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Abstract
This SSE case study uses the State Ship (KN) Masalembo at the Tanjung Perak Port. Evaluation of the
impact of SSE on emission reduction is carried out by calculating electricity and fuel consumption. Based
on fuel consumption, the amount of pollutants produced is known. A Descriptive quantitative method
is used in this research. Based on the calculation, the electricity demand at 220 Volt voltage is 95,028
watts, and at 380 watts is 276,210 Watts. There are 3 generators on board with different output power.
There are: auxiliary engine 1-2, harbour generator, and emergency generator. Each generator has
different efficiency and fuel consumption. The Comparison of SSE reduction impact is largest in aux eng
1-2 worth 206,855.13 kg pollutant/ton of fuel. Fuel cost savings of up to 92.57% every year. SSE utilization
is a solution for reducing exhaust emissions in the port area. Power generation using renewable energy

sources is a recommendation for supporting SSE operations.
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Abstrak

Studi kasus SSE ini menggunakan Kapal Negara (KN) Masalembo di Pelabuhan Tanjung Perak. Evaluasi
dampak SSE terhadap penurunan emisi dilakukan dengan menghitung konsumsi listrik dan bahan bakar.
Berdasarkan konsumsi bahan bakar, dapat diketahui jumlah polutan yang dihasilkan. Metode yang
digunakan dalam penelitian ini adalah metode deskriptif kuantitatif. Berdasarkan hasil perhitungan,
kebutuhan listrik pada tegangan 220 Volt sebesar 95.028 Watt dan pada tegangan 380 Watt sebesar
276.210 Watt. Terdapat 3 buah generator di atas kapal dengan daya keluaran yang berbeda-beda. Yaitu:
mesin bantu 1-2, generator pelabuhan, dan generator darurat. Setiap generator memiliki efisiensi dan
konsumsi bahan bakar yang berbeda-beda. Perbandingan dampak penurunan SSE terbesar terdapat
pada mesin bantu 1-2 senilai 206.855,13 kg polutan/ton bahan bakar. Penghematan biaya bahan bakar
hingga 92,57% setiap tahunnya. Pemanfaatan SSE menjadi solusi untuk mengurangi emisi gas buang di
area pelabuhan. Pembangkitan listrik dengan menggunakan sumber energi terbarukan menjadi
rekomendasi untuk mendukung operasional SSE.

Kata Kunci: Bahan Bakar, Emisi, Generator, Listrik, Shore Side Electricity

INTRODUCTION

The United Nations Conference on Trade and Development (UNCTAD) in the Review
Of Maritime Transport 2022 states that more than 80% or 11 billion tons of world trade uses
sea transportation (UNCTAD, 2022). Data for 2023 shows that the Asian region dominates
59% of the world's container shipping traffic. Indonesia as an archipelagic country holds a
strategic role in the maritime world. Based on data for 2023, ship arrivals in Indonesia there
are 196,575 ships. In terms of ranking, Indonesia occupies the seventh position in the world
(UNCTAD statistic, 2023). Based on ship register data in the world, Indonesia ranks 12th with
the number of ships 11,422 or 10.8% of the total number of ships registered in the world,
with an average tonnage of 2,641 deadweight tons (DWT) of registered ships (UNCTAD
review, 2023)

High shipping traffic has consequences for increasing greenhouse gas (GHGs)
emissions in Indonesia. The shipping industry accounts for 3% of global GHGs. The
percentage may be small at the moment, but the rapid growth of the shipping industry is
predicted to grow much higher following the rise of the shipping industry. GHGs have a
negative impact on health and the environment. NOx pollutants have caused 70 thousand
premature deaths per year and are predicted to increase to 178 thousand by 2040. Research
from the European Environmental Agency (2017) noted that cases of premature infant
deaths occurred in 41 European countries as a long-term impact of NOx pollutants.
Shipping activities are the dominant factor causing emissions at ports, which reaches 55%-
77% (Cullinane & Cullinane, 2018)
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The IMO is committed to reducing GHG emissions by up to 50% by 2050. As stated in
MARPOL Annex VI regarding regulations to prevent air pollution from shipping. The
Ministry of Transportation also encourages port management by prioritizing sustainable
and environmentally friendly principles (green and smart ports).

In 2022, in order to realize a green port, the Distrik Navigasi Tipe A Kelas | Tanjung
Perak uses Shore Side Electricity (SSE) for efficiency and emission reduction. Distric
Navigation of Tanjung Perak has the KN Masalembo. This study will examine the impact of
the use of Shore Side Electricity in KN Masalembo, on the reduction of exhaust gas

emissions that occur when ships berthing.

METHODS
Literature Review

Several researchers have studied the use of shore-side electricity in the world of
shipping. B. Stolz et al (2021) conducted a study on the need for additional power at 714
major ports in the European Economic Area and the United Kingdom. This is done to
calculate the electrical power needs of ships that are leaning and utilize Shore Side Electricity
(SSE). Researchers made observations on ship traffic using the Automatic Identification
System (AIS), to find out the electrical power needs that must be prepared by ports in
Europe (Stolz et al,, 2021)

Dai et al,, (2019) conducted an economic analysis of SSE investments. The study was
carried out in the Port of Shanghai, China, using an economic feasibility scenario. Huge
initial investment, high electricity selling price, and long charging are challenges in the
implementation of SSE use. Environmental benefits are a consideration for the use of SSE.
There is a need for subsidies for the implementation of SSE to encourage its massive use
(Dai et al.,, 2019).

Researcher Kotrikla et al., (2017) calculated the number of emissions emitted by ships
in the port of Mytilene. Researchers simulated the use of electricity from land to reduce
exhaust emissions. Based on the results of the study, emissions can be reduced by providing
electricity from land connected to hybrid renewable energy between wind turbines and
solar power. Based on simulations, the electricity at the port can be filled with four wind
turbines of 1.5 MW and solar power of 5 MW (Kotrikla et al., 2017).

1. IMO Regulation on Reducing Exhaust Gas Emissions
The International Maritime Organization (IMO) is the world organization responsible

for the safety and security of shipping and the protection of the maritime environment. The
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IMO focuses on shipping safety and security standards, preventing pollution from shipping
activities, and facilitating international maritime cooperation. The IMO has issued several
regulations to control exhaust emissions from ships.
a. MARPOL 73/78 Annex VI : Regulations on the Prevention of Air Pollution from Ships:
MARPOL Annex VI is an IMO regulation on the prevention of air pollution from
shipping activities. This regulation contains rules on limiting emissions of hazardous exhaust
gases such as sulfur oxide (SOx), nitrogen oxides (NOx), matter particles (PM), and
greenhouse gases (GHGs). In addition, there are also rules on the requirements for the use
of low-sulfur fuel (LSFO) with sulfur content. The regulation has stipulated:[8]
e Emission limits for sulfur oxides (SOx), nitrogen oxides (NOx), particulate matter (PM),
and greenhouse gases (GHGs).
e The use of low-sulfur fuel (LSFO) with a maximum sulfur content of 0.5% has been in
effect since January 1, 2020.
b. Initial IMO GHG Strategy:

In 2018, this regulation was the IMO's initial framework to reduce GHGs emissions from
international shipping activities. The targets to be achieved are:

e An average reduction in GHG emissions by 40% by 2030, compared to 2008.
e A minimum total reduction in GHG emissions of 50% by 2050, compared to 2008.

In July 2023 the IMO revised its strategy with a higher target, namely the target to
achieve net-zero GHG emissions by 2050.

c. Ship Energy Efficiency:

The IMO has developed various guidelines and standards to improve energy efficiency
on ships, the policy:

The Energy Efficiency Design Index (EEDI) is a new standard applied to newly built
ships. The goal is to guarantee a minimum level of energy efficiency for the ship so that it
can reduce GHGs emissions.

The lower the EEDI value, the more energy-efficient the ship will be and the lower the
GHG emissions produced.

Some of the advantages of EEDI are:
*  Driving innovation
*  Reducing GHG emissions
*  Lower operating costs
The Ship Energy Efficiency Management Plan (SEEMP) is an IMO Regulation that

requires ships to be energy efficient. Shore Side Electricity is one of the strategies included
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in SEEMP, to reduce ship emissions at ports. IMO encourages the use of Shore Side
Electricity.
d. IMO Guidelines on Shore-Side Supply of Electricity to Ships

The IMO states that the Shore-Side Supply of Electricity to Ships is a series of
recommendations published by the IMO. These guidelines provide a framework for safe,
efficient, and environmentally friendly use of shoreside electricity for ships at berth.
Use of Shore Side Electricity as a means to:

*  Reduce air pollution and noise in ports.

«  Comply with increasingly stringent emissions regulations for ships.

* Improving energy efficiency in the maritime industry.

e) Alternative Fuels:

IMO encourages the use of alternative fuels that are more environmentally friendly,
such as:

a. Liquefied natural gas (LNG).

b. Biofuels.

c.  Hydrogen.

Distrik Navigasi Tipe A Kelas | Tanjung Perak

Distrik Navigasi Tipe A Kelas | Tanjung Perak is one of the technical implementation
units of navigation under the Directorate General of Sea Transportation of the Ministry of
Transportation. The Navigation District has the task of carrying out navigation activities and
supervising the implementation of navigation organized by government agencies and
business entities.

The aid to navigation and State Ship Operational Sector has the task of managing state
ships, docks, and shipyards. The base belonging to the Distrik Navigasi Tipe A Kelas |
Tanjung Perak is an asset where the state ships berthing. The pier is also a field for aid to

navigation and navigation equipment operations.
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I

Navigation District Base Pier (Google Earth)

KN Masalembo is a Class | Navigation State Ship belonging to the Distrik Navigasi Tipe

A Kelas | Tanjung Perak, with the main dimensions:

Length Over All (Loa) :60.00 meters
Length Between Perpendiculars : 54.00 meters
Breadth :12.00 meters
Depth :04.70 meters
Design Draft :03.50 meters

Service Speed at 100% MCR 15.00 knots

KN Masalembo (author,2024)

Fuel Systems on Ships
The ship's fuel system functions to store, condition, and supply fuel to the ship's
engine. The system consists of several main components, including:
a. Fuel tank: This tank is used to store the fuel of the ship.
b. Piping system: A piping system is used to transport fuel from the fuel tank to the

engine.
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c. Fuel oil supply pumps: Fuel pumps are used to pump fuel from the fuel tank to the
engine.

d. Fuel filter (main filter): Fuel filter is used to remove impurities and contaminants from
the fuel.

e. Fuel separator: A fuel separator is used to remove water from the fuel.

f.  Fuel heater: A fuel heater is used to heat fuel before it is supplied to the engine. Fuel
heaters are necessary to increase the viscosity of the fuel and make it easier to pump
and atomize.

g. Control system: The control system is used to control the flow of fuel to the engine.
The control system can be either a manual or automatic system.

There are several types of fuel used on marine vessels, including:

a. Heavy Fuel Qil (HFO) is the heaviest and most viscous type of fuel oil used in the
shipping industry. HFO contains high levels of sulfur, making it less environmentally
friendly. This fuel is commonly used by tankers, cargo ships, and cruise ships because
it is cheaper, although it is less efficient and has higher emissions. HFO needs to be
heated before use to make it more liquid and can be injected into the machine. In the
shipping sector, its use is regulated by the IMO to limit emissions of sulfur and other
pollutants.

b. Marine Diesel QOil (MDO): is a type of fuel oil that is lighter compared to HFO. MDO is
made up of a mixture of distillates, which makes it cleaner, more flammable, and
produces lower emissions than HFO.

MDO has several advantages, including: Lower sulfur content, Easier to use and more
efficient because MDO burns faster and produces less residue in the engine

c. Liquefied Natural Gas (LNG): LNG is natural gas that has been liquefied. LNG is a
cleaner fuel than MFOs and MDOs. LNG has lower greenhouse gas emissions and
does not produce sulfur dioxide emissions.

d. Biofuels: Biofuels are fuels made from organic materials. Biofuels can be in the form
of biodiesel, bioethanol, and biogas. Biofuels are more sustainable fuels than MFQOs,
MDOs, and LNGs.

The Ministry of Transportation has determined the calculation for direct operating
costs, namely the cost of fuel needs for auxiliary motorcycles as follows:(Permenhub Nomor
PM 3 Tahun_2017 Tentang Komponen Penghasilan Dan Biaya Yang Diperhitungkan Dalam
Kegiatan Subsidi Penyelenggaraan Angkutan Barang Di Laut Melalui Mekanisme
Pelelangan, 2017)
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Formula for Fuel Requirements per Day (tons per day) for the Main Engine or Auxiliary
Engine (Soleymani et al., 2018):
B = MCR (%) xPower(max)x(SFOC (Kg/hp.h))/(BJ (Kg/Ltr)) (Ltr.h)/hp
Q)

Where:
B : Fuel Consumption in Liters.Hours per HP
MCR : Nominal power of the parent/auxiliary motor calculated 0.80 to 0.95 x HP

(Maximum Continuous Rating)

Daya Max: Horsepower

SFOC : Specific Fuel Oil Consumption (calculated based on the condition of the
new engine with a required tolerance of 180 to 220 gr/HP/hour)

BJ : Fuel Specific Gravity (kg/Itr)

CO2 and SOx emissions are directly proportional to fuel consumption. Fuel
consumption (g) can be estimated by multiplying the SFOC load (g/kWh) by the engine's
energy use (kWh).

The formula to calculate the coefficient of Specific Fuel Oil Consumption (SFOC) can

be formulated to estimate the fuel consumption of an engine. Here's the formula:

Coefficient = SFOC x MCR/Specific Gravity 2)

SFOC indicates fuel efficiency values. A smaller SFOC value means the engine is more
efficient.

The MCR indicates the maximum power output of the engine and its effect on fuel
requirements.

Specific gravity is used to convert the amount of fuel consumed in terms of volume or

mass.

Carbon conversion factors
Once fuel consumption is known, CO2 emissions can be estimated based on the
Emissions Factors (EF) value. For MDOs, this conversion factor is used in the inventory of

emissions for the marine sector. (IMO, 2021)

Table 1 Baseline Emissions Factors

Pollutants Name Efs (kg pollutant/tonne of fuel)
CcOo2 Carbon Dioxide 3,206
CH4 Methane 0.04-0.05
N20 Nitrous Oxide 0.18
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NOx Nitrogen Oxides 52.14~57.62

Cco Carbon Monoxide -2.39~2.54

NMVOC  Non-Methane Volatile Organic Compounds -2.15~2.42

SOx Sulphur Oxides -156~2.74

PM Particulate matter 0.92~0.97
(IMO, 2021)

Ship Electrical

Brake Kilowatts (BKW) is the mechanical power generated by a drive engine before it
is converted into electrical power. It is defined as the power generated by the shaft of the
generator drive engine, but it does not take into account the losses that occur during the
conversion process from mechanical energy to electrical energy.

BKW is affected by MCR and generator efficiency. The formula used is:

BKW=MCRxn (3)
Where:
BKW = Brake Kilowatt (kW)
MCR = Maximum Continuous Rating (kW atau hp)

n = System efficiency (%)

The efficiency value will be high if a lot of power is converted into mechanical power
on the shaft.

Kilowatts are the amount of electrical power generated or consumed by the system,
taking into account the efficiency of the generator and the value of losses during the

conversion process.

KW=BKWxn (4)
Where
n is the efficiency of the generator, the value is less than 1.0
Electrical power is the amount of electrical energy consumed or produced per unit of

time, usually measured in watts (W).
P=Vx|xcos(J) (5)

where:
P is the power (in watts, W);
V is the voltage (in volts, V);

| is the electric current (in amperes, A).
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cos(@) is the power factor, 0.8 to 0.95

In a three-phase system (380 V), the total power is calculated using the formula:

P=y 3xVLLxIxcos(2) (6)

Where:

VLL is the voltage between phases (line-to-line voltage, in volts);

| is the current in one phase (in amperes);

cos(@) is the power factor, 0.8 to 0.95

To convert Brake Kilowatts (BKW) to Brake Horsepower (BHP), you can use the
following formula:

BHP=BKWx1.341 7)

This formula is based on the conversion that 1 kW is equivalent to 1,341 Horsepower
(HP).

Shore Side Electricity

Energy efficiency is an important issue in the world of shipping. The IMO creates a
framework in the shipping sector that deals with fuel efficiency and emission reduction. One
of the procedures for reducing exhaust gas emissions is the use of Shore Side
Electricit(Barreiro et al., 2022).

Shore Side Electricity is one of the technologies in the shipping sector in support of
the Paris Climate Agreement in 2015. Shore Side Electricity is the provision of electricity from
land for ship operations when docked at the port. The goal of utilizing electricity from land
is to reduce the use of fossil fuels on ships. This is to support the reduction of exhaust
emissions caused by shipping activities, as well as to create clean air at the port. This
technology will also support the operation of battery-powered ships in the future.(Bullock
et al,, 2023)

The use of shore-side electricity is an effective step in reducing costs in maritime
transportation. Several obstacles have arisen in the implementation of SSE, including those
related to intensive service users. This is the cause of slow development. Socio-
economically, SSE has a positive impact, and it is expected that the value of the investment
carried out is in accordance with the income obtained.(Merkel et al., 2023)

Optimization methods in SSE planning are needed to determine the priority of
locations that require SSE. Optimization is needed to determine the electrical power
requirements for ships docked and to calculate the effectiveness of reducing exhaust
emissions in ports. The purpose of the optimization is to get the maximum benefit for

shipping and to improve air quality at the port. (Peng et al., 2021)
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Result

The data of the Auxiliary Motor at KN Masalembu is as follows.

Table 2 Auxiliary Motor Data

Rotational
Maximum Maximum
Generator Brand / Type Maximum Speed

Power (HP) Power (KW)

(RPM)

Main Genset 1and 2 Caterpillar / C.18 514 383.29 1500

Harbour Generator  Caterpillar / C.4.4 111 82.77 1500

Emergency Genset  Caterpillar / C.4.4 76.4 56.97 1500

KN Masalembo's Electricity Needs When Leaning on the Pier

The calculation of electricity consumption is based on the General Electric Diagram
document. Electrical equipment is divided into 2 (two) different voltages, namely 220 volts
and 380 volts. The following is data on electrical equipment in operation along with their
estimated operating time.

220 V Electrical Power Consumption at KN Masalembo, based on the calculation
obtained the result of 95,028 Watts. And The Electricity Power Consumption for a voltage
of 380 V at KN Masalembo is 276.2 KW.

Fuel Requirement Calculation

The calculation of fuel needs is calculated through several stages. First, the Brake
Power (BKW) value is calculated, and then the BKW is converted to BHP. Unit conversion is
also done to convert the SFOC value in gr/HP.h to Kg/HP.h. Conversion to units in Kg is
necessary because the subsequent calculation uses the units of Kg and Ton.

Fuel Consumption Graph on Auxiliary Motors 1 and 2
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Fuel consumption calculations are based on an 80% MCR with an engine speed of
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1,500 rpm. Calculation on three generators and the results are obtained as shown in table
5.

Table 3 Comparison of Power and Fuel Consumption

Generator Main Genset Tand 2 Harbour Generator ~ Emergency Genset
Mechanical Power (BKW) 306.60 66.22 4558
Mechanical Power (BHP) 415.44 88.80 61.12
Fuel consumption (Ltr/H) 73.50 15.87 10.92
Fuel consumption (Kg/H) 63.21 13.65 9.40
Output Electrical power
280.00 55.20 39.20
(KVA)
Output Electrical power
224.00 4416 31.36
(KW)

The percentage of fuel consumption of the generator harbour is 22% when compared
to the fuel consumption of the 1 or 2 auxiliary motors. Emergency generators are only 15%
of the fuel needs of auxiliary motors.

This is due to the difference in technical specifications and output power produced by
each motorcycle. In terms of the percentage of power output of the generator harbor, it is
only 20% of the auxiliary motor 1 or 2. For emergency generators only 14% of auxiliary
motors 1 or 2. This difference in output power makes some ship equipment inoperable

when leaning on the dock, due to reduced electrical power.

Fuel Consumption (Ltr/h )
80.00 73.50
70.00
60.00
50.00
40.00
30.00

15.87
20.00 10.92

0.00
Konsumsi bahan bakar (Ltr/h )

¥ Main Gen 1-2 Harbour Genset W Emergency Generator

Fuel Consumption Comparison (analysis, 2024)

The difference in fuel consumption is shown in Figure IV.13. For the comparison of the

output power produced, it is shown in Figure V.14
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The use of Shore Side Electricity as a replacement for the operation of MB 1 or 2 has
provided benefits both economically and to the reduction of exhaust gas emissions. Fuel
consumption calculations have been obtained based on the types of MB 1 and 2, Harbour
Generator, Emergency Generator as shown in Table 6. The calculation is obtained for 24-

hour and 365-day (1-year) working hours.

Table 4 Fuel Consumption for 1 Year

Fuel Consumption 1
Types of Generators

year (Ltr)
Main Gen 1- 2 643.853,39
Harbour Genset 139.042,27
Emergency Generator 95.701,17

(Source: analysis, 2024)

Based on the calculation of fuel consumption, it can be calculated that the savings

that can be made can reach 92.57%, as shown in Table 6

Table 5 Savings in the Use of Shore Side Electricity

, Emergency
Types of Generators Main Gen 1-2 Harbour Genset
Generator
Fuel Consumption 1year
643,853.39 139,042.27 95,701.17
(Ltr)
Fuel Expenditure 1year Rp Rp IDR
(Rupiah) 9,335,874,140.37 2,016,112,898.02 1,387,666,895.57
Average Shore Connection IDR Rp
) . IDR 693,600,000.00
Expenditure (Rupiah) 693,600,000.00 693,600,000.00
R R R
Savings (Rupiah) P P P
8,642,274,140.37 1,322,512,898.02 694,066,895.57
Percentage Savings (%) 92.57% 65.60% 50.02%
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(Source: analysis, 2024)

The Impact of the Use of Shore Side Electricity on the Reduction of Exhaust Gas Emissions
at KN Masalembo

The calculation of exhaust gas emissions uses the emission factor (EF) value in the IMO
report document entitled Fourth IMO GHG Study 2020 Full Report, as shown in Table 1.
Based on the calculation, the value of exhaust gas emissions for one year is obtained,

as shown in Table 8

Table 6 Total Exhaust Gas Emissions for 1 Year (kg pollutant)

Sollutant Auxiliary Motor Harbour Emergency
1-2 Generator Generator

Cco2 1,775,206,809.99  383,361,781.92 263,863,424.68
CH4 27,685.70 5,978.82 4,115.15
N20 99,668.50 21,523.74 14,814.54
NOx 6,892,380.88 6,892,380.88 4,743,945.04
CcO 1,406,433.34 303,723.93 209,049.63

NMVOC 1,339,987.67 289,374.77 199,173.27
SOx 1,517,176.13 327,639.20 225,510.23
PM 537,102.50 115,989.06 79,833.91

(Analysis, 2024)

The use of 1 or 2 auxiliary motors when the ship is docked at the dock produces a CO2
emission value of 202,649.18 Kg of pollutants for every 1ton of fuel. The operation of the
harbour generator has an impact on reducing CO2 emissions by up to 21.60% compared
to the emissions on auxiliary motors 1 or 2. If using an emergency generator, emissions are
reduced by up to 14.86%.

CONCLUSION
Based on the discussion, the following conclusions were reached:

1. The total electrical power requirement is divided into 2 (two) for voltages of 220
Volts and 380 Volts, and the values are obtained: 95,028 Watts (220 V) and 276,210
Watts (380 V).

2. The comparison of fuel needs for auxiliary motor 1-2, harbour generator, and
emergency generator is 73.50 Itr/h : 15.87 Itr/h : 10.92 ltr/h.

3. The operational priority of KN Masalembo equipment is based on the operational
urgency of the equipment. Priority is given to lighting, air conditioning systems, and
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food, as well as some navigation equipment that must be stationed within 24 hours.
4. 4.The impact of reducing exhaust gas emissions on KN Masalembo as a result of the
use of Shore Side Electricity for one year (kg pollutant/tonne of fuel) is very
significant. The reduction reached 206,855.13 kg pollutant/tonne of fuel using main

generator 1-2.
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