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The objective of this paper is to provide an estimation of air emissions (CO2, NOx, SOx and PM)
released by port assistant vessels at port level. The methodology is based on the ”full bottom-up”
approach and starts by assessing the fuel consumed by each tug ship during its individual port exercises
(movements during docking and undocking of merchant vessels). The scenario selected for the analysis
and measurements is one of the most significant Port of the Mediterranean Sea, where seven auxiliary
vessels were monitored for 407 calls. The analysis also gathers real-time data from the Automatic
Identification System (AIS), tug ship particulars from IHS Sea-web database and factor emissions from
their engine certificates. The research findings show that the key indicators are inventory emissions per
dock, types of towed vessels and docking and undocking manoeuvres.
This paper also presents an action protocol for the assessment of the inventory of emissions produced by
the main engines of tug ships operating inside ports, which can be extrapolated to other ports operating
with tug ships of the same technical characteristics. Evaluating, therefore, the amounts emitted of
nitrogen oxides, sulphur oxides, carbon dioxide and particulate matter.
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1. Introduction.

Since 70% of the ships’ emissions happen within 400 km
of land, the emissions that are released to the atmosphere have
a significant environmental impact on the local communities
(Eyring et al. 2005).

Moreover, the urban character of some ports and their pop-
ulated surroundings are the focus of the negative effects of ex-
haust pollutants due to the associated local impacts on human
health. Thus, the need to control air pollution at ports is widely
acknowledged as an active policy issued by various authorita-
tive port associations (IAPH 2007 and ESPO 2003) as an an-
swer of main regulations (IMO 2017 , EC 2015, EPA 2016 ,
etc.).

The control of emissions not only goes with a proper assess-
ment of the impacts of a growing shipping activity but also with
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mitigation strategies. Emission inventories (ICF 2006) would
help the policy makers to develop effective systems in order to
control ships’ emissions in port (Tzannatos 2010).

In such a context, the goal of this paper is to develop accu-
rate emission inventories (CO2, SOx, NOx and PM) and emis-
sion indicators for ports where ship tug’s activities are notori-
ous.

This paper evaluates SOx, CO2, PM and NOx contamina-
tion emitted by port auxiliary vessels, explicitly by Tug ships,
because of its particular working specifics; not only tug ships
require discontinuous large propulsion power changes, they also
have some distinctive technical attributes which sets them apart
from other auxiliary vessels, such as large tonnage and high
propulsive force.

Noting all the features above, there are currently no stud-
ies of the SOx, CO2, PM and NOx emissions caused by differ-
ent working regimes of power, because engine manufacturers
have not measured these emissions across the range of operat-
ing power, from 0% to 100% load engine.

There’s likewise and issue with ports located within urban
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areas. These cities have the biggest problems caused by pol-
lution emitted from the ports, from the factories that lie within
them, from merchant and non-merchant ships constantly dock-
ing and undocking and from other auxiliary port vessels work-
ing continuously throughout the year

These pollutants emitted inside the port can be transported
to the city, through the wind and other weather factors and
they can also be carried by the particular terrain of each ter-
ritory, causing environmental and health problems for the resi-
dent population.

1.1. Objectives.

The first goal is to establish the amount of nitrogen oxides,
sulphur oxides, carbon dioxide and particulate matter that are
emitted by the tug ship manoeuvres performed during dock-
ing, undocking and removing of merchant ships, considering
the power developed by it and setting, therefore, a relationship
between the power developed by the tug ship during the perfor-
mance of those manoeuvres and the emissions of NOx, SOx,
CO2 and PM emitted while on it.

The International Maritime Organization (IMO) established
the amount of exhaust emissions caused by marine engines us-
ing emission models, based on actual emission factors adopted
from measurements performed on board engines or theoretical
factors deduced from the respective equations of chemical re-
actions, combined with the actual fuel consumption (based on
international maritime statistics of fuel sales). In this study, sev-
eral factors of NOx, SOx, CO2 and PM, provided by different
organisms according to the power and according to the fuel con-
sumption, have been used. By surveying different operations
performed by the tug ships in the port and its duration while
measuring the power used in each manoeuvre, the NOx, SOx,
CO2 and PM emission values are found and analysed. Consid-
ering the total number of manoeuvres that tug ships carry in a
year (2018) it is possible to find the total of emissions for each
power emitted, over a year, by the tugs inside the port.

The second objective is to determine which power range
produces more emissions for this ship types that work with a
large variation of propulsive power.

This paper also aims to determinate the total of pollutant
emissions per hour of work of the tug ships for the different
types of vessels towed and according to the different docking
terminals of these.
Finally, it also provides ways to reduce or significantly mitigate
nitrogen oxides, sulphur oxides, carbon dioxide and particulate
matter emissions as well as the harmful effects these marine
engines cause on the environment and on the health of the pop-
ulation, especially in the port-city area.

1.2. Assessment protocol.

This paper also presents an action protocol for the assess-
ment of the inventory of emissions produced by the main en-
gines of tug ships operating inside ports.

After obtaining these results, they can be extrapolated to
other ports operating with tug ships of the same technical char-
acteristics. Evaluating, therefore, the amounts emitted of ni-

trogen oxides, sulphur oxides, carbon dioxide and particulate
matter.

From the initial stage, we have posed the following working
hypotheses:

1. The tug ships built after January 2000 but before January
2011, thus belonging to the Tier I group (IMO regulation
MARPOL Annex VI 2010). The choosing of this group
as a reference for the assessments is set, as they form the
major share of the tug ships in the considered Mediter-
ranean Port, 1 tug ship of the year 2005, 1 of 2007, 1
of 2008, 3 of 2009 and 2 of 2016 operate. That is, of
the 8 tug ships that operate in that port, 6 tug ships are
TIER I and only 2 tug ships are TIER III. Additionally,
using this group as being the most pollutant one among
the three Tiers group, we will obtain the maximum pos-
sible NOx pollution, compared with engines complying
Tier II or Tier III.

2. The tug ships have two main engines of 2400kW (each
one) to 1000 rpm. The fuel used in tug’s normal service
is MDO type B with 0.1% of sulphur.

3. The main engines on board the tug ships have been cho-
sen, avoiding the auxiliary ones and generators. Because
of their small size and to the fact that in hoteling mode,
the tug ship is plugged to the port electrical shore-connect-
ion.

4. A port in the Mediterranean basin is chosen for the study.
A classification of the main berthing docks of merchant
ships requiring towing service have been included, group-
ing them according to the freight type of the ships. Up to
6951 merchant towing services have been carried out in
41 different berths or cargo terminals.

5. The main characteristics of the Mediterranean port are
the following: 1,109.2 ha of land area, 23,183 km of
wharves and berths, 30 RO RO ramps, 203,304 m2 of
covered warehousing and 5,023,964 m2 of open ware-
housing, 38 wharf cranes of which 27 are container cranes.

Several international container terminals, with an area of
more than 3,000 metres of berthing line, up to 16 meters
depth for all sort of ships (super-post-panamax) and 17
container cranes.
Several cruise terminals with the following characteris-
tics: one with a berthing line of 1,379 metres without
limitation of ship length and 11 meters of draught, and
the other with a berthing line of 281 meters (N), 350 me-
ters (S) and 160 meters (E), ship length: 169 meters (N),
253 meters (S), 205 meters (E), and draught: 7.3 meters
(N), 8 meters (S), 8 meters (E).
Several ferry terminals, 2 specialised terminals with daily
connections to Balearic Islands: Mallorca, Menorca and
Eivissa.
One multipurpose terminal for multipurpose ships with
handling of containers, vehicles, RO RO cargo and con-
ventional cargo.
Several vehicle terminals with two specialised terminal
leaders in vehicle traffic in the Mediterranean. The main
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characteristics are 5 rail cargo tracks, 5 RO RO ramps
and several vertical areas with a capacity for 24,000 units,
1,200 linear metres of berthing space and new areas un-
derway for the distribution of cars.
Several bulk terminals with more than 17 metres of draught
adapted for new generation vessels, warehouses with a
capacity of more than 75,000 m3 and segregated tanks
for all kind of products, direct connection by rail, road
and oil pipeline.

6. The cargo terminals have been grouped into 3 different
docks of container ships, because there is the highest de-
mand for towing services, 1 RO RO ship dock, 1 LNG
ship dock, 1 Ferry ship dock, 1 cargo ship dock (Bulk), 1
Cruise ship dock, 1 VLCC ship dock, 1 car vessel dock, 1
chemical tanker dock and 1 dock for other type of ships.

7. Up to 407 towing manoeuvres have been analysed, count-
ing the time and required power to the tug ship (Maxi-
mum Continuous Rate) in each manoeuvre. This infor-
mation is obtained from the orders given by the harbour
pilot, keeping in mind the time required at each range of
developed power.

8. For every merchant vessel arrival, the tug ships’ fuel con-
sumption (based on the power consumed) and their cor-
responding emissions will be estimated for: (a) from the
call of maritime traffic controller (start main engines’ tug
ship in tug ships’ dock base) to the arrival of the tow-
ing vessel, (b) from the arrival to the towing vessel to the
start the towing manoeuvre, (c) from the start of the tow-
ing manoeuvre to the end of the towing manoeuvre, (d)
from the end of the towing manoeuvre to the arrival to
the tug ships’ dock base.

9. In the incoming manoeuvring, the normal point to start
towing is in the Landfall Buoy and in the outgoing ma-
noeuvring the normal point to finish towing is also in the
same point, Landfall Buoy.

The paper is organised as follows, after preliminary intro-
duction, section 2 introduces the methodological approach and
the formula used to estimate inventory emissions; Section 3 and
4 presents the case study results and the most relevant emission
inventories; and finally, Section 5 highlights the main conclu-
sions.

The present paper proposes a methodology based on the
full bottom-up approach and begins by evaluating the fuel con-
sumed by each tug ship based on its individual port-activities
(manoeuvring), disregarding hoteling as the harbour tugs have
a shore-connection during that time.

2. Methodology.

The first step in the emissions evaluation is the estimation of
the fuel consumed by the tug ship according to its manoeuvres.
The specific fuel consumption (measured in g/kWh) is, there-
fore, an important contribution to it. Once fuel consumption is
obtained, it is possible to use emission factors to estimate the
emission of the different pollutants analysed.

Furthermore, an extensive study has been conducted of the
engine power provided by the tug ship when required manoeu-
vres in docking, undocking or removal of merchant ships in the
Inner Harbour.
The methodology used comprised the following steps:

1. Collection of data from the IHS database (particulars of
tug ships and their main engines), real-time data from
the Automatic Ship Identification System (AIS) and char-
acteristic curves of tug ship main engines (speed-load,
power, specific fuel consumption, fuel rack index, etc.).

2. Collection of the number of manoeuvres performed by
the port tugs during the year 2018, the time used to per-
form them (from AIS) and the number of tugs used in
each towing manoeuvre.

3. From each main engine characteristic curves and depend-
ing on the power required by the harbour pilot, we can
first obtain the engine fuel rack index (in mm) and with
this, we obtain the specific fuel consumption (SFC, in
g/kWh) at every power range (% MCR, in kW) supplied
by the tug ship in each towing manoeuvre.

4. With the data obtained during the exhaustive analysis of
the 407 analysed towing manoeuvres on board the tug
ship, we can obtain the percentage of time required in
each of them (% t) based on each power range developed
by the tug ship (% MCR) depending on the orders given
by the harbour pilot.

5. These power-time rates are extrapolated and applied to
all towing manoeuvres of the year 2018.

6. Knowing the duration of each manoeuvre and the dock-
ing / undocking terminal of the towed merchant ship, we
can calculate the fuel consumption of the tug ship in each
performed manoeuvre:

CP=
∑

i j

(
PBi j ti j

)
ce (1)

Where CP is the amount of fuel consumed by the tug ship
main engines during the towing manoeuvre of the ves-
sel. The tug ship travelled distance is i, counted since it
receives the call from the maritime traffic controller and
starts its main engines to carry out the towing service, un-
til the end of the towing manoeuvre and up to its docking
base again.
The stage of tug ship activity is j (manoeuvres of entry
or exit of towed merchant ships); ti j is the time elapsed
when carrying out the towing maneuver inside the port
(h); ce is the specific fuel consumption of the main en-
gines (g/kWh) and PBi j is the power developed by the tug
ship (kW) during the manoeuver, which is calculated by
extrapolating the time percentages of the tug ship’s work-
ing range during the 407 towing manoeuvres analysed on
board, based on the orders given by the harbour pilot of
the towed merchant ship.

7. By knowing the SFC (g/kWh), with the power supplied in
each of the tug’s operating ranges (% MCR in kW) during
each manoeuvre and applying the emission factors (EF),



F.X. Martı́nez de Osés & J.C. Murci. / Journal of Maritime Research Vol XIV. No. I (2020) 75–85 78

we can calculate the partial CO2 emissions, SOx, PM and
NOx at every power range (g emissions/h).

8. Then, knowing the time of each manoeuvre, we can as-
sess the pollution emitted by the tug ship at each incom-
ing / outgoing manoeuvre and at each docking / undock-
ing terminal.

9. Adding the total towing manoeuvres in the port during
the year 2018 we can calculate the total annual pollution
emitted by the tug ships in that port. In addition, the pol-
lution emitted in the port incoming manoeuvres and the
pollution emitted in the port outgoing manoeuvres are
split. It can also be established which types of towing
manoeuvres are the ones that pollute the most and least,
depending on the type of towed merchant ship and the
duration of each manoeuvre, establishing polluting emis-
sions per hour of operation of its main tug ship engines.

The 407 analysed towing manoeuvres sum up to 29725 effec-
tive minutes and can be broken down according to the power
supplied by the towing vessel (table 1 and figure 2).

There’s been computed a total of 12429 minutes at 18%
power, 11978 minutes at 34% power, 4125 minutes at 54%
power, 146 minutes at 81% power and 1048 minutes at 100%
power.

Figure 1: Percentage in minutes of the power developed by the
tugs’ main engines during manoeuvres.

Source: Authors.

The figure 2 shows the methodological framework consid-
ered in this paper, in which step 1, 2 and 4 is related to the input
data model and the other steps 3, 5, 6, 7, 8, and 9 are method-
ological aspects that are described in Section 2.

3. Emission inventories and indicators for harbour tugs.

3.1. Data samples.
The data sample for this study ranges 7 tug ships that were

monitored during 2018. According to the statistics of the Mediter-
ranean Port, those 7 tug ships accounted for more than 11341
calls which represent 6951 towing services of which 6071 were
incoming tug services and 5270 were outgoing tug ship ser-
vices. These towing services have towed 6951 commercial ves-
sels of 9038 number of calls vessels that have entered in the
Mediterranean Port (container ships, cargo ships, car carrier
ships, LNG ships, bulk carrier ships, chemical ships, etc.).

In the year 2018 there was a total of 6951 vessel services in
41 different berths or cargo terminals in the Mediterranean Port,
3530 incoming services, and 3421 outgoing services. Of all
these services, 11341 tug ships were used, 6071 were incoming
tug services, and 5270 were outgoing tug services.

In the incoming tug ship services, the average time was 1.7
hours for each tug ship manoeuvre and a total effective tug time
of 10509.6 hours.

In the outgoing tug ship services, the average time was 1.5
hours for each tug ship manoeuvre and a total effective tug time
of 6821.8 hours.

The total annual tug ship services time was the 17331.4
hours, in which the tug ships’ main engines are on, emitting
GHG inside the port-city.

In the next table (table 4) you can see the total number and
type of merchant vessel towed by the tug ships that provide
the towing service in that Mediterranean port during the year
analysed. It must be borne in mind that, for the preparation of
this table, the number of incoming manoeuvres and outgoing
manoeuvres counted to obtain the total manoeuvres. As an ex-
ample, it is seen that for the type of LNG ships, in that year,
156 towing manoeuvres were carried out, of which 78 were in-
coming manoeuvres and 78 were outgoing manoeuvres.

On the other hand, the towing services used for each type of
towed merchant vessels are counted, that is, the total number of
tug ships used to perform these services, considering both, the
entry and exit of those merchant vessels.

Continuing with the previous example of LNG vessels, it
can be observed that a total of 509 tug ships have been used
to perform the towing services of those 156 towed LNG vessels
(293 tug ships in the incoming manoeuvres and 216 tug ships in
the outgoing manoeuvres). By dividing the total number of tug
ships used to perform those docking and undocking manoeu-
vres, with the total number of towing manoeuvres, the number
of tug ships used in each towing manoeuvres for that type of
ship can be obtained (3.8 tug ships used in each incoming ma-
noeuvres and 2.8 tug ships in each outgoing manoeuvres).

3.2. Annual inventory at port-level.
The total GHG (CO2) and air pollutant emissions (NOx,

SOx and PM) for 7 tug ships during 2018 in the Mediterranean
Port (about 11314 vessel calls and 41 different docking termi-
nals) are estimated in this section.

The next graphics (table 5, figure 3, figure 4 and figure 5)
show the yearly emission inventory (CO2, SOx, PM and NOx)
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Table 1: Minutes worked according to the power developed by the harbour tug operations.

Source: Authors.

Table 2: Emission Factor (EF) CO2, SOx, PM. Data source IMO regulation.

Source: Authors.

Table 3: Emission Factor (EF) NOx. Data source IMO regulation MARPOL Annex VI.

Source: Authors.
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Figure 2: Methodological framework.

Source: Authors.
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Table 4: Services towing, tug ships numbers used, tug ships number per manoeuvre and manoeuvres duration in Mediterranean
Port in the year 2018.

Source: Authors.

within the Mediterranean Port considering the incoming and
outgoing tug services.

4. Results.

The total tugs’ emissions in the year 2018 were 17761.9
tons of CO2, 11.1 tons of SOx, 5.4 tons of PM and 308.1 tons of
NOx, with a total annual tug’s service time of 17331.33 hours.
The average of 1024 kg CO2 per hour, 0.6 kg of SOx per hour,
0.3 kg PM per hour and 17.8 kg of NOx per hour.

The maximum pollutant emissions are produced during tow-
ing manoeuvres to/from the following dock terminals. First to
Prt. Dock, followed by Sth. Dock, both referring container
ships. Next are the Chemical Dock, Car carrier Dock, LNG
Dock, VLCC Dock and Bulk Carrier Dock.

This is mainly due to the fact that in this type of berthing
dock or for this type of merchant vessels, a greater number of
tug ships are used to perform the towing services, being the
duration of the towing manoeuvres longer compared to others
types of towed merchant ships as the number of towing services
provided is greater.

Prt. dock is the dock where more pollution is emitted be-
cause there are a greater number of tugs used in incoming and
outgoing manoeuvres (1848 and 1768 respectively), more mer-
chant ships towed to/from the docks or cargo terminal (1068
and 1071 respectively) and more hours used in every incoming

or outgoing manoeuvre in which the main engines have been on
all the time (1904.2 and 1582.8 respectively).

Sth. dock is the second dock where more pollution is emit-
ted because there are a large number of tugs used in incoming
and outgoing manoeuvres (1125 and 926 respectively), 1041.4
and 686.3 hours have been used respectively in each incoming
or outgoing manoeuvre in which the main engines have been
on all the time, but nevertheless is the third in merchant vessels
towed to/from this dock or cargo terminal (631 and 592 respec-
tively).

Chemical dock is the third dock where more pollution is
emitted because there are a large number of tugs used in in-
coming and outgoing manoeuvres (977 and 753 respectively),
1110.2 and 772.6 hours have been used respectively in each
incoming or outgoing manoeuvre in which the main engines
have been on all the time, but instead it is the second in number
of merchant vessels towed to/from this dock or cargo terminal
(670 and 659 respectively).

Car carrier dock is the fourth dock where more pollution is
emitted because there are a large number of tugs used in incom-
ing and outgoing manoeuvres (758 and 735 respectively), 692.6
and 543.5 hours have been used respectively in each incoming
or outgoing manoeuvre in which the main engines have been on
all the time and 421 and 405 merchant ships have been towed
to / from this dock or cargo terminal.

LNG dock is the fifth dock where more pollution is emitted
because a greater number of tug ships are used per manoeuvre
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Table 5: Tugs’ emission inventory of CO2, SOx, PM and NOx emissions from tug ships depending on the type of manoeuvres in
Mediterranean Port in the year 2018.

Source: Authors.

Figure 3: Total emission inventory of CO2 in incoming and outgoing manoeuvres (in tons).

Source: Authors.
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Figure 4: Total emission inventory of SOx, PM and NOx in incoming and outgoing manoeuvres (in tons).

Source: Authors.

Figure 5: Example of Tug ships’ SOx emissions in the incoming Manoeuvres, across the range of tug ship’s operating power (in kg
SOx).

Source: Authors.
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(3.8 in the incoming and 2.8 in the outgoing manoeuvres) and
also for the longer duration of their manoeuvres (2.4 hours in
the incoming manoeuvres and 1.5 hours in the outgoing ma-
noeuvres).

The VLCC dock is the sixth dock where more pollution is
emitted mainly due to the number of tugs used in the entry ma-
noeuvres (2.3 tug ships per incoming manoeuvres). Being the
second largest number after the LNG ships.

The bulk carrier is the seventh dock where more pollution
is emitted because the second largest number of tugs per ma-
noeuvre is used (1.9 tugs in the incoming manoeuvres and 1.7
tug ships in outgoing manoeuvres).

Conclusion.

The highest pollution emitted by the tug ships (42 per cent)
is produced at 18% Maximum Continuous Rate, followed by
the produced at 34% Maximum Continuous Rate (40 per cent
pollution emitted), at 54% Maximum Continuous Rate (14 per
cent pollution emitted), at 81% Maximum Continuous Rate (0.5
per cent pollution emitted) and finally at 100% Maximum Con-
tinuous Rate (3.5 per cent pollution emitted).

Considering these results obtained, pollution caused by the
emission of nitrogen oxides, sulphur oxides, carbon dioxide and
particulate matter by tug ships in the harbour areas, can be eas-
ily reduced by:

Towing’s Optimization: 42 per cent of the total time of the
operations, the tug ships remain on stand-by (the ship just waits
to be required for any work). Regarding the annual statistics
of every tug ship, those emissions produced during this power
range could be reduced by more than two-thirds. Furthermore,
on minimal power (18% Maximum Continuous Rate) the emis-
sion of those nitrogen oxides, sulphur oxides, carbon dioxide
and particulate matter can also be reduced in half, it could be
done by using only one of the two main engines every tug ship
has (in standby mode, without both main engines there isn’t a
reduction in the safety of the tug ship though). This reduction
could be possible improving the logistics and the planning of
the different manoeuvres.

Speed Reduction favours emission reduction: Nitrogen ox-
ide, sulphur oxide, carbon dioxide and particulate matter emis-
sions are proportional to the speed of the ship. Reducing the
speed also reduces the fuel consumption by 25 per cent.

Reduction of maximum propulsion power in harbour tug
ships: With the experience, it can be verified and confirmed
that smaller tug ships are sufficient for the different port ma-
noeuvres. Only 3.5 per cent of the total time they are required
to give maximum power and only 0.5 per cent of total manoeu-
vring time, main engines have a Maximum Continuous Rate of
81%.

With the experience of the Tug ships Masters, it is con-
firmed that not as much propulsion power is needed during the
manoeuvres of incoming and outgoing of merchant vessels and
so smaller tug boats could perform just as efficiently as bigger
ones, having the latter the advantage of polluting less than the
former.

Implementing these measures would significantly reduce the
harmful effects of the pollutants emitted from the engines, ben-
efiting the health of the population, especially in port-cities.

From a technical point of view, the purpose of reducing
SOx, CO2, PM and NOx emissions should be specially consid-
ered in areas where ports are located within cities with a high
density of population.

There’s a need though, to keep researching and improving
engine designs and technologies to make them more efficient
and less polluting. A list of improvements could be:

• Optimization of indoor and outdoor lighting using LED
technology, which would result in a reduction of fuel con-
sumption by the auxiliary engines of the tug ship.

• Different designing of the power transmission.

• Optimizing the design of the hulls and superstructures.

• Cylinder lubrication.

• Energy recovering from the propeller using: Propeller
nozzle, hull coatings, coaxial contra-rotating propeller
(CCRP), integrated unit with rudder and propeller, blade
wheel or wheel freewheeling Grim, pre-swirl devices.

• Reduce the friction in pumps and pipes.

• Optimize coolers, nozzles, turbochargers, ventilation sys-
tems of the ship as well as update the current models or
use different propulsion technologies.

• Using or switching different fuels: Using diesel fuel with
low sulphur content, and then, switching it to a very low
sulphur fuel (ULSD), or the use of lower fuel-cycle as
Biofuels, Liquified Natural Gas (LNG), Liquified petrol-
eum gas (LPG), Propane ethanol blended with diesel fuel,
E-diesel, Oxygenated diesel or Synthetic diesel.

• Fuel modifications, including fuel-water emulsion and
the use of fuel with low nitrogen content.

• Reducing the temperature of exhaust gasses using air hu-
midification or exhaust gasses cleaners such as Scrubbers
(Scrubber Technology).

• For the reduction of NOx emissions, the use of CRS (Cat-
alytic Reduction System).

• Modifying the combustion process by advancing the fuel
injection or the compression rate.

• Some other technologies are being researched as well, to
name a few: The cleaner of NOx, NOx absorption traps,
Diesel Oxidation Catalysts (DOC), Catalysed filters Wire
Mesh (CWMF), and Diesel Particulate Filter (DPF).
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