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ANALYSIS OF THE POSSIBILITY OF REDUCING EMISSIONS  

OF SULPHUR OXIDE BY MARITIME VESSELS 

 

Following the entry into force of regulations limiting emissions of sulfur dioxide into the environment for maritime vessels 

(Directive 2012/33 / EU), units engaged on voyages including in the Baltic Sea have been obliged to apply technical solutions 

are environmentally friendly. 

In this paper, shows the technological solutions that can be used in maritime transport to reduce emissions of sulfur oxides. 

Among other things, shows the types of scrubbers, how they work and sample costs associated with their operation. Moreover, 

presented the possibility of using LNG as a marine fuel. Finally visualized existing, planned and proposed station locations for 

fuel bunkering LNG ships in the Baltic Sea. As part of the research, analyzed, among others, the average price of marine fuels, 

with particular attention to low-sulfur fuel. 

 

INTRODUCTION 

The issue of the protection of the environment in the EU is gain-
ing ever greater and wider meaning. It became a priority to take action 
to promote the protection of the environment. The intensity of the use 
of sea water and the amount of pollutants emitted from vessels has 
contributed to the creation of the legal framework governing the ac-
ceptable sulphur oxide emission standards. One of them is the Di-
rective 2012/33/EU amending Council Directive 1999/32/EC as re-
gards the sulfur content of marine fuels the so-called Sulphur Di-
rective. 

The current legal requirements have led to the emergence of 
new technological solutions of sulfur oxide emission reduction. This 
applies in particular to the shipowners that move after areas of SECA 
i.e. The Baltic Sea, the North Sea and the English channel. The most 
effective solutions can include: switching to low-sulfur fuels, the use 
of scrubbers fuel or use of LNG as a marine fuel.  

The purpose of this work is to present the latest requirements for 
sulphur oxide emission by marine vessels and the analysis of possi-
ble technological solutions used for the purification of fuels, the use 
of low-sulphur fuel or other alternative sources of supply ships. 

1. GENERALLY APPLICABLE LAW 

The Sulphur Directive regulates sulphur oxide content in marine 
fuels. It obliges all States members of the EU to promote and take 
action for the protection of the environment [3]. Regulations of Di-
rective 2012/33 / EU are related to the objective of the White Paper 
for Transport. These include, inter alia, the reduction of high sulfur 
fuel use by 40 % by 2050 [2]. Sulphur Directive is in accordance with 
the requirements of MARPOL Annex VI on air pollution from ships [8]. 

 
Tab.1. New limits on sulfur oxide emissions from ships under Di-

rective 2012/33 / EU [3] 
SULPHUR OXIDE EMISSION LIMITS OF SHIPS 

SECA OTHER AREAS 

From 1 January 2010 – 1% From 1 January 2012 – 3,5% 

From 1 January 2015 – 0,1% 

From 1 January 2020 - 0,5% 
From 1 January 2020 – 0,1% (applies 

to passenger ferries sailing short-
range) 

 
Table 1 shows the acceptable limits sulfur oxide emissions from 

ships in all areas covered by the Directive including the SECA. The 
SECA from 1 January 2015 permissible emissions decreased by 
0.9% and 0.1%. These regulations do not apply to passenger ferries 
that new regulations will be in force from 2020 year. In other areas by 
2020, ships can generate sulphur oxide emissions at the level of 
3.5%. From 1 January 2020 it will decrease to 0.5 %. These rules 
apply to all ships in the waters as well as those moored in the harbor. 
Analysis of the data showed that the level of pollutants generated in 
the area of SECA 0.4% lower than in the case of the other areas.  

With the introduction of sulfur directive in Poland adjusted inter-
nal rules. It was established by the Act of 7 November 2014 amending 
the Act to Prevent Pollution from Ships and certain laws. Under the 
assumptions of this Act, all individuals are subject to inspection and 
reviewed at regular intervals. Authority authorized to carry out checks 
in Polish are directors of maritime offices and outside the Polish are 
the consuls. However, if the controls apply to units performing public 
functions, the Minister of national defence shall designate the com-
petent body, together with the competent Minister to carry out surveys 
and inspections [4].  

Each Positive Control ends issuing the international certificate 
for a period of five years by the Controlling Authorities. Get the docu-
ment does not exempt ships from the annual technical inspection and 
survey, and any drastic structural changes may lead to its loss. In 
addition, categorically prohibited the use of fuel in excess of the al-
lowable emissions of sulphur oxides, as well as allows to use alter-
native solutions in order to adapt to the regulations [4]. 

2. ALTERNATIVES 

The introduction of the provisions governing the issue of sulphur 
oxide emission into the environment has led to the need to seek and 
create alternatives to help you comply with the applicable laws. The 
latest and most effective solutions are technological systems to allow 
you to change heavy fuel (with a high concentration of sulphur oxide) 
for fuel sulfur low flue gas systems, the so-called scruberry and the 
possibility of the use of LNG as a marine fuel. 
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2.1. Marine fuels 

Heavy fuel in the light of new regulations generates excessive 
emissions of sulfur oxides ok.3.5 %. Shipowners being forced to 
adapt to the new laws, decide to take advantage of the solution is the 
use of light fuels – Low Sulfur Fuel (LSF). Changing of fuel to power 
the vessel shall be necessary to make changes in the various ancil-
lary devices namely: pumps, motors, boilers and boiler burners. This 
is a necessary practice to allow individuals to safer operation [9]. 
Shown in Figure 1, the distribution of marine fuel classifies them into 
light and heavy fuel. 

 

 
 
Fig.1. Marine fuels [5] 
 

Sulphur directive regulations expressly prohibit the use of heavy 
fuels without the use of sulphur oxide emission systems. Heavy fuels 
include, inter alia, IFO 180 and 360 IFO-Intermediate Fuel Oil. Fuel 
light is one that is characterized by low levels of sulphur oxide con-
tent. Among them we can highlight, among other things: LSMDO-Low 
Sulphur Marine Distilate Oil, ULSFO-Ultra Low Sulphur Fuel Oil, 
MGO-Marine Gas Oil. Ships which bunkering low- sulfur fuel must be 
certified fuel bunkering in the port, stating its compliance with the re-
quired quality.  

Parameters which vary from heavy light fuel in addition to sul-
phur oxide content are for example. color, Flash, kinematic viscosity 
and rates. Figure 2 shows the average level of fuel prices High Sulfur 
Fuel Oil from January 2014 to February 2015 in the ports of the Baltic 
Sea and the North Sea. 

 

 
 
Fig.2. Average prices of high sulfur fuel in the period from January 
2014 - February 2015 [13] 
 

Analysis carried out for the period January 2014 to February 
2015, revealed that prices of low sulphur fuel  in selected European 
Union ports, steadily decreased (Figure 2). In February 2015 heavy 
fuel prices, HSFO were lower on average by 47% compared to prices 
in January 2014. During the period under consideration the highest 
price for heavy fuel we can see at the end of June/July 2014 in the 
port of Hamburg, she was at an average level of 620 $/mton. The 
lowest price of heavy fuel in the test ports reached in January 2015 
year in port of Hamburg (an average of $ 280 / Mton). Continuing from 
the last quarter of 2014 years a clear decline in prices, it may be due 
to the prevailing situation in the international fuel market (low oil 

prices) and a decrease in demand for heavy fuel oil, in connection 
with the entry into force in January 2015 Sulphur Directive. 
 

 
 
Fig.3. Average prices of low- sulfur fuel LSFO in the period from Jan-
uary 2014 – February 2015 [13] 
 

In the period January 2014 February 2015 low sulfur fuel prices 
in selected ports of the European Union had a downward trend (Fig-
ure 3). In February 2015, the average price of low sulfur fuel in the 
test ports decreased compared to January 2014 years an average of 
34%. The largest decrease in fuel prices observed in August LSFO 
2014 the port of Rotterdam. Compared to July 2014 there was a de-
crease in average prices of fuel at the port by 36 %.  In September, 
the situation has stabilized and fuel prices have returned to the pre-
vious level (an increase of 33 % relative to August 2014). The analy-
sis showed that the lowest price of low sulfur fuel was observed in 
January 2015 years for the ports in Szczecin and Swinoujscie (an 
average of $ 680/Mton), which may be due to the introduction of sulfur 
directive. In the analyzed period, the highest price at the fuel LSFO, 
were observed in June 2014 for the port of Hamburg (on average $ 
680/Mton). 
 

 
Fig.4. Average prices of low- sulfur fuel oil MGO LS in the period from 
January 2014 - February 2015 [13] 

 
The study showed that in the period (January 2014 to February 

2014) LS MGO fuel was the most expensive of the analyzed marine 
fuels (Fig.4). It is the fuel that fully comply with the parameters of the 
existing regulations. The analysis showed that the average price of 
fuel (MGO LS) in the period had a downward trend. The level of av-
erage prices in February 2015 compared to January 2014 fell by an 
average of 42%. The highest prices were recorded in Klaipeda in late 
January/February 2014 year (1090 $/Mton), and lowest in December 
2014 year for the port of Rotterdam (an average of 500 $/Mton). After 
the entry into force of the Directive Sulfur in January 2015 LS MGO 
fuel prices offered in the test ports of the European Union are begin-
ning to show a slight upward trend.  

Currently, owners ships have the ability to control the quality of 
fuel prior to bunkering. For example, the company Universe, created 
a set of fuel quality measurements. The cost of such a device is 1200 
euros per the purchase of 1-10 pieces. The device is called Whatman 
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Grade No.2 . The results of the research are obtained by comparing 
the color tones of conformity resulting from the study of a specially 
created for this purpose graph [11]. 

2.2. Scrubbers 

Scrubbers are one of alternative technical solutions. Shipping 
fuel combustion processes are subjected as a result of which the sul-
phur oxidizes, causing the carbon dioxide molecules in the transfor-
mation of SO2. The use of muds allows for fuel purification of sulphur 
oxides from the exhaust [7]. 

Application of blast-furnace exhaust-carries both benefits and 
drawbacks. One of them is, among other things, the high cost of pur-
chase and installation, which often relate to the amount of the equiv-
alent unit at which it is to be used. This is particularly true of the old 
date. It is estimated that the cost of the modernization of small units 
for waste fuels with higher sulphur content thereof for the amount of 
3 million euros. However, in the case of larger ferries, this cost may 
increase to a level of 12 million euros [17]. In addition, vessels must 
have a large contact area, you will be able to get the position of the 
necessary installation and component stores for the storage of sub-
stances included in the reaction of sulphur oxide and warehouses for 
the storage of sorted waste. In addition, it is necessary to install a 
system for waste discharge from the ship. Fuel scrubber can be di-
vided into many types of due to the different parameters which are 
used in circulation system or reagent. The Division moved in Figure 
5. 

 

 
Fig.5. Division scrubbers [12] 

 
The costs associated with the use of exhaust gas cleaning sys-

tem using the extractors are associated not only with the purchase of 
the device. When planning assumptions we must also take account 
of the public water treatment costs incurred on the project, upgrading 
of the unit (the location of the necessary pipelines and power sys-
tems, storage tanks, etc.), the cost of downtime of the vessel in port 
for the duration of the renovation. In table 2 are examples of technol-
ogy costs for tankers, ferries scrubber and cruise ships. 

 
Tab.2. The costs of scrubbers technology applications [14] 

The costs scrubbers applications 

For the type of vessel using the IFO 
(with total vessel power) 

For the type of vessel using the 
distillate fuel 

 (with total vessel power) 

Ferry 23,850 
tons (34MW) 

3,400,000 $ 
Ferry 23,850 
tons (34MW) 

3,400,000 $ 

Tanker 28,000 
tons (30 MW) 

2,400,000 $ 
Tanker 

28,000 tons 
(30 MW) 

2,400,000 $ 

Cruise 40,000 
tons (40 MW) 

3,200,000 $ 
Cruise 

40,000 tons 
(40 MW) 

3,200,000 $ 

On the basis of the data analysed, it can be concluded that the 
greatest cost assumption of ferries installation generates 23,850 
tonnes (34MW). The lowest cost of application for tanker-type ves-
sels, extractors of 40,000 tons (40MW). The difference in costs be-
tween fashionable and cheapest solutions is 1000 $/mton, which 
gives us a total of ok. 29%. Prices quoted are examples of and de-
pendent on the capacity of the unit. 

2.3. LNG fuel 

Application of LNG fuel is the last of the listed alternatives. It is 
characterized by a very low sulphur content and other harmful sub-
stances, i.e. mercury, cobalt, lead. In connection with this instance 
during combustion of sulphur oxides and other wastes in the form of 
soot or ash is equal to zero [6]. 

In addition, LNG as fuel has a high flashpoint, ok. -580C for me-
thane, which makes it extremely safe to use. The use of the drive 
units, LNG is becoming an increasingly popular method used by ship-
owners. For the purposes of handling LNG units it is necessary to 
adapt the infrastructure in ports through the construction of the station 
to bunkering ships. The use of LNG as a marine fuel requires a mod-
ernization of existing units or the creation of new ones. Due to the 
relatively large costs, in the case of old units becomes it is not eco-
nomical. The main producers involved in the production of marine en-
gines supplied with LNG are: Rolls-Royce, MAN, Wärtsilä, Mitsubishi 
Heavy Industries and Diesel. Vessels may be one fuel or bi. It is esti-
mated that the cost of building new LNG-powered units will be about 
3.2 million euros, which gives cost about 10-15% more than in the 
case of traditional units [10]. 

Figure 6 presents the average fuel prices of LNG in Europe 
2011-2015. 

 

 
Fig.6. Average fuel prices of LNG in Europe 2011-2015 [15] 

 
Analysis carried out showed that the lowest price level during the 

period considered (January 2011-January 2015) could be observed 
in November 2014 (9$/MMBtu), and the highest in April 2013 
(12$/MMBtu). In January 2015, compared to April 2013 there was 
decrease of about 21%.   In Figure 7. Shows planned, the existing 
and proposed airports for bunkering ships LNG fuel in the region of 
the Baltic Sea and the North Sea.  

Despite the very low fuel costs LNG, this solution is not cheap. 
The most expensive is to buy LNG unit. It is estimated that the cost 
of an oil tanker varies in the range of 200-250 million euros. Time to 
build such a vessel is circa 1.5 years [16]. 

In Figure 7 shows planned, the existing and proposed airports 
for bunkering ships LNG fuel in the region of the Baltic Sea and the 
North Sea. 
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Fig.7. Existing, planned and proposed LNG fuel bunkering ports in 
the Baltic Sea and the North [1] 

 
In Figure 7 shows the existing ports for bunkering ships LNG 

fuel. They have been marked in green. Currently in the region of the 
Baltic Sea and the North Sea operates 11 stations for bunkering fuel 
for LNG. Blue highlighted all the scheduled ports for bunkering ships. 
Including in the area of the Baltic Sea and the North Sea is planned 
to rise to 19 new stations for bunkering. In addition, Figure 7 shows 
the location of the proposed positions of the bunkering. Among them 
was in the port of Świnoujście, Rostock and Klaipeda. These places 
are a proposal that might be made in future years. The total amount 
of the proposed station to bunkering ships 6 location. It is worth noting 
that the South-western part of the Baltic Sea is equipped with many 
terminals for bunkering ships. However, their implementation re-
quires adjustment of the necessary infrastructure, which will make it 
possible to undertake the whole process of bunkering. 

CONCLUSION 

The most important document regulating the emissions of sul-
phur oxides to the environment by vessels is called Sulphur Directive. 
Under it, Poland created the law of 7 November 2014 amending the 
law on the prevention of pollution from ships and certain laws. The 
new rules give rise to the need to use technical solutions reduce sul-
phur oxide emissions from sea-going vessels.  

Data analysis made on the basis of the figure. 2-4, provided in-
formation about the fact that of all the tested fuel prices, LSMDO is 
the most expensive. The average difference between the light and 
heavy is ok. $ 200/mton.  

Fuel scrubber allows you to use both fresh and sea water, in 
open, closed or hybrid. This solution allows the use of cheaper heavy 
fuel. The average cost of applying this technology is around 3 million 
to 12 million euros.  

LNG fuel is the cheapest of the test fuels. The biggest costs ac-
crue for the purchase of LNG-powered units or modernization of an 
old existing one. The cost of purchasing the unit with a traditional 
drive is cheaper by 10-15% from the ship powered LNG fuel. 

The planned investment in terminals for bunkering of ships in the 
Baltic Sea, will be mostly located in its southern part. However, their 
creation requires adaptation of existing infrastructure or create a new 
one. 
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Analiza możliwości ograniczenia emisji tlenku siarki przez 
statki w żegludze morskiej  

W związku z wejściem w życie przepisów ograniczających 

emisję tlenku siarki do środowiska dla statków morskich (dy-

rektywa 2012/33/UE), jednostki uprawiające żeglugę m.in. w 

rejonie Morza Bałtyckiego zostały zobligowane do zastosowa-

nia rozwiązań technicznych przyjaznych dla środowiska.  

W niniejszej pracy przedstawiono rozwiązania technolo-

giczne, które mogą być wykorzystywane w transporcie mor-

skim do redukcji emisji tlenków siarki. Przedstawiono m.in. 

rodzaje skruberów, zasadę ich działania oraz przykładowe 

koszty związane z ich eksploatacją. Ponadto zaprezentowane 
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zostały możliwości wykorzystania LNG jako paliwa żeglugo-

wego. Finalnie zwizualizowano istniejące, planowane i propo-

nowane lokalizacje stacji do bunkrowania statków morskich 

paliwem LNG w rejonie Morza Bałtyckiego. W ramach prze-

prowadzonych badań, przeanalizowano m.in. średnie cen pa-

liw żeglugowych, ze szczególnym uwzględnieniem paliw nisko 

siarkowych. 
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