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Abstract. There have been several news articles in the newspapers lately about
the introduction of electrically powered ferry boats in Croatia, especially on several
shorter routes. This introduction will require serious investigation into potential
benefits and also into potential drawbacks to determine if a solution is viable or not.
One of those shorter ferry routes in Croatia is a route from peninsula Peljesac to the
island of Korc¢ula. The route at the moment is operated by one ferry, driven by four
independent propellers, each driven by one diesel engine. This paper is addressing
one small aspect of problems, assessing potential benefits of the conversion of
a ferry (or replacement with electrically driven ferry) on the mentioned route to
electrical power and the impact on the local area due to the reduction of all exhaust
gas emissions.
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Introduction

According to the “Clean energy for EU islands initiative", the introduction of the
sustainable, low-cost energy will bring “improved air quality, lower greenhouse gas
emissions, and less impact on islands' natural environments”. One of the aspects of
that approach is introduction of the electrically driven ferries which will remove the
impact of the exhaust gas emissions from classic ferries which are in use today. This
idea is already researched numerous times (Gagatsi et al. 2016; Anwar et al. 2020),
investigating various aspects and consequences of the use. Some studies are
researched in Croatia, e.g. the study of (Pfeifer et al. 2020), analyzing the potential
of the application of clean energy on islands in central Dalmatia.

The Croatian coast with islands is one of the most indented in the world. There
are more than 1,200 islands and islets, of which 50 are inhabited. In parallel with the
mentioned initiative, there is an idea to connect inhabited islands with clean energy
ferries, propelled by an electrical source®. This idea is present in various parts of the
world, there are many attempts to investigate the application of electrical power for the
ferry propulsion (Mashayekh et al. 2012; Zulfaidah et al. 2020; Nguyen et al. 2020).
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The application of electrical ferries on routes in Croatia is still under different
types of the research (Pfeifer et al. 2020; Ancic et al. 2020).

This paper is addressing only one small aspect of problems, assessing potential
benefits of the introduction of the electrically driven ferry on one of the shortest
ferry routes in Croatia due to the reduction of all exhaust gas emissions. All other
aspects (like economical, etc.), are not addressed in the paper, remaining as a good
theme for more comprehensive study.

Analyzed route & traffic
The analyzed route between Orebi¢ and Domince (Island of Kor¢ula) is one of
the shortest ferry routes in Croatia, its total length is slightly over 2 Nm (Figure 1).
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Figure 1. Analyzed ferry route®

The ferry operating on the route (Table 1 and Figure 2) has classic diesel engine
propulsion.

Table 1. Vessel data®

Loa 87.6m
Lbp 80.0 m
B (moulded) 17.5m
D (moulded to main deck) 3.7 m 3.7m
Draught max. 24 m
Deadweight at 2.4 m 800 m.t.
Gross tonnage 2,438
Speed in trial at draft of 2,2 m 11.5 knots
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Figure 2. Ferry operating the route®
Details about the main machinery components are presented in the Table 2.

Table 2. Vessel main machinery®

Main engines 4 x 400 kW
Propulsion unit 4 x 400 kW
Electric power plant |2 x 240 kVA + 1 x 90 kVA

The ferry crosses several times daily, departure schedule varies according to the
season and temporary requirements (Figures 3 and 4).

DOMINCE Daily OREBIC
R —
00:10% | 00:30%*
05:30% Il 06:15*
07:00 111 07:20
08:10 v 08:30*
09:40 V 10:00
11:10 Vi 11:30
12:40 Vil 13:00
14:10 Vil 14:30
15:10* 1X 15:45*
16:10 X 16:30
17:40 X1 18:00
19:10 Xl 19:30
20:00 X1 21:10
22:10 XIvV 22:30

Figure 3. Off-season sailing schedule®
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DOMINCE Daily OREBIC
__—b ‘___
00:10 | 00:30
03:40% 1 04:00%
05:10 1 05:30
06:10 \"} 06:30
07:00 " 07:20
08:00 Vi 08:30
09:00 Vil 09:00
10:00 VIl 10:30
11:00 IX 11:30
12:10 X 12:35
13:00 Xl 13:30
14:00 Xl 14:30
15:00 X 15:30
16:00 XIv 17:00
17:30 XV 18:00
19:00 XVI 19:30
20:00 XVIl 21:15
22:10 XVIII 22:30

Figure 4. Season sailing schedule®

The estimation

The methodology used in the estimation of the exhaust gas emissions from the
ferry is the method described by (Trozzi 2010) and recommended by “EMEP EEA
air pollutant emission inventory guidebook 2016, Introduction” ” and “EMEP/EEA
air pollutant emission inventory guidebook 2019 ®.

According to the methodology, there are two approaches, based on fuel
consumptions or engine power. As the vessel fuel consumption is not known,
the estimation will be based “on engines power and time spent in the different
navigation phases” (Trozzi 2010)

According to the owner of the vessel”, the transit time from one to the other port
is 15 minutes, and there are 14 double crossings during off-season period (Figure
3) and 18 during full season period (Figure 4).

The calculation of the air pollutants is performed as per the Equation” (Trozzi 2010):

E=T+P«LF+EF (1)

where
E — emission [kg]
T — time [h]
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P — engine nominal power [kW]
LF — engine load factor [%]
EF — emission factor [kg/kW]
Time is calculated as multiplication of the crossing time and number of crossings:

T=n=t )
where
n — number of crossings
t — crossing time [h]

During off season time is calculated to 7 [/], while in the season time it is 9 [A].

Engine nominal power “P” is shown in Table 2 and equals:

4 x 400 = 1600 [kW] 3)

Engine load factor is calculated with corrections due to uncertainties (navigation
in shallow water, changes in wind and sea conditions) and the specific circumstances
(maneuvering and short passage combined). Considering all corrections given by
(Insel 2008), engine load factor LF is calculated to 24.65 [%].

Emission factors depend of the type of engine, fuel used for the engine and the
year of construction. This ship has been built in 2004, that year is accepted as year of
the construction of engines. According to the year, ship belongs to the Tier [ group.
The ship is permanently using LS MDO, the only fuel available on the market.
Emission factors for the analyzed vessel are taken from the study performed in
Netherlands (Van der Gon & Hulskotte 2010) and are presented in Table 3.

Table 3. Vessel emission factors (Trozzi 2010)

NOXx 10.6 g/kWh
VOC 1.5 g/kWh
PM 0.9 g/kWh
e 1.8 g/kWh
co2 685.1 g/kWh

By inserting the presented values in Equation 1, daily quantity of air pollutants
can be estimated (Table 4).

Table 4. Estimated annual air emissions

NOx 12.72 t
VOC 1.80t
PM 1.08 t
CO 2.16 t
CO2 82211t
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Conclusions

Introduction of the electrically driven ferry on the route between peninsula of
Peljesac and island of Korcula will affect the environment in the area, reducing
the overall air emissions significantly. According to the performed calculation,
the proposed introduction will reduce the air pollutant emissions in the channel
by 12.72 tons of NOx, 1.80 tons of Volatile Organic Compounds, 1.08 tons of
Particulate Matters and 2.16 tons of Carbon monoxide. On top of those pollutants,
engines will discharge 822.11 tons of CO,. Additional benefits are possible with the
replacement of the passenger boat (on the same route) with electrically powered
one. The presented estimate shows that potential benefits are significant, but there
is the need for larger multidisciplinary analysis which will consider many more
aspects than this small study.
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