The Impact Of Hub And Spokes Networks In The Mediterranean Peculiarity
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Abstract 

The tendency towards consolidation of the liner shipping companies requires the development of the ‘hub and spokes’ model in the Mediterranean as well.

In this framework, we argue that the network model will be reinforced as compared to the ‘point to point’ model. 

However, only a few studies are available to confirm the advantageousness of this choice. 

We therefore propose a methodological analysis of transport costs in a ‘hub and spokes’ system in comparison to a ‘point to point’ system, both in general terms and in the specific framework of the Mediterranean. 

The relative costs of the two alternatives were simulated utilizing the experience of the Mediterranean hub port of Gioia Tauro and with reference to the most recent literature on this subject.
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INTRODUCTION

‘Transshipment versus direct ports’, ‘hubports versus multiports’, ‘hub and spokes system versus point to point system
’, ‘transshipment versus end to end systems’ – various terms have been used – refers to the question of whether it is advantageous for liner shipping companies to choose between a service that involves many ports of call between the origin and the destination, versus an intra-regional service at the origin and at the destination together with a single direct trunk haul between large hub ports. This continues to be a subject of study and debate among scholars and operators in the maritime transport sector, as are the questions of intermodality and logistics. 

Some aspects of these problems are general, while others are peculiar to certain geographic area, which present specific socio-economic, territorial and environmental aspects. The Mediterranean is one of these areas, characterized by a constant increase in general and above all container traffic, both along internal and oceanic routes. The point-to-point services of the 1980s have thus been enriched by hub and spokes network services. 

The question addressed here is whether this trend will continue and for how long. It is our opinion, that ‘hub and spokes’ systems will consolidate in the Western part and expand in the Eastern one.

In order to prove this hypothesis, this study will be organized as follows: 

1. an analysis of the main typologies of traffic in the Mediterranean;

2. a demonstration of the advantage to the liner shipping companies of using bigger and bigger ships in all waters and therefore also in the Mediterranean, in order to reduce unit costs per TEU which decrease with increasing ship size;

3. a calculation of the unit costs per TEU of a hypothetical service in the Western Mediterranean on a Mediterranean-Asia itinerary, comparing the results of a ‘hub and spokes’ system with a ‘point-to-point’ system. The simulation, of a deterministic type, is conducted on the example of the models of Baird (2001) and Cullinane and Khanna (1999), changing a few hypotheses. The simulation shows that the unit cost of the hub and spokes system is lower than that of the point-to-point system;

4.  alternative simulations as compared to the basic ones are performed and conclusions are drawn. 

Transshipment versus Direct ports IN THE mediterraneAN 

The Mediterranean is the transit area between Asia - Northern Europe and Asia – North America for certain types of merchandise, since this is one of the most important routes in world trade. 

This area offers liner operators considerable opportunity to serve this market: the many large ships that cross the Suez Canal proceed both towards Northern Europe and also towards the Eastern Coast of North America, via the Mediterranean.

In 1980, the Mediterranean was little more than a sort of backwater for container shipping (OSC, 1997). 

Despite the fairly vigorous development of this demand, the model used by the shipping companies was that of serving this market by means of allocation of separate facilities compared to those that normally sailed along the main routes between Asia and North America, Asia and Northern Europe. 

That is to say, the Mediterranean was considered exclusively as a separate market and it was linked separately to Asia, North America and Northern Europe. 

It was in the 1990s that the largest liner shipping companied decided to include the Mediterranean in the oceanic routes, partly because of the increasing importance of trade between the Far East and Northern Europe and Northern America, but also as a result of the privatization of some of the Mediterranean ports and of the economic development expected for Northern Africa and countries of the Eastern Mediterranean. Thus the Mediterranean became a transit area both for Round-the-World and Pendulum routes. With the decision to suspend this service
 taken by Evergreen in February 2002, which followed the rationalization of services due to the tumultuous changes affecting all shipping lines (Chang 2001), the oceanic routes transiting in the Mediterranean are only “Pendulum” routes.

We argue that it is precisely the increasing concentration of the market that has allowed this development. 

Today the services offered in the Mediterranean are of two main types: 

a. dedicated Mediterranean links, that is to say classical ‘point – to – point’ services with direct calls in the Western Mediterranean ports;

b. Europe/Asia services, of two alternative types:

b.1.
 ‘Pendulum’ services

b.2.
 ‘Europe – Far East’ services

a. Dedicated Mediterranean links

Today many operators continue to offer specific independent services for the Mediterranean market. This is a continuation of the system adopted between 1980and 1990, which in actual fact, apart from a few exceptions
, is qualitatively inferior. Thus transportation times are very slow, the ships utilized are small – between 1800 and 3000 TEU in capacity– and are often ships that have been removed from the main communication routes. Since they are aging ships, service times and running costs are very high.

b. Europe/Asia services

Development of transshipment capacity and feeder links has led many of the main operators to add a call in the Mediterranean to their North Continent-Asia services. As the feeder network gradually become more effective, it is likely that development of an overall efficiency resulting from the addition of one or more calls at the Mediterranean hubs will induce a further enhancement of this strategy and a decline in the relative importance of secondary direct links.

The Europe-Asia services that sail through the Mediterranean make use of the following alternative approaches: 

b.1.
 ‘Pendulum’ services

Pendulum services previously represented the alternative to ‘Round-the-World’, which, as far as ship size is concerned, is restricted to the limits of the Panama Canal. These Pendulum services are a sort of projection of the Round the World service into a world of post-Panamax ships (OSC, 1997). Typically, they connect the East Coast of the USA with the Far East passing via the Suez Canal and sometimes they present an extension to the West Coast of the United States
...

However, it is important to note that this type of transport is no more than a small percentage of the total flow of transport between the markets of Asia and North America. For example, out of the nine main line services that call at Gioia Tauro, only one is a ‘Pendulum’.

The tendency to utilization of larger containerships, detectable among the main liner shipping companies, seems to suggest that such a service is likely to undergo expansion in the Mediterranean as well (Cazzaniga Francesetti and Foschi, 2001- Waals and Wijnolst, 2001 – Ashar, 1999 and 2000). 

b.2.
Europe – Far East services
The majority of the ‘alliances’ run deployment that by – pass all Mediterranean ports: merchandise destined to Northern Italy frequently passes through the Mediterranean and is then unloaded in Northern European ports before reaching its final market of destination, which may often turn out to be surprisingly close to the Mediterranean ports at which the containerships did not call (Cazzaniga Francesetti and Foschi, 2002). The reason for this is that many companies tend to concentrate their economies precisely on an organizational set-up that does not involve any deviation from the main routes, especially since the Mediterranean ports were traditionally served by direct services. 

However, the special geography of the Mediterranean has favored the development of a series of ports that potentially do not require ships bound for Northern Europe
 to engage in any deviations. Examples of such ports, from East to West, are the rising ports of Port Said, Damietta, Marsaxlokk, Pireo, Taranto, Gioia Tauro, Cagliari, Algeciras. Their position is particularly favorable since the oceanic ship has no need to deviate from its main route; in addition, their position is barycentric with respect to the commercial ports situated along the coasts of the Mediterranean.

With the gradual evolution of the markets and of terrestrial transport, this model will progressively dominate commercial traffic and will lead to a greater integration of the Mediterranean area with that or Northern Europe, with a consequent rationalization of transportation. 

The trend towards utilization of bigger and bigger container ships cannot but further reinforce this scenario.

The greater advantages achieved by integration of transport towards the Mediterranean and also towards Northern Europe would then derive from substitution of the dedicated Mediterranean links, inasmuch as overall transit time would be reduced and greater economies of scale would be obtained. Naturally, this alternative can only be put into effect if an efficient feeder matrix to be coordinated with the mother ships becomes available, (Benacchio, Cariou and Haralambides, 2000), as we will see later in the simulation we conducted. 

Although considerable improvement in this sector has been observed, the capacity of the market to respond to this need is not yet transparent. To compensate transshipment times, the solution of having the same company controlling both the mother ship and the feeders could be the most suitable one for the Mediterranean since this would lead to greater economies of scale along the main route, and greater efficiency, resulting in lower costs in handling operations (OSC, 1998; Cazzaniga Francesetti and Foschi – 2000).

The approach of Maersk and that of Evergreen in the Mediterranean.

In discussing the above-described services it is particularly interesting to point out that the two most important companies on a world level, Maersk and Evergreen, initially adopted opposite strategies, although since the opening of Taranto these strategies are no longer so distinct. Thus recently, for the first time Maersk Sealand and Evergreen signed a space-sharing agreement, although for the moment these ‘pendulum’ routes do not involve the Mediterranean. But this does not rule out that the joint activity may be further extended 

To date, the strategy adopted by Maersk was to utilize mega hub ports in the Mediterranean, in particular Algeciras, where for years already it has been in full possession of the terminals, and Gioia Tauro, where it controls 10% of the MedCentre terminal. The heavy investments it has carried out demonstrate its long-term interest in the two ports. With respect to these hubs, the oceanic ships’ deviation from their main routes is limited to no more than a few hours, in particular as regards Gioia Tauro, whereas Algeciras is better placed to also serve the Atlantic African and European coasts. 
.

From these two hub ports, the load is distributed to the final destination by feeder and liner vessels.

The option of serving the Mediterranean in transshipment, as in the case of Maersk – see note 7 – can be justified economically for a liner company that has many crossing services, which enable containers to served at zero feeder costs, and direct feeders. The Maersk model requires total control over the terminals and ship planning with very rigorous timing (Benacchio, Cariou and Haralambides, 2000). So far, this option is open only to a small number of operators that have the required number of complementary loops and can control their own cargo flows. 

Evergreen, on the other hand, has up to now remained faithful to the more traditional approach of serving the Mediterranean with a point-to-point service. Thus many of the major ports are direct ports of call, with the inclusion of Trieste, which is a port of call for Evergreen- Lloyds’ Triestino, despite the fact that this required a certain deviation from the Eastbound-Westbound route. As already stated, however, the opening of the Taranto terminal, given the depth of the port, suggests that Evergreen may also consider the possibility of utilizing the network system in the Mediterranean as well, introducing a greater number of very large ships into its fleet, as compared to its current preference for ships of around 4000 TEU (Baird, 2001; Sartini, 2001). But this does not mean that Evergreen is likely to immediately abandon its traditional approach for the Mediterranean, even if the other system may appear to be more advantageous in the Mediterranean. 

In the traditional approach, the questions to be considered are very simple, and involve determining which ports merit being served directly and in what order.

In the Eastern Mediterranean, the ports do not yet possess the qualities to become direct ports of call. This portion of the sea represents a must for the hub and spokes system. In the Western Mediterranean, there appear now to be relatively few ports contending to become direct ports of call: Barcelona and Valencia in Spain, Fos in France, Genoa or La Spezia in Northern Italy. Naples and Livorno appear to be out of the picture.

There are few ports, even among the most important ones, where 6000 TEU ships could dock, as this size of ship requires a depth of at least 14.5 meters. Table 1 indicates the depth of these more important ports.

Table 1: Depth of the main ports of the Mediterranean 

Ports
Algesiras
Valencia
Pireaus
Barcellona
Malta
Genoa
La Spezia
Fos

Depth
16
16
16.5
16
15.5
15
14
14

Ports 
Odessa
Gioia Tauro
Damietta
Venice
Taranto
Cagliari
Limassol


Depth
13
15
14.5
11.5
14.5
14
14


Source: Drewry International, 2000

Among those indicated in Table 1. Gioia Tauro, Damietta, (Marsaxllok), Pireaus and Algeciras function as hub ports. The same is true, albeit only since recently, of Taranto.

Apart from these ports, only Valencia, Barcellona and Genoa could become ports of call for large ships. 

In addition to physical restrictions, the other decisive factor for the point-to-point system is the local cargo volume and the volume that can involve the hinterland, which must be correlated with the costs of deviating and with port expenses. This is particularly relevant for the Western Mediterranean ports, which are by no means economical, partly because their productivity is not very high. 

Therefore the essential variable in choosing this approach is the volume of cargo necessary to pay for the port expenses and compensate the loss of time due to the deviations. Only if intra-regional traffic between ports is fairly substantial can the point-to-point alternative with dedicated lines be advantageous.

In conclusion, it can be stated that in the Mediterranean there are still point-to-point services and hub-and-spokes services present at the same time, but the current situation suggests that the latter, i.e. hub-and-spokes, will prevail over the former. But this will depend above all on the interest of the large liner shipping companies to control the entire transportation process, by vertical integration, from the oceanic lines to the feeders and to port services, especially hub port services (and also the inland interports).

transshipment AS AN EFFECT OF ECONOMIES OF SCALE IN THE LARGE containerships. THE GENERAL THEORETICAL MODEL 

As in all other enterprises, profitability in the liner shipping companies depends on the development of revenues and containment of costs. The profitability of this industry is low and completely inadequate given the enormous structural investments, the capital tied up in it and the volatility of the market 
. 

Control over proceeds is extremely difficult, since the strong competition, especially during periods of excess supply, makes it almost impossible to implement any strategy aimed at controlling volume and prices (Cazzaniga Francesetti and Foschi, 2000). Furthermore, the constant decline of freight rates in real times from 1990 up to today has led the liner shipping companies to focus their attention on control over the structure of costs and on minimization of unit costs, using this strategy to increase profit margins. 

Minimization of unit costs requires control both over the quantity of containers transported, and also over the individual components of the costs which contribute to forming the total cost. These components in turn depend on the productivity of the numerous production factors utilized, some of which are more directly controllable by the company itself (technology incorporated in the ship, kitting out the crew, engine maintenance, ...), while others can be controlled only indirectly (crane number and speed, nature of the ports, etc.) – unless the company owns the terminal. Furthermore, the component costs also depend on their unit cost, such as remuneration of the crew, the price of fuel, the price of other types of goods and supplies that need to be purchased, the rate of interest on financial capital, insurance premiums, etc. These prices are variable and often depend on the shipping company’s contractual power. 

Categories of costs in the liner shipping companies

With reference to the theory of production and costs, which distinguishes costs into fixed and variable according to whether they depend on the quantity of merchandise produced or the quantity of service delivered, we will distinguish the following cost categories for a generic liner shipping company.

In particular, we will indicate the following: 

capital fixed costs:

· vessels (in services and in lay – up): these depend on ship size, the financial amortization plan and the rate of interest; 

container fixed costs:

· containers (in service and on the wharf): these depend on the number of containers owned by the company, but not on how many containers the ship transports on a given journey, and on the amortization plan; 

operative fixed costs:

· general overheads, such as administration and management and marketing and research, and fixed agency expenses: these depend on the organizational complexity adopted by the company, which obviously in turn derives from the volume of trade and the diversification of services offered, as well as from the extent of vertical integration;

· crew costs: these too depend on the number of members of the crew, which in turn depends on size of the ship and wage rates;

· manning costs

· maintenance and repairs 

· insurance

· agency commissions

These costs are fixed with respect both to the quantity transported, and the distance traveled by the ship over its journey.

fuel fixed costs:

· fuel oil costs, required for the journey and in ports, to be used for the main and auxiliary engines; these costs are fixed with respect to the number of containers transported, but they are variable with respect to the distance traveled and the size of the ship. port fixed costs

· port charges (harbor dues, mooring, pilotage, towage)

· port charges (wharfage)

· stevedoring charges

variable costs

· terminal handling charge (lashing and stowing): these depend on the number of times the container is moved and vary as a function of the quantity of containers considered. 

If one wishes to consider the unit cost per container in a door-to-door service rather than port-to-port, it is necessary also to consider the cost categories pertaining to inland transport charges. The latter aspect is beginning to play an ever increasing role in competition among the companies, as it involves company policies that cannot be examined exhaustively in this work.

Since the company is interested in evaluating the impact of port efficiency on total costs, it is necessary to calculate the incidence of journey costs and port costs out of mean total cost.

Therefore, the following must be calculated:

· fixed costs at sea, and

· fixed costs at port

on the basis respectively of the time spent on the journey or in ports.

To determine the unit cost, we attribute to the item total fixed cost the above defined ‘fixed costs’, while total variable costs are taken here to include only those costs that depend on the quantity of containers. 

Let us consider one single containership. What follows, however, is valid regardless of the number of ships considered in a fleet, independently of their size. The method chosen for cost allocation is that of quantity rather than distance
.

Let us consider the unit of measure of cargo transported, the TEU, because it is more advantageous for the calculation, although the nominal TEU – NTEU – is more representative of the cargo in terms of space occupied by the container and weight of the cargo transported. “The TEU measure of capacity is advantageous not only because costs can be disaggregated on a “per TEU” basis, but also because many costs are incurred on this basis. Although yard-denominated TEU slot capacity is the most frequently used basis for comparing ship size,…[it]…., may well be constrained by the highly variable influence of available DWT per TEU slot. ……Lloyds Shipping Economist….advocate using the nominal TEU (NTEU) measure of container ship’s carrying capacity (ultimately its slot costs), based on the standard assumption of 14 DWT per TEU” (Cullinane and Khanna,1999)

Having established the above, one can proceed to define the total cost starting from which the unit cost (or total mean cost) will be defined. Although we do not make reference to time here, it is clear that time must be taken into consideration in determination of total costs (per day, per month, per year) depending on the aim for which the analysis is carried out. However, the temporal dimension does not affect our analysis of the incidence of fixed costs on unit cost.

The model 

The total cost of transport is the sum of the total fixed costs and the total variable costs.

Let  be the quantity of TEU transported: then the total cost TC() can be written:

(1) TC() = TFC + TVC(),

where TFC are fixed costs, with respect to the TEU transported, and TVC() are the variable costs.

The total fixed costs, TFC, are the sum of the total capital fixed costs, TCapFC, of the total container fixed costs, TContFC, of the total operating costs, TOpFC, of the total fuel costs, TFueFC, of the total port costs, TPoFC namely:

(2) TFC = TCapFC + TConFC + TOpFC+ TFueFC +TPoFC

The total fixed costs at sea, TFC at Sea, are given by the product of the total fixed cost, TFC, by the percentage of days of voyaging out of total transit time. 

Using  x% to indicate the percentage of voyaging days out of transit time, the following is calculated: 

 (3)
TFC at SEA = x%TFC

Knowing that (100% - x%) is the time spent at port, the total fixed costs at port, TFC at Port, can be calculated as:

(4)
TFC at Port = (1-x%)TFC 

I total variable costs, TVC() are represented by the costs of container movement, THaC namely

(5)
TVC() = ThaC(
The average total cost, or unit cost, or cost per TEU, ATC(), is the relationship between (1) and the quantity of TEU, transported. Namely

(6)
ATC() = TC()/

= TFC/ + TVC( =
= AFC + AVC(
where AFC() represents the average fixed cost and AVC() represents the average variable cost.

The average fixed cost indicates the incidence of fixed costs out of individual units (TEU) transported. 

Since the fixed cost, TFC, is fixed with respect to quantity, the unit cost, AFC(), cannot be other than always decreasing. 

For in fact 

 (7)
AFC() = TFC/
From an analytical point of view, (7) is none other than an equilateral hyperbole, of which only the positive branch is of interest in economics, and as such it is always decreasing.

The simplicity of (7) contains the explanation of the incidence of costs on the unit of cargo transported, hence the strategy of utilization of bigger and bigger ships in order to minimize costs. 

(7) contains the trivial information that for any size of ship, the greater the number of TEU transported by that ship, the lower the incidence of the fixed cost per TEU. In this regard, and especially for costs linked only to time at sea, the following citation holds true: “irrespective of ship type, as ship size increases the ship costs at sea per ton or TEU decrease” (Person, 1988)

The incidence of the fixed cost is minimal when the ship travels fully loaded.

From (3) and (4) one can calculate the average fixed cost at sea (namely, per TEU) and average fixed cost at port (namely per TEU):

(8)
AFC at Sea ( = TFCat Sea/
and

(9)
AFC at Port ( = TFC at Port/(

The total variable costs, TVC(, on the other hand, as stated earlier, vary with the quantity transported.

They can vary 

· proportionately, namely
 (10)
TVC() = (), with d[()]/d = 0

· less than proportionately, namely 

 (11)

TVC() = (), with d[()]/d <0

in the case when, with an increasing number of TEU transported, lower unit prices are set. This occurs when increasing volumes of traffic are assured by the customer (so that is rather more likely for large customers, who are granted yearly discounts and discounts on quantity). 

The two cases pertaining to equations (10) and (11) determine the trend of average variable costs, AVC(),

 (12)

AVC() = TVC()/,

respectively in constant costs and decreasing costs.

The cost per TEU (or average total cost), ATC((6), which derives from the sum of the average fixed cost, AFC(), (7) and the average variable cost, AVC(), (12), will be certainly decreasing whenever conditions (10) and (11), hold true, i.e. in the presence of average total costs that are increasing linearly or less than proportionately with respect to the quantity transported. 

The analysis conducted so far is a typical short period analysis, which is valid for a generic containership whatever its size. Basically, the above analysis clearly shows it is advantageous for ships to sail fully loaded. 

From short-run to long-run analysis.

The problem that must be addressed by the company in order to establish appropriate corporate policies is the extent to which unit transport costs could be further reduced as a function of variation in ship size, and not just as a function of the quantity transported by a given ship.

A more complex analysis should also deal with variation in unit cost that occurs with varying composition of the fleet. Therefore, the analysis must shift from the short run to the long run, that is to say, it is necessary to derive the curve of long-run unit costs, which corresponds to the lower envelope of the curves of short-run unit costs (i.e. the curve previously analyzed) and then to choose the ship whose quantity transported in terms of TEU corresponds to the least long-run average costs.

In our case, since the average short-run costs are constantly decreasing, the minimum of the curve of average long-run costs corresponds to the unit full load cost of the largest ship. In other words, the average long-run cost is also constantly decreasing, as are short-run unit costs (those referring to the individual ship).

To see this, assuming

· that the ships travel fully loaded,

· that the technology remains unchanged, or only very slightly changed, with variations in ship size,

· that variable unit costs remain constant, or possibly even decreasing,

then the minimum unit cost for each ship is achieved at the full load cost. 

In these conditions, the average long-run cost curve can be constructed utilizing only the points that correspond to the pairs (maximum quantity transported – minimum short-run average cost) and which correspond to the points on the envelope of full utilization of the production capacity of the individual ship. 

This achieves an important result: the long-run unit costs curve will be constantly decreasing and will reach its minimum when it reaches the short-run unit cost corresponding to the quantity of full load of the largest ship.

Since we note that with increasing total costs, unit costs are decreasing, it is plausible to presuppose that the company is operating with increasing returns to scale, and therefore, from the point of view of costs, that the company benefits from economies of scale. 

Maritime economists have devoted considerable attention to these problems over recent decades, because support for this hypothesis means driving the liner shipping companies to greater and greater lock-up of capital, the shipyards to adopt ever more complex construction technology, the port authorities to invest in new technology adapted to the new size of ships, and government policy makers to set up appropriate transport strategies. Furthermore, endorsing this hypothesis also has considerable impact on the dynamics of industry in terms of greater industrial concentration: it is no coincidence that the last ten years have seen an intense phenomenon of mergers and acquisitions in this industrial sector (Cazzaniga Francesetti and Foschi, 2000).

Many empirical studies conducted in recent years confirm this hypothesis. An interesting survey of available studies can be found in Cullinane and Khanna, (1999). 

In addition, as stated above, if variable unit costs remain constant, or are decreasing, then the decrease in unit cost can be achieved not only for costs at sea, but also for total costs. 

In conclusion, both the short period and the long period analysis converge on the statement that “big is beautiful” (Cullinane, Khanna and Song, 1999) for the sector of the liner shipping companies, even if this may lead to problems concerning other aspects (Haralambides, Cheung Tam He and Tsolakis, 2000). The behavior of the companies as revealed by the increasing orders for new Post-Panamax ships is in conformity with the theoretical analyses. There is no reason to believe that the companies involved in Mediterranean routes are likely to act differently. 

If this is the trend, it will be even more difficult to imagine they will be able to include calls to the many commercial ports of the Mediterranean in their plans, given the shallow bottoms of these ports and the distances from the ports that guarantee shorter journey times. The only viable economic strategy for these companies is to call at the transshipment hubs, if the latter lie along their route, or are not too distant or are sufficiently efficient to avoid a modification in their journey time. In other words, this is exactly what is happening today in the Mediterranean, whose main hubs are exactly on the Europe-Asia or North America-Asia routes, in a perspective of greatest possible loads and greatest frequency (pendularism).

HUB AND SPOKES VERSUS POINT TO POINT: A DETERMINISTIC SIMULATION MODEL APPLIED TO THE MEDITERRANEAN 

The analyses conducted so far suggest that the hub and spokes system constitutes the model for organization of maritime traffic in the future of the Mediterranean. To demonstrate this hypothesis, it is useful to compare container transport costs incurred in a point-to-point scenario versus a scenario considering hub and spokes systems. 

We therefore conducted a deterministic simulation to calculate unit costs per TEU. Details of the aims of the simulation are listed below.

Aims of the simulation

The aims are: 

1. to calculate the unit cost per TEU for a point to point service along an itinerary Mediterranean-Far East;

2. to calculate the unit cost per TEU for a hub and spokes system along an itinerary Mediterranean – Far East;

3. to compare the two different unit costs;

4. to evaluate the incidence of costs at sea, in the ports and costs of container handling out of the above costs;

5. sensitivity analysis when the following are considered:

 
different handling costs,


different shares of traffic destined for the hinterland out of the total of containers unloaded in the hub port of destination,

different idle times in ports.

The deterministic simulation model.

The deterministic simulation model
 utilized is built up on the lines of the above-described "theoretical model for the determination of unit costs (per TEU)", even though the aim of the deterministic model is to demonstrate the existence of economies of scale linked to larger ships, while the aim of the theoretical model is to demonstrate the competitive advantage of the hub and spokes system as compared to multipoint services. Since this simulation model is similar, as regards some aspects of the calculation and some of the aims it pursues, to the model of Alfred Baird (2001), we decided, as a first step and in order to validate the formal correctness of the model implemented, to reproduce the information contained in the Baird model, in order to be able to repeat the experiment with different data. 

The heuristic value of the result obtained is the same, since both with this model and also with Baird’s model, the cost per TEU in the hub and spokes system turns out to be lower than the cost per TEU in the point to point service, even though the orders of magnitude do not correspond
. However, our model differs in choice of the itinerary, and it is also distinguished by the introduction of ‘capital container cost’ into calculation of the total costs, as well as by the fact of calculating the costs per TEU from total costs on an annual basis, disregarding in this phase the calculation of costs on a daily basis
. 

In order to implement the model, a series of assumptions were made, as follows: 

I. definition of the itinerary in both scenarios (‘hub and spokes’ and ‘point - to - point’) and of the type of ships utilized; 

II. definition of the input data, in reference to the theoretical model 

III. determination of the unit cost in the two systems (hub & spokes and point to point); 

IV. comparison among the results in the two alternative scenarios 

Definition of the itinerary in both scenarios and type of ships utilized 

We defined an itinerary for a Western Mediterranean – Far East Asia service, with the following port rotation in the ‘point to point’ case:

Izmir – Pyraeus  – La Spezia–– Marseille – Barcellona – Izmir

Singapore - Taniung Priok – Bangkok – Manila – Singapore – Izmir.

For the ‘hub and spokes’ solution the port of La Spezia was replaced with the hub port of Gioia Tauro. The hub ports (for transshipment) used in this alternative are Gioia Tauro for the Mediterranean and Singapore for Asia:

Gioia Tauro – Singapore – Gioia Tauro

As regards the itinerary of feeders in Asia, the hypothesis is made that they have the following itinerary:

Singapore – Tanjung Priok – Bankog – Manila – Singapore

As regards the itinerary of the feeders in the Mediterranean, it is hypothesized that they travel along a triangular route westwards:

Gioia Tauro – Barcelona – Marseille - Gioia Tauro

and a triangular eastwards:

Gioia Tauro – Piraeus – Izmir – Gioia Tauro.

In total, the distance calculated was 18,542 nautical miles in the ‘point to point’ case, and 20,413 nautical miles in the hub and spokes case (this calculation includes the outbound and return journey for each port and a 30% reduction if the number of feeders, their size and the route are optimized. 

Table 2
. shows the distances for the ‘point to point’ case: in the order, last port of origin and first port of destination, and the intra-regional distances in Asia and in the Mediterranean. The data refer both to the total and average distances: 

TABLE 2: TOTAL DISTANCE IN THE POINT TO POINT CASE (nm)

POINT TO POINT
TOTAL
AVG

Connection between last port out and first port in
        12,131 
        6,066 

Intra – regional distance (ASIA)
         4,624 
           578 

Intra – regional distance (MED)
         1,787 
           223 




TOTAL
        18,542 
        6,867 

Table 3. shows the distances for the ‘hub and spokes’ case: in the order, distance between the chosen hub ports in Asia and in the Mediterranean, and distances between the hub port and the final destinations in Asia, and between the hub port and the final destinations in the Mediterranean. The data refer both to total and average distances: 

TABLE 3: TOTAL DISTANCE IN THE HUB & SPOKES CASE
HUBPORTSHIP + FEEDER
TOTAL
AVG

Connection between selected origin and destination hubs
        11,894 
        5,947 

Connection between hubs and final destinations (ASIA)
         5,400 
           675 

Connection between hubs and final destinations (MED)
         3,119
           390 




TOTAL
        20,413 
        7,012 

The intra regional distances in Asia are the same as those assumed by Baird in his article; the distances in the Mediterranean were calculated on the basis of the new itinerary in the Mediterranean, deducing them from the distance between the ports called at, and taking into account that the feeder ships travel along this route twice and that the feeder service is not direct, but instead involves calls at two ports.  Based on this hypothesis, the distance calculated is less than the distance that would result from spokes services towards the commercial ports of destination.

Types of ship chosen

In the ‘point to point’ case, we considered 4000 TEU up to 10000 TEU oceanic liner ships. In the hub and spokes case we considered mother ships of the same size as the previous case on the trunk haul, and feeder ships with a size ranging from 1000 to 2500 TEU, with a step of 250 (4000 –1000; 5000 – 1250; 6000 – 1500; etc)

Definition of the input data, in reference to the theoretical model 
Our aim is to calculate the cost per TEU. The temporal interval considered is the calendar year, which usually corresponds to the financial year. 

To calculate the unit costs (equation 2), it is necessary to know the total costs and the volume of TEU transported by the fleet during the year
.

Input data with reference to time and quantity

Volume of TEU transported per year

The volume of TEU transported, i.e. the total traffic handled, was calculated to be 582,400 TEU.  This volume corresponds roughly to the volume that can be transported by a fleet of seven 4000 TEU  ships in the hub and spokes case, or by a fleet of twelve 4000 TEU ships in the point to point case, each ship with a load factor of 70%, calling twice a week at ports, both on the outbound and the return journey. Namely: 

(13)
Volume TEU per year = (Ship capacity* Ship load factor * total annual calls at ports)
where ‘Ship Load factor’ is assumed to be 70% of the ship’s capacity.

Size of the fleet

The size of the fleet can also be determined in a different manner, namely as the ratio between the number of calls at port and the number of journeys per ship..

(14)
Fleet size = Number of calls per year / Number of journeys per ship 

where

(15)
Number of calls per year = Volume TEU per year /(Ship load factor * ship capacity)

and

(16)
Number of journeys per ship = Days of the year /(Duration of the journey + Time spent at ports)

Fleet size in this simulation is shown in Table 4, below. It decreases with increasing ship size. 

It would also be possible to adopt an alternative scenario for calculation of the unit cost. It could be assumed that with increasing ship size, the fleet would remain constant and there would be a consequent increase in total traffic handled, as would be suggested by (13). This scenario could have been adopted it, with increasing ship size, there existed a sustainable traffic, or the possibility of combining different types of traffic (conceivably with the support of intermodalism). 

TABLE 4: SIZE OF THE FLEET IN THE TWO SCENARIOS
Type\TEU
1000
1250
1500
1750
2000
2250
2500

Feeder v.*
7
5
4
4
3
3
2

Type\TEU
4000
5000
6000
7000
8000
9000
10000

Hub v.
7
6
5
4
4
3
3

PtP v.
12
10
9
8
7
6
6

* in Asia the feeder fleet is larger than in the Mediterranean 

Mean duration of the journey (time spent at sea)

The mean duration of the journey is given by the distance considered (see Table 2), increased by a deviation percentage hypothesized to be 10%, divided by the speed per hour, divided by 24 (hours in a day). that is to say: 

(17)
Mean duration of the journey  = (length of the leg*1.10)/(speed in knots per hour /24)
Table 5. shows the figures referring to time spent at sea, for each trip, as a function of ship size, speed and distance considered. Speed is assumed (as in the Baird model) to be 22 knots for feeder ships and 25 knots for ocean-going liners in both scenarios. 

TABLE 5: TRAVELING DAYS PER TRIP 

Type\TEU
1000
1250
1500
1750
2000
2250
2500

Feeder v. ASIA
2.6
3.3
3.9
4.6
5.1
5.7
6.1

Feeder v. MED
3.0
3.7
4.3
5.0
5.4
5.9
6.3

Type\TEU
4000
5000
6000
7000
8000
9000
10000

Hub v.
21.8
21.8
21.8
21.8
21.8
21.8
21.8

PtP v.
34
34
34
34
34
34
34

Ship time spent at sea and in ports, on a yearly basis.

Ship transit time must take into account not only days at sea, but also the mean duration of time spent in ports. Time in ports depends on the efficiency of port operations; in particular, in the simulation model we considered the time required, expressed in days, for the operations of towage, mooring, lashing and handling. These variables are utilized to carry out sensitivity analyses on the transit time and costs in the two scenarios. 

Here below we describe the hypotheses considered:

With reference to handling, a fundamental role is played by the hypotheses concerning the number of cranes per berths. In our model, it is hypothesized that the number of cranes varies as a function of ship size. 

As regards idle times, it is assumed that the cranes do not work 100% of the time; in particular, it is assumed that the cranes serving the feeder ships work at 85% capacity; that those serving the mother ships work at 80% capacity; that those serving ships engaged in point to point service work at 60% capacity. 

The hourly productivity of each crane is determined exogenously and in the model this constitutes a tool to carry out sensitivity analyses. 

The product obtained multiplying crane hourly productivity by their average utilization gives the total hourly productivity (handling per hour on one ship) of the cranes available on the wharf: 

(18)
Hourly handling per ship = Hourly crane deployment * (crane deployment*x%)

where x = percentage of work over one hour.

Some of the hypotheses adopted are listed in Table 6.

TABLE 6: CRANE DEPLOYMENT AND HOURLY PRODUCTIVITY 

Vessels
Average cranes
mvs/hrs
Gross overall productivity

1000 – 2500 TEU
2.4
29*
67

4000 6000 TEU (m)
5.1
30
153

7000 – 10000 TEU (m)
6
30
179

4000 – 10000 TEU 
3
23
69

* port productivity MED = 26; port productivity Asia = 33

The unit cost per TEU, as will be shown later in the text, is highly sensitive to hourly handling productivity. 

The total number of TEU handled takes into account the number of TEU transported, the proportion among containers of different sizes, the percentage of empty containers and the need for re-stowing, if required.

The overall handling cost per ship is based on this datum and not simply on ship size. 

Table 7 shows a break-down of data referring to total times at ports. In particular, the times for the smallest and the largest ships of each category are shown. 

The overall gross time is the time, expressed in hours, that the ship spends at port for handling operations. Lashing time, tug time and mooring time are assumed exogenously, according to suggestions made by operators in this sector. The data are described in the table below.

The times pertaining to these operations are likewise dependent on ship size.

TABLE 7: TIME THE SHIP SPENDS IN THE PORT, BROKEN DOWN BY OPERATION 

Vessels
Tug time (hrs)
Mooring time(hrs)
Overall gross time(hrs)
Lashing time(hrs)

1000 TEU - feeder
1.5
1.5
9
1.5

2500 TEU - feeder
1.5
1.5
22
1.5

4000 TEU - mother
4
4
22
3

10000 TEU - mother
5
5
48
3.5

4000 TEU - ptp
4
4
10
3

10000 TEU ptp
5
5
26
3.5

These times must then be multiplied by the number of ports called at over the year, in order to compute the total days in ports.

Table 8 shows the distribution of total journeying days over the two items, at sea and at port, for several types of ship: 

TABLE 8: DAYS AT SEA AND DAYS AT PORT (PER YEAR)
Vessels
Days at sea per year
Days at port per year
Share at sea
Share at port

1000 TEU – feeder ASIA
251
109
70
30

2500 TEU – feeder ASIA
265
95
74
26

1000 TEU – feeder MED
236
124
65
35

2500 TEU – feeder MED
240
120
67
33

4000 TEU - mother
319
41
89
11

10000 TEU - mother
292
68
81
19

4000 TEU - ptp
286
74
79
21

10000 TEU ptp
243
117
68
32

The graphs shown below represent transit time (in days) for the point to point system and the hub and spokes system in the case when, given constant times of mooring, towage and lashing, variations in handling time are introduced. In the first table, data from our own model are used. 
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GRAPH  1 : HUB AND SPOKES VERSUS POINT TO POINT TRANSIT TIME (Cazzaniga Francesetti – Foschi model)

Source: Cazzaniga Francesetti – Foschi model data

In the second table, the Baird data (2001) are utilized
.

GRAPH 2 : HUB AND SPOKES VERSUS POINT TO POINT TRANSIT TIME

 (Baird model)
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Source: Baird model data

The results of the two models are fairly similar. This is not surprising, because when productivity is high the variations in transit time are not particularly pronounced. Clearly, if we had taken the low productivity typical of the Mediterranean as the framework of reference, the effect of handling on transit time would have been far more severe. However, even a minimal difference in time, such as can be noted here, may have rather interesting effects on the company’s total profit, in the order of hundreds of thousands of dollars.

Input data referring to costs.

As stated earlier, some of the assumptions utilized for simulation of our model have been taken from the Baird model.

In Table 9 shown in the text below, we reproduce several variable cost factors related to ship size.

From the table we can deduce: the capital costs as a function of ship size; the gross tonnage that we will utilize for determination of port taxes; the numerosity of the crew which, as can be observed, varies discretely (14 crew members, when ship size varies between 1000 and 2500, and 18 crew members when ship size varies between 4000 and 10000) and which will be utilized to calculate operating costs; and fuel consumption in tons per day, by means of which the fuel cost will be calculated.

TABLE 9: VARIABLE COST FACTORS RELATED TO SHIP SIZE

Capacity (TEU)
Price (US$)
Price/TEU (US$)
Gross Tonnage
Crew
Fuel (tpd)

Feedership

1000
17.5 m
17,500
11,000
14
40

1250
21.0m
16,800
17,000
14
60

1500
23.0m
15,333
22,500
14
60

1750
25.0m
14,286
27,000
14
70

2000
27.0m
13,500
30,000
14
80

2250
29.5m
13,111
34,000
14
90

2500
32.0m
12,800
39,000
14
100

Hubportship

4000
45.0m
11,250
52,000
18
145

5000
54.0m
10,800
66,000
18
165

6000
60.0m
10,000
74,000
18
185

7000
65.0m
9,286
81,500
18
205

8000
70.0m
8,750
91,500
18
225

9000
75.0m
8,333
101,000
18
245

10000
80.0m
8,000
111,000
18
265

Source: BAIRD (2001)

The following cost data are also taken from the Baird model:

· cost of the crew = 30,000 US$ per person;

· cost of fuel = 150 US$ per ton;

· consumption by the auxiliary engines = 2% of fuel daily oil consumption

· consumption of lubricating oil = 3% of fuel daily oil consumption

· consumption in port per feeder vessel = 4 ton per day

· consumption in port per ocean vessel = 6 ton per day

· cost of Asian ports, subdivided into:

· ships dues = 0,1884 US$ per gross tonnage (grt);

· pilotage = 0,1612 US$ per gross tonnage (grt);

· towage = 5356 US$ per Tug;

· mooring = 0,044 US$ per gross tonnage (grt);

As regards costs in the Mediterranean, the data refer to mean values of port costs imposed at the hub port of Gioia Tauro.

Specifically, it was assumed that the costs are as follows: 

· ships dues:

0,0841 US$ per gross tonnage (grt) for feeder ships and 0,09 US$ per gross tonnage (grt) for mother ships;

· pilotage: 
0,015 US$ per gross tonnage (grt);

· towage:
1612 US$ per Tug;

· mooring:
0,016 US$ per gross tonnage (grt);

As already stated, the difference in port taxes is highly variable among ports and the marked difference in pilotage charge could be due to the ships having covered different portions of their journeys with the pilot on board. 

Determination of unit cost in the ‘hub and spokes’ and ‘point to point’ systems

The final aim of our model is to calculate the cost per TEU in the ‘hub and spokes’ system and in the direct ‘point to point’ system. The intermediate aim is to calculate the incidence of costs at sea and at ports, which are linked to time at sea and time spent in ports. These costs crucially discriminate between the two systems.

The basic theoretical model underlying the simulation takes these requirements into account. By implementing the model referring to equations (1) – (12) with the above data, we calculated total fixed costs in the sense of 1 - total capital fixed cost, 2 - total container fixed costs, 3 - total operating costs, 4 - total fuel costs, 5 - costs in port , all on a yearly basis and for each of the different fleets.

The total fixed cost, deriving from the categories listed as (1 – 5) was distributed on the basis of the percentage of days at sea and days in ports, which vary in the two systems when ship size increases (Table 9 – Transit time), in order to calculate total costs at sea and total costs at port. 

Finally, we proceeded to calculate the cost at sea per TEU (average cost at sea) and the cost at port per TEU (average cost at port), by dividing total costs by yearly volume of TEU.
When performing calculation of the unit cost, in the point to point system the cost per TEU corresponds exactly to the sum of cost at sea per TEU and cost at port per TEU, while in the hub and spokes case the cost per TEU is given by the sum of the following:

· cost at sea per TEU for feeder ships,

· cost at port per TEU for feeder ships,

· cost at sea per TEU for mother ships

· cost at port per TEU for mother ships

· variable cost of handling in hub ports. 

These calculations did not take into account handling costs in the ports of origin and destination, since these arise as a function of the quantity of TEU handled and are not affected by ship size. Therefore they are equal in both scenarios. 

Let us now consider the individual items:

1. total capital fixed cost, TCapFC, is calculated on the basis of the values of column 2 of Table 10, the ship purchase price, multiplied by the portion of amortization  corresponding to 10% of the historical value of the ship, by the number of ships in the fleet:

(19)
T CapFC= [(Historical value of the ship*10%)]* Size of the fleet
2. total container fixed cost, TConFC, is calculated on the basis of our hypothesis that the daily container cost is 2.00 US$ per TEU per day, so that total cost is given by the overall volume of TEU transported multiplied by the daily cost by the total number of days at sea and days at port:
 (20)
TConFC= [(Volume TEU transported *2) * Transit Time]

3. total operative fixed cost, TOpFC, is composed mainly of the cost of the personnel (crew), and, in addition, maintenance costs, insurance costs, general running costs, etc. The number of members of the crew can be read from column 5 of Table 10. Taking into account the percentage of possible days of absence from work due to illness or holidays, we increased this datum by 50%. Suppose, for example, that the crew is composed of 14 hands; the amount of leave calculated rises to 21. Suppose, further, that remuneration is 30,000 $/year; then the calculated cost of the crew becomes 630,000,000 U$/year for ships ranging from 1000 to 2500 TEU, and 810,000,000 US$ for ships from 4000 to 10000 TEU. To complete the calculation of operational costs, it is necessary to add costs of maintenance, repairs, management, etc. We hypothesized that these costs amount to 5% of the historical value of the ship. The sum of the above-listed cost components must therefore be multiplied by the number of ships in the fleet. 

(21)
TOpFC= TOpFC per vessel * Fleet size 

dove

(22)
 TOpFC per vessel= [(crew*1.5)*yearly wage] +(historical value of the ship *5%)]
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total fuel fixed costs vary as a function of the distance covered at sea and of maneuvers carried out in ports. We also took into account consumption by the auxiliary engines (2% of daily fuel oil consumption) and consumption of lubricating oil (3% of daily oil consumption). If average consumption per mile is known, one could simply calculate total consumption of an individual ship as a function of the number of miles covered a year. However, the parameter available to us, namely consumption of tons a day (column 6, Table 9) makes it necessary to perform a different calculation. The quantity of fuel used per day must be increased by the percentage referring to other fuels (5%). When this result is multiplied by the cost per ton  (150.00 US$ per ton), the daily fuel cost per ship is obtained. The daily cost is then multiplied by the number of days at sea, increased by an additional 10% to take into account an annual average percentage of deviation from the route. The result thereby obtained is the yearly fuel cost at sea per ship, which is then used to calculate the consumption of the fleet. The same calculation is repeated for days at port, considering daily consumption in ports to be 4 tons per day for feeder ships and 6 tons per day for ocean-going liners. Therefore 
(23)
Yearly fuel consumption per vessel = Fuel consumption per day in ton * (days at sea +days at port)

dove

 (26)
TFueFC= Yearly fuel consumption per vessel * unit fuel cost per ton * fleet size

5. total fixed costs at port, TFC at Port, are the costs pertaining to port taxes, mooring and towage. Port taxes are calculated on the basis of tonnage; towage and mooring are calculated on the basis of the time necessary to perform the operations. In the present case, we first calculated costs per call at a port, which, when multiplied by yearly calls, give the yearly costs at port per ship; when the latter costs are multiplied by fleet size, we obtain the total costs at port. Naturally, handling costs are not considered in this calculation, as they are variable costs.

(27)
TFC at Port = Yearly total costs at port per vessel * fleet size 
where

 (28)
Total costs at port per vessel = (mooring time* unit mooring cost) + (pilotage time*unit pilotage cost) + (towage time*unit towage cost) +(port dues)

TABLE 10: YEARLY PORT COSTS

Capacity (TEU)
Vessel Type
Port cost ASIA
Port cost MED
Yearly Port costs

‘Hub and spokes’

Feeder
1000
8,682
3,662
12,344

Mother
4000


7,900




Total H&S
20,244

Feeder
2500
5,488
3,628
9,076

Mother
10000


4,356




Total H&S
18,192

‘Point to point’

Ocean vessel
4000

Total PtP
46,966

Ocean vessel
10000

Total PtP
20,992

Table 10 shows the annual port costs for a hub & spokes and a point to point service, when 4000 and 10000 TEU ocean-going liners are considered. The 4000 TEU mother ship is linked to 1000 TEU feeder ships, and the 10000 TEU mother ship to 2500 TEU feeder ships. 

As can be seen from the Table, port costs for feeder ships are much higher in Asia than in the Mediterranean, partly because tariffs are higher, and partly also because the number of ports visited is greater. The costs of the point to point service are roughly halved with increasing ship size, despite increasing unit costs; this occurs because the largest ships call at a smaller number of ports, in consequence of our hypothesis of constant volume of traffic. If, as noted earlier, the volume of TEU per year were to increase as a function of ship size and the number of calls at ports were maintained constant, then port costs would certainly be higher.

The same line of reasoning can be applied for the hub and spokes system. Furthermore, Table 10 shows that yearly port costs for a hub and spokes system with a 4000 TEU mother ship are roughly 43% of costs calculated for a point to point service with an ocean-going liner of the same size as the mother ship. For 10000 TEU ships, the advantage of the hub and spokes system with regard to port costs is less marked, since costs amount to roughly 64% of costs incurred with the point to point service. It can therefore be said that yearly costs are lower in the case of hub and spokes as compared to the point to point case, but that this difference decreases with increasing ship size.

Cost at sea per TEU and cost at port per TEU

Once the fixed costs have been calculated for the above categories, the total fixed costs TFC are obtained by summation (Eq. 2) . From this total, we obtain the total fixed cost at sea, TFC at Sea, and the total fixed cost at port, TFC at Port; these are then distributed in proportion to total days at sea and total days at ports, as indicated in Equations 3 and 4.

The cost at sea per TEU, ATC at Sea, and the cost at port per TEU, ATC at Port, - Eq.8 and Eq. 9 – are obtained by dividing the total cost at sea and the total cost at port by the respective total Volume of TEU.
The graphs below show the trends found with increasing ship size. On the basis of the arguments set forth in the previous sections, these graphs can be interpreted as long-run average fixed cost curves.

The term ‘total cost’ used in the table inside the Graphics 3., 4., 5. has to be read as total fixed cost. It is only in the Graphic 6, that the variable cost is introduced.

GRAPH 3: COST AT SEA AND COST AT PORT 

‘POINT TO POINT’ SERVICE
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Source: Cazzaniga Francesetti – Foschi model data

As can be seen from Graph 3. in the ‘point to point’ service both of the costs are decreasing with respect to ship size. Port costs decrease more rapidly from 4000 to 7000 TEU, beyond which they remain almost stationary.

GRAPH 4: COST AT SEA AND COST AT PORT 

‘HUBPORT’ 
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Source: Cazzaniga Francesetti – Foschi model data

As can be seen from Graph 4, which concerns only hub ports, in this case too similar trends can be observed, with different values in the levels. Obviously, costs are lower since only the trunk haul line is considered. 

Let us now turn to Graph 5., which refers to the ‘hub and spokes’ system considered as a whole:

GRAPH 5: COST AT SEA AND COST AT PORT 
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‘HUB AND SPOKES’ SYSTEM

Source: Cazzaniga Francesetti – Foschi model data

Economies of scale are still present. A comparison between Graphs 3 and 5 also reveals that in the hub and spokes system the incidence of port costs out of total cost is lower than in the point to point system.

Cost per TEU (unit cost, or average total cost)

The total cost shown in Graph 3 is the cost per TEU in a point to point service. Instead, to obtain the cost per TEU referring to a hub and spokes system, it is instead necessary to add the variable unit cost to the total represented in Graph 6; in the present case the variable unit costs corresponds to the handling cost for feeder ships and for mother ships. 

Comparison between unit costs in the two systems of transport can be read from Graph 6: ‘Hub and spokes’ versus ‘Point to point’, in which total costs per TEU are indicated (average total cost).
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GRAPH 6: AVARAGE TOTAL ‘HUB AND SPOKES’ COSTS PLUS UNIT HANDLING COSTS vs AVARAGE TOTAL ‘POINT TO POINT’ COSTS

Source: Cazzaniga Francesetti – Foschi model data

As can be seen from Graph 6. and 7., the advantage of the hub and spokes system is maintained even with increasing ship size, despite the fact that the difference in cost tends to be noticeably mitigated, to the point that costs virtually coincide when ship size reaches 10000 TEU. In the basic solution of the model it is assumed that the transshipment handling cost amounts to 70 US$
. 

GRAPH 6: ‘HUB AND SPOKES’ vs ‘POINT TO POINT’

between ‘H&S’ and ‘PtP’ TFC 

Unit Handling cost
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Source: Cazzaniga Francesetti – Foschi model data
When the largest ship size is considered, i.e. 10000 TEU ships, the different in cost is reduced almost to the unit cost of handling. In our situation, on the basis of the hypotheses adopted, 10000 TEU ships represent the limit of economic advantageousness. At even greater sizes, the advantageousness of the hub and spokes system would be possible only on condition of : 

· a considerable increase in time efficiency at hub ports;

· a decrease in handling costs.

Both objectives can be more effectively, or indeed almost exclusively, achieved only in presence of vertical integration between the liner shipping companies and the terminal management companies. 

The overall advantage decreases when ship size increases above 4000 TEU. The decrease is particularly pronounced in the first portion of the long term unit costs curve. After 7000 TEU, variations are very small. 

So what decisions should a company take when faced with these results? The choice should be to opt for a hub and spokes service, deploying ships ranging between 4000 and 6000 TEU.  Such a situation is precisely the one that is most suited to the Mediterranean, on a specific MED – Asia service.

However, the liner shipping companies have already placed orders for the building of 7200 TEU ships. For such large ships, the previous comment holds.

SENSITIVITY ANALYSIS ON COST PER TEU IN THE TWO SYSTEMS, WITH RESPECT TO HANDLIHNG COST, CRANE PRODUCTIVITY, AND CREW REMUNERATION. AND CONCLUSIONS

With this model, alterations in the reference scenarios can very easily be introduced; for example, it is possible to alter the type of itinerary, the volume of TEU transported, fuel cost, calls at ports, etc. The analysis could be extended to ever larger ships, if international trade suggests that such an extension may be appropriate.

However, at the present stage of research, our interest focuses on assessing the impact on unit cost per TEU
 induced by: 

· variation in the handling tariff

· variation in quantity of handling per hour,

· variation in quantity of TEU unloaded in the hub port.

Variation in the handling tariff

As seen in the Graphs above, the variable cost plays a crucial role in the hub and spokes system as compared to the point to point system. For very large ships, the advantage pertaining to fixes costs, which are considerably lower in the hub and spokes as compared to the point to point system, is almost neutralized. We therefore resolved to assess the impact of an variation in the handling tariff, first raising it to 75 US$ (which represents a variation of barely 7%) and subsequently, in the limit case, raising to 102 US$ (a roughly 46% variation), and then decreasing it to 50 US$.

In the first case, with a tariff set at 75 US$, as can also be seen from Graph 7, the break-even point between the two systems shifts to 7000 TEU.

GRAPH 7: ‘HUB AND SPOKES’ vs ‘POINT TO POINT’
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The 102 US$ tariff (unrealistic) would shift the break-even point even to 5000 TEU. In this case, only 4000 and 5000 TEU ships, with their 1000 and 1250 TEU feeder ships, would be able to choose indifferently between the two systems and thus freely decide which type of organizational strategy to adopt
, as can be seen in Graph 8. 

GRAPH 8: ‘HUB AND SPOKES’ vs ‘POINT TO POINT’
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The 50 US$ (perhaps 60 US$ would be more realistic but this does not change the terms of the problem) would definitely lead to an unassailable competitive advantage for the hub and spokes system, which with the point to point service would certainly be unable to compete, as can be seen from Graph 9.

GRAPH 9: ‘HUB AND SPOKES’ vs ‘POINT TO POINT’
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A hypothesis of unit handling costs amounting to 50 US$ effectively corresponds to the hypothesis that these are the internal corporate costs of the company itself, that is to say, the costs that the shipping company would incur if it were itself the owner of the hub port terminal (as is the case for Maersk - Sealand at Algeciras and as will be the case in Taranto for Evergreen).

This simulation further confirms our hypothesis that the economies of scale achieved by naval giganticism are driving the companies to favor the hub and spokes system and, at the same time, to accelerate vertical integration and restriction processes. In other words, the situation is moving towards an oligopolization of the container market, which will be in the hands of no more than a few, liner shipping companies which, however, will be increasing large.

Variation in quantity of handling per hour 

Earlier in this paper we pointed out the differences that the different hypotheses involved differences in time spent at ports - and therefore differences in transit time - noting that such differences are closely related to crane hourly productivity. We also evaluated our hypotheses as compared to those embodied in the Baird model. Let us now consider the impact of this simulation on unit costs per TEU:  

GRAPH 10: ‘HUB AND SPOKES’ vs ‘POINT TO POINT’
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As can be seen from Graph 10, small differences in transit time correspond to constant differences of 2 US$ per TEU for each ship size considered. However, in terms of total profit, and other conditions being equal, this means a variation represented by an additional 1,164,800 US$ for the company, whatever the composition of the fleet chosen. 

GRAPH 11: ‘HUB AND SPOKES’ vs ‘POINT TO POINT’
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As can be seen from Graph 11, if crane productivity, for ships starting from eg. 7000 TEU, were increased up to 40 moves an hour (considering peaks rather than means), savings would rise to 4US$ per TEU. Admittedly, 40 moves an hour represents quite exceptional productivity, which would be unlikely to be maintained as normal procedure. However, it is a possibility that the terminals need to take into consideration because it cannot be ruled out such large ships might become their habitual clients.

Variations in quantity of TEU unloaded in the hub port 

In the simulation we hypothesized that the hub port called at is also the port of destination for 30% of the TEU transported. If the percentage of TEU unloaded were to double, the unit cost of the hub and spokes system would be reduced by 15 US$ for 4000 and 5000 TEU ships and by 13 US$ for the other ships. The impact on total profit would be considerable. 

GRAPH 12: ‘HUB AND SPOKES’ vs ‘POINT TO POINT’
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In conclusion, all the simulations carried out confirm our hypothesis of the advantage of hub and spokes systems in the Mediterranean in terms of unit cost, especially if vertical integration between services at sea and handling services on yard is achieved within the same company. 

The above intermediate conclusions lead to the more general conclusion that in the Mediterranean, maritime transport organized according to hub and spokes systems is undoubtedly preferable to the point to point service. 

This does not imply the elimination of the latter form of transport, which may instead be useful for feeder services, both of a dedicated and common type, and for other niche services.

In the Mediterranean the most probable scenario is that of a network organization for the large ocean-going liners, and point to point service for the majority of the services predominantly managed by other Companies. 

The need for rigorous coordination of times and careful control over variable costs suggests that the Mediterranean model is likely to involve an increasing number of hub ports with dedicated terminals.
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�  Although the paper should be considered as the result of joint research, the sections can be attributed as specified in the following: Dionisia Cazzaniga Francesetti wrote §§1- 8,. and Alga D. Foschi wrote §§ 9 – 13.


� By 'point to point' (liner shipping) system (network) we mean a leg that directly connects, by means of one and the same ship, a port of origin (O) and a port of destination (D), with a series of calls at intermediate ports first in one direction and then in the opposite direction.


By 'hub and spokes' (liner shipping) system (network) we mean a system of routes (spokes) that connect the O and D ports indirectly through an operation of transshipment between ships at an intermediate, hub or transshipment port. In the 'hub and spokes' system the connection between hub ports is direct. Connections between O and D ports can be achieved either by direct legs, or by legs designed like in the 'point to point' system, as is assumed in our model. 


� To replace the Round-the-World service, introduced in 1984, the Taiwan company, Evergreen, will set up two pendulum services. The first, NUE (North Continent – US – East Asia) will link Northern Europe, Northern and Central America and the Far – East, utilizing eight class R containerships with a transportation capacity of 4229 TEU and four class D containerships with a capacity of 4211 TEU; the second, WAE, will link Northern Europe to Asia and with the Pacific North West – PNW service (USA East Coast Japan). The connection will replace the Europe – Asia leg of the Round the World service and will incorporate the Transpacific line (Transpacific Northwestern Service), utilizing ten class U containerships with a capacity of 5625 TEU and two class D containerships with a capacity of 4211.


� HYPERLINK "http://www.informare.it/news/gennews/2001" ��http://www.informare.it/news/gennews/2001�


� For example, one exception is the weekly Far East – Mediterranean, FEM, service run by Lloyds Triestino, with an itinerary: Kaoshiung – Hong Kong – Singapore – Colombo – Jeddah – Suez – Gioia Tauro – Genoa _ Fos – Barcelona – Velencia – Trieste – Port Said – Jeddah – Colombo – Singapore – Laem Chabang – Kaoshiung – Hong Kong . Total calls per year number 52, the time rotation is 63 days. The number of ships employed is 9..


� A typical example of a ‘Pendulum’ service, US WC – Far East – Middle East – Mediterranean – US EC , is this service offered by Maersk – Sealand, weekly. The service AE4 Suez Express travels along the following itinerary: Long Beach – Oakland –Kwangyang – Kaoshiung – Hong Kong – Singapore – Port Klang – Colombo – Sahalah – Suez – Gioia Tauro – Algeciras – Halifax – Newark – Charleston – Algeciras – Gioia Tauro – Suez – Jeddah – Sahalah – Port Klang – Singapore – Hong Kong – Kaoshiung – Yokohama – Long Beach. The Company deploys 13 ships to perform 104 calls. The port rotation is 91 days.


� An example of a service North Europe – Mediterranean – Middle East – Far East is the weekly AEC service of the United Alliance (UASC, Senator, Hanjin Shipping, Cho Yang). The itinerary is: Rotterdam – Thamesport – Hamburg – Antwerp – Gioia Tauro – Suez – Jeddah – Dubai – Khor Fakkan – Port Klang – Singapore – Hong Kong – Hakata – Pusan – Kaoshung – Hong Kong – Singapore – Khor Fakkan – Dubai – Jeddah – Suez – Gioia Tauro – Rotterdam. The company deploys 10 ships to perform 104 calls. The port rotation is 70 days.


� These two terminals are served by mother ships (or conveyors) of over 6000 TEU, operating on the trunk haul lines. At present it runs four main line services, one ‘Pendulum’ as well as three services originating in Asia and calling at Gioia Tauro and Algeciras, twice in each itinerary; the other ports called at in the Mediterranean are, in the following order of call: Suez, Damietta, Valencia, Genoa and Malta.


Calls at other major ports of the Western Mediterranean are not made by these ships and are, instead, served by feeder vessels or liner vessels of more moderate size.


In the Mediterranean there are 12  Maerks – Sealand dedicated feeder services that originate from Gioia Tauro. These feeder services, except for two services, both towards North Africa, are not destined to a single destination port, that is to say, it is not planned that there should be a spoke for each port, due to lack of cargo. Some of them follow rather long itineraries, with a port rotation up to as many as 28 days (the services SCANMED and EUROMED, North Europe – Mediterranean, deploy 4 ships for 104 calls). The shortest last one week (for ex. the WEST MED, Gioia Tauro – Fos – Barcellona – Gioia Tauro service, or the TUNIS and the EGYPT SERVICE, the latter connecting  Gioia Tauro to Tunis and Alexandria respectively). In most cases these are ships that call at several ports aligned with one another on the ship’s itinerary. Separate feeders to the aligned ports are uneconomical (a test was conducted with our simulation model, described further on in the text, on well aligned Asian ports. In this case the cost of the hub and spokes system was found to be greater than a point to point service. In order for the hub and spokes system to be advantageous, it is necessary for the hub to be barycentric with respect to the spokes). This is true not only in the case of these direct feeders of Maersk but also in the case of services of common feeders (perhaps even more so, as the costs are higher). 


From Algeciras, Maersk is connected  to Western Africa and to America by means of its services. No additional ships are used. In particular, Maersk’s terminal at Algeciras operates relay transshipment, i.e. the transshipment of two mother ship services whose routes cross. In this manner, feeder costs are not incurred. The cost of transshipment can be compared with the savings obtained by utilizing mega vessels on the trunk lines.


� “in 1997, Containerisation International studied 21 carriers’ financial results and found average ROI (return on investment) to be 6.2%, and five of those companies had return on total assets employed of less than 1%. This confirmed America Shipper’s annual survey which found that while operating profit accounted for an average of 5.8% of revenues of nine major carriers, net profit was a mere 0,01% of revenues. Those studies reinforced the results of an earlier study by Drewry Shipping Consultants into the profitability of selected larger carriers” (Brooks, 2000)


�. “One of dilemmas of cost analysis is the method by which costs should be allocated. The fixed costs are allocated by some companies on distance basis, while others may allocate them by unit sold”


 (Brooks, 2000)


� The model was written and simulated Microsoft Excel 2000 software.


� It was not possible to carry out its validation as not all the stages of the calculation were available in the text of the article.


�  The calculation on daily basis was carried out only for fuel costs, as the information concerning consumption is on a day basis.


�  For the route taken by feeders in Asia, we have maintained the same hypothesis as in the Baird model.


Both for the Asian and Mediterranean feeder routes, we excluded the hypothesis of a simple star hub system; instead, from the point of view of optimization of ship load factors it was considered more realistic to utilize point to point feeder routes (see also note 2).


� All the Tables appearing in the text without “source” were produced by the authors. Tables 2, 3, 4, 5, 6, 7, 8, 9, 11 form a sub-set of the innumerable numerical assumptions carried out to simulate the model. The Tables are a simple substitute for examples that could have been inserted discursively in the text itself. Readers interested in the totality of the assumptions can contact the authors, who will be happy to provide further details. 


� In the text and the formulae, the variables endogenous to the model are highlighted in italics, while the exogenous variables are written with normal character.


� TABLE 7a: CRANE DEPLOYMENT AND HOURLY PRODUCTIVITY IN THE BAIRD MODEL


Vessels�
Average cranes�
mvs/hrs�
�
1000 – 2500 TEU�
3,6�
33�
�
4000 – 10000 TEU (m)�
5,6�
33�
�
4000 – 10000 TEU �
4,5�
23�
�
Source: Baird (2001)


� This datum was specifically cited to us by a Company operating in the Mediterranean. It corresponds to a medium-high cost as compared to average handling costs in the Mediterranean. For example, as stated in a study by Drewry International (2000) on Mediterranean ports, average transshipment costs – taking into account that containers vary in size – range from a minimum of 22.25 US$ per handling operation to a maximum of 120, making the average handling cost per container 50-55 US$. In the case of O/D, the cost is US$ 89.50 for exportation and 102 for importation.


� Many elements can influence a liner shipping Company when a decision must be made on the type of route to adopt. Among these, an important role is played by the shippers’ interest in the flexibility and reliability of the service. All aspects need to be included globally within a process of optimization of the service. The phase concerning control of unit costs as a function of the different system strategies adopted requires in-depth analysis, and thus forms the major focus of this model.


� It can be noted that in the two new Pendulum routes that Evergeen is organizing in replacement of the Round-the-World, 4000 and 5000 TEU ships are deployed. Similarly, Baird noted in his article that this company had positioned itself on a segment that in the end determined the greatest unit cost differential.
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INPUT

		MATRIX OF INTRA-REGIONAL DISTANCES BETWEEN PORTS IN ASIA (MILES)

		ASIA		Singapore		Tanjung		Bangkok		Manila		Singapore

		Singapore

		Tanjung

		Bangkok

		Manila

		Singapore

		MATRIX OF INTRA-REGIONAL DISTANCES BETWEEN PORTS IN MED (miles)

		MED		Izmir		Pireo		Gioia Tauro		La Spezia		marsiglia		Barcellona

		Izmir				150

		Pireo								987

		Gioia Tauro		636		486						576		673

		La Spezia										300

		Marsiglia												350

		Barcellona

		MATRIX OF SELECTED HUBPORTS TRUNK HAUL DISTANCES (miles)

		MED/ASIA		Singapore		Tanjung		Bangkok		Manila

		Izmir		5511

		Pireo

		Gioia Tauro		5947

		La Spezia

		Marsiglia

		Barcelona		6620

		DISTANCE CALCULATION

										DISTANCE (miles)

		HUBPORTSHIP+FEEDER								total		avg

		Connection between selected origin and destination hubs								11,894		5,947

		Connection between hubs and final destinations (ASIA)								5,400		675

																include i viaggi di andata e ritorno per ogni porto

		Connection between hubs and final destinations (MED)								3,119		390				riduzione del 50% ottimizzando il percorso dei feeder

								TOTAL		20,413		7,012

		MULTIPORT SHIPS

		Connection between last port out and first port in								12,131		6,066

		Connection between intra-regional port (ASIA)								4,624		578

		Connection between intra-regional port (MED)								1,787		223

								TOTAL		18,542		6,867

		SELECTED SERVICE

		FAR EAST - MED

		PORT ROTATION

		Singapore														ASIA		5		n° of ports

		Tanjung																1		n° of Hub

		Bangkok

		Manila

		Singapore

		Izmir

		Pireo

		La Spezia		(sostituito con Gioia Tauro nella soluzione Hubport)

		Barcelona

		Marsiglia

																		5		n° of ports

																		1		n° of Hub

		MOVES  PER VESSEL

		Vessel capacity (A)		Type		Load factor (B)		% TEUs moved per port (C)		TEUs transported (D =AxBxC)		TEUs moved per port (E=Dx2)		Share 20' (F)				Moves In/Out         (H = E/G)		% Restows (I)				Share empties

		1000		feeder		70%		70%		490		980		33%		1.7		588		0.5%		591		20%

		1250		feeder		70%		70%		613		1,225		33%		1.7		735		0.5%		739		20%

		1500		feeder		70%		70%		735		1,470		33%		1.7		882		0.5%		886		20%

		1750		feeder		70%		70%		858		1,715		33%		1.7		1,029		0.5%		1,034		20%

		2000		feeder		70%		70%		980		1,960		33%		1.7		1,176		0.5%		1,182		20%

		2250		feeder		70%		70%		1,103		2,205		33%		1.7		1,323		0.5%		1,330		20%

		2500		feeder		70%		70%		1,225		2,450		33%		1.7		1,470		0.5%		1,477		20%

		4000		hubport		70%		100%		2,800		5,600		33%		1.7		3,360		1.0%		3,394		20%

		5000		hubport		70%		100%		3,500		7,000		33%		1.7		4,200		1.0%		4,242		20%

		6000		hubport		70%		100%		4,200		8,400		33%		1.7		5,040		1.0%		5,090		20%

		7000		hubport		70%		100%		4,900		9,800		33%		1.7		5,880		1.0%		5,939		20%

		8000		hubport		70%		100%		5,600		11,200		33%		1.7		6,720		1.0%		6,787		20%

		9000		hubport		70%		100%		6,300		12,600		33%		1.7		7,560		1.0%		7,636		20%

		10000		hubport		70%		100%		7,000		14,000		33%		1.7		8,400		1.0%		8,484		20%

		4000		multiport		70%		20%		560		1,120		33%		1.7		672		5.0%		706		20%

		5000		multiport		70%		20%		700		1,400		33%		1.7		840		5.0%		882		20%

		6000		multiport		70%		20%		840		1,680		33%		1.7		1,008		5.0%		1,058		20%

		7000		multiport		70%		20%		980		1,960		33%		1.7		1,176		5.0%		1,235		20%

		8000		multiport		70%		20%		1,120		2,240		33%		1.7		1,344		5.0%		1,411		20%

		9000		multiport		70%		20%		1,260		2,520		33%		1.7		1,512		5.0%		1,588		20%

		10000		multiport		70%		20%		1,400		2,800		33%		1.7		1,680		5.0%		1,764		20%

		Regional traffic		0%

		VESSEL TIME IN PORT

		Vessel size (TEUs)		Type		Gross Tonnage		Draft (m)		Cranes deployed		cranes usage		Average Cranes		GCP (mvs/hrs)		Gross overall product.		Total moves per vessel		Overall gross time		Lashing time

		1000		feeder		11,000		8.5		3		80%		2.4		28		67		591		9		1.5

		1250		feeder		17,000		8.5		3		80%		2.4		28		67		739		11		1.5

		1500		feeder		22,500		9.0		3		80%		2.4		28		67		886		13		1.5

		1750		feeder		27,000		9.0		3		80%		2.4		28		67		1,034		15		1.5

		2000		feeder		30,000		10.0		3		80%		2.4		28		67		1,182		18		1.5

		2250		feeder		34,000		10.0		3		80%		2.4		28		67		1,330		20		1.5

		2500		feeder		38,000		10.5		3		80%		2.4		28		67		1,477		22		1.5

		4000		hubport		52,000		13.0		6		85%		5.1		30		153		3,394		22		3.0

		5000		hubport		66,000		13.0		6		85%		5.1		30		153		4,242		28		3.0

		6000		hubport		74,000		14.5		6		85%		5.1		30		153		5,090		33		3.0

		7000		hubport		81,500		14.5		7		85%		6.0		30		179		5,939		33		3.5

		8000		hubport		91,500		16.0		7		85%		6.0		30		179		6,787		38		3.5

		9000		hubport		101,000		16.0		7		85%		6.0		30		179		7,636		43		3.5

		10000		hubport		111,000		17.0		7		85%		6.0		30		179		8,484		48		3.5

		4000		multiport		52,000		13.0		5		60%		3.0		23		69		706		10		3.0

		5000		multiport		66,000		13.0		5		60%		3.0		23		69		882		13		3.0

		6000		multiport		74,000		14.5		5		60%		3.0		23		69		1,058		15		3.0

		7000		multiport		81,500		14.5		5		60%		3.0		23		69		1,235		18		3.5

		8000		multiport		91,500		16.0		5		60%		3.0		23		69		1,411		20		3.5

		9000		multiport		101,000		16.0		5		60%		3.0		23		69		1,588		23		3.5

		10000		multiport		111,000		17.0		5		60%		3.0		23		69		1,764		26		3.5

		OTHER VESSEL TIME AND COST IN PORT (per call)

								ANCHORAGE DUES				PORT COST IN MED																								rapporto costo/grt										PORT COST IN ASIA

		OTHER VESSEL TIME AND COST IN PORT (per call)		Gross Tonnage		N° Tugs used		Ship dues ASIA             US$		Ship dues MED             US$		Pilotage  US$		Tug       US$		Mooring       US$		Tug time       (hrs)		Mooring time (hrs)		Total time in port (hrs)		Hanling rates (US$)		Hanling cost (K US$)																				Ship dues ASIA             US$		Pilotage  US$		Tug       US$		Mooring US$

		1000		11,000		1		2,072		1,016		300		1,012		381		1.5		1.5		13		75		18,346										Ship dues MED             US$		Pilotage  US$		Tug       US$		Mooring US$				0.19		81		5,356		484

		1250		17,000		1		3,203		1,455		360		1,138		477		1.5		1.5		15		75		18,346										0.092		5.31		10.82		36.65				0.19		101		5,356		748

		1500		22,500		1		4,239		1,865		399		2,107		524		1.5		1.5		18		75		18,346										0.086		5.31		11.69		47.24				0.19		121		5,356		990

		1750		27,000		1		5,087		2,218		439		2,107		524		1.5		1.5		20		75		18,346										0.083		5.31		12.07		56.32				0.19		141		5,356		1,188

		2000		30,000		1		5,652		2,486		439		2,361		572		1.5		1.5		22		75		18,346										0.082		5.31		12.17		61.49				0.19		161		5,356		1,320

		2250		34,000		1		6,406		2,811		520		2,361		572		1.5		1.5		24		75		18,346										0.083		5.31		12.07		68.32				0.19		181		5,356		1,496

		2500		38,000		1		7,159		3,038		520		2,740		620		1.5		1.5		26		75		18,346										0.083		5.31		12.09		65.34				0.19		202		5,356		1,672

																																				0.080		5.31		12.51		73.03

		4000		52,000		3		9,797		4,519		893		3,405		715		4.0		4.0		33		75		26,208																				0.19		645		5,356		2,288

		5000		66,000		3		12,434		5,706		952		3,510		578		4.0		4.0		39		75		26,208										0.087		5.31		11.51		58.24				0.19		806		5,356		2,904

		6000		74,000		3		13,942		6,552		985		3,587		609		4.0		4.0		44		75		26,208										0.086		5.31		11.57		69.35				0.19		967		5,356		3,256

		7000		81,500		3		15,355		7,370		1,017		3,659		639		4.0		4.0		45		75		26,208										0.089		5.31		11.29		75.10				0.19		1,128		5,356		3,586

		8000		91,500		3		17,239		8,330		1,059		3,755		678		5.0		5.0		52		75		26,208										0.090		5.31		11.06		80.15				0.19		1,290		5,356		4,026

		9000		101,000		3		19,028		9,261		1,099		3,846		715		5.0		5.0		56		75		26,208										0.091		5.31		10.98		86.42				0.19		1,451		5,356		4,444

		10000		111,000		3		20,912		10,221		1,141		3,942		754		5.0		5.0		61		75		26,208										0.092		5.31		10.91		91.93				0.19		1,612		5,356		4,884

																																				0.092		5.31		10.86		97.31

		4000		52,000		3		9,797		4,519		645		5,356		2,288		4.0		4.0		21				0																				0.19		645		5,356		2,288

		5000		66,000		3		12,434		5,706		806		5,356		2,904		4.0		4.0		24				0										0.087		5.31		11.51		80.65				0.19		806		5,356		2,904

		6000		74,000		3		13,942		6,552		967		5,356		3,256		4.0		4.0		26				0										0.086		5.31		11.57		81.89				0.19		967		5,356		3,256

		7000		81,500		3		15,355		7,370		1,128		5,356		3,586		4.0		4.0		29				0										0.089		5.31		11.29		76.51				0.19		1,128		5,356		3,586

		8000		91,500		3		17,239		8,330		1,290		5,356		4,026		5.0		5.0		34				0										0.090		5.31		11.06		72.23				0.19		1,290		5,356		4,026

		9000		101,000		3		19,028		9,261		1,451		5,356		4,444		5.0		5.0		37				0										0.091		5.31		10.98		70.95				0.19		1,451		5,356		4,444

		10000		111,000		3		20,912		10,221		1,612		5,356		4,884		5.0		5.0		39				0										0.092		5.31		10.91		69.62				0.19		1,612		5,356		4,884

																																				0.092		5.31		10.86		68.86

		Ship dues				US$ per grt - MED

		PORT RATES ASIA

		Ship dues		0.1884		US$ per grt

		Pilotage		0.1612		US$ per grt

		Towage		5,356		per TUG

		Mooring		0.044		US$ per grt

		additional		5%

		DAILY FIXED COST PER TEU

		a) Daily Capital Cost														a) Daily Operating Cost

		Vessel size (TEUs)		Price       (K US$)		Yeraly Interest rate		Yearly capital  cost         (K US$)		Daily capital  cost          (K US$)						Crew		Crew + 50% (leave)		Yearly wage (K US$)		Yearly M&R + insurance %		Yearly  operating cost (K US$)		Daily operating   cost (K US$)

		1000		17,500		10%		1,750		4.9						14		21		30		5%		1,505		4.2

		1250		21,000		10%		2,100		5.8						14		21		30		5%		1,680		4.7

		1500		23,000		10%		2,300		6.4						14		21		30		5%		1,780		4.9

		1750		25,000		10%		2,500		6.9						14		21		30		5%		1,880		5.2

		2000		27,000		10%		2,700		7.5						14		21		30		5%		1,980		5.5

		2250		29,500		10%		2,950		8.2						14		21		30		5%		2,105		5.8

		2500		31,500		10%		3,150		8.8						14		21		30		5%		2,205		6.1

		4000		45,000		10%		4,500		12.5						18		27		30		5%		3,060		8.5

		5000		54,000		10%		5,400		15.0						18		27		30		5%		3,510		9.8

		6000		60,000		10%		6,000		16.7						18		27		30		5%		3,810		10.6

		7000		65,000		10%		6,500		18.1						18		27		30		5%		4,060		11.3

		8000		70,000		10%		7,000		19.4						18		27		30		5%		4,310		12.0

		9000		75,000		10%		7,500		20.8						18		27		30		5%		4,560		12.7

		10000		80,000		10%		8,000		22.2						18		27		30		5%		4,810		13.4

		4000		45,000		10%		4,500		12.5						18		27		30		5%		3,060		8.5

		5000		54,000		10%		5,400		15.0						18		27		30		5%		3,510		9.8

		6000		60,000		10%		6,000		16.7						18		27		30		5%		3,810		10.6

		7000		65,000		10%		6,500		18.1						18		27		30		5%		4,060		11.3

		8000		70,000		10%		7,000		19.4						18		27		30		5%		4,310		12.0

		9000		75,000		10%		7,500		20.8						18		27		30		5%		4,560		12.7

		10000		80,000		10%		8,000		22.2						18		27		30		5%		4,810		13.4

		TRAVELLED DISTANCE AND FUEL COST

		Vessel size (TEUs)		Fuel (tons per day)		Speed (knots)		Fuel for auxiliaries (tons)		Daily fuel consump (tpd)		Daily fuel cost K US$		% of deviation		Total Distance ASIA (miles)		Total Distance MED (miles)		Travel. Days ASIA		Travel. Days MED		Yearly fuel consumption per vessel (tons)		ASIA		MED		Yearly fuel consumption in port (tons)		ASIA		MED

		1000		40		22		2		42		6.3		10%		5,940		3,431		11.3		6.5		77,527		49,140		28,387		1,843		922		922

		1250		50		22		3		53		7.9		10%		5,940		3,431		11.3		6.5		77,340		49,022		28,318		1,714		857		857

		1500		60		22		3		63		9.5		10%		5,940		3,431		11.3		6.5		77,154		48,904		28,250		1,628		814		814

		1750		70		22		4		74		11.0		10%		5,940		3,431		11.3		6.5		76,967		48,786		28,182		1,565		782		782

		2000		80		22		4		84		12.6		10%		5,940		3,431		11.3		6.5		77,527		49,140		28,387		1,531		766		766

		2250		90		22		5		95		14.2		10%		5,940		3,431		11.3		6.5		77,154		48,904		28,250		1,490		745		745

		2500		100		22		5		105		15.8		10%		5,940		3,431		11.3		6.5		78,272		49,613		28,659		1,483		742		742

		4000		145		25		7		152.3		22.8		10%		13,083				21.8				345,271						1,725

		5000		165		25		8		173		26.0		10%		13,083				21.8				313,560						1,607

		6000		185		25		9		194		29.1		10%		13,083				21.8				292,267						1,527

		7000		205		25		10		215		32.3		10%		13,083				21.8				276,927						1,321

		8000		225		25		11		236		35.4		10%		13,083				21.8				267,883						1,340																		DETTAGLIO DISTANZE						DETTAGLIO DURATA (giornI)

		9000		245		25		12		257		38.6		10%		13,083				21.8				258,037						1,294																								(per un viaggio a/r)

		10000		265		25		13		278		41.7		10%		13,083				21.8				254,832						1,282

																																																HUB		ASIA		MED		HUB		ASIA		MED

																																																13,344		5,086		1,966		22.2		8.5		3.3

		4000		145		25		7		152		22.8		10%		20,396				34.0				538,256						5,519																		13,344		5,086		1,966		22.2		8.5		3.3

		5000		165		25		8		173		26.0		10%		20,396				34.0				488,820						4,935																		13,344		5,086		1,966		22.2		8.5		3.3

		6000		185		25		9		194		29.1		10%		20,396				34.0				455,626						4,544																		13,344		5,086		1,966		22.2		8.5		3.3

		7000		205		25		10		215		32.3		10%		20,396				34.0				431,711						4,336																		13,344		5,086		1,966		22.2		8.5		3.3

		8000		225		25		11		236		35.4		10%		20,396				34.0				417,612						4,414																		13,344		5,086		1,966		22.2		8.5		3.3

		9000		245		25		12		257		38.6		10%		20,396				34.0				402,264						4,199																		13,344		5,086		1,966		22.2		8.5		3.3

		10000		265		25		13		278		41.7		10%		20,396				34.0				397,267						4,102

		Fuel price				150		US$ per ton

		Auxiliaries engine				2%		of daily fuel oil consumption

		Lubricating oil				3%		of daily fuel oil consumption

		Consumption in port (feeder)				4		tons per day

		Consumption in port (OV)				6		tons per day

		THEORETICAL VOLUME ACCORDING WITH VESSEL SIZE (Same n° of vessels, different volume)

		HUB

		Vessel size (TEUs)		Frequency (call per week)		Travelling days		Calls per year		Vessels deployed		Oceanic volume TEUs		Intra-regional volume (TEUs)		Annual volume TEUs

		4000		2		21.8		104		7.1		582,400				582,400

		5000		2		21.8		104		7.2		728,000				728,000

		6000		2		21.8		104		7.4		873,600				873,600

		7000		2		21.8		104		7.4		1,019,200				1,019,200

		8000		2		21.8		104		7.5		1,164,800				1,164,800

		9000		2		21.8		104		7.7		1,310,400				1,310,400

		10000		2		21.8		104		7.8		1,456,000				1,456,000

		MULTIPORT

		4000		2		34.0		104		12.4		582,400		-		582,400

		5000		2		34.0		104		12.7		728,000		-		728,000

		6000		2		34.0		104		13.0		873,600		-		873,600

		7000		2		34.0		104		13.4		1,019,200		-		1,019,200

		8000		2		34.0		104		13.9		1,164,800		-		1,164,800

		9000		2		34.0		104		14.2		1,310,400		-		1,310,400

		10000		2		34.0		104		14.5		1,456,000		-		1,456,000

		REAL  VOLUME (Same volume, diffrent n° of vessel)

		HUB

		Vessel size (TEUs)		Frequency (call per week)		Travelling days		Calls per year		Vessels deployed		Oceanic volume TEUs		Intra-regional volume (TEUs)		Annual volume TEUs

		4000		2.0		21.8		104		7.1		582,400				582,400

		5000		1.6		21.8		83		5.8		582,400				582,400

		6000		1.3		21.8		69		4.9		582,400				582,400

		7000		1.1		21.8		59		4.2		582,400				582,400

		8000		1.0		21.8		52		3.8		582,400				582,400

		9000		0.9		21.8		46		3.4		582,400				582,400

		10000		0.8		21.8		42		3.1		582,400				582,400

		MULTIPORT

		4000		2.0		34.0		104		12.4		582,400		-		582,400

		5000		1.6		34.0		83		10.1		582,400		-		582,400

		6000		1.3		34.0		69		8.6		582,400		-		582,400

		7000		1.1		34.0		59		7.6		582,400		-		582,400

		8000		1.0		34.0		52		7.0		582,400		-		582,400

		9000		0.9		34.0		46		6.3		582,400		-		582,400

		10000		0.8		34.0		42		5.9		582,400		-		582,400

		FEEDER DEPLOYMENT FOR TRANSHIPMENT  SERVICE

		Vessel size (TEUs)		Feeder size (TEUs)		% local traffic origin Hub		% local traffic  dest Hub		Total Travelling days per round trip (ASIA)		Total Travelling days per round trip (MED)		origin ports linked		destin ports linked		origin: feeder involved		dest: feeder involved		N° of calls in ASIA per year		N° of calls in MED per year				durata round trip  ASIA		durata round trip          MED		Intertempo		Rapporto di capacità										N° feeder ASIA		N° feeder MED				tempo medio feeder ASIA		tempo medio feeder MED

		4000		1,000		30%		30%		11.25		6.50		3		4		4.3		2.2		624		832				12.9		8.7		2.81		2.8										4.3		2.2				4.3		2.2

		5000		1,250		30%		30%		11.25		6.50		3		4		3.4		1.8		498		664				13.2		9.1		3.58		2.8										3.4		1.8				4.4		2.3

		6000		1,500		30%		30%		11.25		6.50		3		4		2.9		1.5		414		552				13.5		9.4		4.35		2.8										2.9		1.5				4.5		2.4

		7000		1,750		30%		30%		11.25		6.50		3		4		2.4		1.3		354		472				13.7		9.8		5.24		2.8										2.4		1.3				4.6		2.5

		8000		2,000		30%		30%		11.25		6.50		3		4		2.2		1.2		312		416				14.0		10.2		5.93		2.8										2.2		1.2				4.7		2.5

		9000		2,250		30%		30%		11.25		6.50		3		4		2.0		1.1		276		368				14.3		10.5		6.74		2.8										2.0		1.1				4.8		2.6

		10000		2,500		30%		30%		11.25		6.50		3		4		1.8		1.0		252		336				14.6		10.9		7.40		2.8										1.8		1.0				4.9		2.7

		CONTAINER LEASING COST

		HUB		TRANSIT TIME (DAYS)

		Vessel size (TEUs)		Time in Hubport		Steaming intra-regional		Trunk Haul time		Feedering Time (ASIA)		Feedering Time (MED)		Total time of a one way trip		Leasing cost  per TEU (US$)		Total Leasing cost  (K US$)

		4000		1.4				10.9		1.9		0.8		15.0		29.9		17,440												Vessel size (TEUs)		HUB		Multiport

		5000		1.6				10.9		1.9		0.8		15.2		30.4		17,709												4000		15.0		17.6

		6000		1.8				10.9		1.9		0.8		15.4		30.9		17,978												5000		15.2		18.0

		7000		1.9				10.9		1.9		0.8		15.5		30.9		18,003												6000		15.4		18.4

		8000		2.1				10.9		1.9		0.8		15.7		31.5		18,330												7000		15.5		19.0

		9000		2.3				10.9		1.9		0.8		15.9		31.9		18,561												8000		15.7		19.7

		10000		2.5				10.9		1.9		0.8		16.1		32.3		18,792												9000		15.9		20.1

																														10000		16.1		20.6

		MULTIPORT

		4000		3.5				14.1						17.6		35.2		20,496

		5000		4.0				14.1						18.0		36.0		20,992

		6000		4.4				14.1						18.4		36.9		21,489

		7000		4.9				14.1						19.0		37.9		22,082

		8000		5.7				14.1						19.7		39.4		22,967

		9000		6.1				14.1						20.1		40.3		23,463

		10000		6.5				14.1						20.6		41.1		23,959

		Cost per TEU per Day				2		US$



&R&P  /  &N

MCT:
percentuale sul valore storico della nave

MCT:
Non sono considerati i costi di handling nei terminal origine e dtinazione in quanto costi non differenziali

Non sono considerate le tariffe di handling nei porti finali in quanto sono sopportate in entrambe i casi e quindi non differenziali rispetto alla comparazione economica

MCT:
calcolato come percentuale sul consumo giornaliero

La percentuale di cntr movimentati  nel caso multiport dipende dal numero di porti. Si ipotizza che il traffico sia equamente ripartito tra i porti coinvolti. In teoria, la soluzione multiport consente di realizzare anche una sorta di traffico regionale tra i porti stessi stimata nel ....% della capacità (???).

MCT:
Non sono considerati i costi di handling nei terminal origine e dtinazione in quanto costi non differenziali

Questo scenario potrebbe essere adottato se, al crescere della dimensione delle navi, esistesse un traffico sostenibile o la possibilità di combinare tarffici diversi (magari con il supporto dell'intemodalismo). Comunque nel modello è utilizzato los cenario che segue:  STESSO VOLUME, DIMENSIONE DELLA FLOTTA DIVERSA

MCT:
E' la somma del costo fisso di manutenzione/assicurazioni + il costo del personale

MCT:
Il consumo giornaliero di carburante per il prezzo di 150 US$/ton

MCT:
è la distanza complessiva percorsa dalle navi in un tour completo, aumentata dalla percentuale di deviazione della rotta

MCT:
durata un viaggio completo completo (a/r)= Distanza totale / velocità / 24 h

nel caso dei feeder, il calcolo include la somma dei giorni di viaggio di tutti i feeder a supporto della nave nell'hub

Cosnumo annuo di carburante = 
(TPD x Totale giorni di viaggio del tour ) x n° di tour in un anno

Num viaggi per nave = 360 / (durata media del viaggio+time in port)

Num calls per anno= traffico totale annuale / teu trasportati  per nave

N° navi = N° calls / N° viaggi per nave

MCT:
Non sono considerati i costi di handling nei terminal origine e dtinazione in quanto costi non differenziali

MCT:
è il tempo che la nave trascorre nel porto per le operazioni di movimentazione

MCT:
rate x num movimenti 
Il numero di movimenti è detreminato come rapporto tra il traffico totale in TEUs e il TEUs factor (582,400/1,7)

2 HANDLING SU FEEDER (1 in ASIA e 1 in MED)
2 HANDLING SU HUBPORTSHIP

MCT:
nella soluzione hub, i cntr destinati al mercato locale non sono movimentati con feeder e quindi sono esclusi dal calcolo (una media del traffico locale in ASIA e MED è considerata.

MCT:
SONO CONSIDERATI I DATI DELL'ARTICOLO

MCT:
SONO CONISDERATI I COSTI REALI A GIOIA TAURO

MCT:
COSTI A GIOIA TAURO
100% EXTRA COST PER OVERTIME E 2° PILOTA

MCT:
Costi a Gioia Tauro , 30% in media di overtime

MCT:
Costi a Gioia Tauro , 30% in media di overtime

MCT:
include  i tempi di handling, rmorchiatori, rizzaggio, ormeggiatori

MCT:
mov/h realizzati sull'intera nave

MCT:
include solo il tempo nell'HUB

non viene considerato il tempo trascorso nel porto finale in quanto non è differenziale nella analisi

MCT:
Le ore di permanenza in un porto x il numero dei porti - 2 (l'origine e la destinazione).
Il tutto è poi diviso per due per otteneere una durata media dell'impiego del cntr ( i cntr imbarcati nel primo porto naturalmente sono i più costosi)

Cosnumo annuo di carburante in porto
(Consumo fuel  in porto (cella C265) x  Giorni in porto per ogni call x n° porti toccati x consumo giornaliero nel porto) x n° di tour in un anno

MCT:
TARIFFA DI UN DOPPIO MOVIMENTO (SBARCO E IMBARCO)

MCT:
è il tempo totale a/r per raggiungere i porti finali (spokes). E' dato dal rappot tra le distanze e la velocità di percorrenza

MCT:
è il tempo totale a/r oer raggiungere i porti finali (spokes)

MCT:
tempo totale dei  round trip + time in port

MCT:
tempo di un round trip / 3 (rapporto di capacità tra nave madre e feeder). In realtà questo rapporto è funzione della % di traffico intermodale

MCT:
50% di sconto sui feeder

COMPAQ:
E' il rapporto tra TEUs e movimenti

COMPAQ:
Sea margin dovuto alle deviazioni tipiche sulle rptte

La colonna M e N contengono il dettaglio del consumo di carburante dei feeder in ASI e in MED

Motliplicato x 2 perché in ogni viaggio la nave hubport tocca 2 porti (l'hub in ASIA e quello uin MED)

Traffico annuale
2 calls x 52 settimane x 4000 TEUs x 70% di capacità x 2 direzioni (west/nothbound)

Numero di call per anno (one way) = Total TEUs per anno/Num TEUs movimentati per call

MCT:
è il rapporto tra la capacità di una nave hubport è i feeder di una certa capacità, Il tutto i funzione del traffico intermodale che non transiterà dai feeder

MCT:
una nave madre arriva ogni 3,5 giorni. Si suppone che a metà delle operazioni nel porto (dopo lo sbarco) il feeder possa ripartire per ritornare dopo (3,5 giorni - il tempo trascorso in porto)
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Sommario

		RIEPILOGO

		DESCRIZIONE DEL SERVIZIO

		N° di porti nell'ara di origine						5		ASIA				HUB		1

		N° di porti nell'ara di destinazione						5		MED				HUB		1

		Traffico totale movimentato (a/r)						582,400		TEUs

		(2 calls a settimana x 52 settimane x 70% capacità nave (4000 TEUs)  x 2 viaggi (andata e e ritorno))

		Traffico regionale multi-port						-		TEUs

		DATI SULLE NAVI E SUL TRAFFICO

		Vessel size (TEUs)		Type		N° of vessel in ASIA		N° of vessel in MED		Travel. days per trip ASIA		Travel. days per trip MED		N° of one way trip ASIA		N° of one way trip  MED		Fleet (N° of vessels)

		1000		feeder		4.3		2.2		2.6		3.0		312		416		6.5

		1250		feeder		3.4		1.8		3.3		3.7		249		332		5.2

		1500		feeder		2.9		1.5		3.9		4.3		207		276		4.4

		1750		feeder		2.4		1.3		4.6		5.0		177		236		3.8

		2000		feeder		2.2		1.2		5.1		5.4		156		208		3.4

		2250		feeder		2.0		1.1		5.7		5.9		138		184		3.1

		2500		feeder		1.8		1.0		6.1		6.3		126		168		2.9

		4000		hubport						21.8				104				7.1

		5000		hubport						21.8				83				5.8

		6000		hubport						21.8				69				4.9

		7000		hubport						21.8				59				4.2

		8000		hubport						21.8				52				3.8

		9000		hubport						21.8				46				3.4

		10000		hubport						21.8				42				3.1

		4000		multiport						34.0				104				12.4

		5000		multiport						34.0				83				10.1

		6000		multiport						34.0				69				8.6

		7000		multiport						34.0				59				7.6

		8000		multiport						34.0				52				7.0

		9000		multiport						34.0				46				6.3

		10000		multiport						34.0				42				5.9

		1. DAILY FIXED COST PER TEU

						DATI RELATIVI AD UNA NAVE								DATI RELATIVI ALL'INTERA FLOTTA

		Vessel size (TEUs)		Type		Daily Capital   Cost          (K US$)		Daily Operat. Cost         (K US$)		Yearly Capital Cost        (K US$)		Yearly Operat. Cost       (K US$)		Daily Capital   Cost          (K US$)		Daily Operat. Cost         (K US$)		Yearly Capital Cost        (K US$)		Yearly Operat. Cost       (K US$)		YEARLY COST PER TEU US$		DAILY COST PER TEU US$

		1000		feeder -ASIA		4.9		4.2		1,750		1,505		20.9		17.9		7,508		6,457		24		6.3

		1250		feeder -ASIA		5.8		4.7		2,100		1,680		20.1		16.0		7,222		5,778		22		5.9

		1500		feeder -ASIA		6.4		4.9		2,300		1,780		18.4		14.3		6,638		5,137		20		5.3

		1750		feeder -ASIA		6.9		5.2		2,500		1,880		17.0		12.8		6,120		4,603		18		4.9

		2000		feeder -ASIA		7.5		5.5		2,700		1,980		16.5		12.1		5,957		4,369		18		4.6

		2250		feeder -ASIA		8.2		5.8		2,950		2,105		16.2		11.6		5,835		4,164		17		4.4

		2500		feeder -ASIA		8.8		6.1		3,150		2,205		16.1		11.3		5,789		4,052		17		4.2

		1000		feeder - MED		4.9		4.2		1,750		1,505		10.6		9.1		3,801		3,269		12		6.3

		1250		feeder - MED		5.8		4.7		2,100		1,680		10.4		8.3		3,730		2,984		12		5.9

		1500		feeder - MED		6.4		4.9		2,300		1,780		9.7		7.5		3,494		2,704		11		5.3

		1750		feeder - MED		6.9		5.2		2,500		1,880		9.1		6.9		3,279		2,466		10		4.9

		2000		feeder - MED		7.5		5.5		2,700		1,980		9.0		6.6		3,246		2,381		10		4.6

		2250		feeder - MED		8.2		5.8		2,950		2,105		9.0		6.4		3,231		2,305		10		4.4

		2500		feeder - MED		8.8		6.1		3,150		2,205		9.0		6.3		3,254		2,278		9		4.2

		4000		hubport		12.5		8.5		4,500		3,060		88.7		60.3		31,942		21,720		92		7.5

		5000		hubport		15.0		9.8		5,400		3,510		86.6		56.3		31,166		20,258		88		7.1

		6000		hubport		16.7		10.6		6,000		3,810		81.4		51.7		29,319		18,618		82		6.5

		7000		hubport		18.1		11.3		6,500		4,060		75.6		47.2		27,204		16,992		76		6.0

		8000		hubport		19.4		12.0		7,000		4,310		73.3		45.1		26,389		16,248		73		5.6

		9000		hubport		20.8		12.7		7,500		4,560		70.5		42.9		25,391		15,438		70		5.3

		10000		hubport		22.2		13.4		8,000		4,810		69.7		41.9		25,099		15,091		69		5.1

		4000		multiport		12.5		8.5		4,500		3,060		154.7		105.2		55,689		37,869		161		7.5

		5000		multiport		15.0		9.8		5,400		3,510		151.8		98.7		54,659		35,529		155		7.1

		6000		multiport		16.7		10.6		6,000		3,810		143.6		91.2		51,714		32,838		145		6.5

		7000		multiport		18.1		11.3		6,500		4,060		136.8		85.5		49,260		30,769		137		6.0

		8000		multiport		19.4		12.0		7,000		4,310		135.2		83.3		48,675		29,970		135		5.6

		9000		multiport		20.8		12.7		7,500		4,560		131.0		79.6		47,155		28,670		130		5.3

		10000		multiport		22.2		13.4		8,000		4,810		130.3		78.4		46,919		28,210		129		5.1

		2. COST PER TEU-Mile

		2.a DAILY FUEL COST PER TEU

		Vessel size (TEUs)		Type		Daily fuel at SEA (tons)		Daily fuel in Port        ( tons)		Daily fuel cost         K US$		Daily Fuel Cost per TEU (US$)		Daily distance (miles)		Cost per TEU-mile US$		Total Distance per trip  (miles)		Yearly distance (miles)		Total Fuel Tons		Yearly Fuel Cost       (K US$)		Yearly Cost per TEU (US$)				Yearly Port fuel  Cost       (K US$)		Yearly Port fuel  tons)

		1000		feeder -ASIA		42		4		6.3		4.4		528		0.0203		5,940		617,760		49,140		7,371		12.7		30.20		207		1,383

		1250		feeder -ASIA		53		4		7.9		4.4		528		0.0195		5,940		493,020		49,022		7,353		12.6				193		1,286

		1500		feeder -ASIA		63		4		9.5		4.4		528		0.0184		5,940		409,860		48,904		7,336		12.6				183		1,221

		1750		feeder -ASIA		74		4		11.0		4.4		528		0.0176		5,940		350,460		48,786		7,318		12.6				176		1,173

		2000		feeder -ASIA		84		4		12.6		4.4		528		0.0170		5,940		308,880		49,140		7,371		12.7				172		1,149

		2250		feeder -ASIA		95		4		14.2		4.4		528		0.0166		5,940		273,240		48,904		7,336		12.6				168		1,117

		2500		feeder -ASIA		105		4		15.8		4.4		528		0.0162		5,940		249,480		49,613		7,442		12.8				167		1,112

		1000		feeder - MED		42		4		6.3		4.4		528		0.0203		3,431		356,859		28,387		4,258		7.3		17.45		207		1,383

		1250		feeder - MED		53		4		7.9		4.4		528		0.0195		3,431		284,801		28,318		4,248		7.3				193		1,286

		1500		feeder - MED		63		4		9.5		4.4		528		0.0184		3,431		236,762		28,250		4,238		7.3				183		1,221

		1750		feeder - MED		74		4		11.0		4.4		528		0.0176		3,431		202,449		28,182		4,227		7.3				176		1,173

		2000		feeder - MED		84		4		12.6		4.4		528		0.0170		3,431		178,430		28,387		4,258		7.3				172		1,149

		2250		feeder - MED		95		4		14.2		4.4		528		0.0166		3,431		157,842		28,250		4,238		7.3				168		1,117

		2500		feeder - MED		105		4		15.8		4.4		528		0.0162		3,431		144,116		28,659		4,299		7.4				167		1,112

		4000		hubport		152		6		22.8		8.2		600		0.0261		13,083		1,360,674		345,271		51,791		88.9		170.70		259		1,725

		5000		hubport		173		6		26.0		7.4		600		0.0242		13,083		1,085,922		313,560		47,034		80.8				241		1,607

		6000		hubport		194		6		29.1		6.9		600		0.0224		13,083		902,755		292,267		43,840		75.3				229		1,527

		7000		hubport		215		6		32.3		6.6		600		0.0210		13,083		771,921		276,927		41,539		71.3				198		1,321

		8000		hubport		236		6		35.4		6.3		600		0.0199		13,083		680,337		267,883		40,182		69.0				201		1,340

		9000		hubport		257		6		38.6		6.1		600		0.0191		13,083		601,836		258,037		38,706		66.5				194		1,294

		10000		hubport		278		6		41.7		6.0		600		0.0184		13,083		549,503		254,832		38,225		65.6				192		1,282

		4000		multiport		152		6		22.8		8.2		600		0.0261		20,396		2,121,205		538,256		80,738		138.6		266.11		828		5,519

		5000		multiport		173		6		26.0		7.4		600		0.0242		20,396		1,692,885		488,820		73,323		125.9				740		4,935

		6000		multiport		194		6		29.1		6.9		600		0.0224		20,396		1,407,338		455,626		68,344		117.3				682		4,544

		7000		multiport		215		6		32.3		6.6		600		0.0210		20,396		1,203,376		431,711		64,757		111.2				650		4,336

		8000		multiport		236		6		35.4		6.3		600		0.0199		20,396		1,060,602		417,612		62,642		107.6				662		4,414

		9000		multiport		257		6		38.6		6.1		600		0.0191		20,396		938,225		402,264		60,340		103.6				630		4,199

		10000		multiport		278		6		41.7		6.0		600		0.0184		20,396		856,640		397,267		59,590		102.3				615		4,102

		3. TIME AT SEA AND IN PORT

						SEA		PORT												round trip

		Vessel size (TEUs)		Type		Travel days		Towage    days		Mooring  days		Lashing days		Handling days		Total days per port		Ports involved		TOTAL DAYS		Days at Sea per year		Days in port per year		Share at SEA		Share in Port

		1000		feeder -ASIA		2.6		0.06		0.06		0.06		0.37		0.6		2		3.7		253		107		70%		30%

		1250		feeder -ASIA		3.3		0.06		0.06		0.06		0.46		0.6		2		4.6		258		102		72%		28%

		1500		feeder -ASIA		3.9		0.06		0.06		0.06		0.55		0.7		2		5.4		261		99		73%		27%

		1750		feeder -ASIA		4.6		0.06		0.06		0.06		0.64		0.8		2		6.3		265		95		73%		27%

		2000		feeder -ASIA		5.1		0.06		0.06		0.06		0.73		0.9		2		6.9		265		95		73%		27%

		2250		feeder -ASIA		5.7		0.06		0.06		0.06		0.82		1.0		2		7.7		266		94		74%		26%

		2500		feeder -ASIA		6.1		0.06		0.06		0.06		0.92		1.1		2		8.3		265		95		74%		26%

		1000		feeder - MED		3.0		0.06		0.06		0.06		0.37		0.6		2		4.1		263		97		73%		27%

		1250		feeder - MED		3.7		0.06		0.06		0.06		0.46		0.6		2		4.9		266		94		74%		26%

		1500		feeder - MED		4.3		0.06		0.06		0.06		0.55		0.7		2		5.8		268		92		74%		26%

		1750		feeder - MED		5.0		0.06		0.06		0.06		0.64		0.8		2		6.6		270		90		75%		25%

		2000		feeder - MED		5.4		0.06		0.06		0.06		0.73		0.9		2		7.2		269		91		75%		25%

		2250		feeder - MED		5.9		0.06		0.06		0.06		0.82		1.0		2		8.0		268		92		75%		25%

		2500		feeder - MED		6.3		0.06		0.06		0.06		0.92		1.1		2		8.5		267		93		74%		26%

		4000		hubport		21.8		0.17		0.17		0.13		0.92		1.4		2		24.6		319		41		89%		11%

		5000		hubport		21.8		0.17		0.17		0.13		1.16		1.6		2		25.0		314		46		87%		13%

		6000		hubport		21.8		0.17		0.17		0.13		1.39		1.8		2		25.5		308		52		86%		14%

		7000		hubport		21.8		0.17		0.17		0.15		1.39		1.9		2		25.5		307		53		85%		15%

		8000		hubport		21.8		0.21		0.21		0.15		1.58		2.1		2		26.1		301		59		84%		16%

		9000		hubport		21.8		0.21		0.21		0.15		1.78		2.3		2		26.5		296		64		82%		18%

		10000		hubport		21.8		0.21		0.21		0.15		1.98		2.5		2		26.9		292		68		81%		19%

		4000		multiport		34.0		0.17		0.17		0.13		0.43		0.9		10		42.8		286		74		79%		21%

		5000		multiport		34.0		0.17		0.17		0.13		0.53		1.0		10		43.9		279		81		77%		23%

		6000		multiport		34.0		0.17		0.17		0.13		0.64		1.1		10		45.0		272		88		76%		24%

		7000		multiport		34.0		0.17		0.17		0.15		0.75		1.2		10		46.2		265		95		74%		26%

		8000		multiport		34.0		0.21		0.21		0.15		0.85		1.4		10		48.1		254		106		71%		29%

		9000		multiport		34.0		0.21		0.21		0.15		0.96		1.5		10		49.2		249		111		69%		31%

		10000		multiport		34.0		0.21		0.21		0.15		1.07		1.6		10		50.3		243		117		68%		32%

		4.  COST IN PORT PER TEU

						N° OF CALLS PER YEAR				YEARLY PORT COST ASIA								YEARLY PORT COST MED

		Vessel size (TEUs)		Type		ASIA		MED		Anchorage dues (K US$)		Pilotage (K US$)		Tug           (K US$)		Mooring (K US$)		Anchorage dues (K US$)		Pilotage (K US$)		Tug       (K US$)		Mooring (K US$)		Port cost ASIA       K US$		Port cost MED             K US$		Yearly Cost per TEU (US$)

		1000		feeder		624		832		1,293		101		6,684		604		846		499		1,684		633		8,682		3,662		21.2

		1250		feeder		498		664		1,595		100		5,335		745		966		478		1,512		633		7,775		3,588		19.5

		1500		feeder		414		552		1,755		100		4,435		820		1,029		441		2,326		579		7,110		4,376		19.7

		1750		feeder		354		472		1,801		100		3,792		841		1,047		415		1,989		495		6,534		3,946		18.0

		2000		feeder		312		416		1,763		101		3,342		824		1,034		365		1,964		476		6,030		3,840		16.9

		2250		feeder		276		368		1,768		100		2,957		826		1,035		383		1,737		421		5,650		3,576		15.8

		2500		feeder		252		336		1,804		102		2,699		843		1,021		350		1,842		416		5,448		3,628		15.6

		4000		hubport		104		104		1,019		134		3,342		476		470		186		2,125		149		4,971		2,929		13.6

		5000		hubport		83		83		1,032		134		2,667		482		474		158		1,748		96		4,315		2,476		11.7

		6000		hubport		69		69		962		133		2,217		449		452		136		1,485		84		3,762		2,157		10.2

		7000		hubport		59		59		906		133		1,896		423		435		120		1,295		75		3,358		1,926		9.1

		8000		hubport		52		52		896		134		1,671		419		433		110		1,172		70		3,120		1,785		8.4

		9000		hubport		46		46		875		133		1,478		409		426		101		1,062		66		2,896		1,654		7.8

		10000		hubport		42		42		878		135		1,350		410		429		96		993		63		2,774		1,582		7.5

		4000		multiport		104		104		5,094		671		16,711		2,380		2,350		671		16,711		2,380		24,855		22,111		80.6

		5000		multiport		83		83		5,160		669		13,336		2,410		2,368		669		4,445		2,410		21,576		9,893		54.0

		6000		multiport		69		69		4,810		667		11,087		2,247		2,260		667		3,696		2,247		18,811		8,870		47.5

		7000		multiport		59		59		4,530		666		9,480		2,116		2,174		666		3,160		2,116		16,791		8,116		42.8

		8000		multiport		52		52		4,482		671		8,355		2,094		2,166		671		2,785		2,094		15,602		7,715		40.0

		9000		multiport		46		46		4,377		667		7,391		2,044		2,130		667		2,464		2,044		14,479		7,305		37.4

		10000		multiport		42		42		4,392		677		6,749		2,051		2,146		677		2,250		2,051		13,868		7,124		36.0

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																0

		5.  COSTO TOTALE ANNUALE PER TEU

										YEARLY VOLUME				582,400		TEUs

		HUB AND SPOKE														TOTAL COST (KUS$)		TOTAL COST (KUS$)				COST PER TEU (US$)				cost per TEU				cost per TEU

		Vessel size (TEUs)		Type		Capital   Cost          (K US$)		Operating Cost          (K US$)		Travell. Fuel  Cost          (K US$)		Cost in Port          (K US$)		Port. Fuel  Cost          (K US$)		Handling cost           (K US$)		Cost at Sea		Cost at Port		Cost at Sea		Cost at Port		hanling cost		Total cost		Total cost

		1000		feeder -ASIA		7,508		6,457		7,371		8,682		207		9,173		17,189		13,037		29.5		11.2		15.8		30,226		41

		1250		feeder -ASIA		7,222		5,778		7,353		7,775		193		9,173		16,674		11,646		28.6		10.0		15.8		28,321		39

		1500		feeder -ASIA		6,638		5,137		7,336		7,110		183		9,173		15,880		10,524		27.3		9.0		15.8		26,404		36

		1750		feeder -ASIA		6,120		4,603		7,318		6,534		176		9,173		15,198		9,552		26.1		8.2		15.8		24,750		34

		2000		feeder -ASIA		5,957		4,369		7,371		6,030		172		9,173		14,958		8,941		25.7		7.7		15.8		23,899		33

		2250		feeder -ASIA		5,835		4,164		7,336		5,650		168		9,173		14,710		8,442		25.3		7.2		15.8		23,153		33

		2500		feeder -ASIA		5,789		4,052		7,442		5,448		167		9,173		14,675		8,222		25.2		7.1		15.8		22,897		32

		1000		feeder - MED		3,801		3,269		4,258		3,662		207		9,173		9,417		5,780		16.2		5.0		15.8		15,197		21

		1250		feeder - MED		3,730		2,984		4,248		3,588		193		9,173		9,211		5,532		15.8		4.7		15.8		14,743		21

		1500		feeder - MED		3,494		2,704		4,238		4,376		183		9,173		8,847		6,147		15.2		5.3		15.8		14,995		20

		1750		feeder - MED		3,279		2,466		4,227		3,946		176		9,173		8,533		5,562		14.7		4.8		15.8		14,095		19

		2000		feeder - MED		3,246		2,381		4,258		3,840		172		9,173		8,456		5,441		14.5		4.7		15.8		13,897		19

		2250		feeder - MED		3,231		2,305		4,238		3,576		168		9,173		8,366		5,152		14.4		4.4		15.8		13,517		19

		2500		feeder - MED		3,254		2,278		4,299		3,628		167		9,173		8,394		5,232		14.4		4.5		15.8		13,626		19

		4000		hubport		31,942		21,720		51,791		7,900		259		26,208		99,414		14,198		170.7		24.4		45.0		113,612		195

		5000		hubport		31,166		20,258		47,034		6,791		241		26,208		91,828		13,661		157.7		23.5		45.0		105,490		181

		6000		hubport		29,319		18,618		43,840		5,919		229		26,208		84,840		13,085		145.7		22.5		45.0		97,925		168

		7000		hubport		27,204		16,992		41,539		5,284		198		26,208		79,277		11,939		136.1		20.5		45.0		91,216		157

		8000		hubport		26,389		16,248		40,182		4,906		201		26,208		75,806		12,121		130.2		20.8		45.0		87,927		151

		9000		hubport		25,391		15,438		38,706		4,550		194		26,208		72,308		11,971		124.2		20.6		45.0		84,279		145

		10000		hubport		25,099		15,091		38,225		4,356		192		26,208		70,813		12,149		121.6		20.9		45.0		82,962		142

		Multiport/Hubport				174%		174%		156%		594%						172%		502%		172%		502%

		6.  TOTALE COSTI

																		TOTAL COST (KUS$)				COST PER TEU (US$)

		Vessel size (TEUs)		Type		Capital   Cost          (K US$)		Operating Cost          (K US$)		Fuel  Cost          (K US$)		Cost in Port          (K US$)		Port. Fuel  Cost          (K US$)		Cntr leasing cost (K US$)		Cost at Sea		Cost at Port		Cost at Sea		Cost at Port		hanling cost		Total cost		Total cost		Tot. cost (incl. Handling												COSTO PER TEU (INCLUSO COSTO HANDLING)

		4000		multiport		55,689		37,869		80,738		46,966		828		20,496		171,245		71,341		294.0		122.5				242,586		417		417												Vessel Size		HUB AND SPOKES		POINT TO POINT

		5000		multiport		54,659		35,529		73,323		31,469		740		20,992		159,409		57,303		273.7		98.4				216,712		372		372												4000		380		417

		6000		multiport		51,714		32,838		68,344		27,681		682		21,489		148,505		54,242		255.0		93.1				202,746		348		348												5000		362		372

		7000		multiport		49,260		30,769		64,757		24,907		650		22,082		139,821		52,604		240.1		90.3				192,425		330		330												6000		347		348

		8000		multiport		48,675		29,970		62,642		23,317		662		22,967		134,394		53,839		230.8		92.4				188,232		323		323												7000		331		330

		9000		multiport		47,155		28,670		60,340		21,785		630		23,463		128,933		53,110		221.4		91.2				182,043		313		313												8000		324		323

		10000		multiport		46,919		28,210		59,590		20,993		615		23,959		126,595		53,692		217.4		92.2				180,287		310		310												9000		316		313

																																-												10000		314		310

		4000		hub & spoke		43,251		31,446		63,420		20,245		674		17,440		141,498		34,978		243.0		60.1		76.5		176,475		303		380

		5000		hub & spoke		42,118		29,019		58,635		18,154		627		17,709		133,139		33,123		228.6		56.9		76.5		166,263		285		362

		6000		hub & spoke		39,452		26,459		55,413		17,405		595		17,978		124,944		32,358		214.5		55.6		76.5		157,302		270		347												dettaglio HUBPORT

		7000		hub & spoke		36,603		24,060		53,084		15,763		550		18,003		118,381		29,683		203.3		51.0		76.5		148,064		254		331

		8000		hub & spoke		35,593		22,998		51,811		14,775		546		18,330		114,534		29,519		196.7		50.7		76.5		144,053		247		324										Vessel Size		Hub		Feeder ASIA		Feeder Med		Handling		Cntr Leas

		9000		hub & spoke		34,458		21,907		50,279		13,777		529		18,561		110,660		28,850		190.0		49.5		76.5		139,511		240		316										4000		195.1		40.7		21.1		76.5		46.1

		10000		hub & spoke		34,141		21,420		49,966		13,432		526		18,792		109,120		29,156		187.4		50.1		76.5		138,276		237		314										5000		181.1		38.6		20.6		76.5		45.2

																																										6000		168.1		36.3		20.5		76.5		45.2

																																										7000		156.6		34.3		19.4		76.5		43.9

																																										8000		151.0		33.4		19.2		76.5		43.8

																																										9000		144.7		32.5		18.8		76.5		43.5

																																										10000		142.4		32.3		18.9		76.5		43.8



Il numero di navi della flotta dovrebbe essere calcolato per arrotondamento rispetto allo 0,5

COMPAQ:
E funzione della velocità di ogni singola nave:
24 h x velocità (miglia/h)

COMPAQ:
media di un viaggio a/r  tra le connessioni hub/port in ASIA e in 
 MED

MCT:
150 US$ per ton

MCT:
viaggio di andata + ritorno

COMPAQ:
media di un viaggio a/r  tra le connessioni hun/port in ASIA e in 
 MED
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Cost at Sea

Cost at Port

Total cost

Cost per TEU (US$)

MED-ASIA  Multiportship
  Cost per TEU
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PORT DUES MCT

		



Cost at Sea

Cost at Port

Total cost

Cost per TEU (US$)

MED-ASIA  Hubportship + Feedership
  Cost per TEU



Matrice distanze

		VESSEL TIME IN PORT (hours)

		Vessel size (TEUs)		Type		Towage		Mooring/Unmooring		Lashing/Unlashing		Handling		Total (hours)		Total (days)

		1000		feeder		1.5		1.5		1.5		8.8		13.3		0.6

		1250		feeder		1.5		1.5		1.5		11.0		15.5		0.6

		1500		feeder		1.5		1.5		1.5		13.2		17.7		0.7

		1750		feeder		1.5		1.5		1.5		15.4		19.9		0.8

		2000		feeder		1.5		1.5		1.5		17.6		22.1		0.9

		2250		feeder		1.5		1.5		1.5		19.8		24.3		1.0

		average				1.5		1.5		1.5		14.3		18.8		0.8

		4000		hubport		4.0		4.0		3.0		22.2		33.2		1.4

		5000		hubport		4.0		4.0		3.0		27.7		38.7		1.6

		6000		hubport		4.0		4.0		3.0		33.3		44.3		1.8

		7000		hubport		4.0		4.0		3.5		33.3		44.8		1.9

		8000		hubport		5.0		5.0		3.5		38.0		51.5		2.1

		9000		hubport		5.0		5.0		3.5		42.8		56.3		2.3

		10000		hubport		5.0		5.0		3.5		47.5		61.0		2.5

		average				4.4		4.4		3.3		35.0		47.1		2.0

		4000		multiport		4.0		4.0		3.0		10.2		21.2		0.9

		5000		multiport		4.0		4.0		3.0		12.8		23.8		1.0

		6000		multiport		4.0		4.0		3.0		15.3		26.3		1.1

		7000		multiport		4.0		4.0		3.5		17.9		29.4		1.2

		8000		multiport		5.0		5.0		3.5		20.5		34.0		1.4

		9000		multiport		5.0		5.0		3.5		23.0		36.5		1.5

		10000		multiport		5.0		5.0		3.5		25.6		39.1		1.6

		average				4.4		4.4		3.3		17.9		30.0		1.3

		DAILY FIXED COST PER TEU  (US$)

		Vessel size (TEUs)		Type		Capital Cost per TEU		Operating Cost per TEU		Travelling Cost per TEU

		1000		feeder		0.0		0.0		0.0

		1250		feeder		0.0		0.0		0.0

		1500		feeder		0.0		0.0		0.0

		1750		feeder		0.0		0.0		0.0

		2000		feeder		0.0		0.0		0.0

		2250		feeder		0.0		0.0		0.0

		average				0.0		0.0		0.0

		4000		hubport		0.0		0.0		0.0

		5000		hubport		0.0		0.0		0.0

		6000		hubport		0.0		0.0		0.0

		7000		hubport		0.0		0.0		0.0

		8000		hubport		0.0		0.0		0.0

		9000		hubport		0.0		0.0		0.0

		10000		hubport		0.0		0.0		0.0

		average				0.0		0.0		0.0

		4000		multiport		0.0		0.0		0.0

		5000		multiport		0.0		0.0		0.0

		6000		multiport		0.0		0.0		0.0

		7000		multiport		0.0		0.0		0.0

		8000		multiport		0.0		0.0		0.0

		9000		multiport		0.0		0.0		0.0

		10000		multiport		0.0		0.0		0.0

		average				0.0		0.0		0.0



nell'articolo i porti toccati dalla nave sono 5 (1 porto è scalato 2 volte). Nel modello ho ipotizzato cha la nave si fermi 4 volte in ASIA e nel MED

MCT:
n° di mglia di un viaggio x il nueor di viaggi comlpeti (a/r)

MCT:
soo i porti toccati in un ciclo (nel caso feeder sono l'HUB e lo spoke)

HUB AND SPOKES

POINT TO POINT

Cost per TEU (US$)

Hub vs Multiport 
 Total cost per TEU

MCT:
entrata + uscita dal porto

nell'articolo i porti toccati dalla nave sono 5 (1 porto è scalato 2 volte). Nel modello ho ipotizzato cha la nave si fermi 5 volte in ASIA e nel MED

include il costo di handling

Hub

Feeder ASIA

Feeder Med

Handling

Cntr Leas

US$ per TEU

HubPort: Total cost per Unit breakdown

MCT:
CALCOLATO SULL'INTERA FLOTTA E SUL TOTALE DEL TRAFFICO

MCT:
CALCOLATO SULLA SINGOLA NAVE

MCT:
tpd x sosta in porto x  n° calls per anno

MCT:
tpd x sosta in porto x  n° calls per anno



GIOIA TAURO

		TASSE DI ANCORAGGIO A GIOIA TAURO

		PER CALL

										IMPORTI IN EURO				IMPORTI IN US$

				TEUS		Stazza Lorda (ton)		Stazza Netta (ton)		Tassa		Sovrattassa		Tassa		Sovrattassa		Totale tassa per call				US $ per grt

		feeder		1,000		11,000		5,500		717		452		623		393		1,016				0.0924

		feeder		1,250		17,000		8,500		1,108		565		963		491		1,455				0.0856

		feeder		1,500		22,500		11,250		1,466		678		1,275		590		1,865				0.0829

		feeder		1,750		27,000		13,500		1,760		791		1,530		688		2,218				0.0821

		feeder		2,000		30,000		15,000		1,955		904		1,700		786		2,486				0.0829

		feeder		2,250		34,000		17,000		2,216		1,017		1,927		885		2,811				0.0827

		feeder		2,250		38,000		19,000		2,476		1,017		2,153		885		3,038				0.0799

		hubport		4,000		52,000		26,000		3,389		1,808		2,947		1,572		4,519				0.0869

		hubport		5,000		66,000		33,000		4,301		2,260		3,740		1,966		5,706				0.0864

		hubport		6,000		74,000		37,000		4,822		2,713		4,193		2,359		6,552				0.0885

		hubport		7,000		81,500		40,750		5,311		3,165		4,618		2,752		7,370				0.0904

		hubport		8,000		91,500		45,750		5,963		3,617		5,185		3,145		8,330				0.0910

		hubport		9,000		101,000		50,500		6,582		4,069		5,723		3,538		9,261				0.0917

		hubport		10,000		111,000		55,500		7,234		4,521		6,290		3,931		10,221				0.0921

																						0.0900

		multiport		4,000		52,000		26,000		3,389		1,808		2,947		1,572		4,519				0.0869

		multiport		5,000		66,000		33,000		4,301		2,260		3,740		1,966		5,706				0.0864

		multiport		6,000		74,000		37,000		4,822		2,713		4,193		2,359		6,552				0.0885

		multiport		7,000		81,500		40,750		5,311		3,165		4,618		2,752		7,370				0.0904

		multiport		8,000		91,500		45,750		5,963		3,617		5,185		3,145		8,330				0.0910

		multiport		9,000		101,000		50,500		6,582		4,069		5,723		3,538		9,261				0.0917

		multiport		10,000		111,000		55,500		7,234		4,521		6,290		3,931		10,221				0.0921

																						0.0900



POSSIBILI SCENARI:
1. L'analisi del costo per TEU al variare della dimensione delle navi, viene effettuata a parità di traffico. L'alternativia potrebbe essere quella di immaginare un aumento del traffico coerente con la dimensione dell navi. Naturalmente, nel primo dei due casi risulta ridotta la frequenza con cui le navi toccano i vari porti se la dimensione delle navi è maggiore.

2. Un secondo scenario potrebbe includere l'utilizzo di MCT come gateway (con collegamento intermodale) per le aere del nord/centro Europa oltre che Hub per il mediterraneo. In tal caso, l''impiego di navi più grandi (da 8000-1000 TEUs) a parità di frequenza potrebbe anche giustificarsi con la fusione di traffici attualmente distinti (es: traffici per il MED e per il nord Europa)

3. Il terzo scenario interessante riguarda invece la possibilità di utilizzare 2 HUB (uno nel MED e uno nel Nord Europa) per utilizzare al meglio la capacità crescente delle navi anche in questo caso combinando traffici diversi

MCT:
1,56 x stazza netta

MCT:
21,7 x 1/4 TEUs totali nave (HUB), 1/8 (MULTIPORT)

MCT:
Assumo che la stazza netta sia pari al 50% di quella lorda



NORD ITALIA

		DISTANZE TRA I PRINICPALI HUB NEL MED E PORTI GATEWAY/SPOKE														miglia nautiche

				deep sea gateway						short sea gateway

		HUB		Valencia		Marsiglia		Genova		Trieste		Tessalonica		Istambul		Costanza		Beirut		Casablanca		Algeri		Tripoli

		West Med

		Algesiras		389		692		849		1650		1693		1802		1998		2006		191		414		1076

		Sines		692		932		1089		1890		1933		2042		2238		2246		300		654		1316

		Tangeri		419		722		879		1680		1723		1832		2028		2036		161		444		1106

		Central Med

		Gioia Tauro		768		584		491		620		691		794		990		1009		1215		620		334

		Marsaxloxx		750		645		590		747		727		830		1026		1037		1181		583		191

		Cagliari		455		352		349		947		1018		1121		1317		1336		911		326		428

		Taranto		973		789		696		507		695		803		999		1013		1420		825		503

		East Med

		Pireo		1237		1065		972		839		252		352		548		643		1668		1071		635

		Damietta		1634		1477		1384		1259		701		751		947		228		2065		1468		952

		Port Said		1669		1512		1419		1294		736		786		982		228		2100		1503		987





		COSTI PORTUALI A GIOIA TAURO

		TUG

		GRT				Tariffa (Euro)

		da:		a:

		5,001		10,000		648				Una manovra

		10,001		15,000		778				max 1 ora

		15,001		20,000		876				overtime 50%

		20,001		30,000		1,621

		30,001		40,000		1,816				32 euro per ulteriori  5000 ton

		40,001		50,000		2,108

		50,001		60,000		2,270

		MOORING

		GRT				Tariffa (Euro)

		da:		a:

		3,501		7,000		220

		7,001		10,000		293				No overtime

		10,001		20,000		367

		20,001		30,000		403				26 euro per ulteriori  10000 ton

		30,001		40,000		440

		40,001		50,000		477

		PILOTAGE

		GRT				Tariffa (Euro)

		da:		a:

		3,501		5,000		119				Overtime: E' possibile considerare

		5,001		7,000		150				in media un costo aggiuntivo del 15%

		7,001		10,000		183

		10,001		15,000		231				Il costo di un eventuale 2° pilota detremina

		15,001		20,000		277				un costo aggiuntivo del 50%

		20,001		25,000		307

		25,001		30,000		338

		30,001		40,000		400

		> 21 euro for any additional 10000 grt or fraction

		Quasi sempre occorre includere anche il costo del pilota necessario per attraversare lo stretto di

		Messina . L'importo varia dai 650 euro ai 1000 euro per una GRT variabile da 7.000 t a 40.000 t.

		Oltre i 40000 si paga 46 euro per ulteriori 10000 t o frazioni.

		Nel terminal di Malta, i costi di ormeggio e del pilota sono più bassi di quelli di Gioia Tauro di circa

		il 20%

		Il costo del rimorchiatore invere risulta mediamente più alto (5-10 %)

														20.6582759636





		PORT EXPENSES IN NORTHWEST ITALY

						LA SPEZIA				GENOA						LIVORNO

		ITEM		SHIP SIZE		TARIFF		OVERTIME		TARIFF		OVERTIME				TARIFF		OVERTIME

		MOORING		10.001 - 15.000		395,000		NITE (20 - 6) : 50%		601,000		Dawn(6-8, 17-20) : 40%		10. - 15.		438,000		NITE (20 - 6) : 50%

				15.001 - 20.000		492,000		SUN (0 - 24) : 50%		744,000		NITE(20 - 6) : 50%		15. - 18.		473,000		SUN (0 - 24) : 50%

				20.001 - 25.000		589,000		HOL (0 - 24) : 100%		1,020,000		SUN (0 - 24) : 50%		18. - 22.		506,000		HOL (0 - 24) : 100%

				25.000 - 30.000		707,000				1,020,000		HOL : 100%		22. - 26.		573,000

				30.001 - 40.000		875,000				1,189,000				26. - 30.		641,000

				40.001 - 50.000		1,164,000				1,492,000						843,000

																1,011,000

		PILOTAGE		10.001 - 15.000		594,000		NITE (20 - 6) : 50%		802,000		HOL : 100%				582,000		SUN : 50%

				15.001 - 20.000		732,000		SUN / HOL : 50%		920,000		NWD  : 50%				748,000		HOLIDAY : 100%

				20.001 - 25.000		899,000		Dawn(6-8,17-20) : 40%		1,016,000		NITE (20 - 6) : 50%				813,000		NITE (20 - 6) : 50%

				25.001 - 30.000		1,048,000				1,109,000		Dawn(6-8,17-20) : 40%				885,000		Dawn(6-8,17-20) : 40%

				30.001 - 40.000		1,171,000				1,272,000						993,000

				40.001 - 50.000		1,329,000				1,576,000						1,098,000

						1 - 5th call : 100%				NO REDUCTION BY THE NUMBER						1 - 10th call : 100%

						6 - 10th call : 80%				OF CALLS						11 - 20th call : 85%

						11 - 30th call : 70%										21 - 30th call : 70%

						From 31st call : 60%										31 - 40th call : 50%

																From 41st call : 35%

		TOWAGE		10.001 - 13.000		2,310,000		HOL(17 - 8) : 100%		2,161,000		HOL(20 - 5) : 100%				1,271,000		HOL(17 - 8) : 100%

				13.001 - 16.000		2,765,000		HOL(8 - 17) : 50%		2,540,000		HOL(5 - 20) : 60%				1,602,000		HOL(8 - 17) : 50%

				16.001 - 20.000		3,015,000		SAT (8 - 17) : 40%		2,805,000		SAT (5 - 20) : 32%				1,989,000		SAT (8 - 17) : 40%

				20.001 - 25.000		3,103,000		NITE (17 - 8) : 50%		2,920,000		NITE (20 - 5) : 60%				2,099,000		NITE (17 - 8) : 50%

				25.001 - 30.000		3,260,000		Deep Nite(23-6) : 50%		2,920,000		Dawn(5-8,17-20) : 32%				2,099,000		Towage rope : 10%

				30.001 - 35.000		3,376,000		Towage rope : 10%		3,147,000		Towage rope : incl.				2,818,000

				35.001 - 40.000		3,492,000				3,147,000						2,818,000

				40.001 - 45.000		3,608,000				3,362,000						3,315,000

				45.001 - 50.000		3,724,000				3,362,000
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HUB AND SPOKES

POINT TO POINT

Cost per TEU (US$)

Hub vs Multiport 
 Total cost per TEU

372.3754890058

416.528182227

354.6451670771

372.1018462593

339.1493118496

348.1224152087

321.0816831374

330.4004055338

313.8936955204

323.2011247142

305.8353329255

312.5738328027

303.3677709802

309.5587514763



INPUT

		MATRIX OF INTRA-REGIONAL DISTANCES BETWEEN PORTS IN ASIA (MILES)

		ASIA		Singapore		Tanjung		Bangkok		Manila		Singapore

		Singapore

		Tanjung

		Bangkok

		Manila

		Singapore

		MATRIX OF INTRA-REGIONAL DISTANCES BETWEEN PORTS IN MED (miles)

		MED		Izmir		Pireo		Gioia Tauro		La Spezia		marsiglia		Barcellona

		Izmir				150

		Pireo								987

		Gioia Tauro		636		486						576		673

		La Spezia										300

		Marsiglia												350

		Barcellona

		MATRIX OF SELECTED HUBPORTS TRUNK HAUL DISTANCES (miles)

		MED/ASIA		Singapore		Tanjung		Bangkok		Manila

		Izmir		5511

		Pireo

		Gioia Tauro		5947

		La Spezia

		Marsiglia

		Barcelona		6620

		DISTANCE CALCULATION

										DISTANCE (miles)

		HUBPORTSHIP+FEEDER								total		avg

		Connection between selected origin and destination hubs								11,894		5,947

		Connection between hubs and final destinations (ASIA)								5,400		675

																include i viaggi di andata e ritorno per ogni porto

		Connection between hubs and final destinations (MED)								3,119		390				riduzione del 50% ottimizzando il percorso dei feeder

								TOTAL		20,413		7,012

		MULTIPORT SHIPS

		Connection between last port out and first port in								12,131		6,066

		Connection between intra-regional port (ASIA)								4,624		578

		Connection between intra-regional port (MED)								1,787		223

								TOTAL		18,542		6,867

		SELECTED SERVICE

		FAR EAST - MED

		PORT ROTATION

		Singapore														ASIA		5		n° of ports

		Tanjung																1		n° of Hub

		Bangkok

		Manila

		Singapore

		Izmir

		Pireo

		La Spezia		(sostituito con Gioia Tauro nella soluzione Hubport)

		Barcelona

		Marsiglia

																		5		n° of ports

																		1		n° of Hub

		MOVES  PER VESSEL

		Vessel capacity (A)		Type		Load factor (B)		% TEUs moved per port (C)		TEUs transported (D =AxBxC)		TEUs moved per port (E=Dx2)		Share 20' (F)				Moves In/Out         (H = E/G)		% Restows (I)				Share empties

		1000		feeder		70%		70%		490		980		33%		1.7		588		0.5%		591		20%

		1250		feeder		70%		70%		613		1,225		33%		1.7		735		0.5%		739		20%

		1500		feeder		70%		70%		735		1,470		33%		1.7		882		0.5%		886		20%

		1750		feeder		70%		70%		858		1,715		33%		1.7		1,029		0.5%		1,034		20%

		2000		feeder		70%		70%		980		1,960		33%		1.7		1,176		0.5%		1,182		20%

		2250		feeder		70%		70%		1,103		2,205		33%		1.7		1,323		0.5%		1,330		20%

		2500		feeder		70%		70%		1,225		2,450		33%		1.7		1,470		0.5%		1,477		20%

		4000		hubport		70%		100%		2,800		5,600		33%		1.7		3,360		1.0%		3,394		20%

		5000		hubport		70%		100%		3,500		7,000		33%		1.7		4,200		1.0%		4,242		20%

		6000		hubport		70%		100%		4,200		8,400		33%		1.7		5,040		1.0%		5,090		20%

		7000		hubport		70%		100%		4,900		9,800		33%		1.7		5,880		1.0%		5,939		20%

		8000		hubport		70%		100%		5,600		11,200		33%		1.7		6,720		1.0%		6,787		20%

		9000		hubport		70%		100%		6,300		12,600		33%		1.7		7,560		1.0%		7,636		20%

		10000		hubport		70%		100%		7,000		14,000		33%		1.7		8,400		1.0%		8,484		20%

		4000		multiport		70%		20%		560		1,120		33%		1.7		672		5.0%		706		20%

		5000		multiport		70%		20%		700		1,400		33%		1.7		840		5.0%		882		20%

		6000		multiport		70%		20%		840		1,680		33%		1.7		1,008		5.0%		1,058		20%

		7000		multiport		70%		20%		980		1,960		33%		1.7		1,176		5.0%		1,235		20%

		8000		multiport		70%		20%		1,120		2,240		33%		1.7		1,344		5.0%		1,411		20%

		9000		multiport		70%		20%		1,260		2,520		33%		1.7		1,512		5.0%		1,588		20%

		10000		multiport		70%		20%		1,400		2,800		33%		1.7		1,680		5.0%		1,764		20%

		Regional traffic		0%

		VESSEL TIME IN PORT

		Vessel size (TEUs)		Type		Gross Tonnage		Draft (m)		Cranes deployed		cranes usage		Average Cranes		GCP (mvs/hrs)		Gross overall product.		Total moves per vessel		Overall gross time		Lashing time

		1000		feeder		11,000		8.5		3		80%		2.4		33		79		591		7		1.5

		1250		feeder		17,000		8.5		3		80%		2.4		33		79		739		9		1.5

		1500		feeder		22,500		9.0		3		80%		2.4		33		79		886		11		1.5

		1750		feeder		27,000		9.0		3		80%		2.4		33		79		1,034		13		1.5

		2000		feeder		30,000		10.0		3		80%		2.4		33		79		1,182		15		1.5

		2250		feeder		34,000		10.0		3		80%		2.4		33		79		1,330		17		1.5

		2500		feeder		38,000		10.5		3		80%		2.4		33		79		1,477		19		1.5

		4000		hubport		52,000		13.0		6		85%		5.1		33		168		3,394		20		3.0

		5000		hubport		66,000		13.0		6		85%		5.1		33		168		4,242		25		3.0

		6000		hubport		74,000		14.5		6		85%		5.1		33		168		5,090		30		3.0

		7000		hubport		81,500		14.5		7		85%		6.0		40		238		5,939		25		3.5

		8000		hubport		91,500		16.0		7		85%		6.0		40		238		6,787		29		3.5

		9000		hubport		101,000		16.0		7		85%		6.0		40		238		7,636		32		3.5

		10000		hubport		111,000		17.0		7		85%		6.0		40		238		8,484		36		3.5

		4000		multiport		52,000		13.0		5		60%		3.0		23		69		706		10		3.0

		5000		multiport		66,000		13.0		5		60%		3.0		23		69		882		13		3.0

		6000		multiport		74,000		14.5		5		60%		3.0		23		69		1,058		15		3.0

		7000		multiport		81,500		14.5		5		60%		3.0		23		69		1,235		18		3.5

		8000		multiport		91,500		16.0		5		60%		3.0		23		69		1,411		20		3.5

		9000		multiport		101,000		16.0		5		60%		3.0		23		69		1,588		23		3.5

		10000		multiport		111,000		17.0		5		60%		3.0		23		69		1,764		26		3.5

		OTHER VESSEL TIME AND COST IN PORT (per call)

								ANCHORAGE DUES				PORT COST IN MED																								rapporto costo/grt										PORT COST IN ASIA

		OTHER VESSEL TIME AND COST IN PORT (per call)		Gross Tonnage		N° Tugs used		Ship dues ASIA             US$		Ship dues MED             US$		Pilotage  US$		Tug       US$		Mooring       US$		Tug time       (hrs)		Mooring time (hrs)		Total time in port (hrs)		Hanling rates (US$)		Hanling cost (K US$)																				Ship dues ASIA             US$		Pilotage  US$		Tug       US$		Mooring US$

		1000		11,000		1		2,072		1,016		300		1,012		381		1.5		1.5		12		70		17,123										Ship dues MED             US$		Pilotage  US$		Tug       US$		Mooring US$				0.19		81		5,356		484

		1250		17,000		1		3,203		1,455		360		1,138		477		1.5		1.5		14		70		17,123										0.092		5.31		10.82		36.65				0.19		101		5,356		748

		1500		22,500		1		4,239		1,865		399		2,107		524		1.5		1.5		16		70		17,123										0.086		5.31		11.69		47.24				0.19		121		5,356		990

		1750		27,000		1		5,087		2,218		439		2,107		524		1.5		1.5		18		70		17,123										0.083		5.31		12.07		56.32				0.19		141		5,356		1,188

		2000		30,000		1		5,652		2,486		439		2,361		572		1.5		1.5		19		70		17,123										0.082		5.31		12.17		61.49				0.19		161		5,356		1,320

		2250		34,000		1		6,406		2,811		520		2,361		572		1.5		1.5		21		70		17,123										0.083		5.31		12.07		68.32				0.19		181		5,356		1,496

		2500		38,000		1		7,159		3,038		520		2,740		620		1.5		1.5		23		70		17,123										0.083		5.31		12.09		65.34				0.19		202		5,356		1,672

																																				0.080		5.31		12.51		73.03

		4000		52,000		3		9,797		4,519		893		3,405		715		4.0		4.0		31		70		24,461																				0.19		645		5,356		2,288

		5000		66,000		3		12,434		5,706		952		3,510		578		4.0		4.0		36		70		24,461										0.087		5.31		11.51		58.24				0.19		806		5,356		2,904

		6000		74,000		3		13,942		6,552		985		3,587		609		4.0		4.0		41		70		24,461										0.086		5.31		11.57		69.35				0.19		967		5,356		3,256

		7000		81,500		3		15,355		7,370		1,017		3,659		639		4.0		4.0		36		70		24,461										0.089		5.31		11.29		75.10				0.19		1,128		5,356		3,586

		8000		91,500		3		17,239		8,330		1,059		3,755		678		5.0		5.0		42		70		24,461										0.090		5.31		11.06		80.15				0.19		1,290		5,356		4,026

		9000		101,000		3		19,028		9,261		1,099		3,846		715		5.0		5.0		46		70		24,461										0.091		5.31		10.98		86.42				0.19		1,451		5,356		4,444

		10000		111,000		3		20,912		10,221		1,141		3,942		754		5.0		5.0		49		70		24,461										0.092		5.31		10.91		91.93				0.19		1,612		5,356		4,884

																																				0.092		5.31		10.86		97.31

		4000		52,000		3		9,797		4,519		645		5,356		2,288		4.0		4.0		21				0																				0.19		645		5,356		2,288

		5000		66,000		3		12,434		5,706		806		5,356		2,904		4.0		4.0		24				0										0.087		5.31		11.51		80.65				0.19		806		5,356		2,904

		6000		74,000		3		13,942		6,552		967		5,356		3,256		4.0		4.0		26				0										0.086		5.31		11.57		81.89				0.19		967		5,356		3,256

		7000		81,500		3		15,355		7,370		1,128		5,356		3,586		4.0		4.0		29				0										0.089		5.31		11.29		76.51				0.19		1,128		5,356		3,586

		8000		91,500		3		17,239		8,330		1,290		5,356		4,026		5.0		5.0		34				0										0.090		5.31		11.06		72.23				0.19		1,290		5,356		4,026

		9000		101,000		3		19,028		9,261		1,451		5,356		4,444		5.0		5.0		37				0										0.091		5.31		10.98		70.95				0.19		1,451		5,356		4,444

		10000		111,000		3		20,912		10,221		1,612		5,356		4,884		5.0		5.0		39				0										0.092		5.31		10.91		69.62				0.19		1,612		5,356		4,884

																																				0.092		5.31		10.86		68.86

		Ship dues				US$ per grt - MED

		PORT RATES ASIA

		Ship dues		0.1884		US$ per grt

		Pilotage		0.1612		US$ per grt

		Towage		5,356		per TUG

		Mooring		0.044		US$ per grt

		additional		5%

		DAILY FIXED COST PER TEU

		a) Daily Capital Cost														a) Daily Operating Cost

		Vessel size (TEUs)		Price       (K US$)		Yeraly Interest rate		Yearly capital  cost         (K US$)		Daily capital  cost          (K US$)						Crew		Crew + 50% (leave)		Yearly wage (K US$)		Yearly M&R + insurance %		Yearly  operating cost (K US$)		Daily operating   cost (K US$)

		1000		17,500		10%		1,750		4.9						14		21		30		5%		1,505		4.2

		1250		21,000		10%		2,100		5.8						14		21		30		5%		1,680		4.7

		1500		23,000		10%		2,300		6.4						14		21		30		5%		1,780		4.9

		1750		25,000		10%		2,500		6.9						14		21		30		5%		1,880		5.2

		2000		27,000		10%		2,700		7.5						14		21		30		5%		1,980		5.5

		2250		29,500		10%		2,950		8.2						14		21		30		5%		2,105		5.8

		2500		31,500		10%		3,150		8.8						14		21		30		5%		2,205		6.1

		4000		45,000		10%		4,500		12.5						18		27		30		5%		3,060		8.5

		5000		54,000		10%		5,400		15.0						18		27		30		5%		3,510		9.8

		6000		60,000		10%		6,000		16.7						18		27		30		5%		3,810		10.6

		7000		65,000		10%		6,500		18.1						18		27		30		5%		4,060		11.3

		8000		70,000		10%		7,000		19.4						18		27		30		5%		4,310		12.0

		9000		75,000		10%		7,500		20.8						18		27		30		5%		4,560		12.7

		10000		80,000		10%		8,000		22.2						18		27		30		5%		4,810		13.4

		4000		45,000		10%		4,500		12.5						18		27		30		5%		3,060		8.5

		5000		54,000		10%		5,400		15.0						18		27		30		5%		3,510		9.8

		6000		60,000		10%		6,000		16.7						18		27		30		5%		3,810		10.6

		7000		65,000		10%		6,500		18.1						18		27		30		5%		4,060		11.3

		8000		70,000		10%		7,000		19.4						18		27		30		5%		4,310		12.0

		9000		75,000		10%		7,500		20.8						18		27		30		5%		4,560		12.7

		10000		80,000		10%		8,000		22.2						18		27		30		5%		4,810		13.4

		TRAVELLED DISTANCE AND FUEL COST

		Vessel size (TEUs)		Fuel (tons per day)		Speed (knots)		Fuel for auxiliaries (tons)		Daily fuel consump (tpd)		Daily fuel cost K US$		% of deviation		Total Distance ASIA (miles)		Total Distance MED (miles)		Travel. Days ASIA		Travel. Days MED		Yearly fuel consumption per vessel (tons)		ASIA		MED		Yearly fuel consumption in port (tons)		ASIA		MED

		1000		40		22		2		42		6.3		10%		5,940		3,431		11.3		6.5		77,527		49,140		28,387		1,659		829		829

		1250		50		22		3		53		7.9		10%		5,940		3,431		11.3		6.5		77,340		49,022		28,318		1,530		765		765

		1500		60		22		3		63		9.5		10%		5,940		3,431		11.3		6.5		77,154		48,904		28,250		1,444		722		722

		1750		70		22		4		74		11.0		10%		5,940		3,431		11.3		6.5		76,967		48,786		28,182		1,381		691		691

		2000		80		22		4		84		12.6		10%		5,940		3,431		11.3		6.5		77,527		49,140		28,387		1,347		673		673

		2250		90		22		5		95		14.2		10%		5,940		3,431		11.3		6.5		77,154		48,904		28,250		1,306		653		653

		2500		100		22		5		105		15.8		10%		5,940		3,431		11.3		6.5		78,272		49,613		28,659		1,297		648		648

		4000		145		25		7		152.3		22.8		10%		13,083				21.8				345,271						1,621

		5000		165		25		8		173		26.0		10%		13,083				21.8				313,560						1,503

		6000		185		25		9		194		29.1		10%		13,083				21.8				292,267						1,423

		7000		205		25		10		215		32.3		10%		13,083				21.8				276,927						1,075

		8000		225		25		11		236		35.4		10%		13,083				21.8				267,883						1,092																		DETTAGLIO DISTANZE						DETTAGLIO DURATA (giornI)

		9000		245		25		12		257		38.6		10%		13,083				21.8				258,037						1,048																								(per un viaggio a/r)

		10000		265		25		13		278		41.7		10%		13,083				21.8				254,832						1,032

																																																HUB		ASIA		MED		HUB		ASIA		MED

																																																13,344		5,086		1,966		22.2		8.5		3.3

		4000		145		25		7		152		22.8		10%		20,396				34.0				538,256						5,519																		13,344		5,086		1,966		22.2		8.5		3.3

		5000		165		25		8		173		26.0		10%		20,396				34.0				488,820						4,935																		13,344		5,086		1,966		22.2		8.5		3.3

		6000		185		25		9		194		29.1		10%		20,396				34.0				455,626						4,544																		13,344		5,086		1,966		22.2		8.5		3.3

		7000		205		25		10		215		32.3		10%		20,396				34.0				431,711						4,336																		13,344		5,086		1,966		22.2		8.5		3.3

		8000		225		25		11		236		35.4		10%		20,396				34.0				417,612						4,414																		13,344		5,086		1,966		22.2		8.5		3.3

		9000		245		25		12		257		38.6		10%		20,396				34.0				402,264						4,199																		13,344		5,086		1,966		22.2		8.5		3.3

		10000		265		25		13		278		41.7		10%		20,396				34.0				397,267						4,102

		Fuel price				150		US$ per ton

		Auxiliaries engine				2%		of daily fuel oil consumption

		Lubricating oil				3%		of daily fuel oil consumption

		Consumption in port (feeder)				4		tons per day

		Consumption in port (OV)				6		tons per day

		THEORETICAL VOLUME ACCORDING WITH VESSEL SIZE (Same n° of vessels, different volume)

		HUB

		Vessel size (TEUs)		Frequency (call per week)		Travelling days		Calls per year		Vessels deployed		Oceanic volume TEUs		Intra-regional volume (TEUs)		Annual volume TEUs

		4000		2		21.8		104		7.0		582,400				582,400

		5000		2		21.8		104		7.2		728,000				728,000

		6000		2		21.8		104		7.3		873,600				873,600

		7000		2		21.8		104		7.2		1,019,200				1,019,200

		8000		2		21.8		104		7.3		1,164,800				1,164,800

		9000		2		21.8		104		7.4		1,310,400				1,310,400

		10000		2		21.8		104		7.5		1,456,000				1,456,000

		MULTIPORT

		4000		2		34.0		104		12.4		582,400		-		582,400

		5000		2		34.0		104		12.7		728,000		-		728,000

		6000		2		34.0		104		13.0		873,600		-		873,600

		7000		2		34.0		104		13.4		1,019,200		-		1,019,200

		8000		2		34.0		104		13.9		1,164,800		-		1,164,800

		9000		2		34.0		104		14.2		1,310,400		-		1,310,400

		10000		2		34.0		104		14.5		1,456,000		-		1,456,000

		REAL  VOLUME (Same volume, diffrent n° of vessel)

		HUB

		Vessel size (TEUs)		Frequency (call per week)		Travelling days		Calls per year		Vessels deployed		Oceanic volume TEUs		Intra-regional volume (TEUs)		Annual volume TEUs

		4000		2.0		21.8		104		7.0		582,400				582,400

		5000		1.6		21.8		83		5.7		582,400				582,400

		6000		1.3		21.8		69		4.8		582,400				582,400

		7000		1.1		21.8		59		4.1		582,400				582,400

		8000		1.0		21.8		52		3.7		582,400				582,400

		9000		0.9		21.8		46		3.3		582,400				582,400

		10000		0.8		21.8		42		3.0		582,400				582,400

		MULTIPORT

		4000		2.0		34.0		104		12.4		582,400		-		582,400

		5000		1.6		34.0		83		10.1		582,400		-		582,400

		6000		1.3		34.0		69		8.6		582,400		-		582,400

		7000		1.1		34.0		59		7.6		582,400		-		582,400

		8000		1.0		34.0		52		7.0		582,400		-		582,400

		9000		0.9		34.0		46		6.3		582,400		-		582,400

		10000		0.8		34.0		42		5.9		582,400		-		582,400

		FEEDER DEPLOYMENT FOR TRANSHIPMENT  SERVICE

		Vessel size (TEUs)		Feeder size (TEUs)		% local traffic origin Hub		% local traffic  dest Hub		Total Travelling days per round trip (ASIA)		Total Travelling days per round trip (MED)		origin ports linked		destin ports linked		origin: feeder involved		dest: feeder involved		N° of calls in ASIA per year		N° of calls in MED per year				durata round trip  ASIA		durata round trip          MED		Intertempo		Rapporto di capacità										N° feeder ASIA		N° feeder MED				tempo medio feeder ASIA		tempo medio feeder MED

		4000		1,000		30%		30%		11.25		6.50		3		4		4.2		2.1		624		832				12.7		8.5		2.85		2.8										4.2		2.1				4.2		2.1

		5000		1,250		30%		30%		11.25		6.50		3		4		3.3		1.7		498		664				13.0		8.8		3.63		2.8										3.3		1.7				4.3		2.2

		6000		1,500		30%		30%		11.25		6.50		3		4		2.8		1.4		414		552				13.2		9.1		4.42		2.8										2.8		1.4				4.4		2.3

		7000		1,750		30%		30%		11.25		6.50		3		4		2.3		1.2		354		472				13.4		9.4		5.41		2.8										2.3		1.2				4.5		2.4

		8000		2,000		30%		30%		11.25		6.50		3		4		2.1		1.1		312		416				13.7		9.7		6.12		2.8										2.1		1.1				4.6		2.4

		9000		2,250		30%		30%		11.25		6.50		3		4		1.9		1.0		276		368				13.9		10.0		6.96		2.8										1.9		1.0				4.6		2.5

		10000		2,500		30%		30%		11.25		6.50		3		4		1.7		0.9		252		336				14.1		10.4		7.64		2.8										1.7		0.9				4.7		2.6

		CONTAINER LEASING COST

		HUB		TRANSIT TIME (DAYS)

		Vessel size (TEUs)		Time in Hubport		Steaming intra-regional		Trunk Haul time		Feedering Time (ASIA)		Feedering Time (MED)		Total time of a one way trip		Leasing cost  per TEU (US$)		Total Leasing cost  (K US$)

		4000		1.3				10.9		1.9		0.8		14.9		29.8		17,342												Vessel size (TEUs)		HUB		Multiport

		5000		1.5				10.9		1.9		0.8		15.1		30.2		17,587												4000		14.9		17.6

		6000		1.7				10.9		1.9		0.8		15.3		30.6		17,832												5000		15.1		18.0

		7000		1.5				10.9		1.9		0.8		15.1		30.2		17,599												6000		15.3		18.4

		8000		1.8				10.9		1.9		0.8		15.3		30.7		17,869												7000		15.1		19.0

		9000		1.9				10.9		1.9		0.8		15.5		31.0		18,042												8000		15.3		19.7

		10000		2.0				10.9		1.9		0.8		15.6		31.3		18,215												9000		15.5		20.1

																														10000		15.6		20.6

		MULTIPORT

		4000		3.5				14.1						17.6		35.2		20,496

		5000		4.0				14.1						18.0		36.0		20,992

		6000		4.4				14.1						18.4		36.9		21,489

		7000		4.9				14.1						19.0		37.9		22,082

		8000		5.7				14.1						19.7		39.4		22,967

		9000		6.1				14.1						20.1		40.3		23,463

		10000		6.5				14.1						20.6		41.1		23,959

		Cost per TEU per Day				2		US$



&R&P  /  &N

MCT:
percentuale sul valore storico della nave

MCT:
Non sono considerati i costi di handling nei terminal origine e dtinazione in quanto costi non differenziali

Non sono considerate le tariffe di handling nei porti finali in quanto sono sopportate in entrambe i casi e quindi non differenziali rispetto alla comparazione economica

MCT:
calcolato come percentuale sul consumo giornaliero

La percentuale di cntr movimentati  nel caso multiport dipende dal numero di porti. Si ipotizza che il traffico sia equamente ripartito tra i porti coinvolti. In teoria, la soluzione multiport consente di realizzare anche una sorta di traffico regionale tra i porti stessi stimata nel ....% della capacità (???).

MCT:
Non sono considerati i costi di handling nei terminal origine e dtinazione in quanto costi non differenziali

Questo scenario potrebbe essere adottato se, al crescere della dimensione delle navi, esistesse un traffico sostenibile o la possibilità di combinare tarffici diversi (magari con il supporto dell'intemodalismo). Comunque nel modello è utilizzato los cenario che segue:  STESSO VOLUME, DIMENSIONE DELLA FLOTTA DIVERSA

MCT:
E' la somma del costo fisso di manutenzione/assicurazioni + il costo del personale

MCT:
Il consumo giornaliero di carburante per il prezzo di 150 US$/ton

MCT:
è la distanza complessiva percorsa dalle navi in un tour completo, aumentata dalla percentuale di deviazione della rotta

MCT:
durata un viaggio completo completo (a/r)= Distanza totale / velocità / 24 h

nel caso dei feeder, il calcolo include la somma dei giorni di viaggio di tutti i feeder a supporto della nave nell'hub

Cosnumo annuo di carburante = 
(TPD x Totale giorni di viaggio del tour ) x n° di tour in un anno

Num viaggi per nave = 360 / (durata media del viaggio+time in port)

Num calls per anno= traffico totale annuale / teu trasportati  per nave

N° navi = N° calls / N° viaggi per nave

MCT:
Non sono considerati i costi di handling nei terminal origine e dtinazione in quanto costi non differenziali

MCT:
è il tempo che la nave trascorre nel porto per le operazioni di movimentazione

MCT:
rate x num movimenti 
Il numero di movimenti è detreminato come rapporto tra il traffico totale in TEUs e il TEUs factor (582,400/1,7)

2 HANDLING SU FEEDER (1 in ASIA e 1 in MED)
2 HANDLING SU HUBPORTSHIP

MCT:
nella soluzione hub, i cntr destinati al mercato locale non sono movimentati con feeder e quindi sono esclusi dal calcolo (una media del traffico locale in ASIA e MED è considerata.

MCT:
SONO CONSIDERATI I DATI DELL'ARTICOLO

MCT:
SONO CONISDERATI I COSTI REALI A GIOIA TAURO

MCT:
COSTI A GIOIA TAURO
100% EXTRA COST PER OVERTIME E 2° PILOTA

MCT:
Costi a Gioia Tauro , 30% in media di overtime

MCT:
Costi a Gioia Tauro , 30% in media di overtime

MCT:
include  i tempi di handling, rmorchiatori, rizzaggio, ormeggiatori

MCT:
mov/h realizzati sull'intera nave

MCT:
include solo il tempo nell'HUB

non viene considerato il tempo trascorso nel porto finale in quanto non è differenziale nella analisi

MCT:
Le ore di permanenza in un porto x il numero dei porti - 2 (l'origine e la destinazione).
Il tutto è poi diviso per due per otteneere una durata media dell'impiego del cntr ( i cntr imbarcati nel primo porto naturalmente sono i più costosi)

Cosnumo annuo di carburante in porto
(Consumo fuel  in porto (cella C265) x  Giorni in porto per ogni call x n° porti toccati x consumo giornaliero nel porto) x n° di tour in un anno

MCT:
TARIFFA DI UN DOPPIO MOVIMENTO (SBARCO E IMBARCO)

MCT:
è il tempo totale a/r per raggiungere i porti finali (spokes). E' dato dal rappot tra le distanze e la velocità di percorrenza

MCT:
è il tempo totale a/r oer raggiungere i porti finali (spokes)

MCT:
tempo totale dei  round trip + time in port

MCT:
tempo di un round trip / 3 (rapporto di capacità tra nave madre e feeder). In realtà questo rapporto è funzione della % di traffico intermodale

MCT:
50% di sconto sui feeder

COMPAQ:
E' il rapporto tra TEUs e movimenti

COMPAQ:
Sea margin dovuto alle deviazioni tipiche sulle rptte

La colonna M e N contengono il dettaglio del consumo di carburante dei feeder in ASI e in MED

Motliplicato x 2 perché in ogni viaggio la nave hubport tocca 2 porti (l'hub in ASIA e quello uin MED)

Traffico annuale
2 calls x 52 settimane x 4000 TEUs x 70% di capacità x 2 direzioni (west/nothbound)

Numero di call per anno (one way) = Total TEUs per anno/Num TEUs movimentati per call

MCT:
è il rapporto tra la capacità di una nave hubport è i feeder di una certa capacità, Il tutto i funzione del traffico intermodale che non transiterà dai feeder

MCT:
una nave madre arriva ogni 3,5 giorni. Si suppone che a metà delle operazioni nel porto (dopo lo sbarco) il feeder possa ripartire per ritornare dopo (3,5 giorni - il tempo trascorso in porto)
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Sommario

		RIEPILOGO

		DESCRIZIONE DEL SERVIZIO

		N° di porti nell'ara di origine						5		ASIA				HUB		1

		N° di porti nell'ara di destinazione						5		MED				HUB		1

		Traffico totale movimentato (a/r)						582,400		TEUs

		(2 calls a settimana x 52 settimane x 70% capacità nave (4000 TEUs)  x 2 viaggi (andata e e ritorno))

		Traffico regionale multi-port						-		TEUs

		DATI SULLE NAVI E SUL TRAFFICO

		Vessel size (TEUs)		Type		N° of vessel in ASIA		N° of vessel in MED		Travel. days per trip ASIA		Travel. days per trip MED		N° of one way trip ASIA		N° of one way trip  MED		Fleet (N° of vessels)

		1000		feeder		4.2		2.1		2.7		3.1		312		416		6.3

		1250		feeder		3.3		1.7		3.4		3.8		249		332		5.0

		1500		feeder		2.8		1.4		4.0		4.5		207		276		4.2

		1750		feeder		2.3		1.2		4.9		5.3		177		236		3.5

		2000		feeder		2.1		1.1		5.4		5.8		156		208		3.2

		2250		feeder		1.9		1.0		6.0		6.4		138		184		2.9

		2500		feeder		1.7		0.9		6.5		6.9		126		168		2.7

		4000		hubport						21.8				104				7.0

		5000		hubport						21.8				83				5.7

		6000		hubport						21.8				69				4.8

		7000		hubport						21.8				59				4.1

		8000		hubport						21.8				52				3.7

		9000		hubport						21.8				46				3.3

		10000		hubport						21.8				42				3.0

		4000		multiport						34.0				104				12.4

		5000		multiport						34.0				83				10.1

		6000		multiport						34.0				69				8.6

		7000		multiport						34.0				59				7.6

		8000		multiport						34.0				52				7.0

		9000		multiport						34.0				46				6.3

		10000		multiport						34.0				42				5.9

		1. DAILY FIXED COST PER TEU

						DATI RELATIVI AD UNA NAVE								DATI RELATIVI ALL'INTERA FLOTTA

		Vessel size (TEUs)		Type		Daily Capital   Cost          (K US$)		Daily Operat. Cost         (K US$)		Yearly Capital Cost        (K US$)		Yearly Operat. Cost       (K US$)		Daily Capital   Cost          (K US$)		Daily Operat. Cost         (K US$)		Yearly Capital Cost        (K US$)		Yearly Operat. Cost       (K US$)		YEARLY COST PER TEU US$		DAILY COST PER TEU US$

		1000		feeder -ASIA		4.9		4.2		1,750		1,505		20.3		17.4		7,302		6,280		23		6.3

		1250		feeder -ASIA		5.8		4.7		2,100		1,680		19.5		15.6		7,005		5,604		22		5.9

		1500		feeder -ASIA		6.4		4.9		2,300		1,780		17.8		13.8		6,422		4,970		20		5.3

		1750		feeder -ASIA		6.9		5.2		2,500		1,880		16.1		12.1		5,799		4,361		17		4.9

		2000		feeder -ASIA		7.5		5.5		2,700		1,980		15.6		11.5		5,628		4,127		17		4.6

		2250		feeder -ASIA		8.2		5.8		2,950		2,105		15.3		10.9		5,500		3,925		16		4.4

		2500		feeder -ASIA		8.8		6.1		3,150		2,205		15.1		10.6		5,441		3,809		16		4.2

		1000		feeder - MED		4.9		4.2		1,750		1,505		10.1		8.7		3,649		3,138		12		6.3

		1250		feeder - MED		5.8		4.7		2,100		1,680		9.9		7.9		3,564		2,851		11		5.9

		1500		feeder - MED		6.4		4.9		2,300		1,780		9.2		7.1		3,323		2,572		10		5.3

		1750		feeder - MED		6.9		5.2		2,500		1,880		8.5		6.4		3,049		2,293		9		4.9

		2000		feeder - MED		7.5		5.5		2,700		1,980		8.3		6.1		3,004		2,203		9		4.6

		2250		feeder - MED		8.2		5.8		2,950		2,105		8.3		5.9		2,979		2,126		9		4.4

		2500		feeder - MED		8.8		6.1		3,150		2,205		8.3		5.8		2,988		2,092		9		4.2

		4000		hubport		12.5		8.5		4,500		3,060		88.1		59.9		31,723		21,572		92		7.5

		5000		hubport		15.0		9.8		5,400		3,510		85.8		55.8		30,904		20,088		88		7.1

		6000		hubport		16.7		10.6		6,000		3,810		80.6		51.2		29,029		18,434		81		6.5

		7000		hubport		18.1		11.3		6,500		4,060		73.5		45.9		26,465		16,531		74		6.0

		8000		hubport		19.4		12.0		7,000		4,310		71.1		43.8		25,588		15,755		71		5.6

		9000		hubport		20.8		12.7		7,500		4,560		68.2		41.4		24,537		14,919		68		5.3

		10000		hubport		22.2		13.4		8,000		4,810		67.2		40.4		24,175		14,535		66		5.1

		4000		multiport		12.5		8.5		4,500		3,060		154.7		105.2		55,689		37,869		161		7.5

		5000		multiport		15.0		9.8		5,400		3,510		151.8		98.7		54,659		35,529		155		7.1

		6000		multiport		16.7		10.6		6,000		3,810		143.6		91.2		51,714		32,838		145		6.5

		7000		multiport		18.1		11.3		6,500		4,060		136.8		85.5		49,260		30,769		137		6.0

		8000		multiport		19.4		12.0		7,000		4,310		135.2		83.3		48,675		29,970		135		5.6

		9000		multiport		20.8		12.7		7,500		4,560		131.0		79.6		47,155		28,670		130		5.3

		10000		multiport		22.2		13.4		8,000		4,810		130.3		78.4		46,919		28,210		129		5.1

		2. COST PER TEU-Mile

		2.a DAILY FUEL COST PER TEU

		Vessel size (TEUs)		Type		Daily fuel at SEA (tons)		Daily fuel in Port        ( tons)		Daily fuel cost         K US$		Daily Fuel Cost per TEU (US$)		Daily distance (miles)		Cost per TEU-mile US$		Total Distance per trip  (miles)		Yearly distance (miles)		Total Fuel Tons		Yearly Fuel Cost       (K US$)		Yearly Cost per TEU (US$)				Yearly Port fuel  Cost       (K US$)		Yearly Port fuel  tons)

		1000		feeder -ASIA		42		4		6.3		4.4		528		0.0203		5,940		617,760		49,140		7,371		12.7		30.20		187		1,244

		1250		feeder -ASIA		53		4		7.9		4.4		528		0.0195		5,940		493,020		49,022		7,353		12.6				172		1,148

		1500		feeder -ASIA		63		4		9.5		4.4		528		0.0184		5,940		409,860		48,904		7,336		12.6				162		1,083

		1750		feeder -ASIA		74		4		11.0		4.4		528		0.0176		5,940		350,460		48,786		7,318		12.6				155		1,036

		2000		feeder -ASIA		84		4		12.6		4.4		528		0.0170		5,940		308,880		49,140		7,371		12.7				151		1,010

		2250		feeder -ASIA		95		4		14.2		4.4		528		0.0166		5,940		273,240		48,904		7,336		12.6				147		979

		2500		feeder -ASIA		105		4		15.8		4.4		528		0.0162		5,940		249,480		49,613		7,442		12.8				146		972

		1000		feeder - MED		42		4		6.3		4.4		528		0.0203		3,431		356,859		28,387		4,258		7.3		17.45		187		1,244

		1250		feeder - MED		53		4		7.9		4.4		528		0.0195		3,431		284,801		28,318		4,248		7.3				172		1,148

		1500		feeder - MED		63		4		9.5		4.4		528		0.0184		3,431		236,762		28,250		4,238		7.3				162		1,083

		1750		feeder - MED		74		4		11.0		4.4		528		0.0176		3,431		202,449		28,182		4,227		7.3				155		1,036

		2000		feeder - MED		84		4		12.6		4.4		528		0.0170		3,431		178,430		28,387		4,258		7.3				151		1,010

		2250		feeder - MED		95		4		14.2		4.4		528		0.0166		3,431		157,842		28,250		4,238		7.3				147		979

		2500		feeder - MED		105		4		15.8		4.4		528		0.0162		3,431		144,116		28,659		4,299		7.4				146		972

		4000		hubport		152		6		22.8		8.2		600		0.0261		13,083		1,360,674		345,271		51,791		88.9		170.70		243		1,621

		5000		hubport		173		6		26.0		7.4		600		0.0242		13,083		1,085,922		313,560		47,034		80.8				225		1,503

		6000		hubport		194		6		29.1		6.9		600		0.0224		13,083		902,755		292,267		43,840		75.3				213		1,423

		7000		hubport		215		6		32.3		6.6		600		0.0210		13,083		771,921		276,927		41,539		71.3				161		1,075

		8000		hubport		236		6		35.4		6.3		600		0.0199		13,083		680,337		267,883		40,182		69.0				164		1,092

		9000		hubport		257		6		38.6		6.1		600		0.0191		13,083		601,836		258,037		38,706		66.5				157		1,048

		10000		hubport		278		6		41.7		6.0		600		0.0184		13,083		549,503		254,832		38,225		65.6				155		1,032

		4000		multiport		152		6		22.8		8.2		600		0.0261		20,396		2,121,205		538,256		80,738		138.6		266.11		828		5,519

		5000		multiport		173		6		26.0		7.4		600		0.0242		20,396		1,692,885		488,820		73,323		125.9				740		4,935

		6000		multiport		194		6		29.1		6.9		600		0.0224		20,396		1,407,338		455,626		68,344		117.3				682		4,544

		7000		multiport		215		6		32.3		6.6		600		0.0210		20,396		1,203,376		431,711		64,757		111.2				650		4,336

		8000		multiport		236		6		35.4		6.3		600		0.0199		20,396		1,060,602		417,612		62,642		107.6				662		4,414

		9000		multiport		257		6		38.6		6.1		600		0.0191		20,396		938,225		402,264		60,340		103.6				630		4,199

		10000		multiport		278		6		41.7		6.0		600		0.0184		20,396		856,640		397,267		59,590		102.3				615		4,102

		3. TIME AT SEA AND IN PORT

						SEA		PORT												round trip

		Vessel size (TEUs)		Type		Travel days		Towage    days		Mooring  days		Lashing days		Handling days		Total days per port		Ports involved		TOTAL DAYS		Days at Sea per year		Days in port per year		Share at SEA		Share in Port

		1000		feeder -ASIA		2.7		0.06		0.06		0.06		0.31		0.5		2		3.7		263		97		73%		27%

		1250		feeder -ASIA		3.4		0.06		0.06		0.06		0.39		0.6		2		4.5		268		92		75%		25%

		1500		feeder -ASIA		4.0		0.06		0.06		0.06		0.47		0.7		2		5.3		272		88		75%		25%

		1750		feeder -ASIA		4.9		0.06		0.06		0.06		0.54		0.7		2		6.3		277		83		77%		23%

		2000		feeder -ASIA		5.4		0.06		0.06		0.06		0.62		0.8		2		7.0		277		83		77%		23%

		2250		feeder -ASIA		6.0		0.06		0.06		0.06		0.70		0.9		2		7.8		278		82		77%		23%

		2500		feeder -ASIA		6.5		0.06		0.06		0.06		0.78		1.0		2		8.4		278		82		77%		23%

		1000		feeder - MED		3.1		0.06		0.06		0.06		0.31		0.5		2		4.1		273		87		76%		24%

		1250		feeder - MED		3.8		0.06		0.06		0.06		0.39		0.6		2		5.0		277		83		77%		23%

		1500		feeder - MED		4.5		0.06		0.06		0.06		0.47		0.7		2		5.8		279		81		77%		23%

		1750		feeder - MED		5.3		0.06		0.06		0.06		0.54		0.7		2		6.8		282		78		78%		22%

		2000		feeder - MED		5.8		0.06		0.06		0.06		0.62		0.8		2		7.5		282		78		78%		22%

		2250		feeder - MED		6.4		0.06		0.06		0.06		0.70		0.9		2		8.2		282		78		78%		22%

		2500		feeder - MED		6.9		0.06		0.06		0.06		0.78		1.0		2		8.8		281		79		78%		22%

		4000		hubport		21.8		0.17		0.17		0.13		0.84		1.3		2		24.4		322		38		89%		11%

		5000		hubport		21.8		0.17		0.17		0.13		1.05		1.5		2		24.8		316		44		88%		12%

		6000		hubport		21.8		0.17		0.17		0.13		1.26		1.7		2		25.2		311		49		86%		14%

		7000		hubport		21.8		0.17		0.17		0.15		1.04		1.5		2		24.8		316		44		88%		12%

		8000		hubport		21.8		0.21		0.21		0.15		1.19		1.8		2		25.3		310		50		86%		14%

		9000		hubport		21.8		0.21		0.21		0.15		1.34		1.9		2		25.6		307		53		85%		15%

		10000		hubport		21.8		0.21		0.21		0.15		1.49		2.0		2		25.9		303		57		84%		16%

		4000		multiport		34.0		0.17		0.17		0.13		0.43		0.9		10		42.8		286		74		79%		21%

		5000		multiport		34.0		0.17		0.17		0.13		0.53		1.0		10		43.9		279		81		77%		23%

		6000		multiport		34.0		0.17		0.17		0.13		0.64		1.1		10		45.0		272		88		76%		24%

		7000		multiport		34.0		0.17		0.17		0.15		0.75		1.2		10		46.2		265		95		74%		26%

		8000		multiport		34.0		0.21		0.21		0.15		0.85		1.4		10		48.1		254		106		71%		29%

		9000		multiport		34.0		0.21		0.21		0.15		0.96		1.5		10		49.2		249		111		69%		31%

		10000		multiport		34.0		0.21		0.21		0.15		1.07		1.6		10		50.3		243		117		68%		32%

		4.  COST IN PORT PER TEU

						N° OF CALLS PER YEAR				YEARLY PORT COST ASIA								YEARLY PORT COST MED

		Vessel size (TEUs)		Type		ASIA		MED		Anchorage dues (K US$)		Pilotage (K US$)		Tug           (K US$)		Mooring (K US$)		Anchorage dues (K US$)		Pilotage (K US$)		Tug       (K US$)		Mooring (K US$)		Port cost ASIA       K US$		Port cost MED             K US$		Yearly Cost per TEU (US$)

		1000		feeder		624		832		1,293		101		6,684		604		846		499		1,684		633		8,682		3,662		21.2

		1250		feeder		498		664		1,595		100		5,335		745		966		478		1,512		633		7,775		3,588		19.5

		1500		feeder		414		552		1,755		100		4,435		820		1,029		441		2,326		579		7,110		4,376		19.7

		1750		feeder		354		472		1,801		100		3,792		841		1,047		415		1,989		495		6,534		3,946		18.0

		2000		feeder		312		416		1,763		101		3,342		824		1,034		365		1,964		476		6,030		3,840		16.9

		2250		feeder		276		368		1,768		100		2,957		826		1,035		383		1,737		421		5,650		3,576		15.8

		2500		feeder		252		336		1,804		102		2,699		843		1,021		350		1,842		416		5,448		3,628		15.6

		4000		hubport		104		104		1,019		134		3,342		476		470		186		2,125		149		4,971		2,929		13.6

		5000		hubport		83		83		1,032		134		2,667		482		474		158		1,748		96		4,315		2,476		11.7

		6000		hubport		69		69		962		133		2,217		449		452		136		1,485		84		3,762		2,157		10.2

		7000		hubport		59		59		906		133		1,896		423		435		120		1,295		75		3,358		1,926		9.1

		8000		hubport		52		52		896		134		1,671		419		433		110		1,172		70		3,120		1,785		8.4

		9000		hubport		46		46		875		133		1,478		409		426		101		1,062		66		2,896		1,654		7.8

		10000		hubport		42		42		878		135		1,350		410		429		96		993		63		2,774		1,582		7.5

		4000		multiport		104		104		5,094		671		16,711		2,380		2,350		671		16,711		2,380		24,855		22,111		80.6

		5000		multiport		83		83		5,160		669		13,336		2,410		2,368		669		4,445		2,410		21,576		9,893		54.0

		6000		multiport		69		69		4,810		667		11,087		2,247		2,260		667		3,696		2,247		18,811		8,870		47.5

		7000		multiport		59		59		4,530		666		9,480		2,116		2,174		666		3,160		2,116		16,791		8,116		42.8

		8000		multiport		52		52		4,482		671		8,355		2,094		2,166		671		2,785		2,094		15,602		7,715		40.0

		9000		multiport		46		46		4,377		667		7,391		2,044		2,130		667		2,464		2,044		14,479		7,305		37.4

		10000		multiport		42		42		4,392		677		6,749		2,051		2,146		677		2,250		2,051		13,868		7,124		36.0

																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																																0

		5.  COSTO TOTALE ANNUALE PER TEU

										YEARLY VOLUME				582,400		TEUs

		HUB AND SPOKE														TOTAL COST (KUS$)		TOTAL COST (KUS$)				COST PER TEU (US$)				cost per TEU				cost per TEU

		Vessel size (TEUs)		Type		Capital   Cost          (K US$)		Operating Cost          (K US$)		Travell. Fuel  Cost          (K US$)		Cost in Port          (K US$)		Port. Fuel  Cost          (K US$)		Handling cost           (K US$)		Cost at Sea		Cost at Port		Cost at Sea		Cost at Port		hanling cost		Total cost		Total cost

		1000		feeder -ASIA		7,302		6,280		7,371		8,682		187		8,561		17,287		12,535		29.7		10.8		14.7		29,822		40

		1250		feeder -ASIA		7,005		5,604		7,353		7,775		172		8,561		16,752		11,158		28.8		9.6		14.7		27,910		38

		1500		feeder -ASIA		6,422		4,970		7,336		7,110		162		8,561		15,936		10,063		27.4		8.6		14.7		26,000		36

		1750		feeder -ASIA		5,799		4,361		7,318		6,534		155		8,561		15,123		9,043		26.0		7.8		14.7		24,166		34

		2000		feeder -ASIA		5,628		4,127		7,371		6,030		151		8,561		14,875		8,432		25.5		7.2		14.7		23,307		33

		2250		feeder -ASIA		5,500		3,925		7,336		5,650		147		8,561		14,619		7,939		25.1		6.8		14.7		22,558		32

		2500		feeder -ASIA		5,441		3,809		7,442		5,448		146		8,561		14,578		7,708		25.0		6.6		14.7		22,285		32

		1000		feeder - MED		3,649		3,138		4,258		3,662		187		8,561		9,401		5,494		16.1		4.7		14.7		14,895		21

		1250		feeder - MED		3,564		2,851		4,248		3,588		172		8,561		9,179		5,244		15.8		4.5		14.7		14,423		20

		1500		feeder - MED		3,323		2,572		4,238		4,376		162		8,561		8,804		5,866		15.1		5.0		14.7		14,670		20

		1750		feeder - MED		3,049		2,293		4,227		3,946		155		8,561		8,418		5,252		14.5		4.5		14.7		13,670		19

		2000		feeder - MED		3,004		2,203		4,258		3,840		151		8,561		8,336		5,121		14.3		4.4		14.7		13,457		19

		2250		feeder - MED		2,979		2,126		4,238		3,576		147		8,561		8,240		4,826		14.1		4.1		14.7		13,066		18

		2500		feeder - MED		2,988		2,092		4,299		3,628		146		8,561		8,263		4,891		14.2		4.2		14.7		13,153		18

		4000		hubport		31,723		21,572		51,791		7,900		243		24,461		99,414		13,815		170.7		23.7		42.0		113,229		194

		5000		hubport		30,904		20,088		47,034		6,791		225		24,461		91,828		13,214		157.7		22.7		42.0		105,042		180

		6000		hubport		29,029		18,434		43,840		5,919		213		24,461		84,840		12,596		145.7		21.6		42.0		97,436		167

		7000		hubport		26,465		16,531		41,539		5,284		161		24,461		79,277		10,702		136.1		18.4		42.0		89,980		154

		8000		hubport		25,588		15,755		40,182		4,906		164		24,461		75,806		10,790		130.2		18.5		42.0		86,595		149

		9000		hubport		24,537		14,919		38,706		4,550		157		24,461		72,308		10,561		124.2		18.1		42.0		82,869		142

		10000		hubport		24,175		14,535		38,225		4,356		155		24,461		70,813		10,631		121.6		18.3		42.0		81,445		140

		Multiport/Hubport				176%		176%		156%		594%						172%		516%		172%		516%

		6.  TOTALE COSTI

																		TOTAL COST (KUS$)				COST PER TEU (US$)

		Vessel size (TEUs)		Type		Capital   Cost          (K US$)		Operating Cost          (K US$)		Fuel  Cost          (K US$)		Cost in Port          (K US$)		Port. Fuel  Cost          (K US$)		Cntr leasing cost (K US$)		Cost at Sea		Cost at Port		Cost at Sea		Cost at Port		hanling cost		Total cost		Total cost		Tot. cost (incl. Handling												COSTO PER TEU (INCLUSO COSTO HANDLING)

		4000		multiport		55,689		37,869		80,738		46,966		828		20,496		171,245		71,341		294.0		122.5				242,586		417		417												Vessel Size		HUB AND SPOKES		POINT TO POINT

		5000		multiport		54,659		35,529		73,323		31,469		740		20,992		159,409		57,303		273.7		98.4				216,712		372		372												4000		372		417

		6000		multiport		51,714		32,838		68,344		27,681		682		21,489		148,505		54,242		255.0		93.1				202,746		348		348												5000		355		372

		7000		multiport		49,260		30,769		64,757		24,907		650		22,082		139,821		52,604		240.1		90.3				192,425		330		330												6000		339		348

		8000		multiport		48,675		29,970		62,642		23,317		662		22,967		134,394		53,839		230.8		92.4				188,232		323		323												7000		321		330

		9000		multiport		47,155		28,670		60,340		21,785		630		23,463		128,933		53,110		221.4		91.2				182,043		313		313												8000		314		323

		10000		multiport		46,919		28,210		59,590		20,993		615		23,959		126,595		53,692		217.4		92.2				180,287		310		310												9000		306		313

																																-												10000		303		310

		4000		hub & spoke		42,675		30,990		63,420		20,245		616		17,342		141,599		33,689		243.1		57.8		71.4		175,288		301		372

		5000		hub & spoke		41,473		28,543		58,635		18,154		570		17,587		133,208		31,754		228.7		54.5		71.4		164,962		283		355

		6000		hub & spoke		38,774		25,975		55,413		17,405		538		17,832		124,984		30,953		214.6		53.1		71.4		155,937		268		339												dettaglio HUBPORT

		7000		hub & spoke		35,312		23,184		53,084		15,763		472		17,599		118,265		27,149		203.1		46.6		71.4		145,415		250		321

		8000		hub & spoke		34,221		22,085		51,811		14,775		467		17,869		114,413		26,815		196.5		46.0		71.4		141,228		242		314										Vessel Size		Hub		Feeder ASIA		Feeder Med		Handling		Cntr Leas

		9000		hub & spoke		33,017		20,970		50,279		13,777		451		18,042		110,532		26,003		189.8		44.6		71.4		136,535		234		306										4000		194.4		40.4		20.9		71.4		45.3

		10000		hub & spoke		32,604		20,435		49,966		13,432		447		18,215		108,988		26,110		187.1		44.8		71.4		135,098		232		303										5000		180.4		38.3		20.3		71.4		44.3

																																										6000		167.3		36.0		20.2		71.4		44.3

																																										7000		154.5		33.7		19.0		71.4		42.5

																																										8000		148.7		32.8		18.7		71.4		42.3

																																										9000		142.3		31.9		18.3		71.4		41.9

																																										10000		139.8		31.6		18.4		71.4		42.1



Il numero di navi della flotta dovrebbe essere calcolato per arrotondamento rispetto allo 0,5

COMPAQ:
E funzione della velocità di ogni singola nave:
24 h x velocità (miglia/h)

COMPAQ:
media di un viaggio a/r  tra le connessioni hub/port in ASIA e in 
 MED

MCT:
150 US$ per ton

MCT:
viaggio di andata + ritorno

COMPAQ:
media di un viaggio a/r  tra le connessioni hun/port in ASIA e in 
 MED



Sommario

		



Cost at Sea

Cost at Port

Total cost

Cost per TEU (US$)

MED-ASIA  Multiportship
  Cost per TEU



RIEPILOGO

		170.697484375		24.3779658812		195.0754502562

		157.6722116029		23.4568899593		181.1291015621

		145.6732915737		22.4676539008		168.1409454745

		136.1217680837		20.4993218437		156.6210899274

		130.1606851438		20.8121006925		150.9727858364

		124.1554529676		20.5551783722		144.7106313398

		121.5888690905		20.859454103		142.4483231936



Cost at Sea

Cost at Port

Total cost

Cost per TEU (US$)

MED-ASIA  Hubportship
  Cost per TEU



PORT DUES MCT

		



Cost at Sea

Cost at Port

Total cost

Cost per TEU (US$)

MED-ASIA  Hubportship + Feedership
  Cost per TEU



Matrice distanze

		VESSEL TIME IN PORT (hours)

		Vessel size (TEUs)		Type		Towage		Mooring/Unmooring		Lashing/Unlashing		Handling		Total (hours)		Total (days)

		1000		feeder		1.5		1.5		1.5		7.5		12.0		0.5

		1250		feeder		1.5		1.5		1.5		9.3		13.8		0.6

		1500		feeder		1.5		1.5		1.5		11.2		15.7		0.7

		1750		feeder		1.5		1.5		1.5		13.1		17.6		0.7

		2000		feeder		1.5		1.5		1.5		14.9		19.4		0.8

		2250		feeder		1.5		1.5		1.5		16.8		21.3		0.9

		average				1.5		1.5		1.5		12.1		16.6		0.7

		4000		hubport		4.0		4.0		3.0		20.2		31.2		1.3

		5000		hubport		4.0		4.0		3.0		25.2		36.2		1.5

		6000		hubport		4.0		4.0		3.0		30.2		41.2		1.7

		7000		hubport		4.0		4.0		3.5		25.0		36.5		1.5

		8000		hubport		5.0		5.0		3.5		28.5		42.0		1.8

		9000		hubport		5.0		5.0		3.5		32.1		45.6		1.9

		10000		hubport		5.0		5.0		3.5		35.6		49.1		2.0

		average				4.4		4.4		3.3		28.1		40.3		1.7

		4000		multiport		4.0		4.0		3.0		10.2		21.2		0.9

		5000		multiport		4.0		4.0		3.0		12.8		23.8		1.0

		6000		multiport		4.0		4.0		3.0		15.3		26.3		1.1

		7000		multiport		4.0		4.0		3.5		17.9		29.4		1.2

		8000		multiport		5.0		5.0		3.5		20.5		34.0		1.4

		9000		multiport		5.0		5.0		3.5		23.0		36.5		1.5

		10000		multiport		5.0		5.0		3.5		25.6		39.1		1.6

		average				4.4		4.4		3.3		17.9		30.0		1.3

		DAILY FIXED COST PER TEU  (US$)

		Vessel size (TEUs)		Type		Capital Cost per TEU		Operating Cost per TEU		Travelling Cost per TEU

		1000		feeder		0.0		0.0		0.0

		1250		feeder		0.0		0.0		0.0

		1500		feeder		0.0		0.0		0.0

		1750		feeder		0.0		0.0		0.0

		2000		feeder		0.0		0.0		0.0

		2250		feeder		0.0		0.0		0.0

		average				0.0		0.0		0.0

		4000		hubport		0.0		0.0		0.0

		5000		hubport		0.0		0.0		0.0

		6000		hubport		0.0		0.0		0.0

		7000		hubport		0.0		0.0		0.0

		8000		hubport		0.0		0.0		0.0

		9000		hubport		0.0		0.0		0.0

		10000		hubport		0.0		0.0		0.0

		average				0.0		0.0		0.0

		4000		multiport		0.0		0.0		0.0

		5000		multiport		0.0		0.0		0.0

		6000		multiport		0.0		0.0		0.0

		7000		multiport		0.0		0.0		0.0

		8000		multiport		0.0		0.0		0.0

		9000		multiport		0.0		0.0		0.0

		10000		multiport		0.0		0.0		0.0

		average				0.0		0.0		0.0



nell'articolo i porti toccati dalla nave sono 5 (1 porto è scalato 2 volte). Nel modello ho ipotizzato cha la nave si fermi 4 volte in ASIA e nel MED

MCT:
n° di mglia di un viaggio x il nueor di viaggi comlpeti (a/r)

MCT:
soo i porti toccati in un ciclo (nel caso feeder sono l'HUB e lo spoke)

HUB AND SPOKES

POINT TO POINT

Cost per TEU (US$)

Hub vs Multiport 
 Total cost per TEU

MCT:
entrata + uscita dal porto

nell'articolo i porti toccati dalla nave sono 5 (1 porto è scalato 2 volte). Nel modello ho ipotizzato cha la nave si fermi 5 volte in ASIA e nel MED

include il costo di handling

Hub

Feeder ASIA

Feeder Med

Handling

Cntr Leas

US$ per TEU

HubPort: Total cost per Unit breakdown

194.4183201314

40.4439954523

20.8578866865

45.2552867357

180.3612992817

38.3423559636

20.262484898

44.2790269338

167.3003391139

36.0029702808

20.1530480551

44.2929543998

155.8491149457

34.0181844294

19.1165684589

43.0436323347

150.1416212493

33.0599415705

18.8602638216

42.9302503811

143.8301383034

32.1855332928

18.4376668251

42.6085106957

141.5009721377

31.9133623457

18.5331904051

42.8260510016

MCT:
CALCOLATO SULL'INTERA FLOTTA E SUL TOTALE DEL TRAFFICO

MCT:
CALCOLATO SULLA SINGOLA NAVE

MCT:
tpd x sosta in porto x  n° calls per anno

MCT:
tpd x sosta in porto x  n° calls per anno



GIOIA TAURO

		TASSE DI ANCORAGGIO A GIOIA TAURO

		PER CALL

										IMPORTI IN EURO				IMPORTI IN US$

				TEUS		Stazza Lorda (ton)		Stazza Netta (ton)		Tassa		Sovrattassa		Tassa		Sovrattassa		Totale tassa per call				US $ per grt

		feeder		1,000		11,000		5,500		717		452		623		393		1,016				0.0924

		feeder		1,250		17,000		8,500		1,108		565		963		491		1,455				0.0856

		feeder		1,500		22,500		11,250		1,466		678		1,275		590		1,865				0.0829

		feeder		1,750		27,000		13,500		1,760		791		1,530		688		2,218				0.0821

		feeder		2,000		30,000		15,000		1,955		904		1,700		786		2,486				0.0829

		feeder		2,250		34,000		17,000		2,216		1,017		1,927		885		2,811				0.0827

		feeder		2,250		38,000		19,000		2,476		1,017		2,153		885		3,038				0.0799

		hubport		4,000		52,000		26,000		3,389		1,808		2,947		1,572		4,519				0.0869

		hubport		5,000		66,000		33,000		4,301		2,260		3,740		1,966		5,706				0.0864

		hubport		6,000		74,000		37,000		4,822		2,713		4,193		2,359		6,552				0.0885

		hubport		7,000		81,500		40,750		5,311		3,165		4,618		2,752		7,370				0.0904

		hubport		8,000		91,500		45,750		5,963		3,617		5,185		3,145		8,330				0.0910

		hubport		9,000		101,000		50,500		6,582		4,069		5,723		3,538		9,261				0.0917

		hubport		10,000		111,000		55,500		7,234		4,521		6,290		3,931		10,221				0.0921

																						0.0900

		multiport		4,000		52,000		26,000		3,389		1,808		2,947		1,572		4,519				0.0869

		multiport		5,000		66,000		33,000		4,301		2,260		3,740		1,966		5,706				0.0864

		multiport		6,000		74,000		37,000		4,822		2,713		4,193		2,359		6,552				0.0885

		multiport		7,000		81,500		40,750		5,311		3,165		4,618		2,752		7,370				0.0904

		multiport		8,000		91,500		45,750		5,963		3,617		5,185		3,145		8,330				0.0910

		multiport		9,000		101,000		50,500		6,582		4,069		5,723		3,538		9,261				0.0917

		multiport		10,000		111,000		55,500		7,234		4,521		6,290		3,931		10,221				0.0921

																						0.0900



POSSIBILI SCENARI:
1. L'analisi del costo per TEU al variare della dimensione delle navi, viene effettuata a parità di traffico. L'alternativia potrebbe essere quella di immaginare un aumento del traffico coerente con la dimensione dell navi. Naturalmente, nel primo dei due casi risulta ridotta la frequenza con cui le navi toccano i vari porti se la dimensione delle navi è maggiore.

2. Un secondo scenario potrebbe includere l'utilizzo di MCT come gateway (con collegamento intermodale) per le aere del nord/centro Europa oltre che Hub per il mediterraneo. In tal caso, l''impiego di navi più grandi (da 8000-1000 TEUs) a parità di frequenza potrebbe anche giustificarsi con la fusione di traffici attualmente distinti (es: traffici per il MED e per il nord Europa)

3. Il terzo scenario interessante riguarda invece la possibilità di utilizzare 2 HUB (uno nel MED e uno nel Nord Europa) per utilizzare al meglio la capacità crescente delle navi anche in questo caso combinando traffici diversi

MCT:
1,56 x stazza netta

MCT:
21,7 x 1/4 TEUs totali nave (HUB), 1/8 (MULTIPORT)

MCT:
Assumo che la stazza netta sia pari al 50% di quella lorda



NORD ITALIA

		DISTANZE TRA I PRINICPALI HUB NEL MED E PORTI GATEWAY/SPOKE														miglia nautiche

				deep sea gateway						short sea gateway

		HUB		Valencia		Marsiglia		Genova		Trieste		Tessalonica		Istambul		Costanza		Beirut		Casablanca		Algeri		Tripoli

		West Med

		Algesiras		389		692		849		1650		1693		1802		1998		2006		191		414		1076

		Sines		692		932		1089		1890		1933		2042		2238		2246		300		654		1316

		Tangeri		419		722		879		1680		1723		1832		2028		2036		161		444		1106

		Central Med

		Gioia Tauro		768		584		491		620		691		794		990		1009		1215		620		334

		Marsaxloxx		750		645		590		747		727		830		1026		1037		1181		583		191

		Cagliari		455		352		349		947		1018		1121		1317		1336		911		326		428

		Taranto		973		789		696		507		695		803		999		1013		1420		825		503

		East Med

		Pireo		1237		1065		972		839		252		352		548		643		1668		1071		635

		Damietta		1634		1477		1384		1259		701		751		947		228		2065		1468		952

		Port Said		1669		1512		1419		1294		736		786		982		228		2100		1503		987





		COSTI PORTUALI A GIOIA TAURO

		TUG

		GRT				Tariffa (Euro)

		da:		a:

		5,001		10,000		648				Una manovra

		10,001		15,000		778				max 1 ora

		15,001		20,000		876				overtime 50%

		20,001		30,000		1,621

		30,001		40,000		1,816				32 euro per ulteriori  5000 ton

		40,001		50,000		2,108

		50,001		60,000		2,270

		MOORING

		GRT				Tariffa (Euro)

		da:		a:

		3,501		7,000		220

		7,001		10,000		293				No overtime

		10,001		20,000		367

		20,001		30,000		403				26 euro per ulteriori  10000 ton

		30,001		40,000		440

		40,001		50,000		477

		PILOTAGE

		GRT				Tariffa (Euro)

		da:		a:

		3,501		5,000		119				Overtime: E' possibile considerare

		5,001		7,000		150				in media un costo aggiuntivo del 15%

		7,001		10,000		183

		10,001		15,000		231				Il costo di un eventuale 2° pilota detremina

		15,001		20,000		277				un costo aggiuntivo del 50%

		20,001		25,000		307

		25,001		30,000		338

		30,001		40,000		400

		> 21 euro for any additional 10000 grt or fraction

		Quasi sempre occorre includere anche il costo del pilota necessario per attraversare lo stretto di

		Messina . L'importo varia dai 650 euro ai 1000 euro per una GRT variabile da 7.000 t a 40.000 t.

		Oltre i 40000 si paga 46 euro per ulteriori 10000 t o frazioni.

		Nel terminal di Malta, i costi di ormeggio e del pilota sono più bassi di quelli di Gioia Tauro di circa

		il 20%

		Il costo del rimorchiatore invere risulta mediamente più alto (5-10 %)

														20.6582759636





		PORT EXPENSES IN NORTHWEST ITALY

						LA SPEZIA				GENOA						LIVORNO

		ITEM		SHIP SIZE		TARIFF		OVERTIME		TARIFF		OVERTIME				TARIFF		OVERTIME

		MOORING		10.001 - 15.000		395,000		NITE (20 - 6) : 50%		601,000		Dawn(6-8, 17-20) : 40%		10. - 15.		438,000		NITE (20 - 6) : 50%

				15.001 - 20.000		492,000		SUN (0 - 24) : 50%		744,000		NITE(20 - 6) : 50%		15. - 18.		473,000		SUN (0 - 24) : 50%

				20.001 - 25.000		589,000		HOL (0 - 24) : 100%		1,020,000		SUN (0 - 24) : 50%		18. - 22.		506,000		HOL (0 - 24) : 100%

				25.000 - 30.000		707,000				1,020,000		HOL : 100%		22. - 26.		573,000

				30.001 - 40.000		875,000				1,189,000				26. - 30.		641,000

				40.001 - 50.000		1,164,000				1,492,000						843,000

																1,011,000

		PILOTAGE		10.001 - 15.000		594,000		NITE (20 - 6) : 50%		802,000		HOL : 100%				582,000		SUN : 50%

				15.001 - 20.000		732,000		SUN / HOL : 50%		920,000		NWD  : 50%				748,000		HOLIDAY : 100%

				20.001 - 25.000		899,000		Dawn(6-8,17-20) : 40%		1,016,000		NITE (20 - 6) : 50%				813,000		NITE (20 - 6) : 50%

				25.001 - 30.000		1,048,000				1,109,000		Dawn(6-8,17-20) : 40%				885,000		Dawn(6-8,17-20) : 40%

				30.001 - 40.000		1,171,000				1,272,000						993,000

				40.001 - 50.000		1,329,000				1,576,000						1,098,000

						1 - 5th call : 100%				NO REDUCTION BY THE NUMBER						1 - 10th call : 100%

						6 - 10th call : 80%				OF CALLS						11 - 20th call : 85%

						11 - 30th call : 70%										21 - 30th call : 70%

						From 31st call : 60%										31 - 40th call : 50%

																From 41st call : 35%

		TOWAGE		10.001 - 13.000		2,310,000		HOL(17 - 8) : 100%		2,161,000		HOL(20 - 5) : 100%				1,271,000		HOL(17 - 8) : 100%

				13.001 - 16.000		2,765,000		HOL(8 - 17) : 50%		2,540,000		HOL(5 - 20) : 60%				1,602,000		HOL(8 - 17) : 50%

				16.001 - 20.000		3,015,000		SAT (8 - 17) : 40%		2,805,000		SAT (5 - 20) : 32%				1,989,000		SAT (8 - 17) : 40%

				20.001 - 25.000		3,103,000		NITE (17 - 8) : 50%		2,920,000		NITE (20 - 5) : 60%				2,099,000		NITE (17 - 8) : 50%

				25.001 - 30.000		3,260,000		Deep Nite(23-6) : 50%		2,920,000		Dawn(5-8,17-20) : 32%				2,099,000		Towage rope : 10%

				30.001 - 35.000		3,376,000		Towage rope : 10%		3,147,000		Towage rope : incl.				2,818,000

				35.001 - 40.000		3,492,000				3,147,000						2,818,000

				40.001 - 45.000		3,608,000				3,362,000						3,315,000

				45.001 - 50.000		3,724,000				3,362,000






