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Abstract. The article analyses the economic impact of compliance of the Lithuanian fleet with the new requirements of 
the MARPOL 73/78 Annex VI, which sets a limit for sulphur content in marine fuel to 0.1% in 2015 in Emission Con-
trol Area (ECA) and to 0.5% in 2020 globally. The assessment of several most realistic options of complying with the 
new requirements is presented in the article. Each of these methods is assessed by means of uncovering the economic 
and practical issues associated with applying their implementation to the Lithuanian fleet. An overview of Lithuanian 
fleet was carried out to choose the particular vessels for analysis. A group of 10 vessels was selected to compare the 
benefits and limitations of using low sulphur fuel and scrubbers. The economic impact of using low sulphur fuel or 
installing the scrubber for each vessel is also assessed in the article.
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Introduction

The International Maritime Organization (IMO) through 
the MARPOL 73/78 Annex VI sets certain limits on 
sulphur oxides (SOx) and nitric oxides (NOx) emissions 
from ship exhausts: the content of SOx in marine fuel 
should be reduced to 0.1% by 2015 in Emission Con-
trol Area (ECA) and globally to 0.5% in 2020; in case 
of NOx, between Tier I in 2000 and Tier II in 2011 the 
emission was limited by 20%, while with the following 
Tier III it will be limited by 80% in 2016 (MEPC 2008; 
Schembari et al. 2012; Fridell et al. 2008). 

Choosing the best way to comply with the new re-
quirements is vital for maritime industry. Regulations 
for ECAs are now enforced across many countries and 
there are further designated zones under discussion 
(Fig. 1). 

New requirements could have a strong economic 
impact considering that approximately 80÷90% of mer-
chant vessels enter an ECA in their lifetime (Boardley 
2012).

It is very difficult to compare both SOx and NOx 
reduction methods simultaneously. Today only Liquefied 
Natural Gas (LNG) allows complying with both limita-

tions (Lloyd’s List 2010a, b). However the use of LNG 
requires modernization of the existing vessels, which 
is unsuitable for most of the Lithuanian fleet. LNG is 
more suitable for new built vessels. Because of a lack 
of infrastructure, as well as uncertainty over prices, this 
method remains a concern for the industry, and is not 
analysed in the article. In turn, the use of low sulphur 
fuel or installing the scrubbers reduces only SOx emis-
sions. It means that additional equipment, like Selective 
Catalytic Reduction (SCR), would be needed to reduce 
NOx emissions. Unfortunately, it is not easy to combine 
the scrubbers and SCR. The SCR needs high tempera-
ture of 390 °C, which is not possible after wet scrubbing. 
On the other hand, SCR does not function well with 
high sulphur content (Kruse 2012). 

For the above mentioned reason the following SOx 
reduction methods were selected for analysis in order 
to simplify the comparison between the most realistic 
options of reducing the toxicity of ship exhausts: 

 – low sulphur fuel;
 – scrubber.

Both methods have their benefits and limitations, 
which were compared in regard to the Lithuanian fleet.



New environmental problems are becoming more 
and more important. Therefore, an increasing number of 
scientists devote their studies to this theme. The impact 
of ship emissions on local air quality and possibilities of 
ship toxicity reduction are investigated in theirs studies 
(Poplawski et al. 2011; Lonati et al. 2010; Ytsma et al. 
2009; Kohl, Nielsen 1997; Wang, Corbett 2007).

1. The Overview of the Lithuanian Fleet 

Over the last 20 years the Lithuanian fleet has under-
gone significant qualitative and quantitative changes. 
The fleet decreased from 308 vessels in 1994 to 113 in 
2013 (Table 1). The gross tonnage has also been reduced 
from 647000 Gross Register Tonnes (GTR) in 1994 to 
402579 GTR in 2013 (LSLA 2013). 

In 2005, there were 94 trawlers, 78 trade vessels, 12 
tugs and 14 special purpose vessels. Unfortunately, the 
quantity of vessels of the Lithuanian fleet has changed 
significantly by 2013 (Table 2).

The quantitative reduction of vessels is one of the 
several troubling problems the Lithuanian fleet has. 
Along with quantitative changes, the Lithuanian mer-
chant fleet is getting older and today’s average vessel age 
reaches 20÷22 years (Table 3).

Operating old vessels become less profitable 
every year due to their increasing maintenance costs. 
Furthermore, the Lithuanian fleet is facing new chal-
lenges of IMO requirements, which could prove to be a 
non-surmountable challenge for some vessels. It should 
be noted that the investment on scrubbers or LNG for 
ships older than 25 years is unprofitable (Wärtsilä 2012). 
Another limitation is vessels’ deadweight (DNV 2012). It 
will limit the possibility of eco-refitting of many small-
size vessels in the Lithuanian fleet, such as tugs, special 
purpose vessels or trawlers. 

2. The Assessment of the Lithuanian Fleet Feasibility 
to Comply with SOx Requirements 

The assessment of the Lithuanian fleet shows that the 
mentioned weaknesses and threats complicate the eco-
refitting of the fleet. It is now clear that only a group of ves-
sels, which are not older than 25 years, can be chosen for 
eco-refitting. Relying on this the group of vessels was se-
lected for further analysis of feasibility of Lithuanian fleet 
to comply with IMO requirements. The analysis results 
are shown in Table 4 (DFDS Seaways 2013; LSCo 2013; 
Marine traffic 2013; Wärtsilä 2007; Motor Ship 2005). 

Fig. 1. ECAs zones: ■ existing ECA; ■ planned ECA; ■ discussed ECA; — most used trading routes (MAN Diesel & Turbo 2011)

Table 2. Number of vessels registered in the Lithuanian 
registry in 2013 (LSLA 2013)

Vessels type Number GRT
Merchant fleet up to 100 GRT

Transport refrigerators 9 28664
Dry cargo ships 33 161317
Passenger ferries 7 164377

Merchant fleet less than 100 GRT
Dry cargo ships 1 42
Others
Trawlers 46 42839
Tugs 12 3862
Special purpose vessels 5 1478

Table 3. The average age of the Lithuanian fleet in 2013 
(Marine Traffic 2013)

Vessels type Average age
Trawlers 30
Special purpose vessels 28
Transport refrigerators 22
Tugs 21
Dry cargo ships 20
Passenger ferries 13

Table 1. Decrease of the Lithuanian fleet 

Number of vessels in each year
1994 2000 2005 2010 2011 2012 2013
308 279 198 151 141 121 113
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Table 4. The parameters of the selected vessels

Vessels type
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Ferry 2010 199×27 8400 25.20 172
Ferry 2009 199×27 8400 24.00 172
Ferry 1999 186×26 7500 18.90 178
Ferry 1997 186×26 7115 15.60 172
Ferry 1994 191×26 7665 10.60 174
Reefer 1993 134×21 8045 7.06 174
Reefer 1991 121×17 5065 5.30 174
Reefer 1989 136×18 6565 4.60 184
Containership 1997 122×19 7300 5.85 178
Containership 1999 100×16 3739 3.25 172

The selection of the particular group of vessels is 
based on the average age and operating area of the ves-
sel. In this way 10 vessels, among them 5 passenger fer-
ries, 3 refrigerators and 2 containerships were selected 
and their quality of using alternatives of reduction of the 
toxicity of ship exhausts is evaluated in the article. The 
following parameters of vessels were taken into account: 
vessel age, size and deadweight, engine type and power, 
fuel type and its consumption. The use of low sulphur 
fuel and scrubbers were compared with each other. 

Low sulphur fuel. SOx can be reduced directly 
by lowering the content of sulphur in fuel. Fuel cost 

is a major part of vessel’s operating costs. That is why 
analysed refrigerators and containerships engines have 
been designed to operate primarily using lower cost 
Intermediate Fuel Oil (IFO) and while Marine Diesel Oil 
(MDO) is the primary fuel for passenger ferries alone. 
The specifications of the most common marine fuels are 
given in Table 5 (UK Chamber of Shipping 2013).

This illustrates that, currently, the only fuel that 
meets the 0.1% SOx requirements is Low Sulphur 
Marine Gas Oil (LSMGO) – 100% distillate which has 
not yet been certified by ISO standards. Fuel switching 
can cause various engine fuel system operational prob-
lems, such as purifier or filter clogging, fuel pump scor-
ing or failure, severe cylinder liner wear, fuel injector 
seizure, exhaust valve seat corrosion or blow-past and 
turbocharger turbine wheel fouling. This is just a short-
list of potential problems (UK Chamber of Shipping 
2013; MAN Diesel & Turbo 2010). Despite the fact that 
changing to LSMGO can lead to several engine problems 
this method is technically feasible. However, significant 
price spread between IFO and LSMGO will lead to price 
rise of vessels operation. 

Over the last 13 years price of crude oil increased 
3.35 times: from 158.28 €/t in 2000 to 530.02 €/t in 2013. 
During the same period prices of LSMGO increased 
almost 4 times: from 194.35 €/t in 2000 to 754.87 €/t 
in 2013. Today the price difference between IFO and 
LSMGO is about 50%. However, fuel price differences 
are expected to increase even further in 2015 when the 
0.1% SOx limit comes into force. Increased operational 
costs will result in the rise of ticket prices to passenger 
farriers or freight/container customers. At this stage of 
the investigation the current fuel price is used to calcu-
late the economic impact of switching to LSMGO.

Table 5. Specifications of marine fuels

Industrial name Name according 
to ISO Composition ISO sulphur  

weight [%]
Actual sulphur  

weight [%]
Price* 
[€/t]

Intermediate Fuel Oil 
380 (IFO380)

RMG380
RMH380

98% residual & 2% 
distillate oil

Statutory requirements 
(3.5%) 2.67% world average 487.45

Intermediate Fuel Oil 
180 (IFO180)

RME180
RMF180

88% residual & 12% 
distillate oil

Statutory requirements 
(3.5%) 2.67% world average 517.74

Low Sulphured 
Intermediate Fuel Oil 
380 (LSIFO380)

– – Not given On market meeting  
1% specification 539.68

Low Sulphured 
Intermediate Fuel Oil 
180 (LSIFO180)

– – Not given On market meeting  
1% specification 557.97

Marine Diesel Oil 
(MDO) DMB Distillate with trace  

of residual oil 2% 0.65% world average 732.81

Marine Gas Oil (MGO) DMA 100% distillate oil 1.5%
0.38% world average.
On market meeting  
0.1% specification

754.87

Marine Gas Oil (MGO) DMX 100% distillate oil 1% On market meeting  
0.1% specification 754.87

Low Sulphur Marine 
Gas Oil (LSMGO) – 100% distillate oil Not given On market meeting  

0.1% specification 754.87

*Prices from http://www.bunkerworld.com for 20 May 2013 at Rotterdam.
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The propulsion system of a vessel works on dif-
ferent load in accordance with the terms of operating 
(ISO 8178-1:2006). The terms of operating (E2, E3 and 
D1) depend on the engines type (main and auxiliary) 
and the type of propeller (with fixed or controllable 
pitch) (Woodyard 2009; Mollenhauer, Tschöke 2010). 
Respectively, specific fuel consumption varies depending 
on the load of engine and propeller characteristics. At 
the initial stage of the investigation, the assumption of a 
constant value of fuel consumption on different modes 
of operation has been made. The assumed value of con-
sumption is constant and equal to specific fuel consump-
tion. This assumption is close to the real dependence of 
specific fuel consumption of the main engine. By mak-
ing the following assumption we get the simplified equa-
tions of fuel consumption on operating mode:

=
= ⋅ ⋅ ⋅∑

1

n

f cycle en en e i
i

G P b P w  [t/h],  (1)

where: Pen – the nominal power [kW]; ben – specific fuel 
consumption [g/kW·h]; enP  – the relative power of ship 
propulsion on operating mode [kW]; wi – weighting fac-
tors of particular engine modes. 

The weighting factors wi of particular engine 
modes (100%, 75%, 50% and 25% of load) were taken 
into account to calculate the difference between using 
IFO and LSMGO. Weighting factors for E2 and E3 are 
the same and equal: to 0.2 with 100% load; 0.5 with 75%; 
0.15 with 50% and 25% (ISO 8178-1:2006). As a result 

f cycleG  can be written:

( )= ⋅ ⋅ ⋅ + ⋅ + ⋅ + ⋅ =1 0.2 0.75 0.5 0.15 0.5 0.15 0.25f cycle en enG P b

−⋅ ⋅ ⋅ 60.6875 10en enP b  [t/h].  (2)

Specific fuel consumption and transit time are the 
main parameters when calculating the potential effect 
of increased operational cost of the analysed vessels 
(Table 6).

Consequently, the operational cost with LSMGO 
will increase to 150€ for a containership ant to 1150 € 
for a passenger ferry per one motor hour in compari-
son with IFO. Obviously, the rise of operational costs 

depends on the time in ECA: the longer the vessel is in 
the ECA the more LSMGO it used (Fig.  2). The tran-
sit time in ECA for selected group of vessels is: 100% 
for passenger ferry and from 0% to 75% for reefers and 
containerships.

The degree of relative influence on % increase 
of fuel costs is the same for examined main engines. 
However, there are different values of conditionality: for 
Ferry 25.2 MW increase of fuel costs in 100% ECA is 
almost 800 €/h; for Reefer 5.3MW increase of fuel costs 
in 100% ECA does not reach 200 €/h.

Scrubber’s manufacturers consider 25% time in 
ECA as a starting point for exhaust cleaning system in-
stallation. However, this fact should be checked consid-
ering the engine type and specific fuel consumption of 
the particular vessel. 

Scrubbers. The alternative to low sulphur fuel is the 
after-treatment of exhausts. A scrubber operating at 67% 
efficiency could enable a ship to burn 4.5% sulphur fuel 
and still meet 1.5% SOx requirements. Scrubber tests and 

Table 6. Price spread between IFO, MDO and LSMGO per motor hour

Ship type and 
engines power

ben
[g/kWh]

Gf cycle 
[t/h]

IFO price 
[€/h]

(487.45 €/t)

MDO price 
[€/h]

(732.81 €/t) 

LSMGO price
[€/h]

(754.87 €/t)

Price spread 
IFO&MDO

[€/h] 

Price spread 
IFO&LSMGO

[€/h] 
Ferry 25.2 MW 172 2.98 1453 2184 2249 731 797
Ferry 24 MW 172 2.84 1383 2080 2142 696 759
Ferry 18.9 MW 178 2.31 1127 1695 1746 567 619
Ferry 15.6 MW 172 1.84 899 1352 1393 453 493
Ferry 10.6 MW 174 1.27 618 929 957 311 339
Reefer 7.06 MW 174 0.84 412 619 638 207 226
Reefer 5.3 MW 174 0.63 309 464 478 155 169
Reefer 4.6 MW 184 0.58 283 426 439 143 156
Container 5.85 MW 178 0.72 349 525 540 176 191
Container 3.25 MW 172 0.38 187 281 290 94 103

Fig. 2. Operational cost of each vessel depending  
on time in ECA
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trials show 90÷99% efficiency of SOx reduction, which 
allows complying with 0.1% SOx emission requirements. 
Shipboard scrubbing also helps reduce emissions of par-
ticulates but has limited impact on NOx (EPA 2008). 

The benefits of this method will express themselves 
when sulphur limits become so low, that they cannot 
be practically or cost-effectively achieved by removing 
sulphur from residual fuel. Due to the price rise of low 
sulphur fuel, scrubbers are becoming one of the most 
realistic alternatives to comply with the IMO require-
ment and that may have significant operational cost 
saving benefits. The price difference between IFO and 
LSMGO is an important parameter in choosing a par-
ticular method of compliance to IMO requirements. The 
economic efficiency of scrubbers has been assessed by 
comparing the equipment price with the cost of using 
LSMGO. The systems are capable of removing 90% to 
99% of SOx, depending upon water temperature and 
salinity. 

There are two types of scrubbers: wet ones and dry 
ones. Dry scrubber use dry chemical and wet scrubber 
use water as a scrubbing medium. Fitting dry scrub-
bers in ships requires placing extra dead weights below 
the water line to compensate for the high location and 
weight of the scrubber system. This reduces the carry-
ing capacity of the ship and increases fuel consumption 
even when the ship is in ballast. The dry scrubber is less 
profitable considering the average age and size of the 
vessels in the Lithuanian fleet. Therefore, only the wet 
type scrubbers are analysed in this paper. There are two 
main types of wet scrubber: one type uses fresh water 
(close loop) mixed with caustic soda; the other type uses 
only sea water (open loop). The close loop system use 

water and caustic soda on a regular basis. The handling 
of caustic soda on board requires special safety equip-
ment and training. Open loop scrubbers use salt’ water 
and then discharge it back into the sea (Glosten 2011).

If a particular vessel has a short transit time in 
ECA, or the regulations do not restrict water discharge 
in the operational region, an open loop scrubber may 
be appropriate (Lack et al. 2012). Otherwise shipowners 
have to choose the close loop scrubber. 

The mentioned type scrubbers were selected in 
order to analyse the payback period for every vessel in 
the selected group. The price of scrubbers ranges from 
1 to 3 million € for a new build and from 2 to 4 million 
€ for retrofit. Installation is assumed to be formed by: 
50% – the unit cost, 7% engineering/design, 2% train-
ing and documentation cost and 250,000 €/year for op-
erating (Wärtsilä 2012; Glosten 2011). The scrubber is 
installed during planned maintenance. Therefore, losses 
from shutdowns taken into account in the calculation 
are zero.

The scrubber type depends on the air flow rate. 
Accordingly, this characteristic of the engine will influ-
ence the process of determining the scrubber type suita-
ble for a particular application. There are 2- and 4-stroke 
engines in the selected group of vessels. Depending on 
their characteristics the air consumption should be cal-
culated in order to choose a suitable type of scrubbers:

= ⋅ ⋅α ⋅ϕ0air fnG G L  [kg/h],  (3)

where: Gair  – air consumption [kg/h]; Gfn  – nominal 
fuel consumption [kg/h]; L0  – stoichiometric air-fuel 
constant, accepted 14.5  kg  air/kg fuel; α  – real coeffi-

Table 7. Scrubbers price for different vessels

Ship type Main engines Stroke ben
[g/kWh]

Gair
[kg/kWh]

Scrubber 
type

Scrubber price [€] Final price [€]

Open loop Close loop Open loop Close loop

Ferry  
25.2 MW

2 × Wärtsilä 
12V46 4 172 5.49 25.2 MW 2380000 2990000 4034200 5004100

Ferry  
24 MW

2 × Wärtsilä 
12V46 4 172 5.49 24 MW 2360000 2970000 4002400 4972300

Ferry  
18.9 MW

MAN B&W 
9L48/60 4 178 5.68 18.9 MW 2260000 2860000 3843400 4797400

Ferry  
15.6 MW

1 × Wärtsilä 
8R46 4 172 5.49 15.6 MW 2200000 2800000 3748000 4702000

Ferry  
10.6 MW

1 × SKL 6VDS 
48/42 AL-2 4 174 5.55 10.6 MW 1450000 1750000 2555500 3032500

Reefer 
7.06 MW

1 × Mitsubishi 
8UEC45LA 2 174 7.32 8.9 MW 1350000 1580000 2396500 2762200

Reefer  
5.3 MW

1 × Mitsubishi 
6UEC45LA 2 174 7.32 6.5 MW 1250000 1540000 2237500 2698600

Reefer  
4.6 MW

1 × MAN B&W 
5L50MCE 2 184 7.74 5.8 MW 1200000 1520000 2158000 2666800

Container 
5.85 MW

1 × MAN 
6L48/60 4 178 5.68 5.8 MW 1200000 1520000 2158000 2666800

Container 
3.25 MW

1 × Wärtsilä 
8R32 4 172 5.49 3.2 MW 1000000 1400000 1840000 2476000
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cient of air excess; φ – air mass flow ratio, accepted 1.45 
for 2-stroke and 1.1 for 4-stroke engine (Mollenhauer, 
Tschöke 2010).

Because of the higher air consumption in the 
analysed 2-stroke engines it is required to choose a 
more powerful scrubber than for a 4-stroke engine. 
Furthermore, older engines have a higher fuel consump-
tion, which leads to an increase of exhaust gas flow and 
consequently requires more powerful scrubbers. The de-
termination of scrubber type to selected group of vessels 
is given in Table 7 (Wärtsilä 2010). The designation of 
scrubber type was made in accordance with the power 
of the main engine.

The achieved result shows that the average price 
(final) of a scrubber, depending on engine power is: 
for passenger ferries  – 270 €/kW; for refrigerators  – 
380 €/ kW; for containerships – 445 €/kW. 

Furthermore, the scrubber type depends not 
only on engine power but also on engine type (2- or 
4-stroke). An engine of similar power but with differ-
ent stroke number requires a more expensive scrubber. 
For example, analysed refrigerator vessel with 5.3 MW 
2-stroke engine requires a 6.5 MW scrubber which cost 
2237500 € (open loop) or 2698600 € (close loop). In 
turn, a containership with 5.85 MW 4-stroke engine re-
quires a 5.8 MW scrubber that costs 2158000 € (open 
loop) and 2666800 € (close loop).

Methodology of the assessment of using scrubbers 
or LSMGO to comply with MARPOL 73/78 is presented 
below.

3. Methodology of the Assessment  
of Using Scrubbers or LSMGO 

The assessment of feasibility of using scrubbers or 
LSMGO on board is comprehensive. However, along 
with the technological aspects the economic aspect is 
determining for shipowners. In general, the comparison 
includes an assessment of capital and operating costs as-
sociated with the implementation of certain technology 
(Hulskotte, Denier van der Gon 2010). The ratio of capi-
tal and operating costs are different for the mentioned 
technologies: the capital costs for scrubbers are major; 
however, the operating costs for LSMGO are dominat-
ing due to the higher price of the LSMGO. Therefore, 
the comparison of economic efficiency of scrubbers and 
LSMGO should be implemented by taking into account 
the vessel’s operating period Y after the installation of 
each technology. Obviously, there is a value Ykr, in which 
the costs of using scrubbers and LSMGO are equal: 

( )( )∆ =− 0f kr scrub krC Y C f Y ,  (4)

where: ∆ fC  – additional annual costs of using LSIFO 
in comparison with IFO [€/year]; ( )scrub krC f Y  – capi-
tal (purchase of equipment, installation) and operating 
costs of scrubbers [€]; Ykr – period of time in which the 
costs of using scrubbers and LSMGO are equal [year].

Additional annual operating costs of the vessel re-
lated with using of replacement of LSMGO determined 
by the dependence:

( )⋅∆ = −f f LSIFO IFOC G C C  [€/year],  (5)

where: Gf – annual fuel consumption [t/year]; GLSIFO – 
the price of LSIFO [€/t]; GIFO – the price of IFO [€/t].

An additional factor ∈ …  0 1.0P  is introduced in 
Eq. (2) to take into account the operating time in ECA.

As a result ∆ fC  can be written:

( )∆ = −⋅ ⋅f f LSIFO IFOC G C C P  [€/year].  (6)

Annual fuel consumption is given by:

−

=

⋅ ⋅
 

= ⋅ ⋅  
 
∑ 6

1
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n

f ei ei i
i

G P b w k  [t/year],  (7)

where: Pen – the effective power on i mode of the operat-
ing cycle of ship propulsion, [kW]; ben – the specific fuel 
consumption on i mode of the operating cycle of ship 
propulsion [g/kW·h]; k – annual amount of work of ship 
propulsion [h/year]; n – i mode operating duty cycle. 

It is advisable to use standardized test cycles ac-
cording to ISO 8178-1:2006 to determine the charac-
teristic operating modes of the ship propulsion. The 
regulated test cycles for ship propulsion are E2, E3 and 
D1 (hereinafter operating cycles). By making the as-
sumption of unchanged bei = idem on operating mode 
(which is confirmed by experimental tests, especially for 
the main ship propulsion operating on E2) we get:

−

=

 
= ⋅ ⋅  
 

⋅ ⋅⋅∑ 6

1
10

n

f en en ei i
i

G P b P w k  [t/year],  (8)

where: eiP  – the relative power of ship propulsion on 
operating mode (ISO 8178) [kW]; Pen  – the nominal 
power on nominal power mode [kW]; ben – the specific 
fuel consumption on nominal power mode [g/kW·h].

Substituting Eq. (8) in Eq. (5) we get:

−

=

⋅ ⋅ ⋅ ×
 

∆ = ⋅ ⋅  
 

∑ 6

1
10

n

f en en ei i
i

C P b P w k

( )− ⋅LSIFO IFOC C P  [€/year].  (9)

The calculations of ∆ fC  concerning fuel switching 
from IFO to LSMGO of Lithuanian fleet are shown in 
Fig. 3.

Annual costs of scrubber installation and operation 
are determined:

( )
=

= +∑  
 

1

m
scrub j

scrub scrub exp
j

C
C f Y C

Y
 [€/year],  (10)

where:  scrub jC  – capital (purchase of equipment, instal-
lation, training) costs of scrubbers [€];  scrub expC  – op-
erating costs [€/year]; Y  – operating time of scrubber 
[year].

Then 
=
∑  

1

m
scrub j

j

C

Y
, corresponds to an annual amor-

tizable expenses related to capital (purchase of equip-
ment, installation, training) costs of scrubber.
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Then, by Eq. (9) and Eq. (10), Eq. (4) becomes (re-
placing Y with Ykr):

−
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After simplifying the equation, we get:
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The solution of Eq. (12) with set P allows defining 
operating period of vessel Ykr wherein the costs of using 
LSMGO and scrubbers become equal. 

Obviously, when Y  <  Ykr it is appropriate to use 
LSMGO, otherwise, when Y > Ykr the scrubbers will be 
more profitable.

For practical use the obtained relation (Eq. 12) is 
non-exhaustive. It is advisable to clarify the structure of 
operating cycle of ship propulsion: characteristics spe-
cific vessels; the dynamics of marine fuel price chang-
ing, etc. 

As an example, the results of methodology testing 
on the Lithuanian fleet are shown in Fig. 4.

The deciding factors influencing the investment 
decision for installation of a scrubber are payback pe-
riod. The data in Fig. 4 allows determining the payback 
period of the scrubber in comparison with LSMGO. The 
analysis of the payback period shows that the return on 
scrubber investment for some vessels is commercially 
unprofitable because of their operating area and vessel’s 
characteristics. However, for vessels that have a longer 
transit time in an ECA scrubbers will have significant 

Fig. 3. Annual fuel price differences between using of IFO 
and LSMGO concerning transit time in ECA
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Fig. 4. Advisability of choice between LSMGO and scrubbers for different type of vessel
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operational cost saving benefits and a short payback pe-
riod:

 – for passengers ferries, independently of engine 
power and scrubber type with 100% of exploita-
tion in ECA zone, the payback period does not 
exceed 2 years;

 – for refrigerators and containerships, indepen-
dently of engine power and scrubber type with 
100% of exploitation in ECA zone the payback 
period does not exceed 3.5 years;

 – the payback period for refrigerators and contain-
erships increase to 4 years in 75% ECA, to 6 years 
in 50% ECA and to 13 years in 25% ECA;

 – there is an insignificant difference between us-
ing open and close loop scrubbers. However, the 
payback period may increase to 13 years for close 
loop scrubber and 9 years for open loop scrubber 
in comparison.

Conclusion

1. The assessment of the structure of the Lithuanian fleet 
allows to state that most vessels may be retrofitted to 
use LSMGO or have a scrubber installed, in this way 
complying with the MARPOL 73/78 Annex VI SOx 
requirements.

2. The priority of selection for practical implementation 
of the mentioned methods is defended by two factors: 
engine power and transit time in ECA. Scrubber type 
dependence on the engine type (2- or 4-stroke) is also 
presented in this article. A similar power engine with 
different number of stroke requires a more expensive 
scrubber. 

3. The analysis shows that independently of engine 
power and scrubber type payback period of passen-
gers ferries with 100% ECA does not exceed 2 years, 
whereas for refrigerators and containerships bayback 
period is up to 3.5 years. With decreasing transit time 
in ECA to 75% the payback period for refrigerators 
and containerships increase to 4 years, with transit 
time in ECA 50% the payback period is up to 6 years 
and with 25% transit time in ECA it is up to 13 years.

4. The achieved result allows performing a differenti-
ated assessment of the use of ship’s toxicity reduction 
methods by taking into account the main engine type 
and power, transit time through an ECA, operational 
load cycle, and dynamics of fuel price changes.
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