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Abstract The emission of air pollutants from ships of

large size is a key factor in air quality state in the sur-

rounding areas to ports. The work proposes a methodology

for assessing the environmental impact of maritime traffic

on air quality of port areas, evaluating the production and

the dispersion of air pollutants produced by marine engines

of large size during the approach phase to the port.

According to current regulations, different scenarios have

been analyzed, taking into account the possibility of fuel

changeover, from heavy fuel oil (HFO) to marine gas oil

(MGO), approaching the port. Emissions during the switch

from HFO to MGO have been characterized. The analysis

takes into account the most frequent routes of ships moving

towards and away from the port. Different scenarios of

pollutant emission from ships arriving and departing have

been considered, evaluating in particular the effect on the

coastal zone adjacent to the port. The results are repre-

sented graphically and provide valuable insights into the

impact of marine traffic on air quality. Such information

may be seen as useful tools for the improvement of mar-

itime legislation on emissions.

Keywords Marine diesel engines � Air pollutant emission

and dispersion � Fuel change-over

Introduction

Maritime transport is a vital sector for the global economy

since over 80 % of freight is transported by ships [1]. That

is also the most energy efficient and sustainable mode of

transportation of goods from an environmental perspective,

whereas CO2 emissions required to carry a ton of freight

per kilometer by sea are just 25 % of those on road

transport for the same distance, and only 1 % of those

provided by the air transport.

The air pollution caused by maritime traffic represents

today a key factor in air quality. Ports, in particular, rep-

resent certainly a concentrated area of marine transport,

significantly affecting environmental quality and human

health in the neighboring areas [2].

Emissions from marine traffic and dispersed in coastal

areas are growing in recent years in part because of

widespread actions worldwide aimed to reduce emissions

deriving from road transport sector during the last years

[3]. Recent evaluations of total sulfur and nitrogen oxide

emissions from worldwide marine traffic report 6.49 Tg S

and 6.87 Tg N, respectively [4]. Emission containing

nitrogen oxides (NOx) and sulfur ones (SOx) are trans-

formed into secondary pollutants, such as ozone and PM,

through physical and chemical reactions that occur in the

atmosphere. Despite current emissions from shipping

constitute a small part of total emissions, they may nev-

ertheless represent a significant rate in the coastal areas

near the ports, as shown in numerous studies and data

collections performed worldwide [5–10].

According to the data of the International Maritime

Organization, 80 % of maritime traffic takes place in the

northern hemisphere and most of this affects marine areas

within a few hundred kilometers from the coast. Within

these areas, weather conditions play a key role in the
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dispersion of pollutants on the coast. However, in recent

decades the international environmental regulation focused

more on land-based sources than on maritime ones. In this

sense, marine sources of air pollution, though growing, are

still less regulated than terrestrial ones. Moreover, the

marine traffic is expected to grow in the coming decades

and with it air pollution and its impact on coastal regions

[11]. For this reason, it is increasingly important to cor-

rectly evaluate the influence of naval transports on air

quality of coastal areas.

While scientific literature has been enriched in recent

years by many publications on exhaust gas composition of

marine engines [12–14], the number of studies evaluating

the impact of shipping emissions on air quality is not

sufficient above all regarding the fuel change-over. Some

works dealing with shipping emission estimations are

based on chemical and dispersion transport models and on

emission inventories, in addition to on board emissions

[15], with the aim to characterize and quantify the impact

of the maritime transport sector on air quality degradation;

however, most of these studies focus on climate impacts of

shipping emissions [16–19], while studies dealing with

effects on urban air quality over coastal areas are rather

limited. Besides, it must be emphasized that these results

were obtained using different approaches and calculation

procedures in the different regions, since no common EU-

wide methodology is now available. Therefore, a more

homogeneous application of modeling approaches could be

the only possibility to move towards comparable data on

the impact of shipping emissions on urban air quality.

Likewise, the application of similar methods across dif-

ferent regions could improve comparability between results

[20]. Besides, to plan and implement effective regulation to

minimize environmental effects of these emissions, com-

prehensive knowledge of their impacts on climate and of

their influence to atmospheric pollution is required.

This study responds precisely to this need by proposing

a methodology for assessing the environmental impact of

maritime traffic on air quality of port areas. In particular,

the study covers emissions from large size two-stroke

diesel engines, taking into account the fuel change-over

from heavy fuel oil (HFO) to marine gas oil (MGO) and

vice versa, moving toward and away from the port.

The methodology proposed in this study proves to be a

useful and standardized tool to investigate both the impact

of the air pollutants from ship engines during fuel change-

over on the ambient air quality levels along coastal areas

and how the foreseen future evolution of ship traffic and

the geographical expansion of ports are going to affect the

atmospheric composition.

More specifically, the objective of this study is to pro-

pose a calculation procedure for assessing and quantifying

numerically the environmental impact of maritime traffic

on air quality of port areas during the approach phase of the

ships. Using this methodology, it is possible to characterize

the impact of the maritime transport sector on air quality

degradation in terms of pollutant concentrations. In fact,

high pollutant concentrations can really affect environ-

mental quality and human health in the surrounding areas

to ports.

To calculate the polluting concentrations from ships and

to assess the resulting air quality state in the area sur-

rounding the port, this study was executed using the

Gaussian model ISC. The methodology described in this

analysis is quite general and can be considered as a sig-

nificant appraisal tool for the local and national environ-

mental authorities [21], since it can be employed to assess

both the compliance of air quality with the limit values

established by current legislation, and the influence of

various scenarios of pollutant emission from arriving and

sailing ships on the local air quality state. A case study has

been developed for the port of Naples which is one of the

busiest harbors of Italy.

Ship emission and fuel change-over

As widely known, the air emissions from marine traffic are

regulated by Annex VI of MARPOL 73/78 (Marine Pol-

lution), promulgated by the IMO in 1997 and subsequently

amended. This regulation has been transposed in Europe by

Directive 2005/33/EC and in Italy by DM. 205 of 6

November 2007.

In particular, these regulations govern the following

issues:

• SOx emissions of sulfur oxide and nitrogen oxides NOx

present in the exhaust gases of internal combustion

engines.

• Emissions of substances that deplete the ozone layer in

the atmosphere (fire and/or gases).

• Emissions from incinerators (it prohibits the incinera-

tion on board of certain products).

• Emissions of volatile organic compounds (VOCs) from

the cargo area of tankers.

There are two limits on the emission value of SOx, one

more compelling relative to ports and SECA areas and one

less compelling relative to all other areas. To face this

problem, more and more ships are being equipped with

abatement systems to be installed on the engine exhaust

gases stream. Such systems are for the most part seawater

scrubbers, due to the greater capacity for SOx absorption by

sea water [22]. Such systems are still quite expensive,

especially if installed on existing ships.

Ships that do not have systems to reduce SOx emissions,

such as sea water scrubbers, must therefore be prepared to
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use two different types of fuel, HFO and MDO (or MGO),

the first for areas not subjected to emission control, the

second for emission control areas and ports. For each fuel,

ship emissions in terms of NOx, SOx and PM present typ-

ical ranges and mean values. The analysis focused on large

size two-stroke diesel engines. The choice depended on

two reasons. The first is that we wanted to investigate

precisely the effect of the changeover and this practice is

carried out on the large two-stroke engines. The second is

that most of SOx and PM emitted in the port area of Naples

is produced from precisely these kinds of engines. We

referred to typical emissions level of engines of about

10,000 KW power, as reported in Tables 1 and 2.

NOx and SOx values have been kindly provided by

MAN DIESEL 14, PM ones are those reported in [23, 24].

NOx emissions are not universal for any type of engine,

depending on combustion process time and maximum

combustion temperatures. However, the study primarily

aims to understand how the production of pollutants

decreases due to the changeover rather than accurately

calculate the total production of NOx in the area under

investigation. In this sense the data of MAN engines have

been considered as a good example, considering that not all

ships have those emission values. Emissions reported in

Tables 1 and 2 refer to four different power rate. Low

power rate values are the most significant for the analysis

because they are typical of the port approaching. Values for

all the intermediate power rates can be evaluated with

different approaches, as reported in [25].

We chose a 10,000 kW power rate as a mean value of all

merchant ships transiting in the port.

When a ship is going to pass through an emission con-

trol area, it has to start a fuel change-over procedure, in

time and in such a way that the engine will be burning

MGO at the inlet of the area.

Fuel change-over must be performed carefully to avoid

engine failure [26, 27]. There is not a universal procedure

to do it but some items must be monitored:

• Fuel viscosity must be kept within the range 2–20 cSt;

• Fuel temperature variation rate at fuel pump inlet,

should not exceed 2 �C/min.

A low value of viscosity can cause:

• Reduced lubricant effectiveness, resulting in excessive

wear and possible failure of the injection pump;

• Fuel leaks from pumps, valves and piston rings,

preventing the ship to reach the maximum power;

when using low viscosity fuel (MGO), a way to maintain

the viscosity above the minimum value of 2 cSt (or the

minimum specified by the engine manufacturer) is to install

a cooler that will keep the fuel temperature below 40 �C.
About the temperature of the fuel, typically, HFO is

heated to about 150 �C and has to be changed to MGO,

used at about 40 �C, so the temperature gap is about

110 �C. Considering the allowed rate of change of 2 �C/
min, the process of replacing the fuel should last a mini-

mum 55 min to carry out safely.

A quick change from HFO to MGO can cause over-

heating of MGO which causes a rapid loss of viscosity and

gassing in the fuel system. Likewise, a too rapid a change

from unheated MGO to HFO can lead to excessive cooling

of HFO and therefore excessive viscosity to the injectors

resulting in possible loss of power or shutdown. Therefore

it is recommended to make the change of fuel with the

engine at lower power levels. The load, however, should

not be too low otherwise the mixing time of HFO and

MGO in the service system increases with a consequent

risk of precipitation of asphaltenes, clogging of filters and

therefore loss of power or engine failure. Usually change-

over is done on maneuverable speed and the fuel viscosity

should be as close as recommended by engine manufac-

turer. The ship should be on low sulfur fuel before entering

in SECA area or ports.

Another issue related to the use of low sulfur fuels, is the

need to use a lubricating oil with different Base Number

(BN). Because of the high acid levels on the cylinder liner

Table 1 Emissions from HFO

combustion in a 9800 kW

engine

Engine load 100 % Engine load 75 % Engine load 50 % Engine load 25 %

Engine power (kW) 9800 7350 4900 2450

NOx (g/kWh) 14.60 15.70 17.50 17.20

SOx (g/kWh) 2.96 2.91 3.33 3.14

PM (g/kWh) 1.7 1.9 2.2 2.4

Table 2 Emissions from MGO

combustion in a 9800 kW

engine

Engine load 100 % Engine load 75 % Engine load 50 % Engine load 25 %

Engine power (kW) 9800 7350 4900 2450

NOx (g/kWh) 12.98 14.71 15.43 13.53

SOx (g/kWh) 0.178 0.175 0.177 0.189

PM (g/kWh) 0.3 0.5 0.7 0.9
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when using heavy fuel oil with a 2 % sulfur content, a

lubricating oil with BN (or TBN) of about 70 is recom-

mended. SuchBNvalue ensures the neutralization of sulfuric

acid (H2SO4) and sulfur trioxide formed by SO2 and SO3.

However, this BN (or TBN) is inadequate for low sulphur

fuels: a prolonged operation with low sulphur fuel oil and

lubricating oil with BN (or TBN) of 70 could cause the for-

mation of calcium deposits (CaCO3) and so a considerable

abrasive wear. In case of long-term operation with low sulfur

fuels, it is recommended to switch to a lubricating oil with

BN (or TBN) 40 or 50. It is generally recommended to use a

lubricant with BN (or TBN) 40. 50 or even for the short term

operation if the sulfur content is less than 1 %.

HFO operation temperature is dependent on its viscosity

which can vary on average from 180 to 720 cSt, the higher

the viscosity, the higher the operation temperature. Before

starting the change-over procedure form HFO (up to 120 �C
for the most viscous) to MGO (room temperature). It is

necessary to reduce the temperature of the fuel heating lines

gradually; it takes about 2–3 h in the worst case. To protect

the fuel injection system against rapid temperature changes,

which can cause the bonding of the fuel valves, piston fuel

pump and intake valve, the changeover should be performed

as follows:

• Preheating of diesel fuel in the tank at about 50 �C (in

practice this almost never works: diesel fuel is up to

35–40 �C (engine room temperature) and the mixing

tank has a purpose of gradually changing the fuel);

• Interruption of steam to fuel preheating system;

• Reduction of engine load at 3/4 load MCR (Maximum

Continuous Rating);

• Transition to MGO when the heavy fuel oil temperature

in the preheater has dropped by about 25 �C but, in any

case, not less than a minimum temperature which

depends on fuel type.

So, in summary, to complete the fuel change-over,

assuring that all HFO residue is consumed in the fuel

system, the procedure must begin, in general, at least 3 h

before the SECA area and the fuel line should be started to

be heated at least 2/3 h before the start of procedure.

About the procedure of the changeover from MGO to

HFO, to protect the injection device against rapid changes

of temperature, which may cause bonding/seizing of the

fuel valves, pistons of the fuel pump and the intake valves,

the following steps are to be carried out:

• Ensure that the heavy oil in the tank of service is at the

correct operating temperature;

• Reduce the engine load to 3/4 of MCR;

• Heat the oil up to 60–80 �C (depending on fuel type)

adjusting the preheating so as to give a temperature

increase of about 2 �C per min.

On the basis of all these considerations, we can assume

that fuel change-over procedure is carried out in a few

hours, in both cases.

The emission dispersion model

Forecasting the air quality state in urban environment as a

result of several pollution sources (industries, transports,

and residential) involves a valuation of the dispersion,

chemical reactions, and natural removal processes which

affect the concentrations of the air pollutants in the space

around the same sources after the release. The emission

dispersion models investigate the physical aspects con-

cerning the atmospheric diffusion of the air pollutants with

a deterministic method accounting of meteorological

parameters too. The basic structure of these dispersion

models is characterized by a database of algorithms that

can describe in easy way the several composite phe-

nomenon of the gas atmospheric dispersion. The input data

of these simulation tools are the meteorological parameters

(suitably treated) obtained from the weather stations dis-

tributed on the territory, and the emission levels of the air

pollutants. The output values are the concentrations of the

same air pollutants in the areas object of the study, and

their temporal variation. The particular simulation model to

use for the study of the pollutant dispersion and concen-

tration in atmosphere must be chosen based on several

aspects, that are: the updating and the accurateness of the

existing data (emission inventories and climatological

factors), the orography of the area under examination, the

features of the emissive sources (point or non-point sour-

ces), and the field of application (industrial or urban) [28].

The specific dispersion model suggested for the definite

targets of this investigation is the Gaussian model ISC (In-

dustrial Source Complex). This particular dispersion model

is commonly used for similar studies, and its general

mathematical formulation is generally used to simulate the

horizontal and vertical dispersion of air pollutants downwind

from the emissive sources. Gaussian model deals dispersion

of air pollutants as being carried downwind in a definite

plume, under vertical and horizontal mixing in the neigh-

boring atmosphere: the plume of air pollutants diffuses

vertically and horizontally, with a consequent decrease in

concentration as it moves downwind. Besides, mixing with

the nearby atmospheric air is greatest on the border of the

plume, so causing lesser concentrations outward from the

center of the plume, and this reduction in pollutant con-

centrations outward from the center is analyzed through a

Gaussian (‘‘normal’’) statistical distribution.

While the central statement of the Gaussian dispersion

method, namely the hypothesis of ‘‘normal’’ distribution of

the pollutant concentrations, occurs only in completely
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ideal situations of atmosphere homogenous turbulence, the

softwares based on this mathematical structure are calcu-

lation tools of broadest use since they are characterized

from an easy mathematical formulation. In general, the

results obtained with Gaussian dispersion models are in

accord with experimental data, above all for estimations in

long-term version. Instead, the Gaussian models aren’t

much appropriate to describe the dispersion process of

unstable pollutants in not homogenous conditions of

atmosphere and without flat topography.

The ISC model simulates the pollutant dispersions from

varied sources that can be present at a characteristic

industrial source complex. The base of this particular

Gaussian model is the steady-state plume equation that is

employed to describe point source emissions from stacks,

also considering aerodynamic downwash due to adjacent

structures.

The ISC Short Term model accepts hourly meteoro-

logical data records to define the conditions for plume rise,

transport, diffusion, and deposition. The concentrations

calculated for each source at each receptor are summed to

obtain the total concentration produced at each receptor by

the combined source emissions. For a steady-state Gaus-

sian plume, the concentration at downwind distance x

(meters) and crosswind distance y (meters) is given by:

C x; yð Þ ¼ Q

puryrz
e

�H2

2r2z

� �
e

�y2

2r2y

� �
ð1Þ

• C(x,y): pollutant concentration to the ground level in

(x,y) point (g/m3);

• Q: pollutant emission rate (mass per unit time) (g/s);

• H: effective source elevation (m);

• u: mean wind speed at release height (m/s);

• ry: lateral dispersion coefficient (m);

• rz: vertical dispersion coefficient (m);

For the definite requests of the present study, the ISC

model was utilized in the long-term version that, instead of

hourly input data, uses meteorological data that have been

grouped into joint frequencies of event for the particular

wind speed, atmospheric stability and wind direction

classes. In the long-term version, the area neighboring a

continuous source of air pollutants is shared into zones of

equivalent angular width consistent to the sectors of the

seasonal and annual frequency distributions of wind speed,

wind direction, and atmospheric stability classes. The

hourly meteorological data, then, were subjected to statis-

tical processing to obtain the mean values of the various

parameters in the year. Therefore, values of wind speed,

wind direction and atmospheric stability are calculated by

the model as average values on the whole year.

Case study: the port of naples

The effects of ship emissions on coastal air quality have

been evaluated within a number of research activities all

over the world, as reported in [29–33]. All of these suggest

that a non-negligible percentage of air pollutants may come

from ships in those areas, comparing with emissions from

all different sources.

The present work has been focused on pollutant emitted

by merchant ships transiting in the port of Naples (Fig. 1).

Analysis domain (Fig. 2) is a 10 km 9 10 km area

including the piers for large ships, the coastal area adjacent

and the sea area interested by ship maneuvers approaching

the port.

This domain has been discretized with a 32 9 32 ele-

ments square grid and three main routes have been con-

sidered for ships entering and leaving the port. As

previously said, we used a Gaussian model ISC [34] to

assess the production and dispersion of NOx, SOx and PM

along the routes.

All the meteorological input data required to simulate

the dispersion of these air pollutants (for instance: wind

direction and speed, temperatures and atmospheric stability

classes) were gathered at the weather station of Naples

airport, and subsequently grouped into joint frequencies of

occurrence.

Nevertheless, the Gaussian mathematical approach used

in this analysis is generally characterized by certain limits,

regarding the appraisal of atmospheric gas dispersion.

Gaussian models, in fact, don’t deal the dispersion of air

pollutants in the presence of buildings and obstacles, and

for complex orography conditions. The simulated pollutant

concentrations must be considered as spatially averaged

results, whereas, within a street canyon the real concen-

trations can diverge considerably. But then, an easy dis-

persion model can simplify the assessment of the hourly

time series for 1 year of meteorological and emission

conditions, that is necessary for the calculation of statistical

parameters, so as demarcated in national air quality

guidelines.

This modeling approach of the Gaussian dispersion

model, consequently, can be considered as a valid calcu-

lation tool for the national environmental management,

since it can be used to evaluate the agreement of air quality

state with the guidelines and limit values (together with the

measured concentrations), and the impact of new emission

activities on the pollutant concentrations.

The result of the simulation model is still suffering from

a certain degree of uncertainty due to the composition of

the approximation inherent to the model (dictated by the

inability to perfectly describe the physical phenomena) and

the uncertainty associated with the input data, such as the
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emissions and meteorological parameters. Furthermore, the

model used is valid for steady-state condition, that is for

one or more fixed sources that emit continuously. The

chimneys of the vessels are not fixed but moving sources,

moreover emission rate are quite variable during maneu-

vering depending on power rate and tugs situations. For

Fig. 1 The port of Naples

(Google)

Fig. 2 Analysis domain with

elements square grid in

evidence
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this reason, to apply the steady-state model to this variable

contest, chimneys have been simulated by a number (60

and 20 for each main route) of fixed emission sources along

the main routes, emitting the same total amount of NOx,

SOx and PM produced by the ship traffic. Routs and

emission sources are reported in Fig. 3.

Starting from traffic data acquired by Maritime Coastal

Authority of the Port of Naples, we consider about 10,500

(2014 data) ships entering the port in a year. That means 30

ships entering and 30 ships leaving in a day.

The total emission of each pollutant emitted in the in a

day area, i.e., for SOx, can be calculated by:

ESOx;d
g

day

� �
¼ ESOx

g

kWh

h i
� P kW½ � � L km½ �

v km

h

h i � ns 1

day

� �
ð2Þ

where ESOx
is the emission rate of the ship engine, P is the

actual power rate of the ship engine, L is the route length,

v is the ship velocity along the route and ns is the total

number of ships crossing the area in a day (30 ? 30 in the

case study).

Maneuvering the vessel, both on entry and exit from

port is marked by quite variable power rates of the engine.

As a reasonable approximation, we considered that ships

entering and leaving the port have the main engine at 25 %

of its power rate and a low velocity of about 5 miles per

hour (9 km/h).

Spreading the total emission along the routes, each

virtual source point emits continuously with the following

rate:

ESOx;vsp
g

h

h i
¼

ESOx;d
g
day

h i

nvsp � 24 h

day

h i ð3Þ

Once known the emission rates of of NOx, SOx and PM,

the average height and diameter of the chimneys, the

average temperature and speed of the exhaust gas, the

model provided the concentration maps of such pollutants

above the entire domain (10 km 9 10 km). Three cases

have been examined, as reported:

1. HFO case burning HFO (0.6 % sulfur content) during

the whole approaching maneuver to the port; in this

case the fuel changeover takes place within the port;

2. HFO–MGO case gradual fuel switch from HFO to

MGO during the whole approaching maneuver;

3. MGO case burning MGO (0.15 sulfur content) during

the whole approaching maneuver to the port; in this

case the fuel changeover takes place before the

approaching maneuver.

Fig. 3 Approaching routes

(green arrows) and emission

source points (red circular

spots) on the analysis domain
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For the second case, we assumed a linear variation of

emission rates between the values assumed for HFO and

MGO.

The dispersion of the considered pollutants in atmosphere

was investigated on maps with receptors located at 2 m

altitude; the application of the Gaussian model on the

selected area has determined the pollutant concentrations due

to the arriving and sailing ships. The chief results and elab-

orations obtained using this model are exposed in the maps of

the following figures (Figs. 4, 5, 6, 7, 8, 9, 10, 11, 12), in that

Fig. 4 NOx concentration. HFO

case

Fig. 5 NOx concentration.

HFO-MGO case
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it’s possible to appraise the average concentrations in lg/
m3 of NOx, SOx and PM at ground level in the form of iso-

concentration lines for the examined cases. The pollutant

concentrations shown in these figures must be considered

as average values in the whole year.

By the analysis of results, the HFO–MGO case over the

coastal zone gives better results than those expected. This

can be recognized by comparing Figs. 13 and 14. Figure 13

reports the average concentration value of the specific

pollutants over the whole domain against fuel type, while

Fig. 6 NOx concentration.

MGO case

Fig. 7 SOx concentration. HFO

case
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Fig. 14 reports the same parameters but only over the

coastal zone. Over the coastal area, the average concen-

trations of NOx, SOx and PM for the HFO–MGO Case,

does not have a linear reduction as it was presumed and as

it is for the whole domain. Therefore the change of the fuel

during the entrance to the port involves a considerable

Fig. 8 SOx concentration.

HFO-MGO case

Fig. 9 SOx concentration.

MGO case

316 Int J Energy Environ Eng (2016) 7:307–320

123



benefit on air quality state (quantified in these figures)

greater than that expected, in terms of reducing the con-

centrations of SOx, NOx and PM.

Although these computational results should be vali-

dated by comparison with registered data, preliminarily it

is necessary an analysis to evaluate the contribution of

Fig. 10 PM concentration.

HFO case

Fig. 11 PM concentration.

HFO-MGO case
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marine engines on the total air pollutants produced in the

area under investigation. The air quality state and pollutant

concentrations over coastal area of Naples, in fact, are

affected by many other emissive sources, above all emis-

sions from the road transport sector. However, to meet this

essential purpose, the next phase of this activity will be the

experimental measurements of pollutant concentrations off

the coast, where the effect of other emissive sources can be

considered negligible.

About the generalization and extension of these results

to other cases, it is clear that this possibility depend on the

local factors that affect pollutant concentrations (meteo-

rological parameters and marine traffic) in the several areas

under examination. However, the data obtained in this

Fig. 12 PM concentration.

MGO Case

Fig. 13 Average pollutant

concentrations over the whole

analysis domain against fuel

type
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study can supply first interesting results in coastal areas

characterized by marine traffic conditions similar to those

detected in the port of Naples; subsequently, the applica-

tion of the entire calculation procedure explained in this

paper will provide more detailed information.

Conclusions

Ship traffic contributes significantly to pollutant emissions

into the atmosphere. This issue is particularly important in

the vicinity of coastal areas and especially in ports. The

current regulations require that emissions in port areas are

contained within narrower limits than the open sea. As seen,

the standard can be met or by installing on board an emis-

sion abatement system (such as scrubbers for SOx and PM,

SCR for NOx), or by burning a ‘‘cleaner’’ fuel within those

areas. The present study examined the latter case, by ana-

lyzing the problems related to the changeover of the fuel.

In particular we analyzed three different fuel change-

over procedures, considering for each of them the eco-

logical impact of vessel traffic on the port area. We

examined the case study on the port of Naples, by calcu-

lating the production of SOx, NOx and PM connected to the

traffic of merchant ships into and out of the harbor and

evaluating their dispersion in the domain of inquiry and in

particular in the coastal area. The mode which operates fuel

change-over during the approach to the port has shown

environmental benefits higher than expected, especially

with respect to the coastal area.

The methodology and all the results provided by this

analysis are valid assessment tools to study air quality state

and to define possible remediation plans in areas

characterized by non-compliance with the limit values

settled by recent legislations. Besides, the analysis method

worked and the data collected can be of great help to the

improvement of emission regulations on maritime traffic,

especially for coastal areas.
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