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From Editor-in-Chief

lvica Kuzmanic

Dear Readers,

You have before you the recent issue of the internationally
double-blind peer-reviewed scientific journal Transactions on
Maritime Science. Itis published by the Faculty of Maritime Studies
of the University of Split. As always, the Journal is published in
the printed and electronic, open access form.

From this issue onwards, the journal can boast an updated
website. The journal has been entirely integrated in the Open
Journal System, which enables a simpler application of the
papers, as well as a simpler monitoring process of the paper
publication.

The authors who wish to collaborate are now encouraged
to submit papers according to the guidelines published on the
new website, along with the indispensable technical support
data.

The present issue features as many as ten papers, written
by twenty-six scholars. Authors from Australia and Sweden have
contributed with their respective papers for the first time. The
papers’ topics belong to almost all scientific areas covered by our
journal. The readers are entitled to decide on their quality.

Due to a large number of papers, we have incorporated a
smaller number of texts in the “Contribution” section. However,
two deserve a special mention.

The first features a review of an extremely valuable edition
of the English-Croatian Maritime Dictionary, written by the
teachers at the Faculty of Maritime Studies, Bisera Planci¢ and
Tomislav Skracic.

The second refers to a contribution towards the
preservation of the Croatian cultural heritage. It is the only
contribution presented both in English and the dialect that has,
unfortunately, almost sunk into oblivion, the Chakavian island
idiom. It contains a poem written by Mr. Elio Zuvela, born in Vela
Luka on the Island of Korcula. In the pertaining audio section
the poet recites his poem, exhibiting all the marvelous accents
of his native island. The extremely demanding task of translating
the poem into English has, once again, been entrusted to our
permanent collaborator Mirna Cudic¢.

We always remain in the hope that the papers we publish
will meet with your interests and encourage your cooperation.

lvica Kuzmani¢: From Editor-in-Chief



Shipowner’'s Impact on Planned
Maintenance System Database
Quality Grades Resemblance

Equalization

Ladislav Stazic¢?, lvan Komar?, Luka Mihanovic¢®, Antonija

Misurac

This paperanalyzes the shipowner’srolein the development
process of ship’s computerized planned maintenance system
database, paying specific attention to his/herimpact on database
quality grades resemblance equalization. The paper describes
the database development process from the realization that the
database is needed to the installation on board vessel, and all
shipowner’s and developer’s actions in the process.

The computerized databases of five shipping companies
were tested using questionnaire developed for this purpose.
The evaluation results are shown in several tables to facilitate
overview and comparison of data. The paper provides the data
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of office user’s workload with regard to the administration
and correction of data besides database quality grades: that
data serves to portrait the relation between data quality in the
databases and importance given to the process of development
and maintenance of the databases. The analysis of the results
yields numerical values as indicators of shipowner’s input on the
resemblance of grades of both scenarios and on the database
quality grades resemblance equalization.

The conclusion shows how the shipowner affects the
ship's computerized planned maintenance system database and
what actions should be performed to obtain the final product
(database, i.e. data in the database) as good as possible and, thus,
maintenance of the ship and the whole system.

The expected results of the paper are:

- To analyze in detail the database ordering and development
process,

- To pinpoint controlling areas for the database quality,

- To analyze the shipowner’s impact on the database quality
grades resemblance equalization.

1. INTRODUCTION

The database developer (database development team)
and the shipowner are two major factors that influence ship's
computerized planned maintenance system database quality.
The database developer’s interests in the process are to fulfill
the shipowner’s requests as soon as possible with the costs as
low as possible. During the database development, i.e. data
entry process, deficiencies in the database may appear (Wang

TRANSACTIONS ON MARITIME SCIENCE -I-r‘ Mq



and Strong, 1996), (Rabin, 2002). The deficiencies depend upon
the database development team, their expertise, knowledge,
abilities, etc. As the database development team will modify
the data entry and database development according to their
characteristics and abilities, the deficiencies created by the team
will be present in all their databases. The quality evaluation
grades of the databases made by one development team will
therefore have quite a great resemblance which will tend toward
equivalence (resemblance of 100 %).

The shipowner’s interests in the database development
process are to procure a database as good as possible, made
according to his needs and requirements, with the price as low

Table 1.
Resemblance of grades of Methodology testing (in %).
Database 1 Database 2

Database 1 100 98.33
Database 2 98.33 100
Database 3 96.66 95.00
Database 4 97.50 95.83
Database 5 90.00 90.83

The evaluated databases had resemblance of quality grades
varying from 95 to 100 % when compared within one company
(databases 1 to 4) and 86.66 to 90.83 % when compared with a
database of a different provider (database 5). The resemblance
difference of only 5 % during the comparison of grades of two
different shipowners was unexpectedly low and created several
questions: whether the results were interpreted wrongly, whether
the results were accidental due to a small sample, are the results
such because of the inactivity of the shipowner, or something else.
The evaluated databases, besides a high resemblance of grades,
had similar characteristics and deficiencies. That was pointing
towards a lack of the established data quality measurement and
supervision system for the database and, therefore, a flaw made
by the shipowner. The reason for the shipowner’s flaw can be
traced to the resistance towards changes in the work process, not
knowing the system, and accidental mistakes. Introducing new
systems (costs) in the maintenance process without creating new
values can lead to resistances in the system (Gackowski, 2006),
especially in the shipping industry which shows a high level of
conservatism (Manuel, 2012). Identifying place and the moment
of creation of data quality problems will direct the search focus to
solving these problems (Strong et al., 1997).

The sample size during testing of evaluation methodology
was small, nobody “gambles his research hypotheses on
small samples without realizing that the odds against him are

as possible. The shipowner influences the database quality by
establishing a precise list of database requirements and by
measuring the quality of data entered. With these actions he
provides a certain amount of uniformity of company databases.
The measurement of data quality “helps during the course of a
project, to assess its progress, to take corrective action based on this
assessment, and to evaluate the impact of such action” (Basili et al.,
1994).

Testing of the evaluation methodology for ship's Planned
Maintenance System database was performed on five databases
and their resemblance was analyzed (Table 1).

Database 3 Database 4 Database 5
96.66 97.50 90.00

95.00 95.83 90.83

100 99.17 86.66

99.17 100 87.50

86.66 87.50 100

unreasonably high” (Tversky and Kahneman, 1971). New, larger
research was performed with the intention to establish why small
sample results were unexpected and how evaluation grades will
look on the larger sample. New research had the primary task
to determine where and how the data in databases became
deficient and why the same or similar deficiencies appear for
different companies in the database development process.

Chapter 2 presents the analysis of the development process
of ship's computerized planned maintenance system database
together with the sequence diagram of the shipowner’s (and
developer’s) actions which influence database quality and which
are shown in the diagram.

The overview of the research starts with the results of
database evaluation of five shipping companies. The databases
for ship's computerized planned maintenance system were
evaluated using the dedicated questionnaire developed for the
purpose (Table 2). The research is divided into two scenarios
shown in separate chapters.

Chapter 3 presents the evaluation grades according to the
first scenario. The scenario replicates the conditions of research
during Evaluation methodology testing (Table 1) where all the
databases were built by the same development team. Sixteen
databases from three companies were evaluated during this
stage of research. The research according to the first scenario
had the purpose to establish how the shipowner’s actions affect

Ladislav Stazic¢ et al.: Shipowner's Impact on Planned Maintenance System Database Quality Grades Resemblance Equalization



creation of database specific features and database quality
grades resemblance equalization.

The second scenario covers two companies developing
their databases by different development teams. The scenario is
described in Chapter 4; twenty-eight databases were evaluated
during this phase of the research. The research according to
the second scenario had the purpose to establish how the
shipowner’s actions affect equalizing of quality grades of
databases which were very different initially.

Insight into the number of office users and their workload
with regard to administration and correction of data in the
database is also shown in the paper to enable an additional
shipowner’s influence.

An analysis of the data in discussion was performed by
calculation of the average grade value, calculation and analysis
of the resemblance of databases and comparison of the noted
major deficiencies. The results are analyzed and compared on
company levels and all together, among all the companies.

The conclusion of the paper gives the answer how
shipowner’s actions influence data quality in the database
and explains the results of the research during Evaluation
methodology testing.

As shipping companies allowed access to their databases
and real data strictly under no disclosure condition, in the paper
they will be named as companies A, B, C, D, E.

2. DATABASE DEVELOPMENT PROCESS

Database development process (Beynon-Davies, 2004),
(Watt and Eng, 2014) is modified and applied for ship planned
maintenance (Figure 1). The whole process starts with the
decision of the shipowner that it is necessary to order creation
of ship’s Planned Maintenance System (PMS) database, followed
with determination of requirements which the database must
fulfill.

DE Dev. team

Repairing
DB Dev.team > ----

DB Dev. team

: Main input
Determening
requirements T
Time,price,options,... Conditions
DB Dev.team }------- DB specification ———- Shipowner
Dh
= develcpﬁnt//

____—@@
[ ==

Shipowner

DB evaluation

Checking
=
Accept Deny
Acceptance test

Figure 1.

PMS DB (Planned Maintenance System Database) development process sequence diagram (based on Watt and Eng, 2014).

Trans. marit. sci. 2018; 01: 05-22
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The determination of requirements is performed by
the shipowner and can be performed with four methods:
asking, deriving from an existing information system, synthesis
from characteristics of the utilized system, discovering from
experimentation with an evolving information system application
(Davis, 1982), (Davis and Olson, 1985).

Contracting of the database is the second important step in
the database development process and it is performed by both
sides, the shipowner and the developer. During the negotiations,
they must agree on quite a number of details such as DB data
content, price, development time, date of delivery (installation),
modes of control, modes of delivery, etc. The shipowner and the
developer must specify in detail all the sources of information to
be included in DB to avoid receiving of inadequate final product
(bad databases).

In the next phase, the shipowner must take care to deliver
to the development team complete documentation needed for
the insertion of data into DB, consisting of: maker’s Instruction
manuals for the ship’s equipment; the shipowner’s company
policies and rules; the classification society requirements for
the vessel, for example American Bureau of Shipping (ABS
rules for conditions of classification, 2016), Det Norske Veritas
Germanischer Lloyd (DNV rules for classification of ships, 2003),
or Croatian Register of Shipping (CRS rules for classification of
ships, 2014); ship’s flag state requirements (Guidelines for flag
State inspections under the Maritime Labour Convention, 2006).

As data insertion is performed manually, it is susceptible to
a significant amount of errors. The most common source of data
inaccuracy is the person entering the data and that will always
remain a significant problem of data entry (Maydanchik, 2007).
After DB developer finishes insertion of data into the database,
the shipowner should organize the inspection of data in DB and
discover mistakes and deficiencies which should be rectified
before the final DB acceptance test.

The final or acceptance test is a test arranged by the
shipowner to verify if the whole process of the development was
complete and correct (Rogers, 2004). That is a crucial action for
the success of the whole project (Miller and Collins, 2001), in case
of a positive assessment, DB is installed on board while in case of
a negative assessment DB is returned to the developer to rectify
the deficiencies.

3. RESULTS OF THE FIRST QUALITY EVALUATION OF
DATABASES

As the law of large numbers guarantees that very large
samples will indeed be highly representative (Tversky and

Kahneman, 1971), quality evaluation of more databases was
arranged. The evaluation was performed using the questionnaire
specially developed for the purpose (Table 2).

The evaluation grades of three shipping companies are
linked together for an easier overview (Table 3). The evaluations
of databases A-1, A-2, A-3,C-1,C-2,C-3,C-4,C-5,C-6, C-7,C-8 were
performed by employees of the shipping companies familiar
with the computerized PMS and ship’s maintenance, therefore
the condition of knowing DB structure and data as well as the
company rules with regard to ship’s maintenance was fulfilled.
Analysis of databases B-1, B-2, B-3, B-4, B-5 was performed by one
of authors of the paper. Since the evaluator was not familiar with
the company rules, evaluation grades might have certain amount
of subjectivity.

As an addition to this research there is data about the
companies A, B, and C office user’s workload with regard to the
administration and correction of data (Table 4), given in average
daily manhours per DB.

4. RESULTS OF THE SECOND QUALITY EVALUATION OF
DATABASES

The second scenario follows the database quality evaluation
grades when the shipowner is the same and the database
development team different. The databases of two shipping
companies, D and E, were evaluated according to this scenario.
The company D’s database evaluation (Table 5) was performed
by their PMS administrator.

In cooperation with office users, data were collected
about the company D’s office user’s workload with regard to the
administration and correction of databases (Table 6), given in
average daily manhours per database.

The company E's database evaluation (Table 7) was
performed by their junior superintendent who is involved in the
maintenance of vessels and works with computerized PMS on
daily basis.

The company E’s office user’s workload with regard to the
administration and correction of databases (Table 8) was also
taken into consideration; it is presented in the average daily
manhours per database.

Ladislav Stazic¢ et al.: Shipowner's Impact on Planned Maintenance System Database Quality Grades Resemblance Equalization



Table 2.
Computerized PMS database evaluation questionnaire.

Area Question Grade
Is all the machinery and equipment included in the database?

Is all the included equipment marked properly and uniquely, according to their shipboard
location and markings?

Is all the necessary machinery divided to subcomponents (to smaller subsystems) in a logical
manner?

Machinery and

. 04. Does the machinery or equipment have a larger number of subcomponents than necessary?
equipment

05. Is there equipment or machinery listed in the database more than once, or do they have the
same markings or names?

06. Is the data about the manufacturer, type and serial number entered to all the relevant items?

Do all the equipment and machinery entries have the same style, abbreviations, and
markings?

Do all the devices in the DB have linked maintenance plan according to the manufacturer’s
recommendation?

09. Are the manufacturer’s recommendations grouped according to devices, periods and
company maintenance rules?

Are all the jobs required by the company policy included in the DB? (e.g. SMS - Safety

Jobs inside DB Management System)?

Are all the jobs based on the manufacturer’s recommendation changed due to the company
policy (if exists)?

Are all the jobs required by flag state rules and regulations included in the DB?
Are all the jobs required by class society included in the DB?

Is there a number of smaller jobs which can be grouped together?

Is fire detection sensor list inserted into the DB together with the testing plan?
Is the alarm system and its testing program entered in the DB?

Is PMS self-improvement program inserted into the DB, and is there control mechanism for

i ?
Croechl PMS DB self-improvement program?

and rules - DB
jobs general

Is the critical equipment marked according to company SMS?

- -
.I .

Are job descriptions written clearly and straightforward?

20. Are jobs created and grouped according to multiplier principle?

21. Are all the same type jobs coming from different sources synchronized?

22, Are all the same jobs resulting from different requirements (sources) merged?
Are all the required spare parts included in the database?

Are spare parts distributed to proper equipment and machinery?

Are all the spare parts properly marked; do they have sufficient data for ordering?
Spare parts
Is the company critical spare parts list inserted in the DB?

Do all the spare parts have the same style, abbreviations, markings, etc.?

Are there spare parts entered several times?

Are all the users inserted in the DB, and are all the access rights defined in order?

Miscellaneous . .
Is there any other deficiency noted in the computerized PMS database?

N
&
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Table 3.

Results of the first quality evaluation of databases.

Database

Question

B-1 B-2 B3 B4 B-5 C(C1 ¢2 C3 ¢4 C5 C6 C7 C8

A-3

o
<

05.

06.

09.

20.
21.

22,

28.

Table 4.

Office user’s workload with regard to administration and correction of the data.

A-2 A-3 B-1 B2 B3 B4 B-5 (1 ¢2 ¢3 C4 ¢G5 C6 C7 C8
1.5

A-1

Database

0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8

1.5

1.5 1.5

1.5

0.3 0.3

0.3

Work hrs.

Remarks: Data were collected in cooperation with PMS DB administrators in the shipping companies. The number under Work hours represents average daily manhours

used per administration and correction of each database.

Ladislav Stazic¢ et al.: Shipowner's Impact on Planned Maintenance System Database Quality Grades Resemblance Equalization
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Table 5.

Company D’s database evaluation grades.

Database

D-8 D-9 D-10 D-11

Question

D-18 D-19

D-16 D-17

D-12 D-13 D-14 D-15

D-2 D-3 D4 D5 D6 D-7

D-1

04.
05.

06.

09.

11.

- = = = = — - <

— | — - N - - - <

20.
21.

22,

28.

Table 6.

Company D's office user’'s workload with regard to administration and correction of the database.

D-18 D-19

D-12 D-13 D-14 D-15 D-16 D-17

D-10 D-11

D-3 D-4 D-5 D-6 D-7 D-8 D-9

D-2

Database D-1
Work hrs.

006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 006 0.06 0.06

0.06

Remark: The number under Work hours represents the average daily manhours used per administration and correction of each database.

11

TRANSACTIONS ON MARITIME SCIENCE -Ih Mq

Trans. marit. sci. 2018; 01: 05-22



12

Table 7.

Company E's database evaluation grades.

Question Database
E-1 E-2 E-3 E-4 E-5 E-6 E-7 E-8 E-9
5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5
6 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5
6 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4
5 5 5 5 5 5 5 5 5
09. 4 4 4 4 4 4 4 4 4
- 5 5 5 5 5 5 5 5 5
11. 4 4 4 4 4 4 4 4 4
4 4 4 4 4 4 4 4 4
5 5 5 5 5 5 5 5 5
1 1 1 1 1 1 1 1 1
5 5 5 5 5 5 5 5 5
5 5 5 4 4 5 5 4 4
5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5
20. 5 5 5 5 5 5 5 5 5
21. 4 4 4 4 4 4 4 4 4
22, 5 5 5 5 5 5 5 5 5
4 5 5 5 4 5 5 4 4
5 5 5 5 5 5 5 5 5
4 4 4 4 4 4 4 4 4
5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5
28. 4 4 4 4 4 4 4 4 4
5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5
Table 8.
Company E's office user's workload with regard to the administration and correction of database.
Database E-1 E-2 E-3 E-4 E-5 E-6 E-7 E-8 E-9

Work hrs. 1

1

1 1 1 1 1 1 1

Remark: The number under Work hours represents the average daily manhours used per administration and correction of each database.

Ladislav Stazic¢ et al.: Shipowner's Impact on Planned Maintenance System Database Quality Grades Resemblance Equalization



5. ANALYSIS OF DATABASE EVALUATION RESULTS

Analysis of the database evaluation results is a step that
follows the process of evaluation. The analysis started by the

Table 9.

calculation of summation of grades and the average grade value
for all the databases. The results are shown separately for the first
quality evaluation (Table 9) and the second quality evaluation
(Table 10 and Table 11).

Summation of grades and the average grade value for the first quality evaluation.

Database A-1 A-2 A-3 B-1 B-2 B-3 B-4

Sum. of 142 119 133 143 142 144 143
grades

B-5 C-1 C-2 Cc-3 Cc-4 C-5 c-6 Cc-7 Cc-8
143 131 131 131 124 132 131 118 134

Av.grade 4733 3.967 4433 4.767 4733 4800 4.767 4767 4367 4367 4367 4.133 4400 4367 3.933 4467

value

Table 10.

Summation of grades and the average grade value for company D.

Database D1 D2 D3 D4 D5 D6 D7 D8
Sum. of 74 01 110 92 89 106 115 105
grades

Av.grade 2467 3367 3667 3067 2967 3533 3833 3.500
value

Table 11.

D-10 D-11 D-12 D-13 D-14 D-15 D-16 D-17 D-18 D-19

115 100 103 106 110 103 78 95 m 96

2633 3.833 3333 3433 3533 3667 3433 2600 3.167 3.700 3.200

Summation of grades and the average grade value for company E.

Database E-1 E-2 E-3 E-4
Sum. of 137 138 138 137
grades

Av.grade 4.567 4.600 4.600 4.567
value

The resemblance analysis of the evaluation grades was
made according to Equation 1 (Stazi¢ at al, 2017) as the next step
of the analysis:

100 . . 1
$=100-——Z|Ri_-Ri, |- ——[ %] Q)
nQ ! nG-1

where:

S - resemblance of grades of two databases

nQ - total number of questions

Ri-answer on /" question (i=1,2...n)

bj - j*h evaluated database,

bk - k' evaluated database; (j, k=1,2..m,j=Kk)
nG - total number of grades

Trans. marit. sci. 2018; 01: 05-22

E-5 E-6 E-7 E-8 E-9
136 138 138 136 136
4.533 4.600 4.600 4.533 4.533

The calculated results are divided into three tables, one for
the first quality evaluation (Table 12), and the other two for the
second quality evaluation (Table 13 and Table 14).

The final part of the analysis of quality evaluation results is
made with an overview of the questions which received grades
1, 2 or 3 (i.e. received lower grades). Different characteristics of
databases are noted during this part of analysis. Company E
database evaluation grades (Table 7) have only one area with a
lower grade (question 14 in Table 2). The first scenario evaluation
grades (Table 3) have several questions with lower grades, which
are grouped into one excerpt for an easier overview (Table 15).
The company D’s evaluation grades (Table 5) present a huge
number of questions with lower grades and that excerpt is much
larger (Table 16).
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Table 12.
Resemblance analysis of the evaluation grades for the first quality evaluation ( %).

A-1 A-2 A3 B-1 B-2 B-3 B-4 B-5 C-1 C-2 Cc-3 c4 G5 ce6 C-7 c-8
A-1 100 80.83 92.50 9250 91.67 9333 9250 9250 8750 8750 8583 81.67 8833 87.50 76.67 90.00
A-2 80.83 100 88.33 7333 74.17 7417 7333 7500 7167 7333 7333 79.17 7250 71.67 7917 7417
A-3 9250 8833 100 85.00 84.17 85.83 8500 8500 8333 8500 81.67 84.17 84.17 8333 80.83 8583
B-1 9250 7333 8500 100 99.17 99.17 100 9833 85.00 85.00 8333 7750 85.83 85.00 74.17 85.83
B-2 91.67 7417 84.17 99.17 100 9833 99.17 99.17 84.17 84.17 84.17 76.67 85.00 84.17 75.00 85.00
B-3 9333 74.17 8583 1 99.17 9833 100 99.17 99.17 84.17 84.17 84.17 7833 85.00 84.17 7333 86.67
B-4 9250 7333 8500 100 99.17 99.17 100 9833 85.00 85.00 83.33 7750 8583 8500 7417 8583
B-5 92,50 75.00 8500 9833 99.17 99.17 9833 100 8333 83.33 8500 7750 84.17 8333 74.17 8583
C-1 87.50 7167 83.33 85.00 84.17 84.17 8500 8333 100 9833 96.67 90.83 99.17 100 89.17 97.50
C-2 8750 7333 85.00 8500 84.17 84.17 85.00 8333 9833 100 95.00 89.17 99.17 9833 87.50 97.50
C-3 85.83 7333 81.67 8333 84.17 84.17 8333 8500 96.67 9500 100 90.83 9583 96.67 89.17 95.83
C-4 8167 79.17 84.17 7750 76.67 7833 7750 7750 90.83 89.17 90.83 100 90.00 90.83 95.00 91.67
C-5 88.33 72,50 84.17 85.83 85.00 85.00 8583 84.17 99.17 99.17 9583 90.00 100 99.17 8833 98.33
C-6 8750 7167 8333 8500 84.17 84.17 8500 8333 100 9833 96.67 90.83 99.17 100 89.17 97.50
Cc-7 76.67 79.17 80.83 74.17 7500 7333 7417 7417 89.17 8750 89.17 95.00 88.33 89.17 100 86.67
C-8 90.00 74.17 85.83 8583 85.00 86.67 8583 8583 9750 97.50 9583 91.67 9833 97.50 86.67 100

Remark: The green squares represent the resemblance analysis of the evaluation grades within each company.

Table 13.
Resemblance analysis of the evaluation grades for company D ( %).

D-1 D-2 D-3 D-4 D-5 D-6 D-7 D-8 D-9 D-10 D-11 D-12 D-13 D-14 D-15 D-16 D-17 D-18 D-19
D-1 100 7250 66.67 81.67 79.17 7000 64.17 7250 90.83 6583 7500 74.17 6833 6833 7250 9500 7583 67.50 80.00
D-2 7250 100 89.17 90.83 8833 94.17 8333 9167 7167 8500 9417 9333 90.83 89.17 9667 7417 9333 8333 87.50
D-3 66.67 89.17 100 8333 8250 86.67 89.17 90.83 70.83 9250 8500 84.17 90.00 9333 8750 70.00 8583 90.83 86.67
D-4 8167 90.83 8333 100 8583 86.67 79.17 8750 7750 80.83 91.67 8750 8500 8500 9083 8167 9250 80.83 80.83
D-5 79.17 8833 8250 8583 100 84.17 7500 86.67 7833 7833 84.17 86.67 8250 8250 86.67 80.83 91.67 80.00 90.83
D-6 70.00 94.17 86.67 8667 8417 100 89.17 8750 70.83 8583 90.00 94.17 9333 90.00 9583 71.67 89.17 8250 83.33
D-7 6417 8333 89.17 79.17 7500 89.17 100 8167 70.00 9333 8250 8333 84.17 90.83 8500 67.50 7833 91.67 80.83
D-8 7250 9167 9083 8750 86.67 8750 81.67 100 7333 8833 9083 8833 89.17 9083 9167 7417 9167 8333 89.17
D-9 90.83 71.67 7083 7750 7833 70.83 70.00 7333 100 70.00 7250 7333 7083 7250 7167 9583 7333 70.00 8250
D-10 6583 8500 9250 80.83 7833 8583 9333 8833 70.00 100 84.17 86.67 84.17 94.17 8667 69.17 8333 9167 84.17
D-11 7500 94.17 8500 91.67 8417 90.00 8250 90.83 7250 84.17 100 9250 90.00 8833 9250 76.67 90.83 8250 86.67
D-12 7417 9333 84.17 8750 86.67 94.17 8333 8833 7333 86.67 9250 100 87.50 90.83 9500 75.83 90.00 8333 87.50
D-13 6833 90.83 90.00 85.00 8250 9333 84.17 89.17 70.83 8417 90.00 8750 100 86.67 90.83 71.67 8750 8250 8333
D-14 6833 89.17 9333 8500 8250 90.00 90.83 90.83 7250 94.17 8833 90.83 8667 100 9250 71.67 87.50 89.17 8833
D-15 7250 96.67 87.50 90.83 86.67 9583 8500 91.67 7167 8667 9250 9500 90.83 9250 100 7417 9333 8333 87.50
D-16 9500 74.17 70.00 81.67 8083 7167 6750 74.17 9583 69.17 7667 7583 7167 7167 7417 100 77.50 70.83 83.33
D-17 7583 9333 8583 9250 9167 89.17 7833 9167 7333 8333 90.83 90.00 8750 8750 9333 7750 100 81.67 87.50
D-18 6750 8333 90.83 80.83 80.00 8250 91.67 8333 70.00 91.67 8250 8333 8250 89.17 8333 7083 8167 100 87.50
D-19 80.00 8750 86.67 80.83 90.83 83.33 80.83 89.17 8250 84.17 86.67 8750 8333 8833 87.50 83.33 87.50 87.50 100
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Table 14.
Resemblance analysis of the evaluation grades for company E ( %)

E-1 E-2 E-3 E-4 E-5 E-6 E-7 E-8 E-9
E-1 100 99.17 99.17 98.33 99.17 99.17 99.17 99.17 99.17
E-2 99.17 100 100 99.17 98.33 100 100 98.33 98.33
E-3 99.17 100 100 99.17 98.33 100 100 98.33 98.33
E-4 98.33 99.17 99.17 100 99.17 99.17 99.17 99.17 99.17
E-5 99.17 98.33 98.33 99.17 100 98.33 98.33 100 100
E-6 99.17 100 100 99.17 98.33 100 100 98.33 98.33
E-7 99.17 100 100 99.17 98.33 100 100 98.33 98.33
E-8 99.17 98.33 98.33 99.17 100 98.33 98.33 100 100
E-9 99.17 98.33 98.33 99.17 100 98.33 98.33 100 100

Table 15.
Questions for the first quality evaluation with lower evaluation grades.

Question Database
A1 A2 A3 B1 B2 B3 B4 B5 C1 C2 C3 C4 C5 C6 C7 C8
5 3 5 5 4 5 5 4 5 5 4 5 5 5 4 5
4 3 4 5 5 5 5 5 4 4 5 4 4 4 4 4
06. 4 3 4 4 4 4 4 4 4 4 3 3 4 4 3 a4
BB : : 5 s s 5 s 5 4 5 5 5 5 5 5
B : 4+ 4+ 5 5 5 5 5 4 4 4 4 4 4 4 4
1. 5 5 5 4 4 4 4 4 2 3 2 2 3 2 1 3
B : :+ s+ s s s s 5 3 3 3 3 3 3 3 3
BN : 4+ 4+ s 5 s s 5 4 4 4 4 4 4 4 4
RS 1 3 5 5 5 5 5 5 5 5 1 5 5 1 5
e ¢+ 2 s s s s 5 5 5 5 3 5 5 1 5
20. 4 4 4 3 3 3 3 3 4 4 4 4 4 4 4 4
21. 5 5 5 5 5 5 5 5 4 4 4 4 4 4 4 4
5 2 4 5 5 5 5 5 4 4 4 3 4 4 3 4
5 2 4 5 5 5 5 5 4 4 4 4 4 4 4 4
4 4 4 3 3 3 3 3 5 5 5 5 5 5 5 5
22 s > 4 s 5 5 5 5 5 5 5 5 5 5 5 5
B s 5 s s 5 5 5 4 4 4 3 4 4 3 4

Remark: The red grades are the grades with lower evaluation result, where improvement is possible.
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Table 16.
Company D's questions with lower evaluation grades.

Question Database
D-1 D-2 D3 D4 D5 D6 D-7 D-8 D9 D-10 D-11 D-12 D-13 D-14 D-15 D-16 D-17 D-18 D-19

B : + + 4+ 4 5 5 4 3 4 4 4 5 4 4 3 4 4 4
BN : 5 5 5 4 5 5 4 3 5 5 5 5 5 5 3 4 5 5
B : ¢+ + 3 4 5 5 4 5 5 4 5 5 5 5 4 4 4 4
04. 5 4 4 4 2 5 5 4 5 5 4 5 4 4 4 5 2 4 4
06. > 4 4 3 4 5 5 4 3 4 4 5 4 5 5 3 4 4 4
e : - 4+ 4+ 3 s 5 5 2 5 5 5 4 5 5 2 4 4 3
09. 3 5 4 4 4 4 4 4 2 4 5 5 4 4 4 3 4 4 4
B : : 2 2 2 2 2 1 2 1 2 1 2 2 1 2 2 2
1. T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
B 0 0 0 0 1 0 1 1 1 1 111
G 0 0 0 0 1 4 0 1 4 1 7 1111 4
B 0 4 0 1 1 4 2 2 4 1 1 1 3 1 1 1 4 2
BB > ¢ 4+ 1 2 1 4 3 3 4 1 1 1 4 1 2 1 5 3
e - : ' 0 1 3 1 2 3 1 1 2 3 1 2 1 3 2
- R e e e e T I T T
B 0 0 0 0 0 7 0 1 1 1 111 11
20. 2 5 5 3 4 5 5 4 2 4 4 4 5 4 5 2 3 5 4
21. > 4 4 3 4 5 5 4 3 4 4 4 5 4 4 3 4 5 4
B ¢+ s > 4 4 2 5 1 4 2 4 5 4 4 1 4 3 3
BN 4 s 4+ 4 4 4 5 1 5 4 4 5 4 4 1 4 4 3
BN 4 4+ 3 3 4 4 5 1 4 5 4 5 4 4 1 4 4 4
B 0 0 0 0 7 o0 1 1 1 1 11 1T
28. 5 4 4 5 3 4 4 5 4 5 5 5 4 5 5 5 5 5 5
B - - 5 0 5 5 5 1 5 5 3 5 5 5 1 5 3 |

Remark: The red grades are the grades with lower evaluation result, where improvement is possible.

6. DISCUSSION

As all the first scenario databases are made by same
development team, it was expected that the evaluation would
present very similar results to the results obtained during testing
of evaluation methodology for ship's Planned Maintenance
System database. The expected results should be equalized to
the summation of grades, i.e. average grade value, quite big
resemblance of the grades, and a similar list of questions with
grades 1,2, and 3.

The analysis of company A’s databases showed unevenness
in the quality of the data as well as in the deficiencies. The average

grade value ranges from 3.967 to 4.733, and the resemblance of
grades varies from 80 to 92 %. As there are only three databases
in the company, the sample is too small to define any reliable
finding (Tversky and Kahneman, 1971).

The analysis of company B's database evaluation results
shows a remarkable overall uniformity, in the average grade,
resemblance (Figure 3), and deficiencies. The average grade
difference is very small, varying from 4.733 to 4.800, resemblance
from 98.33 % to 100 %, major deficiencies are noted in questions
20 and 26 with all company databases.
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Figure 2.

Company A's resemblance of grades (in %).
Remark: The colour bar (The colour for each database is shown in small squares bellow the diagram) indicates the resemblance of the databases
compared with the databases indicated on the ordinate.

The analysis of company B’s database evaluation results  difference is very small, varying from 4.733 to 4.800, resemblance
shows a remarkable overall uniformity, in the average grade,  from 98.33 % to 100 %, major deficiencies are noted in questions
resemblance (Figure 3), and deficiencies. The average grade 20 and 26 with all company databases.
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Figure 3.

Equalization of company B's resemblance of grades (in %).
Remark: The color bar (The color for each database is shown in the small squares below the diagram) indicates the resemblance of the databases
compared, with the databases indicated on the ordinate.

The analysis of company C's database evaluation results ~ 4.467, and the resemblance between 95.00 and 100 % (Figure 4).
shows a significant overall similarity with exception of the  Major deficiencies are the same for all the databases tested (with
databases C-4 and C-7 (Figure 4). The average grade of database  questions 11 and 12, Table 15) with minimal deviations.
evaluation results (without C-4 and C-7) is between 4.367 and
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Company C's resemblance of grades (in %).
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Remark: The colour bar (The colour for each database is shown in the small squares below the diagram) indicates the resemblance of the databases

compared, with the databases indicated on the ordinate.

The deviations of results, i.e. the deficiencies noted during
the evaluation of databases A-2, C-4 and C-7, are connected to
the lack of ship's instruction books and documents during the
database development. The lack of documents is quite acommon
case when the database is developed for the second-hand vessels
where some instruction books and technical documentation are
often missing.

The comparison of the evaluation grades of the databases
tested according to the first scenario shows resemblance of grade
(and equivalence of the average grade) drops when compared
with the databases of different companies (Figure 5).

The comparison shows that the databases developed by
same team will have significant overall resemblance, which varies
between 80 % and 90 % (Table 12 and Figure 5), when developed
for different shipowners. The resemblance increases to over 90
% when the databases are developed for the same shipowner.
This is emphasized in case of company B, where the grades for
some databases are the same (Figure 5). The analysis of major
deficiencies shows that the deficiencies differ from company to
company. All this points to an existing control on the shipowner’s
side (shipping companies) and to a uniformity of quality within
each company.
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Figure 5.

Comparison of the first scenario database evaluation grades resemblance (in %).
Comment: One database per company is shown for a better overview.
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Figure 6.

Company D resemblance of grades (in %).

Comment: Due to size issues, comparison of the first five databases is given in the diagram.

Remark: The colour bar (The colour for each database is shown in the small squares below the diagram) indicates the resemblance of the databases
compared, with the databases indicated on the ordinate.
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The analysis of the evaluation grade results for the second
scenario shows two completely different findings. The company
D evaluation grades show a bad condition in general, which is
obviously represented by a bad average grade (from 2,467 to
3,833), a larger number of noted deficiencies and big differences
of resemblance analysis - from 64 to 95 % (Figure 6), as well as the
differences of questions with noted deficiencies. The databases
of this company are made by several development teams, each
having their own rules, mistakes, criteria, etc. Big differences of
evaluation grades signify that during the development of the
databases, a corrective mechanism for equalizing quality did not
exist. Some databases, like D-7 and D-10, have a relatively good
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Figure 7.
Company E's resemblance of grades (in %).

average grade and with little effort would be acceptable. At the
same time, D-1 and D-16 need a huge effort to improve their
quality to an acceptable level.

The resemblance of the grades across the company E (Figure
7) is very high (from 98.33 to 100 %) as well as the uniformity of
the average grades (from 4.533 to 4.600). The conformity of all
the results continues with the questions with lower grades, the
only noted question is 14. As this company also develops their
databases by several development teams, obtaining results like
thisis possible only if all the teams have clearly marked guidelines
and a well-organized and performed database checking.

m
u

o
=]
o
w
[Yel
(=]
[Yu]
LA

1

[=]

0

E-4 WE-3 ME2 ME]

Remark: The colour bar (The colour for each database is shown in the small squares below the diagram.) indicates the resemblance of the

databases compared, with the databases indicated on the ordinate.
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Time used for administration and correction of database
should be considered with certain dose of reserve because it
depends upon shipboard user access rights policy and what
shipboard user can perform in the system. If the shipboard user
has restrictive user rights, the office user will work more and vice
versa. This time vary from 0.3 hours per day in the company A to
1.5 hours per day in the company B. An exception is company D
where that time is negligible, and it is not enough for even a basic
oversight of performed activities in the system, i.e. supervision of
shipboard users. Adding this information to very bad condition of
company D databases, it becomes obvious that there is neglect
of computerized Planned Maintenance System, i.e. neglect of
shipowner’s role during database development process.

The company E's results showed that there was a
high-quality supervision and check of the data entered,
which increased the quality of the data in the database and,
consequently, increased efficiency and reliability, reduced errors
and user training, increased system and information acceptance
(Bias and Mayhew, 1994) (Karat et. al., 1992).

7. CONCLUSION

Database ordering and development sequence diagram
show mutual dependence of the shipowner and the developer
during the whole process. It also describes the points and
shipowner’s actions which directly influence the quality of data
in computerized planned maintenance database. The research
shows in detail how the shipowner affects database quality
grades and how this influence can be numerically expressed.

The first scenario evaluated the databases built by one
development team for three different shipowners. The research
shows that database quality grades have an overall resemblance
from 80 to 100 %. If the resemblance of grades is compared
for different shipowners, it varies from 80 % to 90 %, and with
one shipowner it goes from 90 % to 100 %. The impact of the
shipowner towards quality evaluation grades, according to
findings, can be measured as increase of resemblance of grades
by 10 %.

The evaluation of databases performed according to
the second scenario, in which several teams build databases
for companies, results in two conclusions. The company D’s
resemblance analysis results show that the evaluation grades
of a single company will vary significantly (from 64 % to 95
%) if the shipowner’s impact is missing (or it is removed). The
databases will have uneven quality and usability. In contrast to
this, company E’s resemblance analysis (from 98.33 to 100 %)
shows that the grades will be very uniform if there is the control
and supervision by the shipowner. In that case, the databases will
have very similar quality and usability.

All the conclusions of research according to the first
scenario can be applied to the results obtained during the testing

Trans. marit. sci. 2018; 01: 05-22

of evaluation methodology for ship's Planned Maintenance
System database (Table 1), where the similarity of results can be
noted. The resemblance of database evaluation grades within
one company (databases 1 to 4) is between 95.00 % and 99.17
%, which is in accordance with the first scenario results. The
resemblance of grades decreases to the range from 86.66 to
90.83 % when compared with a database developed for another
shipowner (database 5), also in accordance with the first scenario
results. The comparison provides identical results, which solves
the problem of unexpected results of a small sample.

It has been found out that Ship's Planned Maintenance
System database evaluation grades will have a great resemblance
within one company (higher than 90 %, often over 95 %), if there
is good shipowner’s supervision of the database development
process and a well organized and carried-out acceptance test.
This fact is valid for all the databases of one shipowner, whereas
the number of development teams has no relevance.
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Optimal Design of Ship's Hybrid
Power System for Efficient Energy

Maja Kréum?, Anita Gudelj?, Vinko Tomas®

The International Maritime Organization regulations on the
reduction of greenhouse gas emissions (GHGs) from ships require
efficient dealing with this complex techno-economic and highly
political problem through joint efforts of all major stakeholders
from the shipbuilding industry and ship operations.

The key problems of any research in the field of renewable
energy, including power generation, storage, transformation
and distribution, and the issues associated with limited power
generation for specific loads, are the same issues that are
experienced in the implementation of electric distribution
technologies onboard ships.

This paper analyses the effects of efficient shipping using
the solar panel system and batteries to ensure continuous
power supply, regardless of the weather conditions. The logistics
chain of this control architecture is modelled by Colored Petri
Nets. The economic analysis examines the annual costs of fuel
consumption, the initial capital cost, total net cost and CO,
emissions.
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1. INTRODUCTION

The Kyoto Protocol of 1997, paragraph 2.2, entrusted the
International Maritime Organization (IMO) (3" IMO GHG Study,
2014) with the responsibility to regulate and reduce harmful
emissions from ship (IMO, 2017). Maritime transportation emits
approximately 1,000 million tons of CO, annually and accounts
for about 2.5 % of the global greenhouse gas emissions (Kyoto
Protocol, 2017). The emissions of harmful contents from vessels
are anticipated to increase by 50 %-250 % by 2050, depending
on the future developments in the fields of economy and
energy. This is not in line with the international agreements to
decrease global emissions by at least 50 % by 2050 to keep the
global temperature increase under 2°C. The IMO regulated CO,
emissions by adopting Annex VI to the MARPOL Convention.
Guidelines for improving energy efficiency were also laid down
with the intention to monitor and improve ships’ performances
and features with regard to various factors that may contribute
to CO, emissions (see Figure 1). A “new” ship means a ship the
building contract for which was concluded on or after 1 January
2013 or in the absence of a building contract, the keel of which
was laid or which was in the similar stage of construction on or
after 1 July 2013 or which was delivered on or after 1 July 2015.

Various studies and papers (Gudelj and Kré¢um, 2013;
EEDI - IMO, 2012; RSSPS, 2017; @verleir, 2015) indicate that
environmental pollution can be significantly reduced and the
low energy efficiency of traditional marine systems improved
by the proper integration of renewable energy sources onboard
vessels where electrical power is produced by the ship’s power
plant using a diesel / turbo generator.

For instance, the installation of photovoltaic (PV) systems
in the power system helps reduce greenhouse gas emissions,
improves energy efficiency and contributes to the stability of the
ship’s power system.
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However, installing a PV system requires significant
attention and consideration of certain aspects, such as: unlike
land-based systems, onboard power systems are exposed
to constant load changes (Kr¢um et al., 2010). The frequent
presence of seawater on the deck, where photovoltaic panels are
accommodated, has a significant impact on their effectiveness;
at sea, a vessel is always under some load, which may not be the
case with shore-based PV systems; while the angle of sunlight at
a specific location on land is constantly the same, this is never the
case at sea with ever changing waves, sailing routes and courses.

2015 ==p 2020==p 2025==p 2030===p 2050

Energy Improving Improving Improving

Efficiency the the the

Design efficiency efficiency efficiency

Index-by by 10% - by 20% - by 30% -

“new ship” by “new by “new by “new

ship” ship” ship”

CO,
reduction
by 50%
(t/km)

Figure 1.

IMO recommendations for reducing CO, emissions
2015-2050

This paper is a contribution to ships’ power system energy
management in general, and to PLOVPUT’s working boat in
particular. This vessel, which served as the basis for our research
(Tech. doc. PLOVPUT) was under construction. It is a public
service workboat, fully equipped to perform a variety of marine
and hydro-submarine operations related to the maintenance of
waterways in the Croatian Adriatic. These activities include the
maintenance of existing and the construction and equipping of
new aids to navigation, e.g. marking waterways with navigation
buoys; supplying and maintaining onshore and offshore
lighthouses; transportation and installation of construction
materials onshore and under the sea, performing hydro-
submarine operations; transportation of construction machinery.

The vessels’ energy resources include:

. Three main-board voltage generators: diesel electric power
generators 190 kVA, 3x400V, 50 Hz, one diesel electric generator
80 kVA, 3x400V, 50 Hz and an inverter/charger; and

. Secondary-board voltage transformer, batteries and
rectifiers.

The diesel electric aggregate (DEA) meets energy
consumption needs in all modes, depending on the balance
of electricity. In the operating mode and normal mode of
navigation, all required power is provided by one diesel electric
aggregate (1x190 kVA). In departure mode, buoy handling
mode and concrete plant operation mode, the required power
is supplied by two DEA (2x190 kVA) in parallel operation. When

staying in port, electricity supply is provided by one DEA due to
reduced electricity consumption. In case of overload, the power
management system shuts down shedable, i.e. less important
consumers.

The authors of this study assume that the integration of
renewable energy sources in the vessel's power system (Figure
2) may contribute to CO, emission reduction. The basis for this
hypothesis were the results obtained by the simulation of a
hybrid marine power system on HOGA software, developed on
the basis of Colored Petri Nets (CPN) models that coordinate and
manage the flow of information.

2. POWER MANAGEMENT IN THE PROPOSED SHIP'S
POWER PLANT

Figure 2 shows the hybrid system consisting of PV panels,
batteries, a charge regulator, AC diesel generators, converters/
inverters, and load controls. The hybrid power distributed
generation system provides four operating modes, depending on
the prevailing environmental conditions, battery charge status
and load variation. The controller switches from one mode to
another, depending on instructions determining mode selection.

Mode 0: If solar energy is not available and the state of
charge (SOC) of the batteries is very low, i.e. lower than the
minimum recommended by the manufacturer (SOCmin), the
batteries should not be used and the required energy should be
provided by the AC generator.

Mode 1: If weather is cloudy and (SOC) is normal, the
controller allows the batteries to provide sufficient power for
the load. If the load exceeds the power of batteries, excess load
will be handled by the AC generator. This mode is maintained
while the state of charge (SOC) is above SOCmin or while power
obtained from solar energy is above threshold power. Outside
the above limits, the hybrid power system must switch either to
Mode 0 or Mode 2.

Mode 2: If there is plenty of solar energy, photovoltaic
(PV) system resources are connected to the vessel’s grid and
PV-generated energy must be preferentially used to power the
loads. In the event of surplus energy (Pch), the controller puts
the batteries into charging mode until they reach maximum
charge value (SOCmax). If the power supplied by the PV system is
insufficient for the load, the necessary power should be supplied
by the batteries.

If the batteries cannot handle the entire load, the excess
part of the load will be handled by the AC generator.

Mode 3:In this mode the load demand (Pload) is lower than
the available solar energy (Ppv) and the batteries are fully charged
(SOC >=S0Cmax). This mode is used when there is sufficient PV
power to meet the total demand and it is maintained until the
load exceeds the available PV power. If the total load exceeds the
available PV power, the system switches to Mode 1.
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Figure 2.
Hybrid ship power system configuration.

For modes 1, 2 and 3, if the AC generator produces more
power than required, and the power envisaged to be supplied by
the AC generator is lower than the critical power limit (Pcritical
gen), surplus power can be used to charge the batteries up to
SOC value, the so-called SOCstp_gen (batteries SOC set point for
the AC generator). In order to present a supervising control of
the hybrid energy system, the following sections discuss the use
of Colored Petri Nets (CPNs). Since the hybrid renewable energy
system consists of several sources and involves different states
and events, the entire system is considered to be a discrete
event system (DES). The discrete dynamics of power systems are
particularly relevant for mode switching and selecting sources on
DC and AC buses depending on the available renewable energy
and load. CPNs allow us to define which actions occur in DES,
which states preceded these actions and which states will be
achieved after the actions have been performed. Colored Petri
Nets is an outstanding tool for testing the simulated environment
and avoiding the occurrence of potential forbidden states in the
real world.

2.1. Colored Petri Nets (CPNs)
Petri net (PN) is a bipartite graph determined by four kinds
of objects: places, transitions, directed arcs and tokens (Gudelj et

al, 2012). In the PN model, places represent system states and
transitions represent the assessment of transition of system

Trans. marit. sci. 2018; 01: 23-32

states. Colored Petri Net (CPN) combines the best of classical
PNs and high level programming languages (Jensen et al., 2007;
Jensen, 1991). Data, data types and transition conditions are
described by a functional programming language. The token,
with attached data value (called token color), can encode a vast
amount of information that determines transition firing. Places
are associated with color sets. A color set specifies the data type
a place can hold. A transition can be programmed using special
constructs and functions. Additional constructs can be used to
enable or disable transition firing. Input and output arcs can have
expressions and functions related to them. For a transition to be
enabled, input arcs expressions need to bind successfully with
the tokens present in the input places and the transition guard.
The tokens are placed in the respective output places.

A Colored Petri Net can be formally defined as a 9-tuple
(Jensen, 1991).

CPN=(PTAZN,CGEm,) (1

where, Pis a finite set of places, T is a finite set of transitions;
A'is a finite set of arcs. J is a finite set of types called color sets.
This set contains all possible colors, operations, and functions
used within a CPN.

N:A > (PXT)U(TXP) is a node function. C is a color function
which maps places in P into color in X. G is a guard function
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defined from T into guard expressions g. The output of the
guard expression should evaluate to Boolean value true or false.
E:A>[expr] is an arc expression function which maps each arc
aeA into expression e. m, is the initial marking of CPN. For more
details and CPN theory, refer to (Jensen et al., 2007).

2.2. CPN Control System

Based on the proposed hybrid power system (see
Introduction) and logistics issues related to the implementation
of renewable sources facilitating efficient shipping, algorithms
developed by the authors and C-PN rules, we designed a PN
model of a control system managing energy flow and

coordinating operations of hybrid energy systems onboard
ships (see Figure 3).

The PN controller was designed using CPN tools (Version
4.0.1 (CPNTools, 2017). Taking into account the specific network
topology and net load, the model simply focuses on switching
modes of operation and estimating the batteries’ state of charge
(SOC) once an hour. Battery SOC and net load are used as
parameters for the ON/OFF control of PV and diesel generators.
As stated above, CPN places consist of a set of markers called
tokens, with their attached token color. The necessary color sets
and variables are as shown in Figure 4. In the design control
strategy, hourly intervals are considered, where all the involved
variables are assumed to be constant throughout these intervals.
Accordingly, the place Next_hour represents one hour which is
allocated a single token. Initially this value is 0, and is updated on
an hourly basis.
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Figure 3.
CPN control design of the ship hybrid energy system.

'Dad.rrab:ns YWARIABLE

¥ colsat h=ant; h;
¥ i

¥ colsat [=int; o

v var Pac:load;
¥ var Pdc:load;
¥ var Pload:load;

v colsat load=int;
¥ colsat REAL=raal;
¥ oolsat R=product REAL®REAL

¥ BATTERY ¥ var Ppvippy;
¥ val SOCmin=5480.0; ¥var S0OC:Soc;
¥val SOCmax=564800.0;

¥ var BatE BatStates;

¥ colsak Soc=raal; ¥var Pch: REAL;
i P

¥ colsak batType= produd h *Soc;
v colsak BatStatas=with 51]52(53; ¥var Pdis:REAL;
¥ colsat BaterryS=product BatStatas® Soc; ¥yar EE:REAL;

TR vval Pinv_max=105000.0;
-:o:sc: PPN =ing; : = vval Kinv=0.98;
¥ colsat HxPw=product h*ppy; 5

v colsat HyLoad=product h*load; ¥val K_AC_DC=0.9;

¥ colsat Smoda=prodisct h*REAL* REAL* Soc* BatStates; »val AllLcad

v colsat choooduct h*REAL: »val AllPY

Figure 4.
Definition of color sets and variables.

The estimated state of batteries for each hour place is
modelled by Ebat. Three states for the batteries are considered
and they are defined by three token colors (S1, S2, S3) from the
colors set batStates (see Figure 3). The first color (S1) indicates
that the battery is empty (SOC<SOCmin), whereas the second
color (S2) signifies that the battery is fully charged. The latter
state is reached when the battery state of charge (SOC) becomes
equal to or higher than the maximum value (SOCmax). The third
color (S3) indicates that the battery is in an intermediate state, i.e.
that its SOC is between minimum (SOCmin) and maximum value
(SOCmax). The place DIS_CH checks the system energy balance
and battery SOC at each time interval and shows whether the
system is in Charge state or in Discharge state. Charging and
discharging processes are coded by the function Discharge_
Charge (Figure 5) through a communication link with the load
layer and PV resources.
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else if real(Epﬁy-Pdg)<=10560m(v):b then

else if 105000.0<real(Ppv-Pdc) then
1*(real(Pac)-105000.0*0.98,real(Ppv-

Pdc)-105000.0)

else

1'(real(Pdc-Ppv)+real(Pac)*Kinv,0.0);

Figure 5.
Function declaration of the CHARGE and DISCHARGE
processes.

Pac is power consumed by loads in the AC bus, while Pdc
denotes the power consumed by loads in the DC bus. Ppv refers
to power produced by PV renewable sources in the DC bus.
K_AC/DC is the efficiency of the battery charger and Kinv is the
efficiency inverter. Pinv_max describes maximum active power
that can be produced by the inverter.

This function computes the values of surplus power (Pch)
which is used to charge the batteries or the value of the load that
has not been fed (Pdis) as a function of the AC load (Pac), the DC
load (Pcd) and the energy produced by the PV sources Ppv (Dufo-
Lopez et al. 2007). If the PV renewable sources produce more
energy than required by AC/DC, surplus power Pch is calculated
on the one-hour basis. If, on the contrary, the PV system is unable
to cover DC energy demand (Ppv<Pcd) or the apparent power at
the AC/DC inverter output (Pac/Kinv), the load that has not been
fed (Pdis) is calculated. The energy deficit should be compensated
either by batteries or the AC generator to cover the ACload or DC
load.

The second part selects operating modes of the power
station. Each mode is represented by a single place: ModeO,
Model, Mode2 and Mode3. Communication between operating
modes is carried out by the transition SELECTED_MODE. The
latter is triggered when it receives information from the first part,
and the next node when the aforementioned mode is selected.
Although transition SELECTED_MODE is enabled for all modes, it
can drive only one mode for each hour. This situation is called a
conflict (because the binding elements are enabled individually,
but not synchronously), and it is said that the transition
SELECTED_MODE is in conflict with itself. The switching between
the modes is determined by evaluating the corresponding
arc expression, associated to the output arcs from the places
Mode0, Mode1, Mode2, Mode3, according to the rules described

Trans. marit. sci. 2018; 01: 23-32

in Section. These transmit information to one of four transitions
(PVswitchOFF,  BatswitchON, PVswitchON, PVswitchONT).
Together with the surrounding arc inscriptions, these transitions
define how resources are reserved and released.

Table 1.
Conditions for selecting the appropriate operating mode.
Conditions Selected
Charge/Discharge value Battery States mode
Pch=0.0 and Pdis>0.0 S1 Mode 0
Pch=0.0 and Pdis>0.0 S3o0rS2 Mode 1
Pch>0.0 and Pdis=0.0 S2 Mode 2
Pch>=0.0 and Pdis=0.0 S3 Mode 3

Due to limited space, the process shown in CPN Tools is not
described in the paper. Figures 6 and 7 illustrate the performance
of our strategy. Figure 6 shows markings of each place Mode0,
Mode1, Mode2 and Mode3.The figureillustrates the decision made
by the PN controller coordinating operating modes. According
to the process, Figure 7 shows the power balance during the
simulation and describes the evolution of the duty cycle for PV
sources and batteries. The synchrony between consumption and
photovoltaic generation can be considered to allow the direct
use of energy. In this simulation, the weather was very sunny.

During the night, energy is supplied by batteries and the
system is in mode 1. At 8 a.m. and 5 p.m. PV panels generate
approximately 40TWh of power, which is insufficient. The
batteries are used to compensate for the gap. At 9 a.m., when the
power generated by the PV increases very rapidly and exceeds
the load, the PN switches the system to mode 2. Surplus power is
stored in batteries, which are recharged. At 2 p.m., when batteries
are full and surplus PV power can no longer be injected into
batteries, the PN switches the system to mode 3. In mode 3 the
battery SOC is constant.
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Figure 6.

Mode switches in function of time.
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Figure 7.
Simulation results.

3. OPTIMIZATION METHODOLOGY

This research proposes a HOGA based-optimal design
of PV-Diesel-Battery stand-alone hybrid energy system for a
specific vessel. The system should be properly designed in
terms of economic and environmental aspects that are affected
by physical and operational constraints and strategies. HOGA
software uses Genetic Algorithms (GA) that may produce
adequate solutions when applied to highly complex problems
(Dufo-Lopez, 2006; Dufo-Lopez and Bernal-Agustin, 2005; Dufo-
Lopez et al. 2007; Gudelj and Kr¢um, 2013). They optimize system
components (main genetic algorithm) and the control strategy
(secondary genetic algorithm (HOGA, 2017). The program
permits mono or multi objective optimization (Dufo-Lopez and
Bernal-Agustin, 2005). In this research, the focus of the analysis
was on the multi-objective design of the hybrid PV-diesel system
with battery storage, intended to minimize both the Net Present
Cost (NPC) of the system and the life cycle of CO, emissions (LCE),
taking into account only emissions from fuel consumption. The
NPC represents investment costs plus the discounted present
values of all future costs during the system’s lifetime. It can be
defined as follows:

1
NPC=5,(C +Cpp+Copps ———— +C.) (2)

CFR(ir,R)

where C, ($) represents capital costs of each component k (PV
generator, battery, inverter, battery charge controller and diesel
generator). C*_ () indicates the cost of replacement of each
component k during the system’s lifetime. %, ($) are the annual
operating and maintenance costs for component k throughout
the system’s lifetime. CRF is capital recovery factor (Yang et al.,
2008; RSoSPS, 2017) which is defined as follows:

ir-(1+ir)?
CFR(irrR) = —M8 —— (3)
(1+ir)k-1

where R is the useful lifetime of the project, ir is the real interest
rate, which is a function of the nominal interest rate i and
the annual inflation rate f,, defined by following equation (Yang
etal., 2008):

ir .-
. nominal r
Ir= ——— (4)

1+f

C, ($) are fuel consumption costs for 1 h of diesel generator
operation (Belfkira et al, 2011):

C.=Pr.-(A-P . +B-P_) (s)

where Pr_is fuel price ($/1), A=0.246 I/kWh and B=0.0845 I/kWh
fuel curve coefficients.

The model of PV-Diesel-Battery stand-alone hybrid energy
system for a specific vessel is a multi-objective problem where
two objects are to be minimized (the sum of the net present cost
and life cycle CO, emissions) and is expressed as follows:

min F = min [ NPC(x), LCE(x) ] (6)
x={N,, a, N, b N c} 7)
where N, N, and N_ are respectively the total number of PV

panels, batteries and AC generators. a, b and c are the type of PV
panel, the type of battery, the type of AC generator, respectively.
Additional constraints to be imposed are:

P, (M)+P, () +P.()2P_ (1) ®)
SOC . <SOC(t)<SOC, ©)
0 < NPV s NPVmax

(10)
0<N, <N

BAT = * "BATmax

Constraint (8) ensures that for any given period t, the total
power supply from the hybrid generation system is sufficient to
supply total demand. The relation (9) determines the maximum
depth of battery discharging and the minimum depth of battery
charging. The relation (10) is the constraint referring to the
number of PV modules and batteries.

The number of batteries to be connected in a series is
not subject to optimization but is a straightforward calculation,
whereas the number of parallel battery strings N, ., each
consisting of N, ¢ batteries connected in series, is a design
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variable that needs optimization (Trazouei and Trazouei, 2013).
The total number of batteriesis N, =N .. *N, ..

The number of panels to be connected in series Noys
depends on the selected DC bus voltage (bus V) and is not
subject to optimization. The number of parallel strings N, is the
design variable that needs optimization. The total number of PV
panelsis N, = Npyp * Ny

Inputs required for system optimization include capital
expenses, replacement, operating and maintenance costs of
all components, as well as efficiency, components and project
lifetime, component specifications, hourly load demand and

hourly meteorological data over a one year period.
4. EXAMPLE OF APPLICATION

HOGA was used as a test tool for the optimization of the
hybrid system analyzed in this research. As mentioned above, the
PV-Diesel-Battery energy system on the special-purpose vessel
serving along the eastern Adriatic coast is used as case study. The
system has the DC voltage of 48V and AC voltage of 230V. The
typical daily load profiles of the ship are shown in Figure 8.

The selection of appropriate solar panels requires data
on solar radiation by month in the given area. An average
monthly solar irradiation energy throughout the year for the
eastern Adriatic Coast is between 1.62 (kWh/m?) in December
and 8.07 (kWh/m?) in July. In this area, the value of average daily
irradiation on horizontal surface is 4.76 (kWh/m?/day). Therefore,
the potential for the utilization of this type of energy is clearly
rather high.

In optimizations, commercially available components are
considered and prices are all unfeigned. Most low budget solar

PV panels are designed for use in residential applications and
will not survive being installed on a vessel or seawater exposure
which will cause them to delaminate, corrode or deteriorate.
KYOCERA Solar panels (Kyocera, 2017) have demonstrated
successful and reliable performance in the marine environment
over the years. This is the reason why three commercial models
of multi-crystalline silicon KCM solar panels of 140/255/320 Wp,
featuring 12/12/24 V nominal voltage, having the acquisition
cost of 293/317/432 $/per panel and the annual O&M cost of
2.93/3.17/4.32 $/year, respectively, are considered. As the DC
voltage of the system is 48 V, the application of four or two
panels in series is possible, depending on the nominal voltage
(48/nominal voltage). The number of parallel groups allowed
ranges between 0 and 20. The estimated lifetime of PV arrays is
25 years and emissions are 600/600/800 kgCO,, respectively, in
the manufacturing.

Trojan’s deep-cycle flooded batteries were chosen.
Trojan’s technology has proven to be suitable for use in marine
applications (The Marine battery..., 2015). Three models of
12V batteries with the capacity of 97/106/225 Ah, having the
acquisition cost of 150/195/211.6 $/battery, respectively, are
considered. As the DC voltage of the system is 48V, there are four
batteries in series. The number of parallel groups allowed ranges
between 1 and 15. The O&M cost amounts to 1.5/1.95/1.6 $/year.

The number of possible AC generators in parallel can range
from 1 to 3. The lifetime of an AC generator is 10000 h, and its
minimum AC generator output power is 30 %. CO, emission is
3.5 kg CO,. The effective interest rate considered is 6 %. The fuel
price is 0.8 €/I. The efficiencies are 80 % for the batteries, 90 % for
the inverter and 90 % for the battery charger. The lifetime of the
entire system is 25 years.
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Figure 8.
Average hourly distribution of AC and DC loads.
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5. OPTIMIZATION RESULTS

This section is an assessment of the realistic operating
scenario for PLOVPUT’s working boat. The behavior of the
energy storage and production system was simulated using the
simulator presented in the preceding section. Three load profiles
were tested: profile #1: full AC/DC load was simulated; profile #2:
10 % of AC load and full DC load were simulated; profile #3: only
DC load was simulated.

The goal of optimization is to find an optimal configuration
of the system by simultaneously minimizing net present cost and
CO, emissions in terms of the decision variables of the problem
(Eq. 7). This task was achieved using HOGA, utilizing a multi-
objective genetic algorithm.

The applied genetic algorithm GA can search for the
configuration of PV panels, batteries and AC generators that
minimizes the two objectives expressed in Equation (6). The
genetic algorithm GA simulates the survival of the fittest
among individuals over consecutive generations throughout
the solution of a problem (Goldberg, 1989). Each generation
consists of a population analogous to a set of chromosomes. In
this paper, GA uses an integer representation of chromosomes.
Each chromosome is a vector in the form [N,, a N, b N, c]
that consists of six positions which, respectively, correspond to
six decision variables: number of PV panels, the type of PV panel,
the number of batteries, the type of battery, the number of AC
generators and the type of AC generator (Eq. 7). The individuals
in the population are then exposed to the process of evolution.
The elitist mechanism is applied which keeps individuals with
high degree of adaptability depending on their fitness. Crossover
operator is applied to the group, and individuals are selected by
crossover and mutation probability to generate new individuals.
Thus, genes from good individuals propagate throughout the
population and each subsequent generation achieves better
fitness values.

The parameters for the Genetic Algorithm (GA) have been
taken from Table 2.

Table 3.
Multi-objective GA Parameters.

Table 2.

Multi-objective GA Parameters.
Parameter Values Parameters  Values
Population 15 Selection Elitism
Size function
Population vector Crossover Single-point
Type function
Initial random Crossover 0.75
Population rate
Max 20 Mutation Uniform
generation function

Mutation rate 0.01

The obtained optimal configuration for profile #1 is
unacceptable because it includes a large number of PV modules
which cover an area of 120 m2.

The obtained optimal configuration for profiles #2 and
#3 has the lowest system total cost and the lowest emissions.
According to the results, the lowest NPC over 25 years is obtained
when PV-diesel hybrid generation is combined with battery
storage. In addition, this configuration is capable of meeting the
load demand without any unmet load during simulation time.
Hybrid solutions for renewable and AC generation can reduce
costs in the long term, although the initial investment is much
higher.The use of AC generator is substantially reduced, resulting
in fuel economy and emission savings (see Table 2). Figure 9 and
Figure 10 show optimal configurations for load profiles #2 and
#3, total energy production for each component and hourly
simulation throughout the year.

During the year, for load profile #2, AC generators produce
about 77.7 % and renewable resources only 22.3 % of the overall
energy. For profile #3, owing to lower load (DC load only), a viable
solution is an AC generator operating only for a couple of hours
each day. The AC generator produces only 0.01 % of the energy,

Load Only Diesel Optimal results

profile NPC AC operation  CO, AC_CO, NPC PV power  Battery capac. ACPgen_min AC operation
() (h/yn) (t/yr) (t/yn) () (W) (Ah) (kVA) (h/yn)

#1 = = 62256  595.52 3809600.0 450x255 270x225 57 5127

#2 272261 6852.4 56.32 54.12 699016.88 45x255 72 x 225 3 4818

#3 63034 4376.3 0.774 10.00 49809.00 28x320 24 x 225 3 2

Maja Kréum et al.: Optimal Design of Ship's Hybrid Power System for Efficient Energy



while renewable resources produce the remaining 99.9 %. CO,
emissions from fuel combustion are avoided, leaving only those
relating to the life cycle of the facility (manufacturing, transport

and scrapping). However, the AC generator remains an important
source of energy meeting the AC load demand although its O&M
cost is high.
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Energy during one year, load profiles #2 and #3.
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6. CONCLUSION

The goal of this research was to prove that a specific
vessel, a workboat built in 2016 and operated by Plovput, may
generate renewable energy in compliance with the rules of the
International Maritime Organization (IMO), which are becoming
mandatory as of 2025. The use of photovoltaic (PV) solar systems
to supply various onboard users with power (e.g. instruments,
lights, winches, propulsion...) reduces fossil fuel consumption
and consequently the harmful exhaust gas emissions. However,
the efficient application of solar energy onboard ships depends
on investment costs of any given solar system and the careful

Trans. marit. sci. 2018; 01: 23-32

consideration of a number of factors such as required loads and
the availability of solar energy. Using a simulation model that
only considered PV systems which can actually be mounted on
the deck of Plovput’s vessel, the consumption loads in certain
modes of vessel operation were monitored, and the information
flow followed to manage the distribution of load power. The
optimal design, allowing energy management, operational cost
function minimization and the reduction of CO, emission, was
implemented using the HOGA software.

This paper focuses on information management
coordination and energy distribution that contribute to the study
and represent a contribution to meeting IMO recommendations.
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It is a part of the authors’ ongoing study and can be used for
further research that can be applied to similar vessels. The study
can easily be extended to include considerations and other
renewable energy sources suitable for onboard applications.
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Maritime Lighthouses in the
Republic of Croatia — Safety
of Navigation and/or Tourist

Attraction

Tatjana Stanivuk?, lvan Juri¢evi¢®, Jelena Zani¢ Mikuli¢ié?

The lighthouses are the most important navigation aids
enabling safe navigation. Today, in the Republic of Croatia there
are 46 maritime lighthouses in function. All the lighthouses are
automated and controlled through the remote control system.
In the Republic of Croatia, Plovput company is responsible for
their maintenance. In recent years maritime lighthouses have
increasingly been used for tourism. Still, their primary role has
not been forgotten. The proof of this is the incorporation of the
Automatic Identification System (AIS) in the lighthouses, raising
the safety of navigation to a higher level. Interesting has been
the market research in recent years, since there has been an
increasing demand for lighthouses as tourist facilities. This is of
great importance, as it provides additional financial resources for
their maintenance. Unfortunately, the statistical data on renting
and the availability of accommodation capacities indicates that
there is space for improvement.
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1. INTRODUCTION

Man has always sought to mark maritime routes to make
navigators safer. For this purpose, various marine signalling
facilities were built. In the beginning, fire was lit (Pearson, 1995)
and later, with the development of technology, lighthouses
and other navigational aids such as coastal and harbour lights,
signalling stations, light and signalling signs, signal buoys and
other signs started to be established (Jeremi¢, 2014).

The lighthouses are the most important and safest sea
navigation aids that enable safe day and night navigation in a
particular marine area. They are built at the most prominent and/
or the most distant points of the Croatian territorial sea. Today,
in the Republic of Croatia there are 46 maritime lighthouses, of
which 17 have lighthouse station and 29 are without human crew
(Pomorski rje¢nik, 2017; Plovput, 2017).

All the lighthouses are automated and monitored through
the remote monitoring system that provides permanent insight
into the state of the equipment and devices on the most
important 103 maritime signalling objects in order to ensure
emergency intervention and to return the light to its function in
navigation.

The lighthouses are mostly equipped with main and
auxiliary lights. The main rangeis up to 30 miles. Some lighthouses
are equipped with a radar beacon (racon), and /or fog system (fog
detector and fog sirens) (Pomorski rje¢nik, 2017; Plovput, 2017).

In recent years, maritime lighthouses have increasingly
been used for tourism, especially in the Republic of Croatia.
However, the results of the collected and processed data shown
in the Chapter 3 of this paper increasingly point to theimportance
of incorporating maritime lighthouses into the tourist offer.
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2. MARITIME LIGHTHOUSES IN THE REPUBLIC OF
CROATIA

In the alphabetic order, all maritime lighthouses in the
Republic of Croatia are: Babac, Blitvenica, Crna punta, Glavat,
Grebeni, Grujica, Host, Jadrija, Marlera, Mlaka, Mulo, Murvica,
Ostri rat, Ostro Kraljevica, Palagruza, Peneda, Plocica, Pokonji dol,
Pomorac, Porer, Prestenice, Prisnjak, Razanj, Savudrija, Sestrica
vela - Korcula, Sestrica vela -Tajer, Split breakwater, Stoncica,
Strazica, Struga, Sucuraj, Susac, Susak, St. Andrija, St. lvan at sea,
St. Nikola, St. Petar, Tri Sestrice- Rivanj, Trstenik, Veli rat, Verudica,
Vir, Vnetak, Vos¢ica, Zaglav, Zub (Plovput, 2017).

In accordance with the Maritime Law of the Republic
of Croatia the primary role of the lighthouse is the safety of
navigation and protection of human life. Its secondary role is to
ensure the provision of services of public interest, among which
are:

. Renovation and maintenance of waterways,
. Establishment and maintenance of navigation aids,
. Radio service of coastal radio stations.

These activities are performed by the company Plovput,
while the administrative control is carried out by the Croatian
Ministry of the Sea, Traffic and Infrastructure. Objects of maritime
safety are facilities and/or technical systems that acoustically and
visually, or through electromagnetic waves transmit, receive or
exchange information of importance for the safety of persons
and maritime objects (Kasum et al., 2013), protection of the
marine environment or safety of people, maritime objects and
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ports that are located on the waterfront. Navigation safety
facilities are installed in the inland waters and the territorial sea
of the Republic of Croatia in order to ensure the safe conduct of
maritime traffic.

Itisimportantto emphasize that overthe past 10 years, there
have been no maritime accidents which resulted in casualties,
and which were caused by unlit signalling lights. In the Republic
of Croatia, there are at present 1,065 marine signalling facilities
maintained by Plovput, of which 704 maritime signalling objects
are owned by Plovput, i.e. the Republic of Croatia, according to
the Maritime Code (OG 181/04, 76/07, 146/08,61 /11, 56/13 and
26/15) (Zakon o Plovputu, 1997).

2.1. Investments in Lighthouses for Safety and Tourism

By the automation of lights on the lighthouses, which
Plovput carried out in the late 1990s, and according to the
decision of the Managing Board, lighthouse human crews were
withdrawn. The idea that then emerged was to hand over the
abandoned lighthouses to wealthy foreigners. The project was
called "Pharos", rated socially and economically unacceptable
and was rejected. It is important to point out that reducing the
number of lighthouse crew did not have any impact on the
quality of the basic activities of Plovput, which is the safety of
navigation.

In 2011, the realization of the "Stone Lights" project began,
which was accepted by the public and the relevant Ministry
(Seri¢, 2017). The aforementioned project aimed at financial
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investing in lighthouse buildings to represent a specific tourist
service as such. In practice, this idea has proven to be profitable.

The absolute priority of Plovput is an investment in the
basic activity, which implies that lighthouses are primarily
used as navigation aids, and then inclusion in the tourist offer,
which provides additional funding for the maintenance of
those facilities (Perisi¢ et al., 2010). During the previous years,
Plovput allocated significant financial resources for renovation
of the lighthouses. So, in 2008 through its programme of work
it planned to spend approximately 4,000,000.00 HRK for the
construction of lighthouse buildings, investments, and regular
maintenance.

It is important to emphasise that the basic purpose of a
lighthouse is to indicate to ships navigable waterways. In the
past 2 or 3 years, Plovput invested in the safety of navigation by
incorporating AlS (Automatic Identification System) receiversinto
the most important lighthouses (Categories 1), thus enabling the
ship to identify it better through electronic devices.

In this way, the safety of navigation has been raised to a
high level for several reasons. Besides the fact that the seafarers
can control the position of the ship when seeing the reflection of
light from a lighthouse, they also have the orientation in which
direction they could ply. As it is well-known, there can always be
unexpected failures in lighthouses (bulb, solar regulator, storm
strike, etc.), and for these reasons Plovput has introduced AlS
devices to duplicate the transmission signal to the ship. In this
way, offshore accidents are reduced to a minimum.

Table 1.
Lighthouse objects in rent.

Ord. No
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3. LIGHTHOUSES IN THE CROATIAN TOURIST OFFER -
CONCESSIONAIRES

There are 46 lighthouse objects in the Croatian part of
the Adriatic. These objects hold a total of 10,398 m? of enclosed
space, of which 83 % falls on residential buildings, while the
other facilities are auxiliary ones. Thirteen lighthouse objects,
almost a quarter, are in rent (see Table 1). For nine lighthouses, a
long-term rent was agreed for 10 years, while the remaining four
of them have a renting contract of 5 years.

There are numerous advantages of renting a lighthouse
where there is a lighthouse keeper (Seri¢, 2001) compared to
those where there is none. Namely, lighthouses are of inestimable
value and as such are protected as cultural monuments in the
Republic of Croatia (Izvod iz registra kulturnih dobara, 2011).

The lighthouse keeper has his assignments including
transmitting meteorological reports (Popovic et al., 2014) via VHF
(Coastal Radio Stations), main and auxiliary light control, seeing
nearby lights, observation of the sea state (Pomorskirjecnik, 2017).
Taking into account all these technical duties of a lighthouse
keeper, one can only imagine what malfunctions happen on the
unmanned lighthouses. The light is automated and monitored
by remote control, so navigation safety is not questionable, but
all the other segments are missing. The advantage is to have a
lighthouse keeper on the lighthouse, especially if this lighthouse
also provides rental facilities (apartments). The lighthouse as such
provides additional service, which contributes to considerable
financial resources and facilitates the owner’s maintenance.

Place Year of rent
Zadar 2010
Pula 2010
Hvar 2011
Pula 2011
Porec 2011
Zadar 2012
Suduraj - Hvar 2012
Vis 2012
Korcula 2013
Dubrovnik 2014
Rijeka 2014
Krk 2015
Dubrovnik 2015
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Table 2.
Lighthouses in the Croatian tourist offer.

Ord. No. Maritime Lighthouse Place Renting period Apartments Beds
1. Savudrija Pula The whole year 5 20

2. Stlvan at sea Pula Seasonal 2 8

3. Porer Pula Seasonal 2 8

4. Veli Rat Zadar The whole year 2 7

5. Prisnjak Seasonal 1 5

6. Tajer Seasonal 2 8

7. St Petar Makarska Seasonal 1 4

8. Susac Susac Seasonal 2 8

9. Palagruza Palagruza Seasonal 2 8

10. Struga The whole year 4 15
11. Plocica Korcula seasonal 2 16
12. St Andrija Dubrovnik seasonal 1 6

2013 2014 2015 2016
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0% 7%

Figure 2.
Structure of the lighthouses according to the categories.

Categorization of lighthouses is similar to that of the
apartments; blue colour indicates the lowest (1 star), red middle
(2 stars), and green the highest categorization (3 stars).

From the aspect (see Figure 2) on the maritime lighthouse
structure by categorization, it is apparent that since 2013 the
categorization has not been improved, although significant funds
have been invested in the previous periods. It can be concluded
that the situation in which the lighthouses are currently managed
does not allow it, although it is indispensable.

3.1 Availability of Accommodation Capacities — Results
and Discussion

Of the total number of guests on the lighthouses, domestic
tourists occupy 15 %; the rest falls on foreign tourists, mostly from
Italy, then guests of the German-speaking area such as Austria,
Germany, Switzerland, and tourists from Eastern Europe. Tables
3,4, 5 and 6 indicate oscillations in renting, and by comparing
those Tables it is not easy to conclude why the oscillations occur.
Unfortunately, they are also good indicators of low availability
and underutilization as well as the need to raise lighthouse
categorisation and their promotion.
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Table 3.

Results of tourist rent in 2013.

Ord. No.
1.

W 0 Ny kA WD

_._\_.
ISR

Table 4.

Maritime Lighthouse
ML Savudrija
ML St Ivan at sea
ML Porer

ML Veli rat

ML PriSnjak

ML St Petar

ML Susac

ML Palagruza
ML Struga

ML Plocica

ML St Andrija
ML Grebeni

Results of tourist rent in 2014.

Ord. No.
1.

V| o NI » ks WD

_\_\_.
ISR S

Maritime Lighthouse
ML Savudrija
ML St Ivan at sea
ML Porer

ML Veli rat

ML Prisnjak

ML St Petar

ML Susac

ML Palagruza
ML Struga

ML Plocica

ML St Andrija
ML Tajer
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Place

PP Pula

PP Pula

PP Pula

PP Zadar

PP Sibenik

PP Split

PP Korcula

PP Korcula

PP Korcula

PP Korcula

PP Dubrovnik
PP Dubrovnik

Place

PP Pula

PP Pula

PP Pula

PP Zadar
PP Sibenik
PP Split
PP Korcula
PP Korcula
PP Korcula
PP Korc¢ula
PP Dubrovnik

No. of apartments /beds Availability in a week period
1/4 22
2/8 33
2/8 17
2/7 35
1/4 20
1/4 18
2/8 8
2/8 16
4/14 29
2/14 9
1/6 26
1/8 3
TOTAL 236

No. of apartments /beds

1/4
2/8
2/8
2/7
1/4
1/4
2/8
2/8
4/14
2/14
1/6
2/8
TOTAL

Availability in a week period
24
14
14
19
14
16
18
1
16
13
5

1
165
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Table 5.
Results of tourist rent in 2015.

Ord. No. Maritime Lighthouse  Place
1. ML Savudrija PP Pula
2. ML St lvan at sea PP Pula
3. ML Porer PP Pula
4. ML Veli rat PP Zadar
5. ML Pri$njak PP Sibenik
6. ML St Petar PP Split
7. ML Susac PP Korc¢ula
8. ML Palagruza PP Korcula
9. ML Struga PP Korc¢ula
10. ML Plocica PP Korcula
11. ML St Andrija PP Dubrovnik
12. ML Tajer

Table 6.

Results of tourist rent in 2016.

Ord.No. Maritime Lighthouse Place

1. ML Savudrija PP Pula

2. ML St lvan at sea PP Pula

3. ML Porer PP Pula

4, ML Veli rat PP Zadar
5. ML Prignjak PP Sibenik
6. ML St Petar PP Split

7. ML Susac PP Korcula
8. ML Palagruza PP Korcula
9. ML Struga PP Korcula
10. ML Plocica PP Korcula
11. ML St Andrija PP Dubrovnik
12. ML Tajer

From Figure 3 it is evident that the lighthouse ML Grebeni
was rented only in 2013. After that, it is given in concession, and
in 2014 Plovput categorises the lighthouse PS Tajer, which quickly
becomes a recognisable tourist attraction.

The average price of the apartment depends on the rental
period during the year (before and after the season or the main
season). From the above tables (see Table 3, 4, 5, 6) it is apparent

No. of Apartments/beds Availability in a week period
1/4 40
2/8 21
2/8 27
2/7 35
1/4 18
1/4 14
2/8 8
2/8 30
4/14 21
2/14 21
1/6 6
2/8 6
TOTAL 259

No of apartments/beds Availability in a week period

1/4 42
2/8 21
2/8 27
2/7 37
1/4 18
1/4 14
2/8 8
2/8 30
4/14 22
2/14 21
1/6 6
2/8 6
TOTAL 252

that there are 228 weekly rentals on average per year, which is 19
weeks or 8.3 % per lighthouse. If the average price of a weekly
lighthouse rent is 700 €, the average income of the lighthouse is
13,300.00 €, which is 159,600.00 € on the annual level for all the
lighthouses (Lighthouse pricelist, 2017).

On the basis of an analysis of income and expenditures, the
profitability of this business can be estimated (see Figure 4).
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M PS Savudrija

M PS Veli rat

M PS Prisnjak
M PS Susac

rent in a week
period

M PS Sv. Petar

M PS Palagruza

M PS Struga

M pSPlocica

0 PSSv. Ivan na pudini

PS Sveti Andrija

M PS Porer
M PS Grebeni
2013 2014 2015 201
Figure 3.
Weekly rental of maritime lighthouses by years.
1.400.000,00
a 1.200.000,00 _/
m 4 v
1.000.000,00 —
o k / \
u u 800.000,00
n n
600.000,00
t a
S 400.000,00 P
i /
n 200.000,00 — —
0,00
January -
2013 2014 2015 September
2016
—¢—Income 1.047.493,68 1.081.225,00 1.203.242,20 1.302.234,22
—8—Expense 860.843,86 944.070,40 1.028.683,64 811.537,98
—+—Profit 186.649,82 137.155,50 174.558,56 490.696,24
Figure 4.
Profitability from tourist rent of maritime lighthouses.
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The results of the collected and processed data show
that additional investment in lighthouse tourism is more than
profitable. Plovput did not operate negatively in the tourism
department in the past 4 years, but had a constant profit, which
in 2016 resulted in 490,696.24 kn (65,426.17 €).

7. CONCLUSION

The maritime lighthouses in the Republic of Croatia as well
as worldwide have the main purpose of signalling at sea, all in
order to protect human lives and property at sea. It should be
noted that in the Republic of Croatia there have been no marine
accidents resulting in casualties, caused by the failure of maritime
signalling (lighthouse).

As automation and technology are dominant nowadays,
there is a question to be made about the adequate use of
lighthouses which have enormous potential in tourist terms.
Due to the lack of material resources, and perhaps the poor
coordination of the Ministry (maritime affairs - tourism) and
Plovput, the exploitation of this type of tourist facilities is not at
an enviable level. On lighthouses that are rented by Plovput, new
employment is required - not a lighthouse keeper, but a maid,
chef, waiter, hair-dresser, so that the tourist offer itself would
be of higher quality and more competitive. Tourist service is an
additional service provided by Plovput and as such has no priority
investment.

The advantages that have been shown of renting a
lighthouse with regard to those which are not rented are
enormous, and it is necessary to put all the lighthouses in the
function of tourism as soon as possible. The lighthouses that
are not in the function of tourism and do not have a lighthouse
keeper are decaying, primarily because of the dampness and
there is also the technical sustainability for which the lighthouse
keeper cares. Safety in navigation is not questionable in these
cases as the light is automated, and in case of the main light
failure, the auxiliary one will be activated immediately.

The intervention by Plovput happens within 24 hours, of
course with weather allowance. According to the latest data

from Plovput, such cases are only in the range of 1-5 during the
year and all are removed within 24 hours, which indicates 100
% efficiency. Thus, maritime signalling is at a high level in the
Republic of Croatia, which cannot be said for the tourist part.
Lighthouses are a new and recognisable tourist attraction that
brings profit, and the data on the availability of accommodation
capacities indicates their growth in the future.
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Issues in Dry Port Location and
Implementation in Metropolitan Areas:

The Case of Sydney, Australia

John Black?, Violeta Roso®, Eli Marusic<, Nikolina Brnjac®

The basic idea behind the concept of a dry port is a more
efficient seaport access, movement of the seaport’s interface
inland with the shift of flows from road to rail. The application
of the concept results in a reduction of road transport to/from
the seaport together with the associated broad social and
environmental benefits. This paper examines the complex
factors influencing the timeframes and location of close inland
intermodal terminals with dry port characteristics - metropolitan
intermodal terminals, as they are usually referred to - and their
implementation, with a case study of the Sydney metropolitan
region and Port Botany, Australia. The issues surrounding
suburban freight terminals are a sub-set of the wider social and
environmental problems of the interactions of seaports with
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their hinterland. Port Botany and its close inland intermodal
terminals are very distinctive: there are very few ports in the
world with such a well-developed network of close inland
intermodal terminals. Nevertheless, the Moorebank terminal was
first mooted in 2003 but the latest plans anticipate operations
commencing in 2018. The paper illustrates some problematic
aspects of long timeframes for the development of significant
freight infrastructure.

1. INTRODUCTION

The increasing container volumes handled in seaports
require adequate land to be available nearby for port-associated
functions and an efficient inland multi-modal transport access.
Some ports are physically constrained so that the ports and /or
port terminal operators have become involved in developing dry
ports (Roso, 2008; Ng and Gujar, 2009; Wilmsmeier et al., 2011).
Whilst dry ports and their functions may be classified by distance
from the port: close, midrange and distant (Roso et al., 2009), this
paper focuses on the close dry ports - typically those located
in large metropolitan areas, also referred to as suburban freight
terminals. Services such as transshipment, storage, consolidation,
depot, track and trace, maintenance of containers, and customs
clearance are available at dry ports. This paper examines
the complex factors influencing the location of close inland
intermodal terminals with dry port characteristics - metropolitan
intermodal terminals as they are usually referred to - and their
implementation, with a case study of the Sydney metropolitan
region and Port Botany, Australia.

The concept of a dry port should facilitate a more efficient
port access, movement of the seaport’s interface inland with the
shift of flows from road to rail resulting in a reduction of road
transport to/from the seaport together with associated broad
social and environmental benefits (Henttu and Hilmola, 2017;
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Hanaoka and Regmi, 2011; Roso, 2013). Various types of inland
intermodal terminals that fit into the concept of dry ports have
been developed and studied around the world, e.g. in China
(Beresford et al., 2012), Japan (Yoshizawa, 2012), India (Ng and
Guijar, 2009), the United States (Rodrigue et al, 2010; Roso et al.,
2015), Asia (Hanaoka and Regmi, 2011), Russia (Korovyakovsky
and Panova, 2011), Australia and New Zealand (Roso 2008 and
2013), and Europe (Flamig and Hesse, 2011; Henttu and Hilmola,
2011; Monios, 2011; Bask et al, 2014).

In the case of seaports in the metropolitan Sydney over the
past five decades, we can wonder about: why, once the location
foranew portwas selected by the NSW Government to relieve the
fragmented and site-constrained port facilities in Port Jackson,
there was insufficient land available for a longer-term expansion
of the new port; what inland terminals/dry ports were selected;
what have been the issues surrounding the implementation of
dry ports in Sydney; whether the implementation of these dry
ports had the desired effects of switching containers from road
to rail; what the contemporary issues in the implementation
of dry ports are, especially in the planning of the Moorebank
intermodal terminal that started in 2003 with the operations to
commence in 2017.

The methodology adopted in the examination of the
issues in the implementation of dry ports is as follows. To set the
context for the case study of metropolitan Sydney, we compare
the recommendations associated with resolving Port Botany’s
environmental and social problems against how successive
governments have formulated palliative policies based on Butlin
(1976), Rimmer and Black (1982), Black and Styhre (2016), other
inquiries (for example, NSW Parliamentary Librarian, 1976; NSW
Government, 1980 a,b, 2011; Infrastructure Partnership Australia,
2007). This historical research is supported by studies based on
in-depth interviews with the key stakeholders on ports and dry
ports (Roso, 2008; Roso, 2013; Roso et al. 2015). The interviews
in these studies have been undertaken with different actors of
the transport system, such as seaport managers, inland terminal
managers, rail and road operators, as well as policy makers. In
addition, secondary data sources, such as internal company
reports and internet-based documents, were combined with the
site visits in order to insure validity through triangulation (Golicic
and Davis, 2012).

2. INTERMODAL TERMINALS — CONCEPT OF DRY PORTS

Intermodal transport refers to the freight supply chain
using at least two different modes of transport for the movement
of intermodal units (containers, semi-trailers or swap bodies)
between origin and destination with one bill of lading, i.e.
without handling freight itself during transshipment (Rutten,
1998). Reduced energy consumption, optimization of the usage
of the main strengths of each mode, reduction of congestion on

road networks, and low environmental impacts (Kreutzerberger
et al,, 2003) are considered to be the advantages of intermodal
(road-rail) transport. Inland intermodal terminals should:
contribute to intermodal transport, promote regional economic
activity, and improve land use and local goods distribution. These
features may also be applied to a dry port - an inland intermodal
terminal that has direct rail connection to a seaport, and where
customers can leave and/or collect their goods in intermodal
loading units as if the transaction was directly with the seaport
(Roso et al., 2009). As well as transshipment, which a conventional
inland intermodal terminal provides, services such as storage,
consolidation, depot, track and trace, maintenance of containers,
and customs clearance are available at dry ports.

The quality of access to a dry port, and the quality of the
road-rail interface, determines the dry port’s performance (Bask
et al,, 2014). However, the quality of inland access depends on
the behavior of a large variety of actors such as government
planning agencies, regulatory authorities, terminal operators,
freight forwarders, transport operators, and port authorities
and this requires coordination between all the actors involved
(de Langen and Chouly, 2004; Van Der Horst and De Langen,
2008). A scheduled and reliable high-capacity transport by road
and rail to and from the seaport is a prerequisite. Bergquvist et al.
(2010) identified the following factors affecting the development
process and the time needed to establish intermodal road-rail
terminals: profitability, financiers, political entrepreneur, location,
large local shippers, and traffic authorities. The authors conclude
that profitability combined with an enthusiastic and committed
political entrepreneur are the most vital factors for the success
and pace of the development process (ibid). Implementation of a
close dry port in a seaport’s immediate hinterland increases the
seaport’s terminal capacity and with it comes the potential to
increase productivity because bigger container ships will be able
to call at the seaport (Roso et al., 2009), provided they are not
constrained by their draft.

With a dry port implementation, the seaport’s congestion
due to numerous trucks at the land interface is avoided because
one train can substitute some 35 trucks in Europe (Roso et al.,
2009). The benefits from distant dry ports derive from the modal
shift from road to rail, resulting in reduced congestion at the
seaport gates and their surroundings, as well as reduced external
environmental effects along the route (Roso et al., 2009). A
reduced number of trucks on the roads generate less congestion,
fewer accidents, lower road maintenance costs, and less vehicle
emissions. Although road carriers would lose market share in
countries such as Australia, where long trailers are restricted to
pass through city roads, a dry port is a good solution from their
perspective as well. In addition to the general benefits to the
environment and the quality of life by shifting flows from road
to rail, the dry port concept mainly offers seaports a possibility to
increase the throughput without physical expansion at the site
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of the port; i.e. it is a movement of the seaport’s “interface” inland
(Roso et al., 2009) and, as such, extends spatially inland the gates
of the seaport (Wilmsmeier et al., 2011).

As noted above, the success in the development of seaports
and of inland terminals depends on the behavior of a large variety
of actors such as government planning agencies, regulatory
authorities, terminal operators, freight forwarders, transport
operators and port authorities, and the coordination between
all the actors involved. In practice, locating dry ports within
an already developed metropolitan space is a tricky balance

between evidence-based land-use and transport analysis and
the politics at the local, metropolitan, state and national scales.
However, the devil is in the detail when it comes to co-operative
behavior and co-ordination with real-world examples. In order to
understand suburban terminal location issues in metropolitan
Sydney, we must first explain the historical context.

In the past decade, the dry port concept gained a lot of
attention from researchers around the world who identified the
success factors for dry ports related to their specific cases. Black
et al. (2013) study on the implementation of a dry port in Asia

Table 1.

Success factors in the establishment and operations of dry ports.

Success factor

Discuss operational agreements in advance
Emission reductions

Government logistics policies/support
Public-private ownership or government

Railway connection
Modal shift from road to rail

Stimulating economic development

Facilitating international trade

Development of supporting infrastructure

Streamlining of institutional and regulatory frameworks
Double-stack trains

Advanced IT systems & container tracking
Market-driven development

Cooperation between the actors of the transport system
Coordination among various government agencies
Temporary warehousing facility

Capacity problems in seaport reduced

Development of value added services

Lower distribution cost

Good intermediary location

Better usage of regional transport infrastructure
Expanding or reinforcing hinterland

Marketing support by local economic agencies and state

Lower land cost and taxes
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Reference

Hanaoka and Regmi (2011)

Roso and Rosa (2012), Hanaoka and Regmi (2011)
Hanaoka and Regmi (2011)

Hanaoka and Regmi (2011), Bergqvist et al (2010)

Roso et al. (2009), Roso and Lumsden (2010), Hanaoka and Regmi
(2010)

Roso et al. (2009), Hanaoka and Regmi (2011), Cullinane and
Wilmsmeier (2011)

Roso et al. (2009), Hanaoka and Regmi (2011)

Hanaoka and Regmi (2011)

Hanaoka and Regmi (2011)

Hanaoka and Regmi (2011)

Hanaoka and Regmi (2011)

Roso (2013), Hanaoka and Regmi (2011)

Hanaoka and Regmi (2011)

Roso (2013), Hanaoka and Regmi (2011)

Hanaoka and Regmi (2011), Bergqvist et al. (2010)

Rodrigue and Notteboom (2012), Cullinane and Wilmsmeier (2011)

Roso et al. (2009), Roso (2008), Rodrigue and Notteboom (2012),
Cullinane and Wilmsmeier (2011)

Bask et al. (2014),

Rodrigue and Notteboom (2012), Roso et al. (2009), Cullinane and
Wilmsmeier (2011)

Rodrigue and Notteboom (2012), Bergqvist et al. (2010)

Rodrigue and Notteboom (2012)

Cullinane and Wilmsmeier (2011), Roso (2013), Roso and Rosa (2012)
Cullinane and Wilmsmeier (2011)

Cullinane and Wilmsmeier (2011)
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summarizes the factors that influence dry ports’implementation
and operations and, consequently, their success (Table 1); the
same has been adapted with new references.

3. PORT BOTANY — HISTORICAL DEVELOPMENT

A historical perspective is taken in order to understand
the necessity of implementing suburban freight terminals in
metropolitan Sydney. The port functions on Port Jackson (Sydney
Harbour) had become increasingly constrained in the post-
Second-World-War era. The trucks moving containers in and out
of Mort Bay had to use the narrow residential streets of Balmain
where protests from Residents’ Action Groups (one of the first
urban environmental lobby groups formed in Sydney) forced
the Government into action. The NSW State Government wanted
to maintain Sydney as Australia’s premier port. A decision was
made in 1969 to construct container facilities on Botany Bay. Its
construction started in June 1971, the year before environmental
impact assessment and the subsequent public inquiry became
NSW Government policy. Brotherson (1975) explains the relevant
history behind the need to relocate some port functions from
Port Jackson to an entirely new port on the reclaimed land in
Botany Bay. The new port involved the physical transformation of
Botany Bay through dredging, construction of a high breakwater
to counter storm surges in the bay, and reclamation of a large
area (the plan called for 600 hectares of reclaimed land from
the Bay) at a cost of about AUD 604 million in 2014 prices
(Brotherson, 1975; Black and Styhre, 2016). A V-shaped entrance
channel 19.2 meters deep was dredged in the mouth of Botany
Bay to accommodate 200,000 dwt tankers ostensibly designed
for petroleum imports and bulk cargoes. In 2016, the maximum
draught was 12.7 meters.

From its inception, some major problems have arisen since
the port site on Botany Bay was selected - not least the highly
constrained site, container truck generation and the imperatives
of finding metropolitan locations for intermodal freight terminal.
Black and Styrhe (2016) describe the details of “six crises of the
state”. In this accommodation of change, conflict may intensify,
or it may be resolved in one location only to reappear elsewhere,
or it may be resolved to the satisfaction of most (if not all) groups
(Rimmer and Black, 1982). In the case of Port Botany it was clearly
a sub-optimal location — on a small site heavily constrained
landward for any future expansion.

The problem of the site chosen for Port Botany, and the
need for dry ports, was recognized as soon as the Government'’s
plan was announced. A stellar group of Australian researchers
promoted the preparation of reports on the Australian
environmental situation, similar to those produced at that time
by the US National Academy of Sciences. In 1970, the Council
of the Australian Academies of Sciences, i.e. Social Sciences and
Humanities, set up a Standing Committee on the Environment,

a National Committee on the Environment, and established
working groups and ad hoc committees that prepared reports
on many environmental problems. A research proposal of
looking at problems of the environmental change in some long-
occupied urbanized part of Australia won support and it was
decided to focus on Botany Bay. Further details on the Botany
Bay Project can be found in Black and Styhre (2016). There were
several cogent reasons for selecting this case study, including
that the NSW Government Maritime Services Board had plans
to establish a new port in Botany Bay. Discussions between the
Academy of Science and the Minister for Environmental Control
of the New South Wales Liberal Government secured the state
government support. Discussions between representatives of
the three Academies and the ministers of the recently elected
Whitlam Federal Labor Government secured a promise of AUD
1,035 million research grant over five years (AUD 10,130 million
in current prices).

Eighteen projects, each involving unpaid services and
contracts, were approved, of which one study focused on
the impact of Port Botany. The Botany Bay Project made
specific suggestions about Port Botany around the general
procedural issues, proposed construction, coal loader, container
terminals, amelioration and compensation, total environment
and administrative proposals. The report was successful in
advocating the administrative and procedural change: the NSW
Environmental Planning and Assessment Act became law in
1979, and Australia’s commitment to ecologically sustainable
development since the 1990s has ensured that the major projects,
such as a new port, are evaluated from the economic, social and
environmental perspectives; NSW Department of Treasury now
plays a pivotal role in the appraisal of infrastructure proposals
irrespective of whether generated by the public or the private
sector of the economy; ports are operated in NSW as private
entities subject to broader Commonwealth and State regulations.
The greatest physical legacy of the Botany Bay Project was the
removal of the proposed coal loader to Port Kembla, about 90
km south of Sydney, and the suspension of the later phases of the
NSW Maritime Services Board plans — described as“ a remarkable
willingness to commit public funds to a grandiose but ill-
conceived port design”. However, there has been no appetite for
the private sector to run the Botany-Marrickville goods railway
line to and from the port although the privatization of parts of
the extensive Sydney rail network remain on the political agenda
of the incumbent NSW Liberal Party.

The richness of these data would allow a lengthy discussion
on the relative power amongst the stakeholder groups and
how this has shifted over time, but that is beyond the scope of
this paper. A few examples will suffice. It is worth noting that
resident’s action groups in Balmain were largely responsible for
forcing the government to relocate port functions from Sydney
Harbor to other locations. Nevertheless, “The powers of the
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Maritime Services Board, as harbor owners, port builders and port
operators are, at one and the same time, extraordinarily wide and
inappropriately narrow” (Butlin, 1976, p. 93). The powerful road
lobby has been instrumental in thwarting successive government
policy objectives of getting more freight onto rail. Finally,
WestConnex - the largest road building program in Australia’s
history - is aimed at improving, among other things, access to
Port Botany, but its implementation is hotly contested by sections
of the community (Bacon and Dalley, 2015). Whilst successful in
the advocacy of suburban container depots, the transport of
containers by rail has been limited and the improvement of rail
port access remains an unresolved problem to this day. What
were the results of this advocacy in terms of the implementation
of suburban container depots, intermodal terminals and dry
ports? To answer that question we must establish some criteria
for assessing success.

3.1. Port Botany's Inland Terminals Pre-2010
The impacts of Botany Bay report drew attention to the

port’s poor landward connections to the emerging industrial
lands in the outer western suburbs of Sydney, limited rail access

Table 2.
Metropolitan Sydney intermodal terminals pre-2010.

Location Operators

Camellia Patrick PortLink

Chullora Pacific National (inter-state)

Cooks River Maritime Container Services

Villawood Mannway

Minto Macarthur Intermodal Shipping
Terminal

Yannora Patrick PortLink/QR National

The NSW Government proposed new facilities at Enfield,
Moorebank and Eastern Creek. Sydney Ports developed a
proposal for an Intermodal Logistics Centre at Enfield that
provides an intermodal facility to cater for the demand generated
in central-west Sydney. The private sector proposed an expansion
of the Macarthur Intermodal Shipping Terminal at Minto and a
joint venture arrangement between Kaplan Investment Funds,
QR National, and Stocklands for a new intermodal facility at
Moorebank (see Section 5). The inclusion of warehousing and
freight support services within each site is a mitigation strategy
to reduce the number of large truck movements within the local
community surrounding the terminal facilities.
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to the port, constraints imposed by its location (immediately to
the port’s north-west of Sydney International Airport that now
has two parallel runways thrust into Botany Bay restricting any
further expansion of wharf in that direction) and, significantly,
community tolerance. All of these issues have haunted
governments regarding the expansion of Port Botany up to this
day. A number of intermodal terminals that were located within
the Sydney metropolitan area nearly a decade ago are listed in
Table 2. These are primarily located in close proximity to areas of
concentrated industrial distribution. The total planned capacity is
limited in some cases by the availability of freight train paths. The
total estimated capacity of these terminals is 695,000 TEU. These
intermodal terminals service the port or function as a transfer
point for interstate cargoes. Sydney Ports Corporation (2008)
recognized the need to expand the intermodal network within
Sydney as a prerequisite for a greater use of rail in alignment
with a NSW Government transport policy objective - in fact, the
expected capacity for TEU containers has increased by over 5.5
times. The NSW Government Metropolitan Strategy outlined
a proposed network of additional intermodal terminals in the
central-west, south-west and west of metropolitan Sydney to
meet the predicted demand (SPC, 20008).

Siding length (meters) Estimated capacity (TEU)

300 80,000
680 300,000
500 150,000
350 20,000
390 45,000
500 50,000

3.2. Port Botany's Inland Terminals Post-2010

Port Botany is Australia’s second largest container port
handling over 2 million TEU, approximately one third of the
nation’s maritime containers. Container volumes are expected
to increase annually over the next decade and are projected to
reach 7 million TEU by 2031 (Transport for New South Wales,
2016). The export and import of containers are rather balanced in
the amount of TEU, with East Asia being the leading region for full
container imports. The descriptive details of each terminal follow,
but a broad overview of their TEU capacity is contained in Table 3.
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Table 3.
Sydney suburban intermodal terminals.

Location Operator Capacity* TEU
Chullora Pacific National 600,000

MIST Qube 200,000

Cooks River MCS 500,000
Yennora Qube 200,000
Villawood (Leightonfield)  Toll/DPW 180,000
Enfield NSW Ports 500,000
Moorebank Qube 1,550,000

3.3. Enfield Intermodal Logistics Centre — Project of 2
Decades

Sydney Ports has developed an Intermodal Logistics
Center at its 60 ha marshalling site at Enfield with the purpose
of relieving the congested roads by moving more containers by
rail to/from Botany. The existing freight line between Port Botany
and Enfield / Chullora is a dedicated freight rail line. In 2010, the
terminal finally progressed to the construction stage. The plans
for the development of the former marshalling yard at Enfield
started with planning approval in 1997 (Roso, 2008; Sydney Ports
Corporation, 2008) and a statutory environmental assessment
(Sinclair Knight Merz, 2005). Numerous obstacles hindered the
realization of the plan although the site is located in an industrial
and commercial area adjacent to a dedicated freight railway line.
The terminal has a warehouse for the packing and unpacking of
containers and short-term storage for unpacked cargo, as well
as an empty container storage facility depot for later packing or
transfer by rail. The terminal was planned for 500,000 TEU per year,
but an independent review concluded and recommended that it
was too large for the site and suggested a total of 300,000 TEU
per year. In December 2015, the rail-based transport company
Aurizon entered into the Heads of Agreement with NSW Ports
to take on the role as the Intermodal Terminal Operator for
the Enfield ILC. Aurizon have undertaken due diligence and
operational planning, with a view to commence intermodal
operations by the middle of 2016.

4. PORT BOTANY EXPANSION AND MOOREBANK
INTERMODAL TERMINAL

The New South Wales Government has aspirations to make
Port Botany the largest container port in Australia. Recently,
Port Botany has undergone a major expansion of its container

Comments

Announced in 2015 increasing from 300,000 to 600,000.
Capacity as stated on Qube website.

NSW Ports advice.

Qube advice.

Toll / DP World announcement.

Planning approval for 300,000.

Planned to commence operations in 2017. IMEX and
interstate.

port facilities to cope with the growing volumes of trade. The
expansion - one of the largest port projects ever to be undertaken
in Australiain the past 30 years - entailed the design, construction,
procurement and eventual awarding to Hutchison Port Holdings
(HPH) of the 3rd stevedore contract (NSW Ports, 2015). The New
South Wales Government would retain regulatory oversight of
port matters, and the Australian Competition and Consumer
Commission (ACCC) has established a price-monitoring regime to
ensure transparency. Pilotage and the role of the Harbor Master,
as well as the security and emergency response functions, remain
with state-owned Sydney Ports. The successful private sector
partner was NSW Ports, who obtained the concession for 99
years. The winning consortium - IFM Investors, AustralianSuper,
QSuper and Abu Dhabi Investment Authority, made an upfront
payment of AUD 5.07 billion — AUD 4.31 billion for Port Botany
and AUD 760 million for Port Kembla (Infrastructure Australia,
2014, p. 22). In addition, the consortium pays an annual AUD 5
million to the State Government under the lease agreement. The
proceeds will be allocated to the State Government’s investment
fund, Restart NSW, to help pay for large infrastructure projects
(including the WestConnex roads project).

The Australian and NSW Governments identified the
Moorebank precinct as part of this growth strategy as a key
strategic location to increase intermodal capacity by adding
capacity for an additional 2 million TEUs (NSW Government,
2013, p. 122). The Moorebank terminal was first proposed in
2003 while the South Sydney Freight Line, completed in 2013,
was first proposed in 1985. The implication is that land-use
planning, which has equally long time horizons, also needs to be
clearly assessed and Governments need to be made aware of the
long-term consequences for freight of their land-use planning
decisions (ATRC, 2015).

Given the Commonwealth of Australia’s agenda of
improving the nation’s economic efficiency of national ports
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KPMG were commissioned by the Department of Finance and
Deregulation to prepare a Detailed Business Case that contains
advice, analysis and recommendations for consideration by the
Commonwealth of Australia in its deliberations on a proposed
intermodal terminal at Moorebank in Sydney, NSW (KPMG,
Deloitte and Parsons Brinkerhoff, 2012). The deal is complicated.
Essentially the Commonwealth is to fund about AUD 370 million
of the development and, importantly, the rail connection
between the terminal and the Southern Sydney Freight Line
(Fullerton, 2015). Sydney Intermodal Terminal Alliance (SIMTA)
- a consortium of Australia’s import export logistics company
Qube Holdings and Australia’s largest rail freight operator
Aurizon Holdings will deliver most of the capital investment (~
AUD 1.5 billion over the first 10 years), including the terminal
infrastructure and warehousing, and contribute 83 ha of land
to the development. Qube's investment will be around AUD
250 million over the first five years. Also, Qube will be working
with alternative partners for development of the warehousing
precinct — about AUD 800 million development probably over a
ten-year horizon from now.

The Project site is centered on an approximately 220 ha
area of Commonwealth-owned land in south-west Sydney
currently occupied by the Department of Defense, School of
Military Engineering and other minor Defense units. The Project
proponent is Moorebank Intermodal Company (MIC) - a NSW
Government Business Enterprise (GBE) set up to facilitate the
development of an intermodal freight terminal. MIC entered
into agreement with SIMTA under which SIMTA will build and
operate the first stage of the terminal on 21 ha of SIMTA land in
the precinct and a rail connection to the Southern Sydney Freight
Line at the southern end of the precinct. Additionally, the project
includes associated commercial infrastructure (warehousing),
and road entry and exit points along Moorebank Avenue.

Development consent was required under both
Commonwealth and State legislation: the Commonwealth
Environment Protection and Biodiversity Conservation Act 1999
and the NSW Environmental Planning and Assessment Act 1979.
Parsons Brinkerhoff (2014) prepared the Moorebank Intermodal
Terminal Environmental Impact Statement under NSW state
procedures that went on public exhibition. On 3 June 2016,
the NSW Planning Assessment Commission approved MIC’s
Stage 1 “State significant development” Concept Approval for
an intermodal terminal on the MIC owned land at Moorebank.
(To give an idea of the scale of this project, if superimposed over
Sydney’s CBD it would stretch from in the north Circular Quay
to Chinatown in the south, and west to east across the city from
Darling Harbor to William Street). During operations, MIC’s main
role will be to monitor SIMTA's compliance with its open access
obligations. These obligations require the IMEX and interstate
terminals to be operated on a non-discriminatory basis so that
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access will be granted to any transport operator providing freight
transport services.

Initially, the 241 ha site will handle 250,000 import-export
(IMEX) containers a year from about 2018, and ultimately up to
1.05 million IMEX containers a year. It will handle initially 250,000
interstate containers a year from around 2019, and ultimately up
to 500,000 interstate containers a year. There will be up to 850,000
m2 of warehouses where containers can be unpacked before
delivery to their final destination. Also, there is the possible future
relocation of Moorebank Avenue external to the precinct (subject
to future planning approval) that will remain open for public use.
Substantial biodiversity offsets protected from development,
including vegetation on the eastern bank of the Georges River,
will be enhanced and preserved to comply with Commonwealth
and State environmental planning legislation. According to ATRC
(2015) Port Botany IMEX shuttle services to and from Moorebank
will commence operation in 2017 at 250,000 TEU capacity and
will have an ultimate capacity of 1.05 million containers per year
in IMEX freight by 2028. Furthermore, Moorebank Intermodal,
servicing the interstate market, is predicted to start-up in 2020
with steadily increasing volumes and an ultimate capacity of
500,000 interstate containers per year by 2028.

The project proponents claim ambitious goals: taking 3,000
trucks off the road; removing 40,000 tons of carbon a year from
the air, and reducing the cost of importing and exporting by 20 to
25 per cent (Fullerton, 2015). The New South Wales Government
fully recognizes the impacts such a terminal will have on the local
road network and obtained money from the Federal Government
under its Nation Building 2 program to undertake transport
modeling and economic analyses to determine the optimal road
upgrade package to meet the needs of the Moorebank facility.
The impact on road investment, plus other issues, has been the
essence of community objections to this proposal, including a
gross underestimation of traffic generation. The implications of
this underestimation of traffic are that the externalities associated
with the terminals are also underestimated: road trafficaccidents,
vehicle emissions, and noise pollution. Furthermore, the report
argues that the intermodal terminals will attract the co-location
of low-density industries and the Liverpool Local Government
will find it difficult to meet its employment targets under
the State Metropolitan Planning Strategy. The Moorebank
Intermodal Terminal - Traffic and Transport Impact Assessment,
prepared by Parsons Brinkerhoff, analyzed New South Wales
Roads and Maritime Services crash data for the years 2008-
2013 for the section of Moorebank Avenue between the East
Hills Railway Line and south of the intersection with the M5,
and for the section of the M5 between the Hume Highway and
Heathcote Road intersections (Moorebank Intermodal Company,
2016, pp. 22-23). The project proponents noted both roads
were accident “black spots” and proposed treatments and their

TRANSACTIONS ON MARITIME SCIENCE -I-(‘Mq

1YWNCE

47



48

potential individual impact on the type of accidents that occur
(Moorebank Intermodal Company, 2016, Table 9.39). Further
investigations by the NSW Roads and Maritime Services have led
to a recommended package of works of about AUD 500 million
(ibid).

The Liverpool Community Independent Team argued that
there are more appropriate, more efficient and more economical
solutions for the location of new intermodal terminals. One
solution is to move the problem elsewhere - to Eastern Creek.
The second solution is to move the problem out of metropolitan
Sydney entirely - south to Port Kembla and this will exploit a rail
corridor between Maldon and Dombarton - long on the planning
books, but a project seen by governments as uneconomical. The
Moorebank Intermodal Terminal is another case of the lack of
the local community’s tolerance of governments planning large
infrastructure projects “in their backyards”

5. CONCLUSION

The New South Wales Government policy is to achieve a
modal share on rail of 40 % of the total container volumes handled
at the seaport through different initiatives by year 2031 (i.e. shift
of containers from road to rail) to ease pressure on Sydney’s
already congested roads. Some of the success factors listed in the
Table 1 are also noted in this case of Port Botany development.
A well-functioning network of terminals is crucial to achieve this
goal and in the case of Port Botany there is a clear cooperation
between national and state governments on providing land for
the terminals. The main success factors, given the multiplicity of
agents involved, is to discuss operational agreements in advance
within a market driven development framework that is supported
by the Government logistics policies. There must be coordination
among various government agencies and the willingness for
cooperation between the actors of the transport system. Also,
there must be a railway to the seaport to allow containers to
be switched from road transport; all together is a sub-set of
the wider economic, social and environmental problems of the
interactions of seaports with their hinterland.

Port Botany and its close inland intermodal terminals are
very distinctive because there are very few ports in the world
with such a well-developed network of close inland intermodal
terminals. Nevertheless, Moorebank terminal was first conceived
as early as in the 2000, but it is scheduled to be operational in
2018. This shows problematic aspect of long timeframes for
development of significant freight infrastructure. Even if 40 %
of containers on rail share is reached by 2031 - which is unlikely
because a communiqué issued in December 2016 by the Port
Botany Rail Optimization Group (PBROG) reveals that a positive
shift is taking place and rail mode share is tracking at 18.4 per
cent for 2016/17 — up from 16.3 per cent in 2015/16 and 13.5 per

cent in 2014/15 (Transport for NSW, 2016) - road transport will
still more than double during this period.

This paper has examined the complex factors influencing
the location of close inland intermodal terminals with dry port
characteristics and their implementation with a case study of the
Sydney metropolitan region and Port Botany, Australia. The basic
idea behind the concept of a dry port is a more economically
efficient port access, movement of the seaport’s interface inland
with the shift of flows from road to rail resulting in a reduction of
road transport to/from the seaport together with the associated
broad social and environmental benefits. The success in the
development of seaports and of inland terminals depends on
the behavior of a large variety of actors, such as government
planning agencies, regulatory authorities, terminal operators,
freight forwarders, transport operators, and port authorities, and
coordination between all actors involved.

An important contribution of this paper has been
to describe a case study of the planning and progressive
implementation the Moorebank Intermodal Terminal. From this
we can distil some generic factors that underpin its potential
success. There has been clear cooperation between the national
and state governments and the private sector on providing land
for the terminal that will cover an area approximately the size of
the Sydney CBD. The project is being delivered through a public
sector-private sector partnership involving a New South Wales
State Government Enterprise and SIMTA.

The Port Botany business development plan has included
container terminal expansion and port privatization that have
clear long-term targets for the future number of containers to
be handled in future years, thus guaranteeing freight business
for operators (supported by a New South Wales Government
policy to achieve a modal share on rail of 28 per cent). There is
government support through the construction of a spur line
from the terminal to the South Sydney Freight Line and AUD 500
million road upgrades on the network surrounding the terminal.

On what sounds like an echo from the past, the national
government has recently released a Smart Cities Plan and
noted “urban development pressures around airports, seaports
and intermodal facilities need to be carefully managed to
prevent these important economic hubs and corridors from
being constrained and to reduce their impacts on surrounding
communities” (Commonwealth of Australia, 2016, pp. 16).
Nevertheless, given the Federal Government'’s policy of making
gateway ports (seaports and airports) the engines of economic
productivity, it seems that port-hinterland research funding is
essential to support the aspirations of the Smart Cities Plan.

There is an additional layer of complexity to assessing the
success when addressing the general logistics or supply-chain
management problem and research needs, i.e. the appropriate
role of governments and other stakeholders in the planning of
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seaports and dry ports in any urban system. This is essentially
a question of political economy, and our case study of Sydney
can only provide some guidance. The means of regulating
urban system growth, mechanisms of resolving environmental
conflicts and the relative power of political parties and different
stakeholders and the community to influence planning and
development decisions remain as research topics of relevance
today when studying maritime ports.
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Impact of Technology on Safety as
Viewed by Ship Operators

Darijo Miskovi¢?, Toni Bieli¢®, Jelena Culin®

Modern technology is being increasingly used on-board
ships. It is a common opinion that its application has reduced
seafarers’ workload and improved safety of ships. However,
human error induced by technology contributes significantly
to risk in shipping. This paper analyses human and machine
interaction and demonstrates which elements violate these
connections. It is for this purpose that the survey has been
conducted via an anonymous questionnaire among professional
seafarers. The results indicate that non-standardisation of
equipment, i.e. the differences in the settings and display
interfaces between different manufacturers and poor design
prolong time needed for familiarisation, and in combination
with short period of handover can contribute to the occurrence
of human error. Greater involvement of the ship operators in the
procurement process of 