investigate logistic and supply chain systems in Croatia as well as the changes in the logistic and
supply chain systems and the level of the improvements. The paper is based on one research that has
been principally aimed in detecting the current status of logistic and supply chain functions in Croatian
companies and organizations. The results of the research gave guidelines for other researches of
logistic systems, organizations and logistic experts in Croatia. The paper elaborates the results of the
concluded research while questioning the research and providing possible guidelines for other future
logistic researches.

Key words: Logistic, logistic research, supply chain, logistic in Croatia.
1 INTRODUCTION

Logistics and supply chain are positioned as one of the most important business functions. In
the past few decades the optimization of logistic and supply chain as well as implementation
of latest technology systems resulted in more sophisticated and improved supply chains. The
benefits became self-evident and tangible — the logistic costs have been optimized and supply
chain systems became an added value to the finished product and service. Following the
global trends of logistics and supply chain, it has become very important to investigate the
current status of logistic and supply chain in Croatia.

The base of the paper is the logistic research that was carried out during October of 2013. The
main motive of the research was to determine the level of competencies of logistic employees
in Croatian companies. It is evident that there has been a development in logistic educational
programs over the past few years; traffic subsector in professional education in Croatia
includes 12 four year educational programs and 4 three year educational programs while
logistic subsector includes 1 four year educational program [16]. Also, university level
logistic education has been introduced few years ago and has gained much popularity with the
students. There is more than 22.000 employees in the logistics sector in Croatia; major part of
the logistic related jobs are mid level office jobs and the major part of the logistic employees
in Croatia have high school level degree [16]. Logistic and supply chain functions require
vast range of knowledge of logistic and supply chain processes and functions as well as
adequate expert response to operational daily changes. Logistic experts have to be able to
have the special competencies and skills to adequately respond to day to day logistic
management and operative challenges [10]. One of the most important logistic and supply
chain key elements is the human element; depending on the level of expertise of the human
resources within the logistic organization, there are more options in having the possibility to
control and overview processes in the entire logistic network [12]. Therefore the need for
expert logistic employees has been recognized by market and business requirements — the
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question is how did the organizations in Croatia respond to the logistic needs. Croatian retail
companies are destined to build modern logistic systems based on modern information
technologies since logistic costs in Croatia represent a high impact due to the lack of
development in domestic production [9]. According to the available researches and papers,
the author did not find any knowledge of the detailed scientific research related to the logistic
competencies and skills of the employees working in Croatian companies regardless of the
company function primarily logistic or not.

Survey has been planned to be an initial part of the more detail research referring to the
logistic experts’ current level of competencies and actual need for logistic experts in Croatia.
Initial survey was supposed to give results on initial logistic overview providing details and
directions for future more detailed research. However, the responses received as well as the
number of the responses received did not provide information that could be representative on
initial logistic overview in Croatia but it opened new questions and gave guidelines and
possible directions for other researches.

What defines logistic scientific research as unsuccessful? Is the research unsuccessful if the
results do not support the hypothesis? Can the results of the logistic research carried through
survey be useful even with the low response? Should the researcher share the mistakes that
have been recognized when the research has been concluded, with the peers? Should the
conclusions reached upon recognizing the mistakes and investigating the faults of the research
be published? Author’s conclusion is that, even though the research did not result in desired
way and there were some obvious faults in the research, there were some results that could be
used as a base and guidelines for future researches. Therefore the final verdict was to put the
ego aside, recognize the mistakes and faults, and publish the results.

One of the main results of this research could be the guidelines for other researches as well as
the determination of challenges of logistic research in Croatia. The paper elaborates the
results of the research in detail while pointing out the main challenges of the research. The
author also questions the research method and possible mistakes so that other junior
researches can use and learn from the paper. The conclusions give the synthesis of the
research.

2 RESEARCH CONTEXT AND SAMPLING

The research has been conducted through a survey. Survey has been sent to the participants in
October of 2013 and responses received until October 30th 2013 have been analysed. Survey
participants have been companies from the data base specially created for this research. Data
base has been compiled from 4 (four) different databases from which participants were
randomly chosen:

Croatian Chamber of Commerce online database (logistic companies in Croatia)
Online database of various companies in Croatia on www.tvrtke.com

Contact database of supply chain conference participants (2013 Supply Chain Arena)
Personal contacts from online social network Linkedin

The research intention was to include various companies regardless of their size and the
number of employees, therefore companies in the database were not only logistic companies.
One of the published researches elaborates the results of the low level of consciousness of
Croatian companies related to the modern technology impact to exposing and hiring human
resources [13] therefore one of the motives for the research was also to give focus to the
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companies which primary function is not logistics and that could provide some answers on the
logistic employees and logistic departments within those companies.

The survey has been sent by email to 430 companies while 60 or 13,95% usable
questionnaires were received back. It is evident that there has been a low response to the
survey. Some of the reasons for such low response have been investigated in detail and even
discussed with the participants. Four possible reasons for low response were detected (apart
from the addressees that just disregarded the survey and chose not to participate):

e Retail companies replied in general that it is their company policy not to participate
in this kind of academic researches (this affected the low response since more than
20% of the database for the survey contained major retail companies in Croatia)

e No responses received from state owned companies and organisations as well as
communal companies. Published research related to logistic of managing municipal
owned real estate stated that half of the participants do apply elements of logistic
approach to managing municipal owned real estate while the other half either does
not or did not answer - which shows the level of logistic approach implementation
[5]. The lack of received answers could reflect to the perception of logistics and
logistics services as well as logistic approach implementation in state owned
companies and organisations.

e There were many responses that logistic in general does not apply to their company
(even though the company does use logistic services). This reflects to the perception
of logistics and logistics services among non-logistic professionals in Croatia which
could be a main motive for some new researches

e Conducting a survey through email can result in low response since some recipients
of the survey disregard it automatically considering it similar to spam mail; using
personal interviews and sending the survey through post could result in higher
response rate

This low response did question the success of the research but the conclusion is that, even
though there has not been a high response rate which would give a representative results on
current logistics in Croatia, the responses received and the results gained do represent a good
indication and could make a good basis for other researchers and researches.

The survey contained questions related to the organisation and the survey participant and the
section of questions referred to the actual logistic employees and logistic managers as well as
the level of their competencies.

3 SURVEY RESPONSES

3.1 Survey participant

Logistic experts within the organisations are responsible for managing complete processes
considering operative functions of managing logistics, warehouse management, transport
management, internal logistics, supply chain management, procurement management etc
while logistic managers have to be able to plan, manage and change the complete added value
chain [4].

Majority of the participants that have taken the survey belong to the managerial levels: 40
responses of 60 total responses (67% of total responses) are employed at manager level (board
members, divisional directors, department managers).
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Possible conclusion why majority of the responses came from the managerial level could also
be linked to the perception of logistics in Croatia. Lower levels of employees are not
connected with logistic functions and divisions therefore do not have a clear picture of logistic
functions. This hypothesis could be a very interesting guideline for some future research.

Majority of responses came from the people who have 5-20 years of experience working in
supply chain and/or logistics: 33,3% have been working in supply chain and/or logistics
between 5,1 and 10 years and 31,6% have been working in supply chain and/or logistics
between 10,1 and 20 years.

Among the responses that came from the supply chain and logistic divisions 81,48% had
experience in logistic and/or supply chain between 5,1 and 20 years while 11,11% have less
than 5 years of experience in logistic and/or supply chain. One response came from
participant with more than 20,1 years of experience in logistic and/or supply chain while also
one response came from participant with no experience in logistic and/or supply chain.

The majority of the responses came from the active logistic employees therefore this response
could also be linked to the perception of logistics among non-logistic employees.

3.2 Logistic department and organisation

The participants were asked about the department division in which they are currently
positioned within the organisation. Almost half of the responses came from the participants
currently employed in the logistic and supply chain; 45% of responses came from the supply
chain and logistic divisions. This can be also viewed in respect to the perception of logistics
within the non-logistic companies and non-logistic employees since majority of them chose
not to participate in the survey. These responses that came from the supply chain and logistic
divisions came from following company industrial divisions: Sales 37 %, Production 19 %,
Services 44 %. These responses resulted in another question: do other organisations that do
not belong to industrial divisions of sales, production and services recognise the roles,
responsibilities and importance of supply chain and logistics and what is their perception of
supply chain and logistics.

One also very interesting result is that various responses received were such as Procurement,
Warehouse and Logistics at blank box (participant had to input the department division
themselves) even though there was an option of choosing Procurement and Logistics. This
indecisiveness could be also linked to the perception of supply chain and logistic functions.

Majority of the responses received from the supply chain and logistic divisions are employed
at companies with over 50 employees (as shown in Figure 1).That could lead to conclusion on
perception on logistics within Croatian companies which we already mentioned that it could
be a motive for new researches: bigger companies usually have employees divided in
divisions and departments according to their functions. Therefore, there is a high chance that
they do have logistic employees and do recognise the logistic and supply chain functions.
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Figure 1: Company size — number of employees (responses received from supply chain and
logistic divisions)

Source: author

All participants that responded that are employed at the supply chain and logistic divisions are
employed at privately owned companies. That opened a new question: how do the state
owned companies and organisations operate with their logistic functions, do they have logistic
departments and what is their perception of logistic and supply chain functions (unfortunately,
survey has been sent to several public and communal organizations and companies but no
response came from those organisations).

Logistics as a business function pervades all of the other functions within organisations:
research and development, procurement, production, sales [2].The result is a common premise
that majority of the employees are connected somehow with logistic function, either working
within logistic division or department or working on positions that use logistic functions.
Authors of one research conducted in Slovenia concluded that there are opportunities for
further development since 21,4% responses of their survey fully agreed that logistic in their
companies is organised as an independent function [3].

One of the main intentions at the start of the research was to establish the existence of
separate logistic and/or supply chain divisions in the Croatian companies. While companies
with larger number of employees usually do have separate logistic departments, the question
is how logistic functions are organised with smaller size companies. Research conducted on a
smaller sized company Vitis d.0.0 showed the company organisation which included logistic
operator divided from warehouse and distribution function that included only warehouse-
distribution operator [8].A very good review of customer satisfaction with Vitis d.o.0. is a
result of constant investments in logistics and human resources [8].

Responses received to the question of existence of logistic department for organisations that
do not have logistics as a primer function are following: (21,67% responses from the
companies whose primer function is logistics), 45% of responses came from companies that
do have logistic and/or supply chain division, 33,33% of responses came from companies that
don’t have logistic and/or supply chain division.

The principal goal of the research was to determine the actual status of existing logistic and/or
supply chain employees. We have received 73,33% of the answers from the companies that
stated that they do have employees that are working exclusively on logistic related positions
while 26,67% of the responses came from the companies that do not have employees that are
working exclusively on logistic related positions.
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Logically, all of the responses (21,67%) that came from the companies whose primer function
is logistics stated that they do have employees that are working exclusively on logistic related
positions. Among responses that came from companies that do have logistic and/or supply
chain division majority (96,30% ) of them stated that they do have employees that are
working exclusively on logistic related positions while 3,70 % stated that they do not. Among
33,33% responses that came from companies that don’t have logistic and/or supply chain
division responses received are: 25% of the responses stated that they do have employees that
are working exclusively on logistic related positions while 75 % stated that they do not.

3.3 Logistic partners

One of the questions in the survey questionnaire was related to logistic partners. The intention
was to investigate if Croatian companies rely on reliable logistic partners regardless of the
company industrial divisions. More detailed research referred to relationship between
Slovenian companies and logistic partners has shown that over half of 3PL respondents have
very high level of collaboration and half of them have very good communication with their
client [1].

Results related to logistic partners are shown in percentages in Figure 2.

m Have logistic partner ~ ® No logistic partner

4 Companies that do not have logistic and/or supply chain division
3 Companies that do have logistic and/or supply chain division
2 Companies whose primer function is logistics
1 Total

Figure 2: Logistic partners

Source: author

There was also a question of using the logistic agents or advisors in order to establish new
logistic and supply chain infrastructure. Results are shown in percentages in Figure 3.
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@ Using logistic agents or advisors ENo logistic agents or advisors

4 Companies that do not have logistic and/or supply chain division
3 Companies that do have logistic and/or supply chain division
2 Companies whose primer function is logistics
1 Total

Figure 3: Logistic agents and advisors

Source: author

The results received related to logistic partners and logistic agents were not studied in detail.
In order to elaborate the results and have some conclusions, future researches are needed.

3.4 Logistic employees and managers

The Chief Supply Chain Officer Report for 2012 emphasizes the gap between the amount and
type needed to operate today's supply chain and what is available in the market [20]. Part of
the research referred to supply chain talent challenges highlighted the differences in
knowledge workers; knowledge workers in China are not seen as equal of those in United
States or Germany [20].

The statement that logistic and supply chain management organizations have a real and
growing people problem was the main result of 19th Annual Third-Party Logistics Study —
almost half of the participants stated that there are problems with finding and retaining
qualified employees [21].

The important factor in implementation of logistics is intellectual capital referring to support
to logistic functions in knowledge perspective of: human resources, technology, production
and traffic processes, services [7]. The critical resource of modern business is intellectual
capital instead of physical and financial capital [14]. Human factor is ranked very high and is
a very important factor that contributes to effective implementation of logistic [3]. There is a
strong connection between companies related to reverse logistics since majority of companies
does not have educated employees and optimisation strategies [9]. Logistic experts
performing the logistic task need to ensure that the entire process runs smoothly, without
interruptions and obstacles; and if some problems do occur, logistic expert needs to have the
right competencies and skills as well as the right tools to resolute the problem in the fastest
and easiest way [10]. Logistic expert as a vital part of the supply chain is a very important
figure and can be considered as an added value to the entire chain; logistic expert represents a
company resource which links the management and operational level [11].

Various authors higlighted the role and importance of human element in logistic and supply
chain systems while some globally executed researches higlihted the trouble of hiring and
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keeping qualified employees. Therefore the intention of the research was to determine the
actual status of human resources within Croatian organisations.

Following the question regarding the level of institutional competencies of logistic employees
In Croatia, responses received are; 21,67% responses came from the organisations with no
logistic employees, 23,33% responses stated that the logistic employees in general have high
school degree, 50% of the responses stated that logistic employees in general have college or
university degree while 5 % of the responses stated that the logistic employees in general have
Master or PhD degree. Responses to the question whether logistic employees do have logistic
or similar high school and/or university degree were questionable therefore those responses
have been disregarded. The question in the survey has not been clear enough for the
participants, therefore the responses were not useful. This could be used as a guideline for the
author of this research as well as other researchers.

Also, these 5 % of the responses that stated that the logistic employees in general have Master
or PhD degree could be questionable when compared to the other responses; therefore we can
disregard this result following the possible conclusion that either the question was not
expressed well and/or the participants did not understand it.

The intention of the research was to establish whether the companies do have logistic
employees and what is their level of competencies. The question was much generalised and
therefore the responses could not be detailed, question was possibly not understood by the
participants so the responses received are not representative.

Logistics covers great number of various functions which might and might not be closely
linked to primer logistic function; logistic experts and managers need to have a great range of
knowledge, competencies and skills in order to respond to operative logistic challenges at
managerial and operative function level [10]. Logistic management is responsible for
eficiency of warehouse management, eficiency of busines assets usage, eficiency of transport
and optimisation of all expenses within logistic sector [6]. Research related to inventory
management in reverse logistics higlighted the concern from the logistic aspects, the lacking
of planning shows a general management lacking [15]. New logistic approach is needed
which also includes education of employees since there is a lack of logistic approach in
management of recovered spare parts which is left to inertia and it happenes spontaneously
[15].

Therefore, the importance of investigation of current level of managers’ competencies
becomes evident. The research intention was to establish whether the companies do have
logistic managers and what is their level of competencies. The survey did not go into the
depth of this issue.

Responses received were following: 23,33% responses came from the organisations with no
logistic department therefore no logistic manager, 11,67% responses stated that the logistic
manager has high school degree, 53,33% of the responses stated that logistic managers have
college or university degree while 11,67% of the responses stated that the logistic manager
has Master or PhD degree.

Next question was intended to establish do the logistic managers have institutional
competencies (logistic degree) and responses received have been unusable which leads to
conclusion that either the question was not expressed well and/or the participants did not
understand it. Anyhow, the responses to that question are: 26,67% responses that there is no
logistic manager, 43,33% responses that logistic manager has institutional competencies
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(logistic degree) while 30% responded that logistic manager has no institutional competencies
(logistic degree). Of course, if these results are compared to the previous question, we can see
the discrepancies; therefore these results have to be disregarded.

4 DISCUSSION AND CONCLUSIONS

The concluded research primarily was not successful due to various reasons, some of them
attributed to the author of the survey:

e Methodology of the research was not correct

e Some of the questions were not detailed, they were too generalised and therefore not
clear to the participants; the responses received were not representative

e Combination of questions was incorrectly formulated and therefore not clear to the
participants; the responses could not result in the needed logistic overview

e Survey has been sent to the participants only by email which affected the low
response; that should be changed and use more of personal interview form in order to
have higher response and usable results

Results of the unsuccessful research are primarily questions that are opening debates and give
guidelines for future researches. Although the results of the survey cannot be representative
they do give some indications of the perception on logistics and logistics functions in Croatia.

Majority of the responses came from the managerial level so we can presume that they do
understand the function of logistics — the question that follows is: What is the perception of
logistics among employees on operational, administrative and other levels?

Majority of the responses came from the employees linked to logistic functions in some form
- the question that follows is: What is the perception of logistics among employees working
on non-logistic functions?

The survey has been disregarded by state owned companies and organisations as well as
communal companies - the question that follows is: How do state owned companies and
organisations organise their logistic services and functions?

Major retail companies disregarded the survey by responding that they do not participate in
this kind of researches. Major retail companies usually do have logistic departments therefore
the research that would include them needs to be executed by another method (probably use
the interview form).

The research and the survey executed did not result in providing the info as per the main goal
of the research. However, the research did gave result which can be used as an indication and
a base for possible other researches. Therefore, there is no unsuccessful research. Even though
the results of the research might not prove or disprove the hypothesis, the results of the
research can always be used, even as a base for other researches or even as a guideline of how
not to organize another research. Final result of this research is a lesson for the author as well
as for other junior researches.

In order to be able to give some final results related to the conducted survey, it would be
necessary to compare much more surveys or, in lack of existing published researches, conduct
a new research.
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ABSTRACT

For decades ferry services were the main and traditional type of transport which enabled the
passengers in the Baltic Sea Region (BSR) to move. The late 90's of the twentieth century brought
about substantial changes in relation to the ferry services operational circumstances and their
competitive environment in the BSR. The annulment of duty-free sales reoriented the business profile
of ferry operators and directed more attention to the cargo segment. What also limited the competitive
position of the ferry services handling passenger traffic was the fixed links, such as the Great Belt
Fixed Link and the Oresund Fixed Link, which were brought into operation. Finally, since the turn of
the twentieth and twenty-first century a key factor determining operation of ferry passenger services in
the BSR has been a dynamic growth of air transport.

The changes in the market environment of ferry services in the BSR have contributed to the reduction
or reorganization of a significant number of ferry connections in the Baltic Sea. The existing fixed
links and developing air connections have become a practically unbeatable form of travel for
passengers for whom the most important factor determining their choice of transport modes is travel
duration.

The aim of this article is to create a concept of development of passenger ferry services in the BSR in
terms of the growing interbranch competition. In order to do so an analysis and evaluation of the
extent of mutual substitutability and complementarity of passenger transport services provided by
ferry and alternative fixed links or air connections in the BSR will be performed.

Key words: Passenger ferry services, interbranch competition, Baltic Sea Region.
1 INTRODUCTION

For decades ferry services have been a primary transport branch enabling passengers, vehicles
and merchandise to move in the Baltic Sea Region (BSR) and, at the same time, they have
been undergoing a series of transformations in connection with the types of ferries in
operation, functions they serve, as well as the structure of the traffic they handle. As a result
of the continued integration of the majority of the EC countries (European Community) the
beginning of the 90's of the 20th century was marked with a change in the competitive
environment and conditions under which the ferry operators functioned in the Baltic region.

One of the most important changes was annulment of the duty-free sales within the area of the
then EC. The decision made by the EU Commission was of significant importance to the ferry
operators who provided services for the passenger traffic in the Baltic Sea Region, because
income derived from the duty-free sales accounted for 33% up to as much as 66% of total
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income earned by the shipowners and ferry operators, which was dependent on the ferry
services (Rodzoch, 2003, pp.125-129). In accordance with the approximate data provided by
Generation Research due to the annulment of duty-free sales the annual decrease in income
earned by the Baltic ferry operators and shipowners in the period from 1998 to 2000
accounted for 1.1 billion USD (-38.5%). In 2004, with the EC expansion, which included
another Baltic states such as Poland, Lithuania, Latvia and Estonia, this trend was also
observed in the ferry services in the south and east Baltic.

One of the most essential issues which the ferry operators will have to face in the BSR in
2015 is the changes relating to the emissions of pollutants and greenhouse gases generated by
the sea transport means. These changes result from the 2010 EC directive which reduces the
sulphur content down to 0.1% in marine fuel used by ships at berth (from 2015) within the
Emission Control Area (ECA) which contains the Baltic and North Sea basins and the English
Channel. Another issue is intended incorporation of sea transport into the European Union
Emissions Trading System (Kotowska, 2014, pp.73-77). Undoubtedly, these actions will
contribute to an increase in operational expenses of the ferry operators, who, as a result, will
increase competitiveness of the alternative forms of transport including air and land (rail and
road) transport.

At the same time, the development of interbranch competition in communication transport is a
key factor determining operations of the modern passenger ferry services in the BSR.
Numerous aspects, especially the ones related to the speed of moving (Ttoczynski, 2009,
pp.195-205), made air travel more appealing to the significant part of passengers who had
previously used ferry services. The development of air traffic on the main international routes
in the BSR area is primarily generated by the low-cost airlines.

The end of the 20th century was also marked with construction of the first fixed links within
the BSR which are, in terms of time, a more competitive alternative to ferry links as well,
(Grey, 2010):

e The bridge-tunnel crossing across the strait of Great Belt, which was put into use at
the turn of 1997 and 1998, along the total length of roughly 20 km linking the Danish
islands of Zealand and Funen;

e The fixed, international road and rail crossing across the strait of Sound (Oresund
Bridge) which was put into use in 2000 and is known as the Bridge over the Sound
with its length of approximately 16 km, linking the Danish island of Zealand, with
Copenhagen situated on its territory, and the town of Malmo in the province of
Skane.

Construction of the Great Belt crossing resulted in termination of the ferry connections which
had linked the two Danish regions for over 100 years. Similarly, when the fixed, international
crossing across the Sound was put into use, the direction of the passenger traffic between
Europe and Scandinavia was changed. Construction of the fixed link resulted in termination
of the Copenhagen-Malmé ferry service which had been the most popular ferry line in the
BSR. Other ferry lines in the immediate vicinity were terminated or rearranged as well
(Brogren, 2009, pp.12-16).

Another investments of this kind are planned for the future. The most advanced project is
construction of a rail and road tunnel under the Fehmarn Belt (length: 18 km; due for
completion in 2020) linking Hamburg and Scandinavia, which will be an alternative to the
existing Puttgarden-Rodby ferry line. The second project under consideration is construction
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of a bridge linking the Danish city of Elsinore with the Swedish city of Helsingborg. This will
be an alternative to the existing ferry link.

In order to compete successfully with the airline operators and fixed links, the ferry operators
should use their competitive advantages and adopt their current concept of the development of
the passenger services sector to the varying market conditions.

The aim of this article is to create a concept of development of passenger ferry services in the
BSR in terms of the growing interbranch competition. In order to do so an analysis and
evaluation of the extent of mutual substitutability and complementarity of passenger transport
services provided by ferry and alternative fixed links or air connections in the BSR will be
performed.

2 THE BALTIC MARKET IN PASSENGER FERRY SERVICES IN THE FACE OF
INTENSIFIED INTERBRANCH COMPETITION

2.1 Market description

Considered as an alternative for handling the passenger traffic in the Baltic relations, ferry
services include regular connections, i.e. ferry services of various lengths. For this kind of
activity special types of sea vessels operate (ferry), of at least 1,000 or more GT (gross tons).
They include dual-mode ferries providing simultaneous transport of passengers, merchandise
and means of transport on one voyage and hold a dominant position in terms of their
importance.

According to the data provided by ShipPax Information (ShipPax Data), there are over 2
billion passengers who travel by ferry every year with over 250 million passenger cars
transported. The Baltic Sea is one of the leading ferry markets in the world. On average, every
year (" " Period 2°°2°%3) jt is over 220 million passengers and less than 85 million passenger
cars transported in the BSR. Taking into consideration the economic and geographical
determinants in the BSR the following regional ferry services markets can be distinguished:

1. West market which includes the ferry lines between Denmark and Sweden,
Denmark and Norway, Denmark and Germany, Germany and Sweden, Norway and
Germany; its ferry operators include Stena Line, DFDS Seaways, Scandlines AG,
TT-Line and Color Line.

2. East market which includes the lines between Sweden and Finland and Estonia,
Estonia and Finland and Russia; its is provided services for by such shipowners as
Finnlines, Viking Line and Tallink Silja Line.

3. Middle market with the connections between Poland and Sweden, Latvia and
Lithuania together with the trans-Baltic lines linking Germany and Lithuania, Latvia
and Finland; its is provided services for by Scandlines AG, Finnlines, Tallink Silja
Line, Stena Line, Polferries and Unity Line.

In terms of voyage duration ferry services can be divided into (Kotowska, 2014, pp. 144-146):

e short duration voyages of up to 2 hours,
e mean duration voyages of 2 up to 11 hours,
¢ long duration voyages of over 11 hours.

In the east-west relations the most active region in which the Baltic ferry services are
performed includes the Helsinki-Tallin-Stockholm triangle with its centre in Mariehamn on
the Aland Islands, which is a result of keeping shopping on these lines on a "tax-free" basis.
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In this area the most popular are short voyages including the Tallin-Helsinki (2 h.) as well as
mean distance routes such as the Stockholm - Mariehamn (5.25 h.) and long distance routes
such as Stockholm - Helsinki (16 h.). In the north - south orientation from Scandinavia to the
European continent the busiest traffic is observed on the shortest routes: from the Swedish
city of Helsingborg to the Danish city of Helsinger (0.2 h.) as well as from the Danish town of
Radby to the German town of Puttgarden (0.45 h.). The high volume of passenger services is
also characteristic of the mean distance, westward ferry lines from Sweden through the Sound
to Denmark and then farther on through the Great Belt westward, as well as longer distance
ferry services from Norway to Danish Jutland and Copenhagen. The mean distance voyages
from the places in the south of Sweden, such as Trelleborg, across the Baltic Sea to the
German ports of Sassnitz (4.15 h.) or Rostock (6 h.) are also popular. Importance of the mean
distance lines, linking the Polish seaports with the ports of Sweden, particularly the ferry
services from Swinoujécie to Ystad (7 h.) as well as from Gdynia to Karlskrona (10.30 h.), is
also on the steady increase. The long distance routes from Germany to Norway (Kiel-Oslo, 20
h.) and Sweden (Goteborg - Kiel, 14.5 h.), are also popular, especially in the sector of tourist
transport.

The fleet of ferries operating in the BSR consists of more than 200 vessels and is one of the
youngest in the world with an average ship lifetime of 15 years. The quality of the public
passenger area (including the catering, accommodation, commercial, entertainment and
business areas) in the operational sea ferries is at the same time the most important factor
shaping the product range of passenger ferry services (Mathisen, 2010; Rigas, 2008).

Luxurious passenger cruiseferries (adapted also for transporting passenger cars), which have a
high quality and roomy public passenger area, operate on the routes, such as the Aland
Islands, with a high volume of the passenger traffic (Sjostrom, 2007, pp.18-20; Wold-Hansen,
2010, pp. 22-25). The vessels of this kind have also been put into operation on few touristic
Baltic lines between Germany and Norway with a shipowner Color Line, Finland and Estonia
and Sweden as well as Estonia and Latvia (shipowners: Viking Line, Tallink Silja Line). It is
less often, but it is still the case, that on these relations new generation high-speed passenger
ferries (HSC) operate. They are also adapted for transporting passenger cars and are primarily
dedicated to handling the communication traffic on short routes with a high frequency of
voyages.

However, it is most often the modern dual-mode (passenger and freight) ferries which operate
within the vast majority of the ferry lines operating in the BSR where, aside from the
passenger traffic, intense freight traffic is observed, or within the relations with freight traffic
prevalent over passenger traffic (except ferries which are used exclusively for cargo
transport). With regard to the passenger area in relation to stowage this group of ships
includes more and more popular pax-ro (passenger-freight) ferries as well as ro-pax (freight-
passenger) ferries with a larger stowage (Hader 2008, pp.99-112; Takolander 2009, pp. 154-
169).

On the one hand, in compliance with the idea of "ro-cruise™ or “cruise-trailer” the modern
pax-ro and ro-pax ferries enable ferry operators to provide services for both cargo and
passenger transport, but on the other hand they enhance the product range of traditional ferry
services (communicational function) towards a touristic function, or, more often,
communicational and touristic function.

The communicational and touristic function combines the communicational function
(transport from point A to point B) with providing additional services by carriers for
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passengers travelling by ferry, including, in particular, accommodation, catering, commercial
and entertainment services. However, the strictly touristic function expresses the development
of the tourist product range provided by ferry services and is expressed by the comprehensive
services provided for the passengers both on board and land together with pick-pup and
delivery services. This function is expressed in sales of integrated tourist packages. In this
perspective a ferry operator is a tour operator, because what they have on sale is a maritime
tourism product.

The level of importance of the passenger ferry services functions is varied on different Baltic
ferry lines, which depends on their lengths, sizes and structures of the passenger traffic they
provide services for as well as on intensification of the competition from other branches of
transport.

2.2 A comparative analysis of the dynamics of development and structure of the ferry,
air and land passenger traffic

Communication ferry transport on the mean and long distance ferry lines in the BSR face
competition from airline operators. To illustrate the level of competition between air transport
and ferry services in the BSR, the author used the levels of traffic generated by both branches
of transport on the selected international Baltic routes, characterized by a high volume of
transport, and, at the same time, with the services provided by air transport, i.e. Denmark-
Sweden, Finland-Sweden, Denmark-Germany, Estonia-Finland Denmark-Norway, Germany-
Sweden, Norway-Sweden, Germany-Norway, Estonia-Sweden, Poland-Sweden.

While comparing the absolute volumes of the passenger services provided by ferry services
and air transport within the selected groups of states in the BSR, a dominant position of ferry
services is clearly visible. In the years 2004-2013 the average yearly volume of passenger
services provided by ferry services on the analyzed routes was approximately 47 million
passengers, whereas for air transport it was 13.5 million passengers. However, the decrease in
importance of ferry services providing services for the passenger traffic on the selected
relations is demonstrated by way of comparing the development of transport in both transport
branches (Figure 1).
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Figure 1: Progress of increase in the passenger traffic handled by the ferry services and air
transport between selected BSR countries in the years 2004-2013

Source: Own work based on Eurostat and ShipPax (Eurostat Data and ShipPax Data).

In the analysed years 2004-2013, with sharp decreases in the years 2008 and 2009 taken into
account, the annual average dynamics of increase in air transport was at a level of 4%,
whereas ferry transport tended to decrease on average at a level of -0.3% per annum.
However, what is worth pointing out is that in the worst period of time in terms of transport
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volume (2008/2009) a larger decrease in transport was reported in air transport (over 10%)
than ferry services (over 6%).

In comparison to air transport, competition from land connections has a much smaller extent
and is related to short distance links. From the two currently existing fixed links in the West
Baltic region only the fixed land crossing in the south part of the Sound Strait, i.e. the
Oresund Bridge, is of international nature. An alternative to this connection is the Elsinore-
Helsingborg ferry service in the north part of the strait of Sound.

At the end of 2000 the Oresund Bridge land connection was used by almost 5 million people.
However, in 2005 the number of passengers using the Oresund Bridge (11.7 million)
exceeded the number of passengers travelling by ferry on the Elsinore-Helsingborg route
(11.1 million). In the entire period of 2004-2013 the average annual volume of passenger
services provided by ferry services on the analysed route was 9.7 million passengers, whereas
the fixed land connection was used by 14 million passengers (60% - personal car travel, 40% -
rail transport). This trend was carried on in the following years and the weakening
competitive position of ferry services within these relations is also confirmed by a
comparative analysis of the dynamics of growth in both transport sectors (Figure 2).

The nature and level of competition between ferry services and alternative land and air
transport in the BSR is primarily dependant on the transport distances where transport
services are performed and on the type of transport needs which the alternative branches of
transport will meet. A passenger who has an alternative for picking their means of transport,
based on the information they have on the primary and functional properties of a particular
service specified by a transport operator, confronts this information with their expectations
which, to a great extent, are related to their travel motivation.
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Figure 2: Progress of increase in the passenger traffic handled by the ferry services (Elsinore-
Helsingborg route) and Oresud Bridge in the years 2004-2013

Source: Own work based on ShipPax (ShipPax Data).

In order to identify motivations for the trips taken by passengers who use the product range of
ferry services as well as alternative air transport the selected results of a survey conducted by
the author in the summer seasons of 2009 and 2010 on 650 passengers who travelled by ferry
and plane between Poland and Sweden (Mankowska, 2013A, pp. 133-146; Mankowska,
2013B, pp. 89-98). In respect of their declared travel motivation three main groups (divisions)
of passengers were distinguished in the survey:

e passengers who travel for touristic reasons (this group included passengers who
travel to visit their friends, acquaintances and relatives);
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e passengers who travel on business (this group included both passengers travelling on
their own, as well as in company, who take part in business meetings aboard the
ferry);

e passengers who travel to work, study (migrants/commuters).

Figure 3 illustrates the involvement of each passenger group in relation to the particular
transport branch.

100%
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m Business
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20%
10%
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ferry services air transport

Figure 3: Declared travel motivations of the passengers who use ferry transport and air
transport (percentage of indications)

Source: (Marikowska, 20134, pp. 133-146; Marikowska, 2013B, pp. 89-98).

In the case of ferry services it was the passengers whose motivations for employment seeking
and touristic reasons were prevalent in the analysed period of time. Furthermore, it is worth
pointing out that over 80% of the passengers travelling by ferry for touristic reasons treat the
ferry as a means of transport which enables them to reach a specific destination on land or
utilize other forms of sea tourism. It was a mere 17% of people who use ferry tourism
services. In the group of ferry services passengers, who took part in the survey, 93% were
passengers who travel in their personal cars and only 7% were foot passengers. In the case of
air transport passengers the prevalent group included people who travel for touristic reasons.
In the group of surveyed passengers the main factor that influenced their choice of air
transport over ferry was duration of the trip (71% of the surveyed respondents).

The surveyed ferry transport passengers were also asked to give their assessment relating to
the importance of key transport demands in connection with the fulfilment of their journey by
ferry including duration of the trip, cost, safety and comfort as well as punctuality and
accessibility of the transport infrastructure and these demands which result from a specific
nature of ferry transport. The biggest asset of ferry transport seems to be its dual-mode nature
manifested in a simultaneous option for transporting passengers themselves and their
accompanying means of transport (passenger cars), Figure 4.
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Figure 4: The passengers' assessment of particular components related to the fulfilment of their
journey by ferry (percentage of indications)

Source: (Marikowska, 20134, pp. 133-146; Marikowska, 20138, pp. 89-98).

The biggest advantage of ferry services over competitive air transport is definitely its dual-
mode nature manifested in a simultaneous option for transporting passengers themselves and
their accompanying means of transport (passenger cars) on one voyage. However, this factor
is less important in the face of competition from alternative, rail and road land transport which
takes place on the short distance routes in the West Baltic region.

In order to illustrate the profile of passengers who travel across the strait of Sound aboard the
ferries and who use the Oresund Bridge the results of research performed by the Oresund
Bridge operator in the summer of 2009 were applied (@Qresund Trends, 2012, p.91). The
research emphasizes diversity of motivations for the trips taken in respect of additional means
of transport (Figure 4).

Basically, in the case of passengers aboard ferries the touristic motivations are prevalent. In
the case of passengers who use the Oresund Bridge the people who commute comprise the
biggest percentage’. A total of 61% of those travelling by ferry were on leisure or holiday
trips, while 32% were commuters. On the Oresund Bridge, 36% of car passengers and 49% of
train passengers were commuters, whereas 35% of car passengers and 39% of train
passengers were on a leisure or holiday trip. Business travellers preferred to cross the Oresund
Bridge by car. And 28% of the car passengers traveled on business, while the figure for rail
passengers was only 9%. For those crossing the Oresund by ferry, 16% were on business
(Dresund Trends, 2012, p.91).

! For the most part, it results from the local nature of these connections which, for over 75% of them, are one-day
trips. The citizens of Denmark account for over 50% of the passengers in this group, whereas the citizens of
Sweden account for 20% and other nations comprise the remaining 30%.
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