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SUMMARY 

This paper deals with the experience of passenger transport by sea in Campania Region. 
The Campania Region Transport Department, to develop communications alternative to road transport, has introduced a 
sea link called “Metrò del Mare”. 
Twenty regional ports, placed between Monte di Procida and Sapri, have been linked through the establishment of six 
fast sea routes. Today the service works from April to September. The forecast of future development, based on the 
continuous registered increase in the last years, lets hope there will be an increase in the quality and capacity of the 
service. 
This study evaluates the volume of transported passengers and, in considering one of the most frequented routes Naples-
Sapri, simulates a comparison between sea and land transport. In the working hypothesis that consumptions and 
emissions of the two are within the bounds allowed by the actual laws, this study compares pollutant emissions and costs 
and balance the advantage of the two ways of transport. 
 
 
1. INTRODUCTION 

 
From 2001 the Campania Region has activated the sea 
transport “Metrò del Mare”, working mainly in 
summertime, with the double aim both of increasing 
value of tourist service and relieve the traffic congestion. 
The noticed flows in the experimentation phase have 
strengthened the feasibility hypothesis of the plan 
favouring the strengthening of the service in the next 
years with the introduction of new lines that reach the 
Cilento, the Amalfi coast and the Gulf of Policastro. 
The project has been accepted with enthusiasm above all 
from the Town Council of the Amalfi Coast that has 
recorded an increase in tourist presences and light 
improvement of the traffic on the road artery. 
This study is based on the data supplied by the transport 
Councillorship of Campania Region dated to 2004. 
The passenger flow is considerable in spite of some port 
have been used only partially and the bad weather has 
caused the suspension of numerous runs. 
The noticed data on lines MM4, MM5 and MM6, 
assuring the connection to Sapri, Palinuro, Agropoli, 
Camerota and Acciaroli, evaluated on summer when the 
tourist flow is greater, suggest the extension of the 
service to the winter period when the road and railway 
connection toward Naples is not in particular efficient. 
Neverthless, in this study it is not possible to formulate 
the hypothesis on the institution of the service in the 
winter period because a feasibility study must be 
supported by an inquiry on the flow potential of 
passengers through statistical methods of contemplated 
forecast in the economy of the transport. 

The existing harbour's infrastructures of the Amalfi 
Coast, the Cilento, and the Gulf of Policastro are used 
prevalently for the mooring of little pleasure-boats and 
are useless for boats having the average dimensions of 
"Metrò del Mare" crafts. Therefore , the supportability of 
the plan in perspective is subordinated to the political 
will of the provincial administration of Salerno that, in 
different occasions, has expressed  favourable opinion 
about the strengthening of the harbour infrastructure. 
 
 

2. CLASSIFICATION SYSTEM 

 

Numerous are the  types of the present boats operating in 
the considered ports and also numerous are the types of 
propulsion plant. On the other hand it is well-known that 
the more diffused motor apparatus (AM) in the maritime 
field, is the diesel engine:  
 

• Four stroke type (4T) Medium Speed (MS) or 
fast High Speed (HS) used for propulsion or 
electrical generators. 

• Two stroke type (2T) Low Speed (LS) used for 
propulsions of cargo  ships.  

 
It also is large the range of fuel type used in the 
navigation, as reported in the table 2.1 
 

Fuel classification Denomination 
DMX Marine Gas Oil 

MGO 
DMA  
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DMIB Marine Diesel Oil 
MDO 

DMC  
HFO Bunker Fuel Oil 

BFO 
IFO  

Table 2.1 – Fuel Classification 
 
 
They are essentially constituted by oil products and they 
are described as marine distillates  and marine fuels .  
The first distillate is the lightest, distinguished in Marine 
Gas Oil (MGO) and Marine Diesel Oil (MDO); the 
seconds, Intermediate Fuel Oil (IFO) and Heavy Fuel Oil 
(HFO), are heavier and are characterized by high values 
of the viscosity and density. Both the first and the 
seconds can also contain, depending on origin, lower or 
higher sulphur content (S), in any case more accentuated 
in the seconds. The lighter one is normally used on the 
ICE propulsion engines of little ships and for the 
auxiliary engines of large vessels, which for the 
propulsion use generally heavier combustibles. The BFO 
till now supplied exclusively the slow-speed 2T engines. 
But at present the design and engineering technology 
succeed to make suitable this type of  fuel also for the 4T 
Medium Speed engines. 
 
2.1 Pollutant Classification 
 
It is physiologic that in operation of an internal 
combustion engine are generated in the exhaust gas some 
compounds that could be injurious to the men health and 
to the environment in general. In the maritime sector 
these are the compounds subjected to rules: CO (Carbon 
Monoxide), HC (Hydrocarbon), NOx (Nitrogen Oxides), 
SOx (Sulphur Oxide ), PM (Particulate Matter), VOC 
(Volatile Organic Compounds). 
 
 
The NOx is originated by the combustion; promotes 
photochemical smog, acid deposited, secondary 
formation of PM; 
The SOx is originated by the fuel; creates acid rains, 
moreover influences negatively the efficiency of the 
catalysts of the engines equipped by; it is observed that 
combustible marines oils, especially the BFO, but also 
the MFO, can present elevated sulphur content (S) up to 
4, 5% in mass [w/w]; 
The PM, originated by the fuel, are strongly conditioned 
by the quality of the combustion; they are constituted by 
hydrocarbon and carbon particles, metal compound and 
sulphated, and are responsible of the smoke produced 
during the starting phases. 
 
Owing to high thermodynamic and global efficiencies of 
the diesel engines, the emission of HC and of CO 
generally tend to lower level, while more difficult is to 
diminish the CO2 emission, that depends on the ratio 
between C atoms and H atoms, and gives a significant 
contribution to the so called greenhouse effect. 

Where technical data were not available the following 
hypotheses related to the High Speed (HS) and Medium 
Speed (MS) propulsion diesel engines, have been 
considered : 

• Propulsion power in navigation : 85% MCR 
(Maximum Continuous Rating); 

• Fuel MDO and/or MGO with S= 0,2%  and with 
density 0,85 kgldm^3, lower calorific value Hi = 
40.000÷42.500 kJ/kg (9.600: 10.200 kcal/kg): 

• Due to no data available, the pollutant emissions 
of auxiliary generators are neglected. 

 
 
2.2 Emission factors 
 
Pollutant emission factors have been derived from data 
available in literature and are referred to the energetic 
experience. 
They have been evaluated for steady state condition, 
taking into account: 

• Fuel quality; 
• Oldness of the ICE, i.e. the more recent designs 

tend to optimise consumption and emissions; 
• Status of maintenance; 
• Operation protocols. 

 
2.2.1 Emission factor of NOx 
 
The production of NOx is distinguished in ICE 4T MS 
and HS (Medium Speed, High Speed); the factor 
emission considered is NOx = 13, 8 g/kWh; 
It has been noted that with reference the attachment of 
the IMO/MARPOL Convention, the value of the 
emission factor for NOx must be contained within the 
10÷12 g/kWh for ICE 4T MS and HS. 
 
2.2.2 Emission factor of PM 
 
It is strongly influenced by the fuel oil quality (MGO, 
MDO, IFO) and by the S content. A minor influence is 
exercised by the speed of the engine. 

 
From the recent licterature the emission factor for the PM 
is the following: 

 
Fuel oil with high S content : 1.5 g/kWh o  
Gas Oil with low  S content: 0,2 g/kWh;. 
 
2.2.3Emission factor of SOx 

 
Obviously it is strongly influenced by the S content in 
the fuels; it can be deduced from the following: 
 
Emission factor SOx = 4,2 S% g/kWh with a global 
efficiency of 0,4. 
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3. METHODOLOGY TO EVALUATE THE 
POLLUTANT EMISSIONS IN THE CASE OF SHIP 
TRAFIC 

 
Normally ship traffic can be represented by two cases: 
 

1) a typical cargo, container or similar ships; 
2) a ferry; 

 
Both cases can be classified according to three basic 
phases: 
 

a) cruising between ports; 
b) manoeuvring in the harbour area; 
c) hotelling at the dockside. 

 
In case of the cargos (or similar), the activities are 
generally more complex than those of the ferry. In fact, 
in ferry traffic the hotelling and manoeuvring phases are 
not so important as the cruising one; the longer is the 
passage the minor is the manoeuvring phase contribution 
and, in particular circumstance, can be neglected. 
  
Therefore, the choice of the determination criterion of the 
pollutants has been affected by the following 
considerations: 
 

1) the present paper has taken into account 
prevalently the emission pollutant during the 
cruising phase. 

2) It also has been considered the route Naples-
Sapri stopping in Capri, Acciaroli and Palinuro 
(see tables 3.1, 3.2, 3.3 and 3.4 for flow 
passengers referred to 2004). 

 

LINE MM4 : NAPOLI BEVERELLO- SAPRI (Passengers) 

Ports Boarding Totals 

 June July August September  

Sapri 0 172 1201 125 1498 

Camerota 0 0 0 0 0 

Palinuro 157 775 1461 519 2912 

Acciaroli 144 1173 2141 460 3918 

Capri 223 1806 4167 991 7187 

Napoli 
Beverello 

99 918 772 78 1867 

Total 623 4844 9742 2173 17382 

Table 3.1 - Line MM4 boarding data 
 

LINE MM4 : NAPOLI BEVERELLO- SAPRI (Passengers) 

Ports Landing Totals 

 June July August September  

Sapri 0 224 1292 181 1697 

Camerota 0 0 0 0 0 

Palinuro 165 936 1482 455 3038 

Acciaroli 159 1582 2334 461 4536 

Capri 225 1740 4137 1007 7109 

Napoli 
Beverello

74 362 494 71 1001 

Total 623 4844 9739 2175 17381 

Table 3.2 - Line MM4 landing data 
 

LINE MM4 W.E : NAPOLI BEVERELLO- AGROPOLI 
(Passengers) 

Ports Boarding Totals 

 June July August September  

Agropoli 54 837 1348 835 3074 

Capri 47 728 1220 811 2806 

Napoli 
Beverello 

59 235 62 17 373 

Total 160 1800 2630 1663 6253 

Table 3.3 - Line MM4 WE boarding data 
 

LINE MM4 W.E : NAPOLI BEVERELLO- AGROPOLI 
(Passengers) 

Ports Landing Totals 

 June July August September  

Agropoli 106 963 1282 828 3179 

Capri 38 802 1293 814 2947 

Napoli 
Beverello 

16 35 55 21 127 

Total 160 1800 2630 1663 6253 

Table 3.4 - Line MM4 WE landing data 
 
 
In Table 3.5 are summarized the distance (time and 
Nautical mile) from the ports of the line MM4.  
 

From / to 
Departure 

time  
[h] 

Landing 
time  
[h] 

Distance 
[miles] 

Time 
spent 
[h] 

Medium 
speed  
[kn] 

Sapri 7:15     

Palinuro 8:15 8:05 20,40 1:00 24,48 

Acciaroli 9:05 8:55 20,40 0:50 30,60 

Capri 10:50 10:35 43,00 1:45 28,67 
Napoli 

Beverello 
 11:40 18,50 0:50 22,20 

      

Values   102,30 4:25 23,16 
Table 3.5 – Line MM4 sercvice data 

 
 
For this line two types of ships are in operation: 
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• A catamaran with the following characteristics: 

Length over all: 33 m 
Breadth: 9,40 m 
Maximum Power: 5276 kW 
Passengers: 355 
Maximum Speed: 34 kn  
 

• An hydrofoil with the following characteristics: 
Length over all: 35 m 
Breadth: 7,30 m 
Maximum Power: 1918 kW 
Number of passengers: 150 
Maximum speed: 36 kn  
 
In the table 3.6  are showed the emission factors utilized 
They are related to the catamaran which is the most used 
for the line. 
 
Maximum power 5276 kW 

Power used 3594 kW 

   

Emission factor Nox 12 g/kWh 

S  0.2 % 

Emission factor Sox 0.84 g/kWh 

Emission factor PM 1.5 g/kWh 
Table 3.6 – Considered emission factors 

 
 
In open sea the ship travels at cruising speed while in 
port the engines run at minimum. Moreover the emission 
factors are linearly depending on the used power and 
therefore as speed has been adopted the ratio of the 
length of the voyage and the time needed for the whole 
trip, stops and manoeuvring time included. Assuming 
that the ship speed and the power are linearly depending, 
it has been obtained that at a medium speed of  23,16 kn, 
equal to the 68% of the total, the ship needs 3594 kW. In 
this way the emission at the used power for a single trip 
has been calculated and they are shown in table 3.7 
 

Emission at the used power [g/h] 

NOx 43130,86 

SOx 3019,16 

PM 5391,36 

Table 3.7 - Emission constants 
 
 
Multiplying the emission at the used power by the time 
needed for the trip, the values obtained are summarized 
in the table 3.8. 
 

Total emission pollutant [kg] 

NOx 183.31 

SOx 12.83 

PM 22.91 

Table 3.8 – Total emission pollutant 
 
 
 

4. METHODOLOGY TO EVALUATE THE 
POLLUTANT EMISSIONS IN THE CASE OF THE 
ROAD TRAFIC 

 
As previously explained, the line MM4 of the Metrò del 
Mare from Napoli to Sapri stops in Capri, Acciaroli and 
Palinuro. Last year this line was fully efficient during the 
months of July, August and September; in June the line 
reached Palinuro. 
In order to evaluate the pollutant emissions of a road 
vehicle in comparison with the same trip of a ship, it has 
been supposed that all passengers of the ship start their 
travel in Naples and stop at the last stop of the trip in 
Sapri. In this way it has been supposed that the ship 
travel always at full passenger load. This consideration 
was needed due to the fact that no data of intermediate 
stops were available. 
The table 4.1 shows the data of the trip of a land vehicle 
used for the calculations: 
 

From To 
Distance [km] 
(Single way) 

Distance [km] 
(there and back) 

Napoli Sapri 206 412 
Table 4.1 - Trip data for a land vehicle 

 
 
The maximum values of pollutant emissions for car are 
depending on the year of the registration. In fact the 
European Community during last years issued four 
different directives on vehicles emissions that forbid to 
sell vehicles whose engines discharge more pollutant 
than the limits imposed. The table 4.2 shows the names, 
the limits and the date of the applicability for every 
issues. 
 

Issue 

Applica
bility for 
vehicle 

registere
d after 

CO 
[g/km] 

HC 
[g/km] 

NOx 
[g/km] 

NO+HC 
[g/km] 

PM  
[g/km]

Euro 1 1.1.1993 2.72 - - 0.97 0.14 
Euro 2 

(gazoline) 
1.1.1997 2.2 - - 0.5 - 
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Euro 2 
(diesel) 

 
1 - - 0.7 0.08 

Euro 3 
(gazoline) 

2.3 0.2 0.15 - - 

Euro 3 
(diesel) 

1.1.2001 
0.64 - 0.5 0.56 0.05 

Euro 4 
(gazoline) 

1 0.2 0.15 - - 

Euro 4 
(diesel) 

1.1.2006 
0.5 - 0.25 0.3 0.025 

Table 4.2 – Issues applicability for land vehicle 
 
 
Due to the fact that the maximum emission of a vehicle is 
linearly depending on the length of the trip, multiplying 
the limit values of the issues by the length of the trip, the 
pollutant emission for each issues are found. The table 
4.3, shows the total emission for the trip from Napoli-
Sapri:  
 

 
Emissions from 

Napoli to Sapri for 
all the issues 

CO 
[g] 

HC 
[g] 

NOx 
[g] 

NO+HC
[g] 

PM 
[g] 

Euro 1 557,9 - - 198,9 28,7
Euro 2 (gazoline) 451,2 - - 102,6 - 

Euro 2 (diesel) 205,1 - - 143,6 16,4
Euro 3 (gazoline) 471,7 41,0 30,8 - - 

Euro 3 (diesel) 131,3 - 102,6 114,9 10,3
Euro 4 (gazoline) 205,1 41,0 30,8 - - 

Euro 4 (diesel) 102,6 - 51,3 61,5 5,1 
Table 4.3 - Emissions for all the issues 

 
 
To compare the amount of the emission of a ship with the 
emission of the total number of cars used to transport 355 
passengers, it could be supposed that a vehicle carries 2 
passengers for the trip, and so the number of vehicles 
needed to reach the same ship passenger is 172. The total 
pollutant emission are summarized in the table 4.4: 
 

Emissions for 172 
vehicles for all the 

issues 

CO 
[kg] 

HC 
[kg] 

NOx 
[kg] 

NO+HC
[kg] 

PM  
[kg] 

Euro 1 95,95 - - 34,22 4,94 

Euro 2 (gazoline) 77,61 - - 17,64 - 

Euro 2 (diesel) 35,28 - - 24,69 2,82 

Euro 3 (gazoline) 81,14 7,06 5,29 - - 

Euro 3 (diesel) 22,58 - 17,64 19,76 1,76 

Euro 4 (gazoline) 35,28 7,06 5,29 - - 

Euro 4 (diesel) 17,64 - 8,82 10,58 0,88 
Table 4.4 - Emissions all the vehicle and for all the issues 
 
 

Owing to the fact that at present in Campania all the 
existing cars are distributed as described in the following 
table 4.5: 
 

Type of vehicle 
Number of vehicle 

circulating 
Percentage on the 

total 

Euro 0 + Euro 1 1.684.265 54% 
Euro 2 (gazoline) 487.281 16% 

Euro 2 (diesel) 215.493 7% 
Euro 3 (gazoline) 413.894 13% 

Euro 3 (diesel) 183.039 6% 
Euro 4 (gazoline) 88.518 3% 

Euro 4 (diesel) 39.146 1% 
Table 4.5 - Vehicle distribution 

 
 
And assuming that the emission of an Euro 0 and Euro 1 
vehicles are the same, the total emission of the road 
vehicle is to be combined from the distribution of the 
cars and from the emission of the trip. The results are 
presented in the table 4.6: 
 
Total emissions for 

172 vehicles  
CO 
[kg] 

HC 
[kg] 

NOx 
[kg] 

NO+HC 
[kg] 

PM 
[kg] 

Euro0 + Euro 1 51,94 - - 18,52 2,67 
Euro 2 (gazoline) 12,15 - - 2,76 - 

Euro 2 (diesel) 2,44 - - 1,71 0,20 
Euro 3 (gazoline) 10,79 0,94 0,70 - - 

Euro 3 (diesel) 1,33 - 1,04 1,16 0,10 
Euro 4 (gazoline) 1,00 0,20 0,15 - - 

Euro 4 (diesel) 0,22 - 0,11 0,13 0,01 

Total 79,88 1,14 2,00 24,29 2,98 
Table 4.6 - Total emissions for all vehicles 

 

5. CONCLUSIONS 

 

Due to the fact that no data of vehicles traffic and no data 
of boarding and landing in the intermediate ports of line 
MM4 are available, this paper shows only one simulation 
for the calculation of pollutant substances. 
It is to be noted that the simulation both for land and 
marine vehicles has been made using a theoretical trip. In 
case of land vehicle, the urban and the extra-urban phases 
have been considered without stops and with a medium 
speed equal to the maximum speed allowed by the speed 
limits. In case of the ship no data of the engine load are 
available, and so, in order to consider the stops in the 
port and the cruising time, the speed considered is the 
ratio between the total distance and the total time spent. 
The comparison of the data of the pollutant emissions 
both for road vehicles and ships shows that, in this 
simulation, Metrò del Mare is more polluting than land 
vehicles. In spite of this, to evaluate the real impact that 
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these travelling ways have in Campania, some other 
considerations should be done.  
The road network from Naples to Sapri is not 
proportioned to traffic conditions: the motorway has few 
lanes considering the number of vehicles; a lot of road 
yards are working to improve the lanes of the motorway, 
but at the same time they slow down the traffic; 
moreover, due to the high density of population of some 
areas crossed by the motorway, the traffic is often 
congested by the great number of vehicles circulating and 
the medium speed is really low. In this way it is clear that 
the use of an alternative mean of transport can reduce the 
traffic decongesting the roads. Besides, the use of a 
marine transport reduce the local air pollution; in fact 
while the road vehicles discharge their pollutant emission 
next to the urbanized area, the marine vehicles work far 
from the coast and stop in ports, next to the urbanized 
area, only for passengers boarding/landing. So, respect to 
the urbanized area, the impact produced by the ship is 
mitigated by its profile of mission.  
Another consideration that could be done is related to the 
costs of the two ways of transport. The price of Metrò del 
Mare tickets has been fixed at 12,00€ per passenger. To 
calculate the cost of the trip of a car with two passengers, 
should be considered the costs of fuel, motorway, 
insurance and of the use of the car. For these reasons the 
A.C.I. suggests that for an utility passenger car powered 
with a gazoline engine Euro 3, the cost for a kilometer is 
0.306806€, while for an utility passenger car powered 
with a diesel engine Euro 4, the cost for a kilometer is 
0.251569€. Multiplying the cost by the kilometers then 
adding the cost of the motorway and dividing for each 
passenger, the results are that the price of the trip is 
32,21€ in case of gazoline car and 26,55€ in case of 
diesel car. So the Metrò del Mare is cheaper than a 
private transport. 
Finally, because no data of the engine load are presented, 
it is not possible to evaluate the fuel consumption of the 
two ways of transport. For this reason the emission of 
CO2 has not been considered. 
 
6. FUTURE APPLICATION 
 
This paper shows that the Metrò del Mare is more 
pollutant but it is cheaper. A possible following 
application is to build a more complex model to simulate 
the pollutant and the CO2 emissions in a more exact way 
for both transports by finding the traffic data, the engine 
loads and analyzing the boarding/landing passengers 
data. 
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