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Abstract - Shipping is a very significant source of air pollution, 

greatly contributing to the creation of greenhouse gases and 

influencing the climate change. Ships are responsible for roughly 

3% of global CO2 and GHG emissions, emitting approximately 1 

billion tonnes of CO2 and GHGs per year. Shipping emissions 

cause severe impacts on health and the environment. The article 

describes the methodology for estimating the atmospheric 

emissions of carbon dioxide (CO2) in international shipping in the 

Bay of Raša as a sensitive area and the respective results. The 

shipping emissions have been calculated on actual shipping 

activities for ships calling at the Port of Bršica in 2017. The aim of 

the research was to provide a better insight in the emission 

inventories in this area. Ship's emissions were calculated by the 

ship activity-based method which involves the application of 

emission factors for each ship-activity (slow steaming on arrival 

and departure, manoeuvring on arrival and departure, and for a 

berthed ship). 
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I. INTRODUCTION  

Shipping is a very important factor in the growing global 
trade and significant share of the global cargo is transported by 
sea.  

Vessels sailing on inland rivers, lakes, canals and reservoirs 
include the categories listed for oceangoing ships, but in most 
coastal countries a higher proportion of smaller boats and 
recreational watercraft prevail. The combustion of fossil fuels 
used by them produces emissions of various greenhouse gases, 
including carbon dioxide (CO2), nitrous oxide (N2O) and other 
gases.  

Merchant fleets are one of the major air pollutants as the 
ships that have high-powered diesel engines often use heavy 
fuels. In ports, the ships' power systems (including the cargo-
handling equipment) create vast amounts of air pollutants, 
affecting the health of workers and people living in the 
surrounding communities and contributing significantly to the 
air pollution of the immediate environment. In recent decades, 
the emissions of CO2 from the shipping have substantially 
increased as the global trade, including maritime transport, 
continue to expand, which led to raising public concerns 
regarding the environmental impacts of maritime transport, 
especially in sensitives areas. 

The introduction of automatic vessel position reporting 
systems, such as the Automatic Identification System (AIS), 
have significantly reduced the uncertainty concerning ship 

activities and their geographical distribution. Nowadays, all 
vessels over 300 gross tonnage should globally report their 
position with a few second intervals; this has resulted in an 
availability of information on ship activities.  

The bunker oil used in oceangoing ships has been estimated 
to produce over 100 times more pollutants compared to on-road 
diesel per unit volume [1]. Ship emissions have remarkable 
global, regional, and local adverse impacts on the air quality on 
sea and land. The existing trends of global trends and marine 
transport suggest that the situation will only worsen in the future. 

Reducing the impacts of maritime transport on the 
environment is a challenging task, since these impacts are not 
only due to navigation but also depend on a number of other 
activities, such as those carried out in ports, for instance. 
Consequently, the environmental degradation caused by the 
transport sector can only be expected to increase in the future, 
which in turn will contribute to climate change. Air pollution 
means the introduction by humans, directly or indirectly, of 
substances into the air resulting in harmful effects of such a 
nature as to endanger human health, harm living resources and 
ecosystems and material property. 

That the sharply more regulated shipping emissions sector 
looms into view in the near term has been confirmed by the IMO 
(International Maritime Organisation). The current maximum 
permissible global sulphur cap on bunker fuel is much less 
stringent at 3.5%, but this will be changed to tighter sulphur 
specifications at sea. It will have knock-on effects throughout 
the global energy system, including on bunker fuels for ships. 
The IMO’s regulatory will have a great impact on the shipping 
industry as per every analyst. As well as shipping lines, this 
regulatory will also impact refiners, crude producers, bunker 
suppliers, and emissions and air quality affecting the health of 
millions of people [2]. 

This article describes the methodology and results of 
estimating the atmospheric emissions of carbon dioxide (CO2) 
in international shipping in the Bay of Raša as a sensitive area. 
The shipping emissions have been calculated on the actual 
shipping activities for ships which called at Bršica port in 2017. 
The research was carried out to give a better insight in emission 
inventories in this area and provide for a better planning of the 
development of the Port of Bršica as part of the sensitive area of 
the Bay of Raša on the one hand, and for introducing measures 
to reduce emissions in an effort to protect this area on the other. 
The area of the Bay of Raša has no other significant pollutants 
that might influence the air quality except those caused by the 
ship engines and the existing harbour activities in it. 



II. CHARACHTERISTIC OF SHIP'S MACHINERY PLANT AND 

FUELS 

The ship's machinery plant is a complex system. It has two 
main purposes:  

• enable the ship's propulsion, and 
• provide electrical power to maintain all ship's systems 

in the operation status. 

This has usually been solved by a main engine being 
dedicated for propulsion and two or more auxiliary engines for 
driving generators to supply electrical power for all the ship's 
systems. The traditional most common machinery plant 
configurations on board ships are one or two main engines 
(rarely more) and two or more auxiliary engines with a 
connected generator. Modern propulsion configurations have 
been introduced in the maritime industry with diesel-electrical 
systems (propulsion by electric engines, all diesel engines 
generating electricity). This is common in passenger ships, but 
is also gaining ground in other types of merchant ships. Very 
popular today are also various battery hybrid solutions for 
mechanically powered ships and for diesel-electric ships. Full 
battery-powered ships are now in operation on smaller passenger 
ships. 

Ships are responsible for roughly 3% of global CO2 and 
GHG emissions (CO2-eq), emitting approximately 1 billion 
tonnes of CO2 and GHGs per year [3]. Fuel oil plants on board 
ship create energy by burning fuel oil. Fuel oil combustion 
(oxidation reaction) releases a large amount of heat, which can 
be used to drive an engine, or for steam generation, for example, 
in steam boilers. When fuel oil is burned, an amount of heat is 
released, which is defined by the specific energy (international 
unit MJ/kg) of the fuel. Marine fuel oils are classified by ISO 
standard 8217. They are split into numerous categories, 
primarily based on their origin and viscosity.  

There are three types of marine fuel: distillate fuel, residual 
fuel and a combination of these to create a so-called 
“intermediate” fuel oil (IFO). Marine Gas Oil (MGO) and 
Marine Diesel Oil (MDO) are typical distillates which must have 
a flash point above 60 degrees C and 860 kg/m3 density at 15˚C. 
Heavy fuel oil (HFO) defines fuel made up from the residue oils 
with a viscosity >180 cSt (centi Stoke) at 50 °C [4]. Despite 
international shipping being excluded from the Paris Agreement, 
the International Maritime Organization (IMO) is developing its 
own strategy to reduce GHGs from ships. The IMO laid out its 
intention to reduce the carbon intensity of ships through the 
implementation of further phases of the energy efficiency design 
index (EEDI) for new ships. It also tries to find options to reduce 
the carbon intensity of international shipping overall, reducing 
CO2 emissions per transport unit in international shipping by at 
least 40% by 2030, and “pursuing efforts” of increasing that 
reduction to 70% by 2050. Finally, the IMO seeks to reduce 
greenhouse gas emissions from international shipping by 
reducing annual greenhouse gas emissions by at least 50% by 
2050 as compared to a 2008 baseline, while at the same time 
pursuing efforts to phase them out completely [5]. 

The data of CO2 emission on the global level, expressed in 
million tonnes, in international and domestic shipping and 
fishing for the period 2010 to 2015 are shown in Table I. 

TABLE I.  SHIPPING EMISSIONS OF CO2 COMPARED TO GLOBAL CO2 
EMISSION 2010 - 2015 (IN MILLION TONNES)  

Year 2010 2011 2012 2013 2014 2015 

Global CO2 

Emmision 
33661 34726 34968 35672 36084 36062 

International 
Shipping 

773 853 805 801 813 812 

Domestic Shipping 83 110 87 73 78 78 
Fishing 58 58 51 36 39 42 
Total shipping  
% of global emmision 

914 1021 942 910 930 932 
2.7% 2.9% 2.6% 2.5% 2.5% 2.6% 

 

In 2015, total shipping emissions were responsible for 2.6% 
of global CO2 emissions from fossil fuel use and industrial 
processes. International shipping contributed by 87% of total 
CO2 emissions from ships each year.  

Three ship classes accounted for 55% of the total shipping 
CO2 emissions: container ships (23%), bulk carriers (19%) and 
oil tankers (13%), as shown in Figure 1 (left). These three ship 
classes also accounted for 84% of total shipping transport supply 
(deadweight tonnage nautical miles, or dwt-nm). Similarly, out 
of the 223 flag states, most CO2 emissions can be attributed to 
ships flying six flags ("Fig. 1" right): Panama (15%), China 
(11%), Liberia (9%), Marshall Islands (7%), Singapore (6%), 
and Malta (5%). These flags also have large numbers of ships 
registered to them and account for 66% of the global shipping 
fleet’s deadweight tonnage. Although all ships and flags have a 
role to play in combating climate change, reducing emissions 
will require addressing these major ship classes and flags in a 
way that minimizes both impacts on vulnerable states and 
potential competitive distortions. 

A great effort has been made in the shipping industry to 
reduce emissions. Most of these measures aim to enable ships to 
meet SOx or NOx standards at a given cost, but some may also 
save operational costs over time (e.g. LNG fuel or scrubbers). 
Emission reduction usually combines measures involving the 
choice of fuel type, thus improving engine performance, or 
special exhausts gas management. Given that emissions with 
multiple components can be found on ships, multiple measures 
are needed to reduce multiple emission components, many of 
which are costly. However, new solutions for the reduction of 
emission are continuously emerging, which is very important, 
especially for a sensitive area such as the Raša Bay. Besides 
liquefied natural gas (LNG) fuel, some new hybrid fuels and 
various promising new abatement technologies, especially for 2-
stroke engines, are entering the market. Most reduction emission 
measures increase ship operation costs, however, which can be 
a great problem, especially for small shipping companies. 

 

 

 

 

 

Figure 1. Share of CO2 emissions by ship class (left) and flag state (right), 
2013. 

 



What all these new fuel technologies have in common is the lack 
of a developed supply infrastructure and commercial and 
technical conditions, accompanied with law regulations for use, 
which are not fully defined. The authors of this paper propose 
the necessary measures to monitor the emission of exhaust gases 
from ships entering the Raša Bay. For this reason, the emission 
analysis for 2017 is given to provide an insight into an 
approximate CO2 contamination in the Bay of Raša.  

III. EMISSION ESTIMATION FOR THE BAY OF RAŠA 

The emission assessment includes the approaching route to 
the Bay of Raša, including the port of Bršica. Ships' emissions 
were calculated by the ship activity-based method which 
involves the application of emission factors for each ship activity 
(slow steaming on arrival and departure, manoeuvring on arrival 
and departure, and for berthed ship). On their arrival, the ships 
proceed to the slow steaming regime from the end of passage 
(EOP) point to the commencement of the manoeuvring regime, 
and on their departure from the end of the manoeuvring regime 
to full away on passage (FAOP), including the pilotage area, (the 
distance is approximately 15 km). In the slow speed regime, the 
average speed of a ship is reduced, but its cruising time to a port 
is increased, thus causing higher emissions. The estimated 
maximum safe speed in the slow steaming regime is 7 to 9 knots 
for all ship categories calling at the port of Bršica. Figure 2 
shows the routes to the port of Raša. 

The data for the main and the auxiliary engines (ME and AE) 
of all the vessels calling at the port of Bršica have been obtained 
from the pilot company providing pilotage in the mentioned 
area. The power for ME and AE has been approximately 
determined on the gross tonnage basis [6]. The collected data 
have shown that all general cargo ships, livestock ships and also 
passenger ships were equipped by diesel engines as the main 
engine.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Routes to the port of Trget 

The assumed average specific fuel consumption in the general 
cargo ships, livestock ships and passenger ships equipped by 
diesel engines were about 223 g/kWh. The main engines of the 
ship calling at the port of Bršica consume low quality fuels 
(heavy fuel oil) during the steaming segment and Marine Gas 
Oil (MGO) during slow steaming and the manoeuvring segment. 
However, as per requirement of EU Directive, the main engines 
of all the ship categories involved in the study consume marine 
gas oil (MGO) during slow steaming and manoeuvring 
sequences. The emission factors for these types of fuel depends 
on the respective type of the engine and the ship's activity. The 
emission factor for the main engine installed on the general 
cargo ships, livestock ships and on two cruise ships was 645 
g/kWh and 710 g/kWh, while the main engine installed on one 
cruise ship had the emission factor of 588 g/kWh (slow speed 
diesel main engine/MGO spec. cons. 185 g/kWh)for slow 
steaming and 647 g/kWh for manoeuvre (all these data are 
given in Table II). The auxiliary engines on the ships involved 
in the study (general cargo, livestock and passenger ships) 
consumed about 223 g/kW MGO, their respective fuel emission 
factors being the same for all the types (690 g/kWh, the data 
also given in Table II).  

The Intergovernmental Panel on Climate Change IPCC) 
Guidelines provide a general approach to estimating emissions 
from the combustion of fossil fuels for navigation. The basic 
equation is: [7] 

Emissions = Σ (Fuel Consumedab • Emission Factorab)           (1) 

where a presents the fuel type (diesel, gasoline, LPG, heavy oil, 
etc.) and b the water-borne navigation type (i.e., ship or boat, 
and possibly the engine type). Each ship emission depends on 
the time passed in the ship activities; the ship's power 
consumption and emission factors are estimated during the slow 
steaming and manoeuvring, and in berthed ship. The data for 
the emission factors of the certain CO2 have been obtained from 
the ENTEC ship emissions inventory study [8]. The emissions 
were estimated through the application of the following 
expressions: 

��������� =



�������
∗ ���� ∗ ��� ∗ ������   + ���  ∗ ��� ∗ ����           (2)                                   

������� = ����� ∗ ���� ∗ ��� ∗ �����   + ���  ∗ ��� ∗ ����                     (3)                             

�������ℎ!�"� = ��#�$% ∗ ����  ∗ ��� ∗ ����   �                                 (4)                                      

where ���  is the main engine power (kW), ���  the power�kW�  
of auxiliary machines which drive generators, . is the ship's 
average speed (steaming or manoeuvring (Nm/h), / is the 
distance between cruising and manoeuvring (Nm), �0� is the 
load factor of the main engine (%), �12  the load factor of 
auxiliary engines which drive generators at steaming, 
maneuvering and berthing (%). EF56789 is the emission factor of 
the main engine in steaming (g/kWh), �����   is the emission 
factor of the main engine in manoeuvring (g/kWh),  ��12 is the 
emission factor of engines which drive generators for steaming, 
manoeuvring and berthing (g/kWh). Ships' activities, load 
factors and emission factors are shown in Table II. 

 

 



TABLE II.  SHIPS ACTIVITIES, LOAD FACTOR AND EMMISSION FACTORS  

Ship's 

type 

No 

call 
Activities 

Dur 

(h) 

Engine 

system 

Load f 

(%) 
Emis f. 
(g/kWh) 

General 
cargo 
ships 

 
36 
 

Slw. stm 3 
Main E 65 645 
Aux E 30 690 

Manouv 1.5 
Main E 25 710 
Aux E 50 690 

Berth 72 
Main E 0 0 
Aux E 40 690 

Livestock 
ships 

19 
 

Slw. stm. 3 
Main E 65 645 
Aux E 30 690 

Manouv 1.75 
Main E 25 710 
Aux E 50 690 

Berth 48 
Main E 0 0 
Aux E 40 690 

Cruise 
ships 

3 

Sl. steam. 2.5 
Main E 65 645 
Aux E 80 690 

Manouv 1.25 
Main E 25 710 
Aux E 80 690 

Berth 10 
Main E 0 0 
Aux E 40 690 

Cruise 
ship 

1 

Sl. steam. 2.5 
Main E 65 588 
Aux E 80 690 

Manouv 1.25 
Main E 25 647 
Aux E 80 690 

Berth 10 
Main E 0 0 
Aux E 80 690 

IV. RESULTS AND DISCUSION  

The total annual CO2 emission of the ships calling at the Bay 
of Raša is approximately 1162,52 t. The quantity of CO2 

emission depends on the ship type and its activity (slow 
steaming, manoeuvring, and berthing). The main engines enable 
ship’s propulsion and in this case emit CO2 during slow steaming 
and manoeuvring. The auxiliary machinery drives generators 
which provide electric power to all ship systems and emit CO2 
during the slow steaming, manoeuvring and berthing. All the 
ships considered in the study had a great loading factor during 
manoeuvring and berthing. The longest activity for all ship 
categories is during berthing (berthed ship). The exhaust gas 
emissions according to ship types are specified in Fig. 3. The 
highest levels of exhaust gas emissions were generated from 
general cargo ships because of the greater number of ship calls. 
The total CO2 emission for general cargo ships is 568,35 t, the 
higher emission occurring when the ship was at berth (Fig. 4) 
because these ships were berthed approximately for 72 hrs and 
used their own cargo handling equipment in the port of Bršica. 
The total emission for livestock ships is presented in Fig. 5: it 
was approximately 451,43 t. As well, the highest emissions were 
generated when the ships were at berth because the manoeuvring 
and slow steaming periods are shorter than the berthing. As 
regards the cruise ships, their emissions during slow steaming 
and berthing were higher than in the manoeuvring regime (Fig. 
6).  
 

 

 

 

Figure 3. Total exhaust emission         Figure 4. General cargo ships emission 

 

 

 

 

 

 

Figure 5. Livestock ships emission (t/y)   Figure 6.Cruise ships emission (t/y) 

The annual cruise ships emission is significantly lower than 
the cargo ships emission primarily due to the lower number of 
callings at the port of Bršica. 

V. CONCLUSION 

Ship emissions are a significant source of air pollution and 
have a direct impact on both the environment and the human 
population. Ships are responsible for roughly 3% of global CO2 
and GHG emissions, emitting approximately 1 billion tonnes of 
CO2 and GHGs per year. In this study, the exhaust emissions 
were calculated with the activity-based emission model for the 
Bay of Raša, which is a sensitive area. The emissions generated 
from ships calling into the port of Bršica may have a great 
impact on the immediate environment of the Raša Bay, with a 
considerable effect on the health of people living in its vicinity. 
Most of these emissions are released during the berthing of 
ships. The total number of ship calls in the port of Bršica for 
2017 was 59 (36 general cargo ships, 19 livestock ships and 4 
cruise ships). The power for ME and AE was approximately 
determined on gross tonnage basis. All the ships considered in 
the study were equipped by diesel engines as the main engines 
and their auxiliary machinery, which drives generators 
providing electric power to all ship systems, were also diesel 
engines. The emission factors of CO2 have been obtained from 
the ENTEC ship emissions inventory study. Ship's emissions 
were calculated by the ship activity-based method which 
involves the application of emission factors for each ship-
activity (slow steaming on arrival and departure, manoeuvring 
on arrival and departure, and for berthed ship). The total annual 
emission of CO2 was 1162,52 t (general cargo ships 568,35 t, 
livestock ships 451,43 t, cruise ships 142,74 t). 
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