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Abstract: 
 
 One of the possible transportation sollutions, for both cargo and passengers, allong East 
Adriatic coast could be fast ferries. Immediate application, cost effectiveness, relatively low 
investments in infrastructure, convenient sea conditions during most of the year could be some reasons 
for implementation of the coastal express. Some of the main factors that are related to optimal sollution 
of such ship are considered in this paper. In respect to coastal express project the main goal should be 
based on financial aspects which are in strong link with developement of Eastern Adriatic region. All 
counties in the region - Croatia, Serbia and Montenegro, Albania and Greece should see their benefits 
in extention of present trafic modes with fast ferry connections.  
 
 
1. Introduction  
 
In last couple of decades Eastern Adriatic countries were mostly separated because of political reasons. 
Significant differences in political systems caused stagnation in all kinds of traffic, such as goods, 
people, technologies and information. One of the worst aspects of such traffic insulation is lack of 
Adriatic-Ionic road that could connect North of Italy and Greece without crossing the sea. Such land 
connection and transport that it provides was especially attractive in the past. Today with new 
technologies and modern transportation systems, speed and quantity of goods became the most 
important issues in cargo and passenger transport. Speed is increasing in all kinds of transports, but 
aircraft are widely dominating. Quantity, on the other hand, puts ships into the first plan among all 
other transportation facilities. Combination of fast and enough big boat could fulfill both requirements. 
This paper deals with main factors that should be taken in consideration to develop coastal express 
ferry in order to improve tourism and economy of East Adriatic countries. After evaluating all present 
traffic infrastructure it is evident that hundreds kilometers of roads and rails that miss are not only 
extremely expensive, but also time consuming to construct. Therefore convenient ferry with the right 
size and type of hull, capacity, speed, power, maneuvering abilities and many other carefully selected 
features could be fast and cost effective solution of the problem.  
 



Fig. 01. Relation between main transportation systems and depending tracks 

2. Overview of possible transport solutions 
 
The easiest way to get an overview of the design problem is to work only with concepts and ideas. As 
may be understood from the introduction, concept solutions should not be bounded or limited by almost 
any constraints. Therefore, any idea should be considered at this stage [1].  
 
Starting from the basic idea of better connection among Eastern Adriatic Countries there may be 
several solutions that should be divided in certain groups, each group with different priorities. It should 
be born in mind that we have to wander from the main idea of coastal express in order to seek for other 
solutions and to explore the project constraints in a detailed manner. 
 
Possible transport solutions are presented in the following table. 
 

Table 01. Overview of possible transport solutions 
 

transport of goods - cargo transport 
 

transport of passengers => tourism 

seaborne landborne 
 

seaborne landborne airborne 

monohull twinhull trucks train monohull twinhull cars train airplane 
- ro-ro 
- bulk carrier 
- general cargo 
- ferry 

- ro-ro      - passenger ship 
    - ferry 

  

 
According to table 01 it can be concluded that seaborne transport of cargo and/or passengers should be 
regarded in respect to other existing ways of transportation – seaborne and airborne. Since all 
transportation systems strongly depend on infrastructure, comparison of basic infrastructure 
requirements for air, sea and landborne transport is necessary.  
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It is obvious that main advantage of seaborne transport is unlimited track – compared to road and rail 
limitations. Track of the ship (SEA) is only partly determined allowing ship to change the course if 
necessary. The track of the train (RAIL) is strictly determined and every deviation from the track 
causes an accident while the track of the vehicle (ROAD) is little less determined allowing some 
deviation. Furthermore present road and rail connections for eastern Adriatic countries are inconvenient 
regarding capacity, safety, reliability and length. Ships are technical systems with the most of variety in 
equipment installed to satisfactory fulfil very high operational, ecological and safety requirements. In 
the same time ship as transportation object has much more freedom to vary in size, power and speed 
than train or truck [2]. 
 After stressing main differences and specifics related to all transportation objects, transportation 
systems analyses are following. 
 
Airborne transport 
 
With respect to economy, there are two main goals of existing airborne transport in countries of Eastern 
Adriatic: 
• Better connection inside the country – domestic flights; 
• Better international connection – easier and faster means of travel for tourists visiting these 

countries. 
 
 

Although airborne transport is the fastest and 
most convenient passenger transport it can 
accommodate only limited number of 
passengers as well as limited quantities of 
cargo. It is still the most expensive, especially 
for transportation of goods. Beside that, 
airborne transport needs proper airport 
infrastructure and capacity of passenger. 
Considering bigger airports on East Adriatic 
and Ionic coast it is evident that number of 
airports may hardly be sufficient for flying 
tourists and business people. Standards 
provided by some airports are another 
important issue that will probably lead to 
another transportation choice. 
 
 

 

Landborne transport 
 
In near future landborne transport might be regarded as the main opponent to seaborne transport. Now, 
airborne transport of passengers is the best choice for long travel distancess. Landborne transport will 
play more important role in the near future. One of the main reasons for that is the beginning of mayor 

Fig. 02. Main airports in Eastern Adriatic Countries 
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investment in Croatia highway with plans for highway construction through Bosnia and Herzegovina. 
Croatia started to make the highway to connect Dalmatia with inland, mainly Zagreb-Split route. In 
near future, also route between Split and Dubrovnik shall be made. That may be very important for the 
coastal express project - all these highway projects can be finished before the needed time for capital 
recovery in case of investment in seaborne transport.  
 
Present roads for all considering countries are 
simple 2 track roads with very limited capacity and 
speed, what makes them slow, exhausting and 
sometimes dangerous for driving. All roads are 
overloaded in summer with continuous traffic jam. 
There is no coastal road that connects Trieste and 
Pireus, because it breaks through Albania. There are 
plans to make Ionic highway that connects Greece, 
Albania and Montenegro joining together to 
Croatian highway. However present road mapping 
looks like presented on the fig. 03 with better or 
worse coastal and inland connection offering exit to 
the sea in every country. From the coastal point of 
view significant road gap on Albanian coast will 
again lead to seaborne transport as convenient 
solution.  
 
 

 
Considering rail transportation there are no coastal 
railways connecting Eastern Adriatic Countries. 
European inland is connected to Rijeka and Split in 
Croatia and Bar in Montenegro. Main Greece 
railway destinations (Pireus and Thessaloniki ) are 
located on Aegean sea making them relatively far 
from Central Europe. 
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Fig. 03. Main road directions in Eastern Adriatic 
Countries 

Fig. 04. Main rail directions in Eastern Adriatic 
Countries 



Fig. 05. Longitudinal sea connection of Eastern
Adriatic Countries

Fig. 06. Longitudinal and transversal connection of all  
neighbouring Adriatic countries and grece 

 
Seaborne transport 
 
It is evident that airborne and landborne transports 
are not convenient for efficient connection of 
Adriatic countries because of of several limitations. 
Sea transports provide the best perspective for 
tourist industry and transportation of cargo. With 
the present port infrastructure it is possible to 
connect Adriatic Countries with convenient fast 
ships designed to carry passengers, vehicles and 
cargo. Since Croatia, Montenegro and Greece have 
strong tourist industry, such ships could be utilised 
in summer season for one way transportation of 
tourists on Adriatic - Ionic lines and day trips 
connecting several countries. One of the benefits of 
such fast longitudinal (coastal) connection would 
be more efficient implementation of Albanian 
tourist offer since Albania is located in the middle, 
between countries with long tourism tradition. In 
such conditions it is evident that Italian coast could 
be used for transversal connection of present 
countries providing all facilities both for passenger 
and cargo transportation. Slovenia could contribute 
in such connection with port of Copar. 
 

Combination of passenger and cargo 
transportation could be possible for every 
country included in the process. Main 
tourist areas like Venice, Brindisi, Split, 
Dubrovnik, Kotor, Durres, Corfu and 
many other could daily be serviced with 
fast boats in tourist season. Main 
Croatian islands could be connected to 
both sides of Adriatic coast and Ionic Sea 
as well. The same fast boats could be 
used off-season (or even in summer) for 
cargo transportation within main 
commercial regions like Trieste, Bari, 
Kopar, Rijeka, Split, Bar etc. Such 
facilities of coastal express are attractive 
both on short transversal routs, and 
longer longitudinal routs. 
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Fig. 07. Advatages between different transport modes 

 
 
Even main objective is based on possibility to improve an income in tourism sector, cargo 
transportation could be considered as well, especially off-season. In that respect, the possible solutions 
may be: 
 
• passenger ships 
• vehicle / passenger ships – ferries 
• heavy vehicles and cargo 
• combination 
 
 
3. Developing solutions for car-truck-passenger seaborne transport 
 
Developing possible solutions for transportation of passengers with or without cars and trucks with 
drivers is the main scope in this phase. From the first review, ferry might seams to be the best solution. 
That might prove to be correct but it is important in this phase to do market review again - design is an 
iterative process. By working around the possible solutions, constraints become clearer and solution is 
moving towards optimal. 
 
To have quality results of market review at this point, some kind of plan or procedure should be 
established. There exist various independent and interdependent variables that must be investigated at 
this moment. After gathering the information, these variables latter can be analysed.  



 
The most important in this stage is to gather information on following decision variables:  
 
- Existing routes and distances between ports; 
 
- Ships in service – information from companies that operate in Adriatic: 

- type of ships (depend on ship speed, port characteristics and capacity) 
- dimensions of ships (depend on port characteristics, capacity, weather conditions, and 

passengers’ comfort) 
- operability (mainly depend on weather conditions, seakeeping and ship dimensions) 
- speed (depend on voyage time, frequency of call and ship’s capacity) 
- capacity and number of passengers (depend on necessity of seaborne transport – depend on size 

of town and tourist capacities) 
- time schedule (depend on necessity of seaborne transport and ship’s capacity) 

 
- Port characteristics:  

- type of port  
- port depth  
- dimensions of quay 
- port equipment 

 
It is important to accent that present fleet can not cover the necessity of seaborne transport in the 
Adriatic. Now, one conclusion also becomes more important: there is a real possibility of improving 
the number of tourist that come in Eastern Adriatic if there is a simple and reliable way of 
transportation between Adriatic ports. One day trips from more visited locations might help them to 
discover other places for holidays without need to stay tight on that places all the time. 
 
All that will help to develop solutions for additional maritime transport systems. Next figure shows the 
complexity of marine system design and dependencies of decision variables. This design spiral is made 
for the design of fast ferry fleet, which needs to fit to an existing system. One way dependencies can 
easily become interdependencies. However, the design spiral is made on assumption that high 
investments in ports could be regarded only on a long-term basis. Therefore, here is considered short-
term strategy design, only. The reasons for that can be found in non-stability and fluctuations in sector 
of tourism. 
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Fig. 08. Design spiral and dependencies of decision variables  
in design of fast ferry marine transport system 

 
 
3.1. Existing solutions for international passenger/vehicle transport in Adriatic 
 
Regarding routes presented on figures 09 and 10 it is obvious that connection of Italy with surrounding 
islands and Greece is superior to connection of other Adriatic countries between each other and Italy. 
From the interviews with some marine agents in Croatia, it is concluded that there is a constant need 
for vehicle/passenger and passenger only ferries, especially in summer season, but that is mainly relate 
to Croatian national and international passenger seasonal transport.  
 
However, concerning trend of increasing popularity of Eastern Adriatic coast there are some 
indications that there will be need for more vehicle/passenger ferries on international routes. From the 
following figures can be noticed that the maritime longitudinal connection between the counties of 
Eastern Adriatic does not exist. The reasons for that might be less economical. If state institutions, 
companies and agencies involved in tourism sector can recognise the economical benefit related to this 
issues they might discover the possibilities for introducing maritime connections along the coast of 
Eastern Adriatic i.e. from Croatia across Montenegro and Albania to Greece. Fast ferries would provide 
the best solution for that. 
 
The necessity to increase the ferry transport in recent years can be noticed from the table 02. 
Companies such as SNAV, Adriatica and others are more present in Eastern Adriatic then in the past. 
Therefore, it can be concluded that more maritime companies will be present and/or number of ships 
and capacities would probably increase in the future.  
 
The main obstacle of progress can be defined as limitation of summer season. The fleet optimal for 
summer season will have over-capacity in other parts of the year. That is why Croatian national 
company Jadrolinija needs state subventions. However, what might be the limitation when defining the 



national fleet which have to operate in the whole year does not need to be an such limitation for the 
design of maritime transport system that include various international maritime companies. In the non-
summer season the routes of the company’s fleet can be changed or fleet can be shifted to other 
locations of interest.  
 

 
 

Fig. 09. Routes of Ferries that Operate in  
Italy, Croatia, Serbia and Monte Negro and Albania 

 

 
 

Fig. 10. Routes of Ferries that Operate in Adriatic  
(Italy, Croatia, Serbia and Monte Negro and Albania) 



 
Table 02. Summary of existing solutions for international passenger/vehicle transport in Adriatic 

 
    (Updated 5 September 2003) 

Company Ship type Route Time schedule Season Travel 
time 

Mean speed 
of travel 

Fast Catamaran – 
“Croatia Jet” 

Ancona – Split 
and back 
ITAL-HR 

11.00 hrs 
17.00 hrs 

daily 

From 
14.06 

to 29.09. 
4.5 hrs 30.0 knots 

SNAV Fast 
catamaran for 

passengers only- 
“Snav Aquila” 

Pescara – Vis, Hvar, 
Korcula, Brac 

ITAL-HR 
 Seasonal   

Conventional ferry Ancona – Split 
ITAL-HR daily Seasonal 8.0 hrs 16.2 knots 

Conventional ferry 
Ancona – Zadar and 

Brbinj (Dugi otok) 
ITAL-HR 

daily Seasonal 6.0 hrs 15.0 knots Jadrolinija 

Conventional ferry 
 

Bari – Dubrovnik 
ITAL-HR 4 weekly dept.  7.5 hrs 14.7 knots 

Conventional ferry Ancona – Split 
ITAL-HR daily    

Conventional ferry Ancona – Hvar 
ITAL-HR Mon/Fri/Sat/Sun Seasonal  

   
SEM 

Maritime 
Company 

Conventional ferry Ancona – Vis 
ITAL-HR Sat/Sun Seasonal   

Catamaran for 
passengers only 

Venice –Parenzo 
ITAL-HR Tue/Wed/Fri seasonal   

Ulstica Lines Catamaran for 
passengers only 

Venice –Rovinj 
ITAL-HR 

Mon/Tue/Wed/Th
u/Fri/Sat Seasonal   

Venezia 
Lines 

Catamaran for 
passengers only 

Venice – Istria 
ITAL-HR  Seasonal   

Aliscafi 
Miatours 

Catamaran for 
passengers only - 

"Princ Zadra" 

Ancona – Brbinj (Dugi 
otok) and Zadar 

ITAL-HR 
4 weekly dept. 

From 
20.06. to 
15.09. 

  

Conventional ferry Bari – Durres 
ITAL-ALB daily  8.5 hrs  

Conventional ferry Ancona – Durres 
ITAL-ALB 4 weekly dept.    

Conventional ferry Ancona – Bar 
ITAL- Monteneg.     

Adriatica 

Conventional ferry Ancona – Split 
ITAL-HR     

Marlines 
Ferries M/S Duchess M. Bari – Kotor 

ITAL- Monteneg. 4/5 weekly dept.  8 hrs  

Ventouris 
Ferries 

 
Conventional ferry Bari – Durres 

ITAL-ALB 4 weekly dept.  9 hrs  

Augoudimos 
Lines 

Convent. Ferry - 
M/S Kap. 

Alexandros 

Bari – Durres 
ITAL-ALB 3 weekly dept.    

Grecia 
Maritime Conventional ferry Trieste – Durres 

ITAL-ALB 2 weekly dept.  24 hrs  

Adriatic 
Shipping 
Company 

Conventional ferry Bari – Durres 
ITAL-ALB 3 weekly dept. Seasonal   

 
 
 
 



 
Table 03. Ferries from Italy to Greece and Turkey 

 
            (Updated 5 September 2003) 

Company and 
ship type Route, time schedule, season, travel time 

Anek Ferries: From Trieste (North Italy) to Igoumenitsa-Corfù-Patras (Greece) 
From Ancona (Italy) to Igoumenitsa-Corfù-Patras (Greece) 

Superfast 
Ferries: 

From Ancona (Italy) to Igoumenitsa (Greece) - Daily 15 hrs. trip  
From Ancona (Italy) to Patras (Greece) - Daily 19 hrs. trip 
From Bari (Italy) to Patras (Greece)- Daily 15,5 hrs. trip  
From Bari (Italy) to Igoumenitsa (Greece) - Daily 9,5 hrs. trip 

Minoan Lines: 
From Venice (Italy) to Igoumenitsa-Corfù-Patras (Greece) 
From Ancona (Italy) to Igoumenitsa (Greece) - 15 hrs. trip  
From Ancona (Italy) to Patras (Greece)- 20 hrs. trip 

Blue Star 
Lines: 

From Venice (Italy) to Igoumenitsa-Patras (Greece) 
From Ancona (Italy) to Igoumenitsa (Greece) - 15 hrs. trip  
From Ancona (Italy) to Patras (Greece) - 20 hrs. trip  
From Brindisi (South Italy) to Patras (Greece)  
From Brindisi (South Italy) to Corfu-Igoumenitsa (Greece) 

Hellenic 
Mediterranean 
Lines (HML): 

From Brindisi (South Italy) to Corfu (Greece) - Seasonal departure (Jun/Jul/Aug/Sep) 
From Brindisi (South Italy) to Igoumenitsa (Greece)- Seasonal departure (Jun/Jul/Aug/Sep)  
From Brindisi (South Italy) to Patras (Greece) - Seasonal departure (Jun/Jul/Aug/Sep) 
From Brindisi (South Italy) to Cephalonia (Greece) - Seasonal departure (Jun/Jul/Aug/Sep) 
From Brindisi (South Italy) to Paxi (Greece) - Seasonal departure (Jun/Jul/Aug/Sep) 
From Brindisi (South Italy) to Zante (Greece) - Seasonal departure (Jun/Jul/Aug/Sep) 

Ventouris 
Ferries: 

From Brindisi (South Italy) to Corfù-Paxi-Igoumenitsa (Greece) 
Seasonal departure (May/Jun/Jul/Aug/Sep) - Fast ferry (catamaran)  
From Bari (South Italy) to Corfù-Igoumenitsa (Greece) 
From Bari (South Italy) to Igoumenitsa-Patras (Greece) 
From Brindisi (South Italy) to Corfù-Igoumenitsa (Greece) 

Fragline 
Ferries: 

From Brindisi (South Italy) to Igoumenitsa (Greece) 
From Brindisi (South Italy) to Corfù (Greece) 

Agoudimos 
Lines: From Brindisi (South Italy) to Igoumenitsa (Greece) con m/s PENELOPE A - 3 departure every week 

Marmara 
Lines: 

From Ancona (Italy) to Cesme (Turkey) 40 hrs trip every Saturday 
From Brindisi (South Italy) to Cesme (Turkey) 25 hrs trip every Wednesday 
Seasonal service from 5/4/03 to 22/11/2003 with m/ferry "Cesme" 

Mega Stars 
Lines: 

From Brindisi (South Italy) to Cesme (Turkey) seasonal with m/v "Talya" 
Departure every Wed 18.00 hrs and Sat 23.00hrs (36 hrs trip) 

Med Link: 
From Brindisi (South Italy) to Cesme (Turkey)  
From Brindisi (South Italy) to Patras (Greece)  
From Brindisi (South Italy) to Igoumenitsa (Greece)  
From Brindisi (South Italy) to Cephalonia (Greece) 

Maritime Way 
Ferries: 

From Brindisi (South Italy) to Corfu (Greece) daily deparutes 
From Brindisi (South Italy) to Igoumenitsa (Greece) Seasonal from March to September  
From Brindisi (South Italy) to Patras (Greece) - Seasonal June/Sept.  
From Brindisi (South Italy) to Chepalonia (Greece) Saturday departure only 

 
 
In table 03 ferries that operate between Italy, Greece and Turkey has been listed. All listed companies 
should be regarded as possible investors. Never the less, some well-established companies, non listed 
here, may also see their interest in Adriatic area. Therefore they can also be listed as possible investors. 
 
It can also be noticed, from the figures below, that ship routes between Italy and Greece and Italy and 
Turkey can easily be adapted to accommodate the increasing demand of visiting other larger ports in 
Eastern Adriatic. However, these ships are mainly old conventional ferries with no big prospects for the 
future. Since Greece is very well established country in truism that arrangement probably is convenient 
for now. Countries that also have nice cost and sea, but are not completely established, as tourist 
destination due to various factors might need to offer something more.  
 



 
Next table refers to needs of tourist industry in Croatia. The data in table is partly collected from 
various Croatian tourist agencies form Dubrovnik to Porec [3]. 
 
 

Table 04. Analysis of need for fast ferries in Croatian main tourist areas (Markovina, 2002) 
 

Area Assignment Ship type Number of 
passengers Speed Season 

Dubrovnik 

- islands 
- trip 
- longer     
  distances 

- monohull 
- twinhull  

60-80 
80-150 

250-300 

20-25 
20-25 
30-40 

- 12 months 
- seasonal 

- 12 months 
 

Split 

- islands 
- trip 
- longer     
  distances 
 

- monohull 
- twinhull  

80 
200 
300 

25 
40 

35-40 

- 12 months 
- seasonal 

- 12 months 
 

Sibenik 
- islands 
- trip 
 

- monohull 
- twinhull  

50-60 
150-200 

 

20-25 
30-35 

- 12 months 
- seasonal 

 

Zadar 

- islands 
- trip 
- longer        
  distances 

- monohull 
- twinhull  

80-100 
150-200 
200-250 

20-25 
25-35 
30-40 

- 12 months 
- seasonal 

- 12 months 
 

Rijeka 

- islands 
- trip 
- elite tourism 
- longer       
  distances 

- monohull 
- twinhull  

60-80 
200-250 
350-400 
350-400 

20-25 
30-50 
30-50 
30-50 

- 12 months 
- longer season 
- longer season 

- 12 months 
 

Pula 
- islands 
- cruise 
- elite tourism 

- monohull 
- twinhull  

30-50 
80-100 

150-200 

20 
25-35 
30-40 

- 12 months 
- longer season 
- longer season 

 

Porec 

- islands 
- elite tourism 
- longer       
  distances 

- monohull 
- twinhull  

200-250 
250-300 

25-30 
30-40 
30-40 

- 12 months 
- 12 months 
- 12 months 

 

 
 
The ITALY-GREECE Ferries  - http://www.corfu1.com 
 
“Connection has become bigger than ever with literally tens of ships going back and forth between the 
two countries every day, linking Greece to mainland Europe. The troubles with the ex-Yugoslavia have 
made that old route impassable, although indications are that it will soon start opening up again. Of 
course if one were to undertake the additional 1000 km of road journey through Croatia, Montenegro 
and Albania instead of the comfort of a ferryboat to save a few pennies, or francs or cents, then the 
above paragraph is unnecessary. But the majority of us, who would like to avoid travelling for hours 
and hours in a car, the ferry seems to be the only choice.” 
 
“There are four ports of call in Italy, and three in Greece. The Italian side has Trieste, Ancona, Bari and 
Brindisi, and Greece has Kerkyra, Igoumenitsa and Patras. The quickest crossing is from Brindisi 
where you can make it in just three hours with a new catamaran service. The slowest is from Trieste 
where it takes just under 24 hours for the crossing to Igoumenitsa or 31 hours for Patras. To do that you 
would have to be in Greece for about a month otherwise losing 3 days travelling on the ferry would not 
be easily justified. “ 



3.2. Weather and climate in Adriatic 
 
Ship’s operability or capability to maintain the schedule (timetable) mostly depends on weather 
conditions on the route. From the technical point of view, the ship with better seakeeping 
characteristics will maintain agreed schedule better and keep route active in all time of the year. 
Besides speed, if the waves are relatively high the passenger ship might not be able to maintain the 
route simply because of disturbed passenger comfort with regards to seasickness. Sickness incidence 
can be easily predicted according to statistical data. Generally, larger ship will have better seakeeping 
characteristics then smaller one, but that depends also greatly on ship type and speed. Therefore, in 
preliminary research it is necessary to analyse weather conditions in Adriatic, which are summarised in 
table 11 according to Baufourt Wind Force Scale [4]. 
 
 

Table 05. Baufourt Wind Force Scale for Adriatic 
 

Bf 
Wind 
speed, 
knots 

Wind 
type 

Wave 
height H1/3, m T0, sec. λ0, m 

Probability 
of 

occurrence, 
% 

0 0-1 Calm 
 0-0.1 0 0 0 10.0 

1 1-3 Light air 
 0.1-0.25 0.05 1.6 2 

2 4-6 Light breeze 
 0.20 2.7 5 

24.6 

3 7-10 Gentle breeze 
 

0.25-0.5 
0.50 3.7 9.5 

4 11-16 Moderate breeze 
 0.5-1.25 0.8 4.6 14 

43 

5 17-21 Fresh breeze 
 1.25-2.5 1.3 5.4 20 

6 22-27 Strong breeze 
 1.9 6.2 25 

17.2 

7 28-33 Moderate Gale 
 

2.5-4 
2.6 6.9 32 

8 34-40 Gale 
 4-6 3.5 7.6 39 

9 41-47 Strong Gale 
 6-9 4.6 8.3 46.5 

4.2 

10 48-55 Whole Gale 
 9-12 5.9 9.0 55 

11 56-63 Storm 
 9-14 7.3 9.7 66 

1.0 

12 >64 Hurricane 
 >14 8.8 10.4 79 0.01 

 
 
Analysing Baufourt Wind Force Scale for Adriatic it can be concluded that 4.2% of the year is 7-8 
Baufourt - which is 15 days in winter. That time can be used for ship maintenance and repair. The 
weather in summer is mostly very nice which is proved in the table. Therefore, 80% of the year or 292 
days the route can be operated. However, winds in Adriatic may become dangerous only in wintertime. 
Among many winds that blows in Adriatic there are only two of them which should be carefully 
considered. 
 



 
Bura is the northeast wind mainly strong with very changeable speed. It is very dry and when it blows 
the weather is always clear. Bura can occur in any time of the year but only in winter can develop in 
storm. In winter Bura can blow for 14 days. Storm Bura blows about 5 to 6 times in year. In summer 
Bura blows maximum two days but mostly several hours. Waves that generate during blow of Bura are 
short and low [5]. 
 
Jugo, is worm and wet wind, which blows from southeast. When it blows the weather is always cloudy 
with rain. Average force of the Jugo is 4-5 Bf but usually develop into storm, especially in South 
Adriatic. In summer usually blows for three days, but in winter Jugo can blow for three weeks. In 
Adriatic, Jugo is less dangerous that Bura. Waves develop after 36 to 48 hours of blow and attain storm 
force after three days. Waves that generate during blow of Jugo are long and high. 
 
 
4. Design of optimal ship characteristics for ferry transport system in the Adriatic 
 
From table 02 an important factor for this project should be emphasised. Maritime company SNAV has 
introduced two fast catamaran lines: Ancona - Split and Pecara - Croatian islands (Vis, Hvar, Korcula, 
and Brac). It is reported that these two lines operate excellent in summer season. The reasons for that 
mostly are short voyage time and comfort of passengers. Theses two factors became more and more 
important nowadays.  
 
 
4.1. Review of the modern vessel types used for transport of passengers and vehicles 
 
Fast ferry designs have advanced very rapidly over the past several years through the efforts of creative 
designers taking advantage of advances in various technologies. Various shipyards around the world 
have expanded its existing ferry products to include these advanced designs that offer the high speed 
and comfortable ride that passengers demand. 
 
High-speed ferries represent today the most rapidly growing transport mode in a worldwide scale. As 
the number and size of operating fast ferries is increasing, so is the number of routes served by such 
craft. Innovative concepts, often hybrids combining the characteristics of existing ones, are also 
appearing, offering a wide choice to operators, see table 05. There are several cases in which the 
introduction of high-speed services has actually generated new traffic or even established new routes. 
On the other hand, fast craft are often introduced into long established ferry routes, in which case they 
have to compete with ‘proven’ conventional low-speed ferries and the recently introduced ‘fast’ 
conventional ferries [6]. 
 
Additional competition may come in the form of air transport, as with their high speed fast ferries can 
offer comparable total (‘door-to-door’) trip times, at least for relatively short and medium distances i.e. 
up about 200 nautical miles. 
 
A number of alternative monohull and multihull vessel types are available today for high-speed 
car/passenger ferry operations. These include round bilge, deep-vee and air lubricated monohulls and a 
number of multihull forms, including ‘conventional’ catamarans, wave piercers, SWATHs and SESs. 
This offers a wide range of alternatives to shipowners and makes the choice of the most suitable one a 



complex issue. Each of these vessel types has a number of advantages and disadvantages and a 
comparison between them can only be made in the context of a specific route with well-defined 
operational requirements. Monohulls and conventional catamarans make up the majority of operating 
high-speed vessels around the world and have the highest growth rates in recent years, particularly 
catamarans, see fig. 11. 
 
 

Table 06. Review of high speed non-conventional ship types and characteristics [7] 
 

 
 
 
 

 
 
 
 
 

        

 
 ship type 

 
 
 
 
 
 
 
 
 
 
 
characteristics 

Planing 
and 

semipla-
ning craft 

 

SWATH- 
Small 

Waterplane 
Area Twin 

Hull 

Twinhull- 
Catamaran 

Wave-
piercing 
twinhull 

ACC-Air 
Cushion 

Catamaran 

ACV-Air 
Cushion 
Vehicle 

Hydrofoils 
partially 

submerged 

Hydrofoils 
deeply 

submerged 

Hydrofoils 
shallowly 

submerged 

Length, m 
 15 - 35 25 - 50 20 -40 30 - 50 20 - 40 20 - 40 15 - 35 15 - 45 20 - 35 

 
Displacem., 

tons 
 

20 - 100 80 - 800 60 - 300 80 - 320 30 - 300 35 - 300 20 - 100 30 - 200 22 - 65 

Speed, knots 20 - 35 20 - 32 25 – 35 28 - 38 
 

35 - 50 
 

50 - 70 30 - 40 30 - 45 30 - 40 

Propulsion 
system 

FPP, CPP, 
SCP, SPP, 

WJP 
FPP, CPP CPP, WJP WJP SPP, WJP 

 ASP FPP, SCP SCP, WJP FPP, SCP 

Seakeeping good 
3 

excellent 
5 

very good 
4 

very good 
4 

very good 
4 

good 
3 

good 
3 

very good 
4 

sufficient 
2 

Manoeuvrability 
 

very good 
4 

good 
3 

very good 
4 

very good 
4 

very good 
4 

excellent 
5 

good 
3 

very good 
4 

good 
3 

Building 
materials 

fibre, Al, 
steel Al, steel fibre, Al, 

steel Al fibre, Al 
 Al Al Al Al 

Building 
complexity 5 8 6 8 8 9 8 8 8 

Machinery type 
 DE, GT DE DE, GT DE, GT DE, GT DE, GT DE DE, GT DE 

Type of 
transmission mechanical mechanical mechanical 

Z-drive 
mechanical 

Z-drive 
mechanical 

Z-drive mech. mechanical mechanical mechanical 
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Fig 11. Fast ferry fleet breakdown and growth 
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Fig 12. Passenger vessels in service 1999 [8] 

 

 
Fig 13. Fast car ferry size and speed [8] 

 
CONVENTIONAL MONOHULL FERRY 
 
Fig 14. Conventional monohull passenger/vehicle ferry 
 
The speed of conventional ferry is about 15 to 18 knots. 
Capacity is about 1000 passengers and 100 to 200 
vehicles. 

 



 
FAST MONOHULL FERRY 
 
Comparing the speed of fast ferry with conventional ferry it is obvious that  
 

 
Fig 15. Fast monohull passenger/vehicle ferry 

 
 
 
 
 

Fig 16. Fast monohull passengers only ferry 
 
 

Table 07. Superfast ferry fleet basic characteristics - the Attica Enterprises S.A. 
 

Vessel Built Speed Passengers Cars Trucks 
Superfast I 1995 27.0 knots 1,400 120 100 
Superfast II 1995 27.0 knots 1,400 120 100 
Superfast V 2001 29.7 knots 1,595 200 140 
Superfast VI 2001 29.7 knots 1,595 200 140 
Superfast VII 2001 28.5 knots 626 115 110 
Superfast VIII 2001 28.5 knots 717 115 110 
Superfast IX 2002 28.5 knots 717 115 110 
Superfast X 2002 28.5 knots 717 115 110 
Superfast XI 2002 29.0 knots 1,427 100 120 
Superfast XII 2002 29.0 knots 1,427 100 120 

 
 
 
 
CATAMARAN FERRY 
 
Catamaran features a Twin hull form, which makes for a low resistance and very stable ride. This hull 
form increases passenger comfort by improving the ship's seakeeping characteristics and provides more 
useful deckhouse volume than conventional cruise ships of similar length.  
 



 
Fig 17. AFAI catamaran is 80.1m in length, with a beam 
of 19m and a draught of 2.16m. It has a maximum speed 
of 47 knots. The ferry can accommodate 400 people and 
89 vehicles. 
 
 

 
 
 

 
 

Fig 18. 80 m long catamaran 
 
 

 
 

Fig 19. General arrangement of The Afai’s 80m long catamaran ferry 
 

Table 08. Characteristics of high-speed catamaran ferry for passengers 
 

LENGTH O.A 40.00M 
LENGTH B.P 36.50M 
BREADTH 10.30M 
DEPTH 4.08M 
DRAFT 1.35M 



PASSENGER CAPACITIES 360 PAX 
HULL MATERIAL Multiaxial Glassfiber/Pvc Foam 
SPEED(Max.) 39 Kts 
CRUISING SPEED (SS3,RCS ON) 36 Kts 
MAIN ENGINE Abt. 2000KW X 2 Units 
PROPULSION SYSTEM WATERJET x 2 UNITS 
RIDE CONTROL SYSTEM Active T-Foil System 
LIGHT WEIGHT/DEAD WEIGHT 123 / 56    Ton 

 
 

Fig 20. Fast catamaran, 40 metre long 
Passenger/Vehicle Ferry with Jet 
Propulsion System 
 
Capacity: 150 passengers, 30 vehicles 
service speed: 30 knots 

 
 
 
Wave Piercing Catamaran (WPC) 
 
The concept, developed in Australia, is the WPC which had a modified catamaran hull shape designed 
to reduce the vessel's response to waves. This hull shape is based on a bow shape designed to pierce 
through, rather than ride over, the waves. As each hull encounters a wave it tends to 'pierce' through it 
rather than ride over it. 
 
This design was found to have improved seakeeping characteristic compared to other high-speed craft. 
The wave piercing catamaran became the first alternative to the hovercraft to be used as a high speed 
car ferry when Sea Containers Ltd ordered five 74m wave piercing catamaran vessels from Tasmanian 
ferry builder, International Catamarans Tasmania Pty Ltd, early in 1989. The vessels were designed by 
International Catamaran Designs in Sydney, the design being based on scaling up the first generation 
wave piercing catamarans. 
 



 
Fig 21. The Devil Cat - 91m long wave-piercing catamaran WPC – fast ferry  

for transporting 900 passengers, 240 cars with service speeds of 43 knots 
 
SWATH 
 
SWATH is an acronym meaning Small-Waterplane-Area Twin-Hull. The waterplane is the horizontal 
plane cross-section of a ship’s hull at the water surface. A SWATH ship’s key advantages are: 
 
(1) ability to deliver big-ship platform steadiness and ride quality in a smaller vessel and  
(2) ability to sustain a high proportion of its normal cruising speed in rough head seas.  
 
SWATH ships typically have two submarine-like lower hulls completely submerged below the water 
surface. Above water, a SWATH resembles a catamaran. Its haunch areas are connected to each 
submerged hull by one or two relatively thin vertical members, or struts. The longitudinal cross-section 
of each strut is somewhat streamlined to decrease wavemaking resistance. A typical SWATH 
International ship cross-section is shown below.  
 
 

 
Fig 22. SWATH Small-Waterplane-Area Twin-Hull 

 
Fig 23. Comparison of motion sickness incidence  

for SWATH and Monohull of double capacity 
 
 
Two ferries kept record of the MSI - motion sickness incidence (percentage of subjects who vomited 
within two hours) on each voyage. The chart below, incorporating data presented in 1993 at a 
Symposium on High Speed Marine Vehicles, shows that the incidence of seasickness on the SWATH 
ferry 410 Pax was considerably lower than on the monohull ship with double capacity - 800 Pax. 
 
 
Air Cushion Vehicle-Hovercraft and Air Cushion Catamaran 
 
ACV, craft designed to travel close to but above ground or water. It is also called a ground-effect 
machine or Hovercraft. A hovercraft is a self propelled vehicle, dynamically supported on a self 
generated cushion of air contained in a flexible skirt such that it is totally amphibious and has some 



ability to travel over less than perfect surfaces. Propulsion is not derived from contact with the water or 
the ground. The term «air cushion» is used to describe a space containing air under pressure, generally 
placed under a vehicle or an object to be moved, and communicating with the surroundings. Thus this 
air must be constantly renewed, either by a fan or by the movement of the vehicle. The first case is that 
of the hovercraft, the second that of vehicles operating in ground effect, WIG short for «wing in 
ground effect». The term «surface effect ship» or SES is also used to describe hovercraft operating 
over water where the air cushion is limited by rigid lateral walls contacting the water (in a catamaran 
fashion), with flexible skirts at front and rear - Air Cushion Catamaran. 
 

Table 09. Characteristics of high speed surface effect ship-SES ferry for passengers 
 

LENGTH O.A 40.00M 
LENGTH B.P 32.00M 
BREADTH 11.60M 
DEPTH 3.60M 
DRAFT (On Cushion) 0.70M 
PASSENGER CAPACITIES 400 PAX 
SPEED(Max.)  45 Kts 
CRUISING SPEED (SS3)  39 Kts 
HULL CONSTRUCTION MA GLASSFIBER /SANDWICH 
MAIN ENGINE MTU 16V 396 TE74L 1940KW X 2 
FAN ENGINE Abt. 710 HP X 2 
PROPULSION SYSTEM WATERJET x 2 UNITS 
RIDE CONTROL SYSTEM 4-VENT VALVE 
LIGHT WEIGHT/DEAD WEIGHT 137 / 60 TON 
CONSTRUCTION COST USD 5.5MILLION 

 

 
 

Fig 24. Hovercraft 
Hydrofoils 
 
Flat or curved finlike device attached by struts to the hull of a watercraft, which lifts the moving 
watercraft above the water's surface. The term is often extended to include the vessel itself. Like an 
aircraft wing in its appearance and function, the foil develops lift as it passes through the water; the hull 
is raised above the surface, and the drag caused by the vessel's contact with the water is thereby 
reduced. Hydrofoil vessels are capable of travelling faster than 60 knots (113 km/h) per hr. They are 
used for ferries in many countries in Europe and Asia. 
 



 
 
 
 
Fig 25. Conventional hydrofoil ship 

 
Fig 26. Hydrofoil ship from Adriatica 

 
 
4.2. Techno-economic model for high speed ferries 
 
At this point techno-economical model should be defined. When designing the ship, fleet or marine 
transport system the main goal is to produce the income. Besides technical characteristics of vessel, 
which should be satisfactory in order to design safe and reliable ship, economical aspects will provide 
future existence of the route. In this section some more important economical issues will be 
emphasised. 
 
Two most important measures of merit are: 
 

 
cost  Capital

speed  crusing  seastate  Average  x  payload  RevenueefficiencyCommercial =  

 

 
power  Installed

speed  crusing  seastate  Average  x  payload  RevenueefficiencyTransport =  

 
Revenue payload is income of total weight that produce an income – passengers and vehicles. The most 
commonly used tools for assessing the relative costs of various designs are “comparisons of cost per 
seat” or comparisons of cost per seat/knot”. Conventional transport efficiency parameters compare 
vessel weight and speed with installed engine power: 
 

 
power  Installed

speed  crusing  seastate  Averagex    weight  VesselefficiencyTransport =  

 
The higher the transport efficiency the more tones can be moved with service speed for a given 
installed engine power. Conventionally these measures are based on total vehicle weight. However, 
transport efficiency parameter based on weight is an indication of engineering worthness of the product  
but it says little for its commercial viability.  
 
In the following table three type of ships are compared using economical measure of merit - 
commercial efficiency. The following results have been obtained. 



 
Table 10. Commercial efficiency for various ships types 

 
Ship type Service speed 

 25 knots 30 knots 35 knots 
Monohull 5.41 3.90 2.89 
Catamaran 3.96 4.06 4.14 
SWATH 3.98 3.50 3.46 

 
The best commercial efficiency has been obtained for catamaran in the speed range from 30 to 35 
knots. However, SWATH has better transport efficiency then catamaran. That is the reason why the 
grow rate for catamaran is still higher that for the SWATH. These factors still provide basic 
economical assessment and further economic study should be performed. 
 
To determine future market demands there are three main areas of possible research: 
 

 Direct market research 
 Examinations of applications of new technology 
 Examination of operating economics 

 
So far, this paper focuses on first two areas of preliminary research. Opportunities for the application of 
new technology may be missed by the market because of the lack of understanding what the new 
technology will provide and what are its costs. Examination of operating economics may provide the 
best way to move towards the optimal solution.  
 
On fig. 28 is shown NGMODEL techno-economic model, developed by Nigel Gee and Associates  
which is capable of analysing total through-life costs for a wide range of vessels. The model consists of 
two two elements, a technical model and a cost (economical) model. The technical model estimates 
vessel displacements, powers, speeds, etc. The cost model estimates build costs and utilise direct inputs 
for most other direct and indirect costs. 
 

 
 



Fig. 27. The transport efficiency of different types of transport 
 

Table 11. Techno-economical comparison criterion for high speed vessels 
 

 
 
 
During the design process economic criteria should be investigated and at the end of design following 
measures of economic merit for the ship should be known: 
 

 return of investment  
 time of capital recovery  
 internal rate of return  
 present worth  
 required time charter hire  
 required freight rate 
 cash flow  
 and others 
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Fig. 28. Techno-economic model for high speed ferries, (Gee et al, 1993) 

 
 
 
5. CONCLUSION 
 
Introducing a high-speed ferry service in a less ‘developed’ route is not a simple matter. This paper 
addressed the problem in a general way, pointing out the implications, which affect the prospects of 
such a venture. Apart from the careful selection of an appropriate route, the overall results of potential 
high-speed ferry services would also depend strongly on the careful selection of a favourable operating 
profile, an appropriate pricing policy, and also good management. Initial experience from the operation 
of the catamaran recently introduced into the Adriatic confirms these points. 
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