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Abstract. The aim of the presented research was to assess the NO_emission and dispersion from marine ships in
Klaipeda sea port. NO_ emissions from ships operating in Klaipeda sea port were calculated using the Lloyd’s Register
detailed ship movement method, after collecting the information about technical characteristics of each marine ship
visiting the port and the time spent staying in the port. After calculating the emission, the modelling using AERMOD
software was completed and the dispersion of pollutants over different seasons of the year was determined. When
performing the evaluation of NO_emissions it was estimated, that most of these pollutants enter the atmosphere from
stationary vessels moored to quays with active auxiliary motors; this accounts even for up to 72% of the total NO_
emission from marine ships in Klaipeda port. It was calculated that a total of 945.6 tons of NO_compounds enter the
air basin from ships which operate in Klaipeda port. It was determined that the seasonality and meteorological condi-
tions are a significant factor affecting the dispersion of pollutants. During winter time, a higher dispersion of pollut-
ants is typically found at the source of contamination, and in the summer pollutants are decomposed more quickly
and their concentrations as formed above the port are 30% lower, however, 40-50% higher concentrations are formed

over the Klaipeda city residential districts.
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Introduction

Concerns regarding the air quality in the port cities due to
the pollutants emitted by ships are increasing all over the
world; increasingly more attention is paid to evaluation
and control of air pollution caused by ships. The impact
on the city air basin made by growing number of ships,
entering the port is assessed. Ways to reduce the negative
environmental impact of sea navigation were searched. It
is searched for ways to reduce the negative environmental
impact of sea navigation (Corbett et al. 2007, 1999; Coo-
per 2003; Wang et al. 2007; Georgakaki et al. 2005; Saxea,
Larsena 2004).

Growth in demand for transport services is insepa-
rable from the country’s overall economic growth. When
the gross domestic product of the country grows by 2.5%,
the demand for transport services increases by 2.7%. The
official EU rules state, that the policy of the transport de-
velopment must be an integral part of environmental poli-
cy. Transportation means in Lithuania emit approximately

500 thousand tons of pollutants each year (Baltrénas et al.
2004). In port cities the economic activities and the asso-
ciated atmospheric pollution is mostly concentrated in the
coastal areas. Due to the growing global trade the flow of
goods by maritime transport is also increasing. The die-
sel combustion process results in the highest atmospheric
pollution; particulate matter and nitrogen oxides are one
of the main components of pollution. The road transport
is the main source of nitrogen oxides (NO,), where about
a half of amount of the nitrogen oxides is emitted in the
Europe. Therefore, the highest concentrations of NO and
NO, are formed in cities where the traffic is the most in-
tense. Other important sources of pollution are: thermal
power plants, industrial processes and shipping (Bailey,
Solomon 2004; Isakson et al. 2001; Lonati et al. 2010; Luke
et al. 2010; Schreier et al. 2006). In ships, the energy pro-
ducing machinery that burns fuel oil is important regular
source of air pollution emissions; it includes propulsion
and auxiliary engines and steam boilers. The composition
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of fuel combustion products emitted by them is well-rese-
arched and can be readily evaluated according to chemical
composition of the fuel, air and fuel ratio in the cylinder
and combustion conditions (Smailys et al. 2003).

Various atmospheric pollution components exist in
gases that are emitted by ships when combusting fuel.
According to Eyring et al. (2009), the combustion of 1 ki-
logram of diesel fuel results in 3170 g of CO,, 77 g of NO,,
40 g of SO, 7.4 g of CO and 5.5 g of PM emitted into the
atmosphere. Thus, the largest emissions into the atmosp-
here from ships include carbon dioxide (CO,), nitrogen
oxides (NO,) and sulfur dioxide (SO,). Due to the large
emissions of these pollutants into the air basin, the en-
vironmental requirements are being elevated. This fact is
receiving increasing attention during design of new vessels
and chemical composition of fuel used in ships.

The age of ships visiting the port plays an impor-
tant role in the emissions of NO,, since engines are more
sophisticated in newly built ships, which leads to signifi-
cantly lower emissions. Accomplished studies have shown
that the new ship engines manufactured since 2005, meet
the requirements of the Technical Code for NO,_ emissions
better by 17% than the older ones. However, the engine life
time is approximately 25 years, and the fleet composition
typically remains stable for a long time, so it was estimated
that over the period of 5 years the fleet is supplemented
with only 4% of new vessels (Trozzi et al. 1995).

The amount of nitrogen and sulphur oxides (NO_
and SO, ), entering the atmosphere from ships, is increa-
sing (Deniz, Durmusoglu 2008). It is forecasted, that by
2020 the emissions of NO_will increase by two-thirds,
and SO_emissions — nearly twice (Eyring et al. 2009).
Meanwhile, the emission limitations are especially
tightened during implementation of international law
regulations, such as MARPOL 73/78 convention Annex
VI, regulating the prevention of air pollution from ships.
NO, emissions are limited by the special conditions pro-
vided in MARPOL 73/78 Annex VI, which depend on
the ship engine speed. UN sets new standards for ship
engines in order to reduce the amount of NO_ emitted
into atmosphere. NO_emission limits should be reduced
by 20% per kWh for marine engines manufactured after
2011, i.e. from 7.7 to 14.4 g/kWh, depending on engine
speed. And the NO_emissions should be decreased by
as much as 80% (from 2.0 to 3.4 g/kWh, depending on
the ship engine speed) for ships built after the year 2016
(McCarthy 2009).

The Baltic Sea is an area extensively used for short
sea shipping. At one time there are more than 2000 diffe-
rent ships sailing in the Baltic Sea. Methods for calculating
emissions from ships are based on the number of vessels,
distance travelled, power of ship engines and (or) fuel
consumption (Endresen et al. 2003; Dalsoren et al. 2009;
Miola, Ciuffo 2010; Cooper 2003). In some studies the

emission calculations are performed based on the amount
of fuel purchased in the country. However, when using
this method, it is difficult to assess the amount of emis-
sions within a defined territory, let alone to determine the
contribution of ship pollutants to overall air basin in the
port and port area.

Due to pollutants emitted into atmosphere, the ur-
ban air quality deteriorates, and acidity of soil and surface
water increases, eutrophication takes place; it also contri-
butes to the formation of the greenhouse effect and for-
mation of ground level ozone. This has a negative effect
firstly on human health, agricultural productivity, biodi-
versity and condition of forests (Oke 2004). Due to the
air contamination, the number of people with asthma and
other respiratory diseases and cardiovascular conditions
increases; lung cancer morbidity rate and early mortality
is influenced. It is therefore necessary to take measures to
reduce this pollution (Bailey, Solomon 2004; Krozer et al.
2003).

One of the most important features of port city of
Klaipeda is the fact that the city is narrow, on average not
wider than 2.5-3 km, and is 11-12 km long, extending
from north to south along the port; the nearest residen-
tial areas of the city are located not more than 250-300
meters from port quays. When dominant west winds
blow, the entire city is trapped inside the dispersion trail
of port air pollutants, which has a significant impact
on the formation of sanitary condition of city air basin
(Smailys et al. 2003). The influence of maritime transport
is stronger in the cities which are located near lagoons
than in other coastal areas, thus the air pollution mo-
nitoring and evaluation of contaminants formed via the
main transportation channels becomes necessary (Pre-
muda et al. 2011). The aim of these studies is to assess
the NO, emissions from marine ships and dispersion of
pollutants in Klaipeda port, on the basis of analysis of
arriving ships.

1. Research method

In order to calculate the emissions from ships operating
in Klaipeda port the Lloyd’s Register detailed ship move-
ment method was selected, which is typically recommen-
ded when the detailed movement data of the vessels and
their technical information is known. The calculations of
NO_ emissions were performed considering that the ships
use diesel, because black oil in the port area is forbidden.
When performing the investigation, the data collected in
2009 about the ships which visited the Klaipeda port was
used. Since the fleet composition varies insignificantly,
and the age of ships does not exceed 24 years, this data
may retain its representative character for a long time.
When calculating NO_emissions from ships statio-
ned at the quays and ships sailing inside the port, and
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Table 1. Subdivision of Klaipeda port area

Part

of port Companies

Quays

SC “Klaipédos Jury kroviniy kompa- 1-7
nija” KLASCO (northern part);

SC “Klaipédos nafta”; SC “Kroviniy

terminalas”

SC “Klaipédos Jary kroviniy kompa- 8-64
nija” KLASCO (southern part);
I SC “Klaipédos laivy remontas”;
SC “Laivité”; SC “Vakary Baltijos laivy
statykla”

Joint-stock stevedoring company 65-88
“Klaipédos Smelté” (northern part);

III  UAB “Klaipédos keleiviy ir kroviniy
terminalas”; SC Klaipédos jury
kroviniy kompanija “Bega”

SC “Senoji Baltija”; Jury kelty
terminalas; Karinés jiry pajégos;
Joint-stock stevedoring company
“Klaipédos Smelté” (southern part);
Mazyjy zvejybos laivy prieplauka;
SC “Klaipédos hidrotechnika”

89-126;
146-151;

v 121A-123A

SC “Vakary laivy gamykla”;
\Y% SC “Klaipédos konteineriy terminalas”;
SC “Malky jlankos terminalas”

127-144;
131A-138A

also when evaluating the pollution dispersion, the Klai-
peda port area was subdivided into 5 equal sections, each
2,4 km long. In this way it was attempted to ensure the
precision of the research results. Table 1 shows what com-
panies are located here and which quays are included into
particular sections of the port.

In order to assess the total emission of NO,, the ship
sailing and stationary time (h) while staying in the port
has to be matched against the emission rates (kg/h). The
emission was evaluated separately for all five sections of
the port. Ship sailing distance is considered to be equal
to the distance from the port gates to the respective area
of the port. In Klaipeda port aquatory the ship movement
speed is limited to 6 knots. Consequently, after assessing
the permissible ship speed inside the port and sailing dis-
tances, durations of sailing of each ship to the respective
quay were estimated. Each ship stationary time was calcu-
lated in accordance to the data regarding arrival and de-
parture time of ships (accuracy in minutes), provided by
Klaipeda port direction.

Data on the main and auxiliary ship engine power
ratings were collected from the database of Lloyd’s Regis-
ter, according to the IMO (International Maritime Orga-
nization) number of each ship, i.e. the ship identification
number issued by International Maritime Organization.
Emission rates are calculated separately for main and auxi-
liary engines.

During 2009, a total of 7529 vessels visited the Klai-
peda port. Only sea ships were analysed, since they con-
tain more powerful engines compared to the transport of
internal waters, and they emit the largest quantities of pol-
lutants. In total, the data about 1890 marine ships which
visited the Klaipeda port during 2009 was collected. They
entered the port 6837 times and their total stationary time
while moored with active auxiliary engines accounted for
14668 days.

The AERMOD model was selected to evaluate the
dispersion of NO_ pollutants in Klaipeda port. ISC-AER-
MOD View is a complete and powerful Windows air dis-
persion modelling system which seamlessly incorporates
three models into one interface: ISCST3, AERMOD and
ISC-PRIME. AERMOD is the next generation air disper-
sion model designed for short-range (up to 50 kilometers)
dispersion of air pollutant emissions from stationary in-
dustrial sources. AERMOD is a steady-state plume mo-
del. The basis of the model is the straight-line, steady-state
Gaussian plume equation (Petraitis 2010; Kowalski, Tarel-
ko 2009).

NO, emissions from marine ships operating in Klai-
peda port were calculated using detailed ship movement
method. Emissions from sailing and stationary ships were
calculated separately for five sections of the port, therefore,
when evaluating the pollution dispersion, each area of the
port was considered as a separate area source of pollution.
In order to assess the impact of seasonality on pollution
dispersion, the modelling was carried out for months of
April, August and December, and also the time duration
from 2006 to 2009 was selected. In this way the dispersion
of NO, components was determined for selected months,
according to prevailing four-year meteorological condi-
tions; this ensures higher reliability of the results. During
modelling of pollutant dispersion in Klaipeda port, NO_
concentrations at 1.5 meter height were determined. Ave-
rage daily concentrations of pollutants from stationary
and sailing ships in Klaipeda port were calculated; other
nitrogen oxide emission sources and background pollu-
tion were not considered. Concentration areas matching
the coordinate grid of Klaipeda city plan were formed
with aim to assess the pollutant concentrations. Using the
model, concentrations are calculated at the points of creat-
ed grid; 150 meter calculation step was selected and values
at 2911 points were modelled.

1.1. NO_ analysis method

The passive measurement method with diffusive samplers
was used for analysis NO_concentration. Diffusion sam-
plers were located in the port area as shown in Figure 1.
Eleven places have been chosen for the exposition. The
diffusive samplers have been exposed for the period of se-
ven days during different seasons of the year- during the
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spring and autumn seasons. In the selected locations the
samples were hung at a height approximately 3.5 meters.
NO, concentration accumulated in samplers was determi-
ned (Smailys et al. 2009) using naphtylethylendiamino-
dihydrochloride with spectrophotometer (JENWAY 6300,
A = 540 nm).

2. Results and their discussion
2.1. Analysis of ships visiting the Klaipeda port

Ships of medium and small tonnage visit Klaipeda port
most often. Most part of tonnages of arriving ships fall
into range between 1000 and 4999 t or is smaller than
500 t. Ships of large tonnage (larger than 50000 t) arrive
in rare cases.

Ships of different tonnage are distributed in different
areas of the port unevenly (Fig. 2). Port section II differen-
tiates in particularly small tonnage ships; they comprise
71% of total number of small tonnage ships which visited
Klaipeda port. There are a lot of tugboats and fishing boats
in this area of the port with tonnage up to 500 t. Number
of visiting vessels with tonnage from 1000 to 4999 t is si-
milar in all areas of the port; none of the port sections
distinguishes by number of ships with tonnage 500-900 t
and these vessels are evenly distributed over entire port.

Even 53% of ships with tonnage 10000-49999 t belong
to port section IV and 21% belong to section I. Even though
the smallest number of arriving ships is characteristic to the
port area I, it distinguishes by ships of largest tonnage. 22 vi-
sits of ships with tonnage 50000 t and larger were observed
in Klaipeda port, and 16 of them were made in port section [
tankers and bulk carriers arrive here most often.

2.2. Analysis of sailing and stationary times of marine
ships operating in Klaipeda port

Number of ship visits in separate areas of the port varied
from 721 to 2456, while the calculated total stationary
time of the ships staying at the quays in different areas
of the port varied from 946.6 to 5801.3 days. Most ship
visits (even 41% from total number) belong to port area II;
respectively, the ship stationary time while staying at the
quays is also longest in this section of the port. According

Fig. 1. Map of diffusive samplers” exposure on Klaipeda’s streets

to number of visits and total stationary time duration, the
port area which was attributed to section IV does not fall
far behind. It has 23% of ship visits and 27% of stationary
time, compared to the overall result of Klaipeda port. The
smallest number of ship visits and the shortest vessel sta-
tionary time is characteristic to the port area I.

It can be noted that in separate areas of the port number
of visits and stationary time at the quays are directly propor-
tional. When the larger number of ship visits is present in
respective area of the port, the total ship time spent at the qu-
ays with auxiliary engines active will be also longer (Fig. 3).

In Klaipeda port ship sailing time until respective qu-
ays is reached will be directly proportional to the distance
to port gates, since in port aquatory the speed is limited
to 6 knots for all vessels. Therefore, the ships entering the
first area of the port, the distance of which to the port gates
is approximately 2.4 km, will take 0.22 hours. The longest
sailing time (1.08 hours) belongs to ships which sail to the
port area V, since the distance from the quays located in this

., 1800
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£ 1400 ] <500
=] 1200 |:| 500-999
£ 1000 Il 1000-4999
< 800 [ 5000-9999
g 600 [ 10000-49 999
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Fig. 2. Number of ship arrivals according to tonnage in separate areas of the port
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Fig. 3. Relation between number of ship arrivals and their total stationary time at the quays

section to the port gates is approximately 12 km.

2.3. NO, emissions from ships operating in Klaipeda
port

The emission of NO_ pollutants from ship sailing in Klai-
peda port over one hour reaches from 0.95 kg to 358.8 kg,
and from 0.1 kg to 28.5 kg over one hour from stationary
ship with active auxiliary engines. Although sailing ships
emit the amount of NO_ pollution components over one
hour about 10 times larger than those stationed at quays,
the total NO_emission from stationary ships in Klaipeda
port is higher (Table 2).

Relative distribution of overall NO_emission in diffe-
rent areas of the port indicates, that the largest amount of
these pollutants enter the atmosphere from the port area
IV, which is responsible for 27% of total NO_ emission,
and the smallest pollution is characteristic to the port
section I, from which 12% of NO, components from the
total sum of port emissions enter the air basin.

The emission depends not only on the ship stationa-
ry time duration. Data presented in Fig. 4 shows, that the
NO, emission in the port area II is smaller by 65.3 t/year
compared to the port section IV, and smaller by 53.7 t/year
compared to the port section V, even though the ship
stationary time while moored at the quays is the longest
and the number of visits is the largest. Visits of ships with
small power engines dominate in this area of the port.

Although the distance to the port gates in the port
area II is 4.8 km, the total time of ships sailing into this

7000 T
26000 +
S 5000 +

12

£.4000 1
243000 +

Q

£ 2000 +
% 1000 +

o1 b, M

area reaches 1056 hours due to the large number of arri-
ving ships, and the NO_emission from ships sailing to the
quays in this section is one of the smallest, 20.8 t/year, and
exceeds only emissions in the port area I. Most of NO_ is
emitted in the port area IV, since it has both the largest
number of arriving ships and also ships with large tonnage
and powerful engines; furthermore, the distance from the
quays in this section to the port gates is 9.6 km.

Thus, the calculated annual emission of NO_com-
ponents in Klaipeda port reaches 945.62 tons. This data
matches calculations accomplished by Smailys et al.
(2003), where during the year 1995 approximately 981
tons of NO_ components entered air basin from ships.

Table 2. Total NO_emission (t/year) from ships operating in
Klaipeda port

Emission

from ships ~ Emission ~ Total NO, Relative
Port sailing from from emission in  distribution
area port gates to stationary separate areas of overall

I 1I

Total ship stationary time

quays and ships, t  of the port, t NO_emission
back, t
I 11.31 60.14 113.77 12%
1I 32.19 137.28 190.91 20%
111 41.72 86.45 140.08 15%
v 119.37 202.59 256.23 27%
\% 63.57 191.01 244.64 26%
Total: 268.16 677.46 945.62
- 250
+ 200 =
=]
(=}
1 150 Z
+ 100 g
S
T T+ 50 =
} f } | 0
111 v v

Areas of the port

Total ship stationary time at the quays

=== NOx emission

Fig. 4. Dependency between total ship stationary time at the wharves and NO, emission

from the ships
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In 2000 the European Commission study estimated the
emissions from ships in European ports. In ports which
are significantly larger than the port of Klaipeda the NO_
emissions were even 3 times higher; these ports include
Rotterdam (Netherlands), where annual NO_ emission
reaches up to 3800 tons, and Hamburg (Germany), were
estimated annual port emission constitutes 2000 tons. In
slightly smaller ports the determined pollution emissions
are more similar to values obtained for Klaipeda port; for
example in port of Gothenburg (Sweden) the annual NO_
emission reaches 1500 tons (Isakson et al. 2001; European
Commission... 2002).

2.4. Results of NO_pollution dispersion evaluation
using the AERMOD model

After completing the calculations of NO_emissions from
ships, it was determined what amount of pollutants is
emitted in each area of the port, and that a total of 945.62 t
of NO, components is emitted from marine ships in Klai-
peda port into the air basin of Klaipeda city.

We can see from figures (Figs 5, 6, and 7), in which
the average daily concentrations are presented, that
the highest dispersion of pollutants is characteristic to
the southern area of the port (port section V), where

6177000 6178000 6179000 6180000 6181000
1 | | il

6176000
Lo

6173000 B174000 6175000
ol e 1 taeialig

&1 ??DDD

315000 316000 317000 318000 312000 320000

321000 322000 323000 324000 325000

concentration reaches up to 60 ug/m?. Highest dispersion
of pollutants and lowest concentrations were determined
in April and August, when 20-30 pg/m’ of NO_ com-
ponents is found in Klaipeda city, and the 30-40 pg/m’*
concentration zone extends through entire port territory.
Meanwhile, in December significantly higher pollution
concentrations were determined both above the port and
in adjacent territories. In April and August pollutants are
mostly transferred into the Klaipeda city area, while in
December the NO_pollutants are more displaced to the
western side, above the sea, especially in the southwestern
part, where 40-60 ug/m* NO_ concentrations were deter-
mined; however the pollution concentrations in residenti-
al districts of Klaipeda city are considerably lower.
Similar studies (Matthias et al. 2010; Lonati et al. 2010)
were conducted in the North Sea regions, where the dis-
persion of pollutants was modelled for summer and win-
ter seasons. The obtained results coincide with the results
of the modelling accomplished in this work. In both cases
higher concentrations of nitrogen oxides were determined
in winter than in summer. Results could be influenced by
the fact that during the warm season of the year the chemi-
cal reactions taking place in the air are faster due to higher
ambient temperatures, and pollutants are degraded more
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Fig. 5. Average daily concentrations of NO_(ug/m’) due to emissions from ships in April
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quickly; additionally, stronger vertical mixing of atmosp-
heric layers is typical for summer, which also determines
faster dispersion of pollutants and lower accumulation of
pollutants in the near-ground atmosphere layer.

Analysis of diffusive samplers data was carried out
and the change of average concentration of NO_was de-
termined during the months of April and August, at the
same time as the ships’ pollution dispersion modelling was
being performed (Fig. 8).

In the Figure 8, it is shown the comparison of NO_
concentrations found by modelling and diftusive samplers
in the selected locations. Similar tendencies of concentra-
tion ranges are observed in spring. The least NO_ concen-
trations are found in the Ist point in both cases by using
diffusive samplers and by modelling. The highest concen-
trations of both cases are found in 8, 9, and 10th points.
Direct comparison of received concentrations is impossible
due to reason that research using samplers was provided in
2010 while summarized meteorological data in model was
used. Also some inaccuracies maybe originate due to im-
pact of buildings. Moreover, it is impossible to exclude an
influence of auto transport if measure NO, concentrations
by using diffusive samplers. However average NO, concen-
trations determined by both methods allow finding what
city place in what time is more affected by ships entering
to Klaipeda seaport. The similar conclusion was made by
Smailys et al. (2013). It was noticed that in most cases the
emissions from ships are estimated using theoretical cal-
culations and include total amounts of pollutants and it is
difficult to compare this amounts with experimental data.

Conclusions

1. After completing the analysis of ships operating in
Klaipeda port, during which their types, tonnage, engine
power and time while staying in port were assessed, it was
determined, that these vessels accomplished 6837 arrivals
and the total stationary time while moored to quays was
14668 days. It was estimated that the most part of NO_
enters the atmosphere from moored ships with active
auxiliary engines; it forms 72% of the total NO_emission
from marine ships in Klaipeda port. It was calculated that
a total of 945.6 tons/per year of NO_components enter the
air basin from ships operating in Klaipeda port.

2. After the modelling of pollutant dispersion was
completed, it was determined that during winter time a
higher dispersion of pollutants is typically observed near
the pollution source, and during summer time pollutants
are degraded more quickly and their concentrations less
by up to 30% are formed above the port, but the concen-
trations above the residential districts of Klaipeda city
become 40-50% higher. Higher input of NO_ pollutants
into the air basin of Klaipeda city was observed during
summer, when the dispersion of pollutants was wider, and
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Fig. 8. Comparison of research of diffusive samplers conducted
in: a) April; b) August and modelling results

during the cold time of a year pollutants were concentra-
ted above the port and their mass extended towards the
western direction, to the sea.

3. After evaluation of NO_ emission from marine
ships and dispersion of pollutants in Klaipeda port, it was
estimated, that pollutants from ships concentrate more in
the southern part of the port during all seasons of a year.
Highest NO_ pollution emissions from ships were deter-
mined in the southern part of the port, which contains the
port sections IV and V. The section IV also distinguishes
by the number of arriving ships and overall ship stationary
time in the port; these numbers comprise 23% and 27%
of the total result of the port, respectively; all this could
have had some impact on formation of higher pollutant
concentrations in this side of the port.

4. Average NO_ concentrations determined by both -
passive measurement method with diffusive samplers and
pollution dispersion modelling allow finding what city
place in what time is more affected by ships entering to
Klaipeda seaport.
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