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Abstract

HFO has become one of fuel choice for engine on
board because it has a relatively cheaper price compared to
HSD and MDO. However, unlike HSD which is can be used
directly, HFO must have system of preparation before it
flowed into ship's engine. HFO system generally includes
storage tanks, transfer pumps, settling tanks, separators,
service tank, booster pump.

Because of more advanced refining process, HFO
has changes in terms of quality and quantity. HFO currently
has a higher concentration of asphalt content and also
experiencing a change in fuel properties, such as viscosity and
density. This low quality fuel may lead to several
complication on main engine and fuel treatment system
components. To reduce the impact, fuel can be homogenized
by process called Homogenization process.

Homogenization process becomes important for
fuel especially HFO. By performing homogenization of fuel,
fuel waste can be reduced, quality of combustion can be
better, and also able to provide a positive influence for the
reduction of emissions and a reduction in NOx levels.
Homogenization process is done with a tool called a
homogenizer.
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In this bachelor thesis, author intends to study the
effect of homogenizer instalation on PT. Pertamina tanker’s
fuel system. Research will study fuel oil cost difference
between PT. Pertamina tankers MT. Pangkalan Brandan
which equipped with homogenizer and MT. Palusipat which
are not equipped with homogenizer. Research is be done by
comparing FOC two similiar ships and calculate it’s fuel
benefit reduction cost.

Due to fuel oil price fluctuation, fuel oil price
will be simulated with five different scenario which are
decrease 2,93% annually, decrease 1,47% annually, constant
price, increase 6,7% annually, and increase 13,41%
annually. Through ecomonic calculation, the result for
homogenizer instalation are effect on reducing fuel oil
consumption cost whithin 10 years. Fuel oil consumption
cost reduction are ; $47.462,1 with fuel oil price decrease
2,93% annually, $52.615,9 with fuel oil price decrease 1,47%
annually, $58.185,0 with constant fuel oil price, $89.928,0
with fuel oil price increase 6,7% annually, and $134.975,1
with fuel oil price increase 13,41% annually. Payback
period will be obtained within 4 years after operation.

Key words : Fuel conversion, fuel cost reduction,
homogenizer, ship fuel system.
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Abstrak

HFO menjadi salah satu pilihan bahan bakar untuk
mesin kapal karena harganya yang relatif lebih murah
dibandingkan dengan HSD dan MDO. Namun demikian, tidak
seperti HSD yang dapat digunakan secara langsung, HFO
harus harus menjalani perlakuan pada sistem bahan bakar
sebelum memasuki mesin. Sistem perlakuan HFO diantaranya
meliputi storage tanks, transfer pumps, settling tanks,
separators, service tank, dan booster pump.

Dikarenakan semakin berkembangnya proses
penyulingan minyak, HFO telah berubah baik secara kualitas
maupun kuantitas. HFO saat ini selain memiliki kosentrasi
aspal yang lebih tinggi, juga telah mengalami perubahan
properties, seperti viskositas dan densitas. Penurunan kualitas
bahan bakar ini dapat menyebabkan timbulnya komplikasi
masalah baik pada mesin induk maupun pada komponen-
komponen sistem pengolahan bahan bakar. Untuk mengurangi
efek tersebut, bahan bakar dapat dihomogenkan melalui
proses yang dinamakan homogenisasi.

Proses homogenisasi menjadi hal yang krusial
khususnya untuk bahan bakar HFO. Melalui proses
homogenisasi, sludge bahan bakar dapat berkurang, kualitas
pembakaran menjadi lebih baik, dan berpengaruh positif
terhadap berkurangnya emisi gas buang dan berkurangnya
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NOx. Proses homogenisasi dilakukan oleh alat yang
dinamakan homogenizer.

Pada tugas akhir ini, penulis akan meneliti
pengaruh pemasangan homogenizer pada sistem bahan bakar
kapal tanker PT. Pertamina. Penelitian dilakukan dengan
membandingkan perbedaan biaya konsumsi bahan bakar
antara kapal tanker milik PT. Pertamina yang telah dilengkapi
dengan homogenizer, MT. Pangkalan Brandan, dengan tanker
PT. Pertamina yang belum terpasang homogenizer. Penelitian
dilakukan dengan membandingkan FOC dua kapal dengan
dimensi yang hampir sama dan menghitung keuntungan dari
penurunan biaya bahan bakar.

Dikarenakan fluktuasi harga bahan bakar,
maka harga bahan bakar akan disimulasikan memalui
lima skenario harga yang berbeda yaitu, menurun 2,93%
pertahun, menurun 1,47% pertahun, harga konstan,
meningkat 6,7% pertahun, dan meningkat 13,41% pertahun.
Melalui kalkulasi ekonomis, hasil dari pemasangan
homogenizer selama sepuluh tahun memberikan efek
pada pengurangan biaya konsumsi bahan bakar sebesar ;
$47.462,1 dengan skenario harga bahan bakar menurun
2,93% pertahun, $52.615,9 dengan skenario harga bahan
bakar menurun 1,47% pertahun, $58.185,0 dengan skenario
harga bahan bakar konstan, $89.928,0 dengan skenario harga
bahan bakar meningkat 6,7% pertahun, dan $134.975,1
dengan skenario harga bahan bakar meningkat 13,41%
pertahun. Payback period secara keseluruhan pada kelima
skenario harga akan tercapai pada periode empat tahun
setelah masa operasional.

Kata kunci : Konversi bahan bakar, pengurangan biaya

bahan bakar, homogenizer, sistem bahan
bakar kapal.
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CHAPTER |
INTRODUCTION

1.1 Background

As we now in recent time, HFO become one of
choice of fuel for the engine on board, because it has a
relatively cheaper price compared to HSD (diesel) and
MDO. However, unlike the HSD which is can be used
directly, HFO must have a system of preparation before it
flowed into the ship's engine. HFO system generally
includes storage tanks, transfer pumps, settling tanks,
separators, service tank, booster pump. The system has
been provided by the onboard system .

Because the more advanced refining process, HFO
has changes in terms of quality and quantity. HFO
currently has a higher concentration of asphalt content and
also experiencing a change in the fuel properties, such as
viscosity and density.

Homogenization process becomes important for
fuel especially HFO. By performing the homogenization of
fuel, fuel waste can be reduced, the quality of combustion
can be better, and also able to provide a positive influence
for the reduction of emissions and a reduction in NOx
levels.

Homogenization process is done with a tool called
a homogenizer. The expected result is not only to reduce
waste and emissions of ships, but also to save fuel
consumption on ships.

1.2 Statement Of Problems
Based on the above description some statement of
problems are formulated, which is :



b)

1.3

b)

14

below :

a)

b)

1.5

What are the technical matters required for the
installation of fuel homogenizer system on a
tanker ship PT. Pertamina ?

How long for the ship company to gain payback
time for using a homogenizer in PT. Pertamina
tanker ship fuel System?

Research Limitation

Research limitation on this bachelor thesis are :
Research using technical analysis to gahter
information and data from PT. Pertamina as ship
owner, PT. PAL Indonesia as ship builder,
NaSDEC as consultant and CV. Alpha Omega as
homogenizer distributor

Homogenizer cost comparison does not include
the cost of maintenance during the operational.

Research Obijectives
The research objective of this bachelor thesis are

To know the important equpiments that are
technically required for the installation of fuel
homogenizer system in PT. Pertamina’s tanker,

To know the economic value which will be
obtained by PT. Pertamina if the fuel system on
the tanker is equipped with a homogenizer.

Research Benefits
From the research that will be conducted, it is

expected to provide benefits to various parties. The
benefits include:

a)

To provide knowledge about the addition
homogenizer components that could potentially
save fuel on ships in Indonesia,



b)

c)

d)

Provide knowledge of technical matters required
in the installation of fuel homogenizer system PT.
Pertamina’s tanker,

Can provide recommendations for the PT.
Pertamina and other shipping companies about the
advantages of using a homogenizer from the
economic review,

Can determine the cost reduction in fuel
consumption after using a homogenizer vessels in
the short, medium and long term.
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CHAPTER I
STUDY LITERATURE

2.1. Theory

The process of homogenization can be explained
by the picture below. Rotor and stator of homogenizer will
smooth the HFO which flowed through. Content of the
asphalt on the HFO is micronized to approximately 5 pm
and homogeneously mixed. Asphalt content when is not
homogenized may result on amount of waste formation
(slude) and and may lead to incomplete combustion.

o, Hamogenizer

Proses homogenisasi deagan homogemizer rotor dan stator

Figure 0.1 Homogenization process

2.1.1 The decreasing of fuel quality in the oil market

Fifty years ago, the use of fuel residues such as
HFO different from now. First HFO still have a better
quality (still high hydrogen content) and the concentrations
of tar and other impurity content is low. This is because
the first distillation process is simple, so fuel residue
generated approximately 50 percent of the crude oil that
entered the distillery. But with the development of refining
technologies that become more advanced, now fuel
residues generated only about 16 percent of the crude oil
that is included in the distillery. The residual fuel has a low



hydrogen content and high asphalt content. Thus, the use
of fuel residues on the current becomes more complicated
and must pass a process of preparation before can be used.
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Flgure 0 2 Oil destilation process

This Modern Distillation Process influence fuel
quality The effect include:

a) The content of hydrogen on fuel is lower

b) Increasing concentrations of sulfur, vanadium,
sodium and other metals contained naturally in
crude oil

c) Increased density which is make more complicate
for the process of separation of water content and
impurities



d) Increased content of asphalt
e) Increased fuel waste due to the higher content of
asphalt

2.1.2  The effect of fuel droplet size in the combustion
process

The quality of fuel combustion and the formation
of deposits, is closely related to the size of the fuel droplets
which are sprayed into the combustion chamber. Ideally,
the small droplet size will produce more complete
combustion, because more surface area of fuel droplets.
With a more complete combustion of the deposit produced
less and less.

Homogenizer functioned so that fuel can be
blended up to 5 um. Usually in HFO, the droplet size of
aspalt can reach 120 um, this big size can cause some
inefficiency.

IFO 180
Fuel Qil

Foto mikroskopik hasil dari homogenizer

Figure 0.3 Microscopic photo of homogenization result



2.2. Homogenizer
2.2.1 Parts and Working Principle of Homogenizer

Homogenizer work based on the working
principles of mechanical shear force and style of ultrasonic
waves (ultrasonic force). Inside there is a kind of serration
conical homogenizer conical generate hydrodynamic force,
consisting of shear, friction, and acceleration of style with
high frequency. High content of asphalt molecules, the
existence of cat-fines (catalyst, usually aluminum and
silicon compounds, used in the fuel production processes),
water content, etc. in-the homogenized into fuel (in this
case HFO) up to a maximum particle size of 5 um

In brief, homogenizer is composed of two main
components:
1. Stator

Stator part have serration inward arranged in a
circle. Part stator is the stationary part
2. Motor

The motor part is the part that has serrations
arranged in a circular directional exit deal with serrations
stator. This section is attached to the motor rotor that is
always moving (rotating)

The motor and the stator is designed in such a way
S0 as to accelerate the flow of fuel fluid so passing through
a homogenizer.



Rotor Stator
Figure 0.4 Part of homogenizer

While the stator is not moving, constantly rotating
part of the motor with 1750 rpm, making mechanical
contact between the particles with a homogenizer asphalt,
asphalt or with other particles. Homogenizer in asphalt
particles get hydrodynamic power, the force of friction and
shear, particle acceleration due to the power transmitted on
particles, and high-frequency ultrasonic waves.

When the asphalt particles have passed through the
homogenizer, the resulting particles become finer (3-5
microns). This causes the particle size of the particles of
asphalt can be mixed perfectly with the fluid fuel. Mixing
these particles have an effect on the reduction of oil sludge
formed.

2.2.2  Homogenizer Instalation Benefit

The use of homogenizer bring the operational
usefulness of the ship. Some positive gains obtained are as
follows:
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1. More effective fuel use

Without the use of homogenizer lot of wasted asphalt
particles. These particles are wasted due to the relatively
large size (120 microns or more) so it can not pass through
the filter and purifier. Asphalt particles (C57H26) basically
could potentially be a fuel if the size is smaller. Here
homogenizer role. With the use of homogenizer particles
wasted asphalt can be minimized so that the use of fuel
becomes more effective
2. Reduces the formation of fuel oil sludge (up 80%)

Sludge formed by the particles are relatively large.
With the homogenizer, the particles will be reduced in size
(5 microns or smaller) that can be mixed with fuel without
fear can form sludge. With the reduction in sludge that is
formed, it also reduced the cost allocated to the treatment,
storage, and disposal of sludge itself.
3. Improving the quality of combustion

The existence of a relatively large asphalt particles
which can escape at any time of the filter and purifier, can
cause combustion in the combustion chamber becomes
less than perfect. Relatively large particle size does not
allow for atomized by the injector. Carburetion failure can
cause the asphalt particles do not burn completely. This
can cause problems such as power generated is less, the
formation of depressions in the piston crown and others.
4. Reduce air emissions (NOx) and reduce engine

maintenance costs

With the formation of the fuel particles is more
homogeneous, the combustion occurs in the combustion
chamber can be more perfect. Incomplete combustion can
damage the piston and also produce air emissions. In
addition to the increasingly size of the fuel particles, the
systems which the fuel pass through would be more
durable. This certainly can reduce maintenance costs to be
incurred.
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CHAPTER 111
METHODOLOGY

This bachelor thesis will be conducted by make
technical and economical overview of homogenizer
instalation on PT. Pertamina tanker ship’s fuel system. The
method of the study will provide easier way to analys the
problem which will be solved. Schematicly, research
methodology are shown below :

—_

L
- Stage 1.
Preparation
L
L
P Stage 2. Data
Gathering and
Processing
L
L
- Stage 3. Data
Analysis and
v Conclusion

11
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Research  methodology which  will  be
conducted are devided become three major group, which is
preparation stage, data gathering and processing, and data
analysis and conclusion.

3.1. Preparation Stage
3.1.1 Problem identification

Problem identification is preliminary step in this
research. The problem which will be analized have to be
clearly identified. The problem which will be the topic of
the research is technical and economical overview of
homogenizer instalation on PT. Pertamina tanker ship’s
fuel system.

3.1.2 Formulation of issues and research objectives

After problem identification, the next step are
formulation of Issue and research objective. Formulation
of issues is the main problem which will be solved.
Reseach objective is to know the important things that are
technically required for the installation of fuel
homogenizer system in PT. Pertamina’s tanker and to
know the economic value which will be obtained by PT.
Pertamina if the fuel system on the tanker is equipped with
a homogenizer.

3.1.3  Study of literature

Study of literature will be conducted to gain
theories which is related to the problem solving process.
Study of literature study working principle of
homogenizer, homogenizer performance, homogenizer
parts, homogenezation result process, and benefit of
homogenization process.
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3.2 Data Gathering and Processing Stage
3.2.1 Gathering data and information

Required data which will be used in research will
be obmitted from literature study from PT. Pertamina, PT.
PAL Indonesia, and Homogenizer maker. Additional
resources will be collected from books, literature,
brochure, or paper which will be gathered from internet.

3.2.2 Data processing

Data and information which have already be
gathered then will be processed with overview method,
which is technical and economical overview.

3.3.Data Analysis and Conclusion
3.3.1 Data analysis

From the previous data processing, then data will
be analized more deeper.

3.3.2 Make investment and operational costs model

After data analysis, all data then will be presented
in model. This model consist of Investment model and
Operational Cost model. Data modelling will make review
and conclusion activity become more easier and simple to
understand.

3.3.3 Conclusion and recomendations

After data modelling, the conclution can be made,
which is also final summary from research result which
can answer problems from the research.
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4.1.

4.1.1.

CHAPTER IV
OBSERVATION RESULT
AND DATA ANALISYS

Observation Data Result

Ship object

Figure 0.1 MT. Pangkalan Brandan

Name : MT. Pangkalan
Brandan

IMO Number : 9601675

Builder : PT PAL
Indonesia (Persero)

Owner : PT. Pertamina
Technical management : Fleet 111

Delivery : 12 Nov 2014
Cargo : Product Oil/White
Oil

15
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4.1.2.

4.1.3.

4.1.4.

4.1.5.

Ship main data
Length Overall
Breadth Mould
Depth Mould
Deadweight

Cargo Hold Capacity

Class

Main engine
Type

6S35MC-7
Manufacturer
Fuel

(viscosity 700 cst)
Out-put

RPM (MCR)

Ship generator
Type
Manufacturer
Quantity

Engine Output
Generator Output
Fuel Qil

Ship Speed
Service speed
Maximum Speed
Over Speed

Fuel Consumption
(Design Prediction)

157,20 m
27,70 m
12,00 m
17.500,00 ton
24.725,00 m®
NK Class

MAN B & W

STX
Heavy Fuel Qil

4.504 KW at 173

6DK20e
Daihatsu
3 unit
1040 kW
990 kW
MDO

13, 6 knots
127.0 RPM
131.1 RPM
30.0 ton/day



4.1.6.

Homogenizer Data

17

Brand
Type

Figure 4.2 Homogenizer

ST
CD92TM

Mycronizer MD 85-M-MD/SR-IL

Apllication
—InLine

Serial No

Year

Customer
Indonesia (Persero)
Plant

Operating Media

Operation Temperaturre :

Min. Temperature
400C for MDO
Max. Temperatue

Capacity Max.
700/500C)
Operation Pressure

Sludge Reduction
12-1605

2012

PT. PAL

HN 272

HFO & MDO
1000C

700C fot HFO,
1500C

1,5 m3/h (IFO

6 kg/cm2
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Power Consumption 4,0/4,5 kW
Power Source X 400/440 V —
50/60 Hz

Plant Dimension :

Lenght : 900 mm
Height : 540 mm
Width : 620 mm

4.1.7. Instalation Diagram
GO SRUMTT ' §i Lipm

— Q'_—I"'nl:. —_—
1| F—p—nip «—"np
;.,I_ 3 - "]
—_— _E
u!-'“-:-E=_ﬂ= #Tl'sr;'_ﬂ:— o e el el R L

Figure 4.3 Instalation diagram — SIT Opration Manual
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Figure 4.4 Homogenizer in MT. Pangkalan Brandan fuel
system drawing

4.1.8. Sister Ship Data
- -

RAL L
gl

i iy
L.

Figure 4.5 MT. Palusipat

Name : MT. Palu Sipat
IMO Number : 9106651

Length Overall : 160,00 m
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4.2.

a.

b. Pressure Transmitter

C.

LBP

Breadth

Depth

Draught

Speed

Service

Main Engine

kW

Complement

Gross

Tonnage

Deadweight

Year Delivery

Home

port

Class society

Technical Overview

154,00 m

26,80 m

11,50 m

6.9m

13,00 knots
S35MC7 /4959

37 person
13964
17.500 ton

2000
Jakarta
BKI - LR

Based on data observation, below are the
equipment which are necessary to install within
homogenizer in MT. Pangkalan Brandan fuel systems :
Electric Motor

Brand
Power
Voltage
Frequency
RPM

Quantity

Type

Fuel In — Out
Range Pressure

Thermometre(s)

Quantity

Type
Fuel In — Out

Hansa
4,0/4,5 kW
400/440
50/60 Hz
2950/3490

2
Electronic type/

0 — 25,0 kg/cm?

2
Electronic type/
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Range Temp. 0-150°C

d. Inlet Flange
DN/PN 32/ 16

e. Outlet Flange
DN/PN 32/ 16

f.  Switchboard
Operating Voltage : 3 x 400/ 440 V/
PE/ 50/60 Hz
Current Consuption: Max. 21.5 A
Max. Fuse 40 A
Control Voltage 230 V/ 50 Hz
Regulation VDE and VBG4/
IP 55
Dimension 600 x 380 x 210
mm
Final Paintig RAL 7035

g. Coating
Type Primer

h. Final Painting
Marine Paint Marine Paint,
RAL 6019

i. DripPan
Type SR-Steel St 37,

Square pipings 50
X 50 X 2,6 mm

4.3. Engine Room Log Book

Engine room log book is a track record of all ship
machinery parameters, performance, maintenance, and
malfunctions. The recorded values and information are
used as a reference, to compare and record data that can be
used for a lot of purpose.

In PT. Pertamina, engine room log book have to be
delivered every month by ship crews to head office
management. In this research, engine room log book is
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used to examine the effect of homogenizer instalation to
fuel oil consumption cost in real operational conditon.
Two engine room log book from two ship with similiar
dimension and same type of engine will be compared.
Complete engine room log book are attached in appendix.

4.3.1. Engine log MT. Palusipat

Built by PT. PAL Indonesia in late 1997, MT.
Palusipat is equipped with MAN B&W 7S35MC 4959kW
main engine. MT. Palusipat duty is to deliver product oil
from refinery to distribution terminals from Port Tanjung
Wangi to Port Cilacap, Port Padang, Port Tanjung Priok,
back to Port Cilacap again and finally headed to Port
Makasar. This trip take time about 1 month in average.

It’s have been known that MT. Palusipat is not
equipped with homogenizer in fuel system instalation. For
that reason, fuel oil consumption cost of MT. Palusipat
will become a sample for ship fuel oil consumption cost
whithout homogenizer.

Below are presented engine log MT. Palusipat in
sailing periode at month of February 2016 :



Table 4.1 Engine log MT. Palusipat
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Date | Under Way | Propelling | RPM | Speed | FO - IFO 380
1 2,2

2 0,8 0,05
3 23,8 0,2 139 8,5 12,375
4 16,1 1,1 140 | 10,5 9,056
5-7

6

7

8 2,2

9 2 1,9 109 9,5 0,687
10 24 141 8,5 13,5
11 24 138 | 9,25 12,525
12 24 134 | 10,75 13,225
13 7,8 3,2 135 4,3
14 14,9 2,2 142 | 115 6,7
15 24 141 12 13,475
16 11,8 2,6 138 11 6,187
17

18

19 1 1,125
20 2,3

21

22 11 1,3 114 | 10,2 6,709
23 16,6 1,8 138 | 115 9,64
24 4 3,6 141 2,145
25 17,4 0,648
26 2,8 2,1 114 10 12,021
27 24 137 | 11,2 11,579
28 23 137 11 6,322
29 14,7 2,1

267,5 30,6 144,543
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From table above it’s can be obtained that in a
month trip, MT. Palusipat consume 144,543 MT of HFO
380. From 29 days sailing, 23 days are main engine
working hours, which means in 6 days main engine are not
active, that’s why there is no IFO consumption in day 5, 6,
7,17, 18, and 21. At this inactive days, ship is berthing in
current port to loading or unloading product oil.

Engine working hours are consist of underway and
propelling. Propelling is a stage of ship when the ship are
going to the port, or going to leave the port, at this stage
main engine still running at normal condition, that’s why
the rpm in engine log still indicate the same rpm with
Underway condition. Meanwhile, underway it’s stage
when the ship are sailing in the high sea. In table above,
total main engine working hours of MT. Palusipat are
298,1 hours.

At some days like date 1, 8, 20, and 29, the ship is
still in propelling stage, but there is no IFO 380 fuel oil
consumption record. This happens because main engine
only consumme MDO for initial starting fuel before use
IFO 380.

4.3.2. Engine log MT. Pangkalan Brandan

Built by PT. PAL Indonesia in 2011, MT.
Pangkalan Brandan is equipped with MAN B&W
6S35MC 4504 KW main engine. MT. Pangkalan Brandan
duty is to deliver product oil from refinery to distribution
terminals from Port Merak to Port in Surabaya, Port in
Banyuwangi, Tanjung Manggis, Port Kotabaru, and back
to Port Merak. This trip take time about 1 month in
average.

It’s have been known that MT. Pangkalan Brandan
is equipped with homogenizer in fuel system instalation.
For that reason, fuel oil consumption cost of MT.
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Pangkalan Brandanwill become a sample for ship fuel oil
consumption cost whithout homogenizer. Below are
presented engine log MT. Pangkalan Brandan in sailing
periode at month of January 2016 :

Table 4.2 Engine log MT. Pangkalan Brandan

PANGKALAN BRANDAN

Date | Under Way | Propelling | RPM | Speed | FO - IFO 600
1 5 0,9 158 | 13,1 3,765
2-4
5 1,5
6
7 4,5 5,7 160 | 12,4 3,264
8 24 160 | 134 18,945
9 3,8 1,3 160 | 13,6 2,851
10
11 3,2
12 3
13 3,4
14 3,2
15 11,8 1,1 160 | 13,3 9,284
16
17 2
18 3,7 2 159 | 135 2,217
19 3,8 3,5 160 | 13,5 3,393
20 24 159 | 12,8 18,617
21 1,5 1,8 1,107
22 1,6
23 14 1,8 155 | 12,8 9,788
24 25 156 | 12,5 19,065
25 17,4 1 156 | 12,3 12,949
26-30
31 6,3
138,5 43,3 105,245
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From table above it’s can be obtained that in a
month trip, MT. Pangkalan Brandan consume 105,245 MT
of HFO 600. From 31 days sailing, 20 days are main
engine working hours, which means in 11 days main
engine are not active, that’s why there is no IFO
consumption in day 1, 2, 3, 4, 6 10, 16, 26, 27, 28, 29, and
30. At this inactive days, ship is berthing in current port to
loading or unloading product oil. In table above, it’s also
been known that total main engine working hours of MT.
Pangkalan Brandan are 181,8 hours.

At some days like date 5, 11, 12, 13, 14, 17 and
22, the ship is still in propelling stage, but there is no IFO
380 fuel oil consumption record. This happens because
main engine only consumme MDO for initial starting fuel
before use IFO 600.

4.4, Fuel Oil Consumption Comparison

To compare fuel oil consumption from MT.
Pangkalan Brandan and MT. Palusipat, it’s required to find
fuel oil consumption record when both ship are sailing at
the same similiar speed. For this purpose, sample date are
taken from date 25 in MT. Pangkalan Brandan engine log
and date 15 in MT. Palusipat engine log.

Operational SFOC than can be calculated by
devided total FOC in date 15 with engine power multiply
by total main engine working hour in date 15. Annual,
monthly, daily, and hourly FOC of main engine than can
be calculated according information from main engine log.
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Table 4.3 Fuel oil consumption MT. Pangkalan Brandan
SFOC

Pangkalan
e Brandan (IFO
600)
_ - 0,0001 | Ton/K
25 FOC/h = Total FOC/Engine BHP/Total Hour 5625 WH
‘ FOC MT. Pangkalan Brandan (MT)

Eglg SFOC Pangkalan Brandan x 4504 kW 2'7037 MT
Daily SFOC Pangkalan Brandan x 4504 kW x 11,5 8,0931 MT
FOC Hour 25
Monthly | SFOC Pangkalan Brandan x 4504 kW x 11,5 97,117 MT
FOC Hour x 12 Day 5
Annualy | SFOC Pangkalan Brandan x 4504 kW x 11,5 1165,4 MT
FOC Hour x 12 Day x 12 Month 1

From table above, it shows that FOC fot MT.
Pangkalan Brandan is 1165,41 MT. Same calculation also
apllied to MT. Palusipat. But, since MT.Palusipat have one
cylinder less than MT. Pangkalan Brandan main engine,
instead multiply SFOC MT. Palusipat with engine power
MT. Palusipat itself, it’s have to multiplied to engine
power of MT. Pangkalan Brandan.

Table 4.4 Engine power

Main Engine Power Pangkalan Brandan 4504 Kw
Main Engine Power Palu Sipat 4959 kw

By doing this conversion calculation, converted
FOC of MT. Palusipat than can be used to assumption
FOC for MT. Pangkalan Brandan whithout homogenizer
instalation.
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Table 4.5 Fuel oil consumption MT. Palusipat converted to
MT. Pangkalan Brandan

‘ Sample

Formula SFOC Palusipat

Date - (IFO 380)
FOC/h = Total FOC/Engine BHP/Total 0,000113 | Ton/k
15
Hour 22 wH
FOC MT. Palusipat Converted to FOC MT. Pangkalan Brandan (MT)
Hour - 0,509943
FOC SFOC Palusipat x 4504 kW 20 MT
Daily - 5,864346
FOC SFOC Palusipat x 4504 kW x 11,5 Hour ) MT
Monthly SFOC Palusipat x 4504 kW x 11,5 Hour x 70,37216 MT
FOC 12 Day 173
Annualy SFOC Palusipat x 4504 kW x 11,5 Hour x 844,4659 MT
FOC 12 Day x 12 Month 4071

4.5. Fuel Oil Price Prediction
Since fuel oil price have expierienced fluxtuation
in past decade, it’s necessary to make prediction scenario
for oil price, whether the future price will be icrease or
decrease. Fuel oil price prediction are predicted for the
next 10 years oil price. Below are five scenario of fuel oil
price prediction for the next 10 years :
a. Scenario 1
Pessimistic 1 : -2,93% annualy (decrease)
b. Scenario 2
Pessimistic 2 : -1,47% annualy (decrease)
c. Scenario 3
Constant : 0% annualy (constant)
d. Scenario 4
Optimistic 1 : 6,7% annualy (increase)
e. Scenario 5
Optimistic 2 : 13,41% annualy (increase)



Table 4.6 Fuel oil price prediction

O R PRED o) D
. p Op Op
MDO | IFO380 [ IFO600 | MDO | IFO380 | IFO600 | MDO | IFO380 | IFO600 | MDO | IFO 380 | IFO 600 MDO IFO 380 | IFO 600
0 345,00 | 232,00 160,00 | 345,00 | 232,00 160,00 345,00 | 232,00 160,00 345,00 | 232,00 160,00 345,00 232,00 160,00
1 334,89 | 22520 155,31 | 339,94 | 228,60 157,66 345,00 | 232,00 160,00 368,12 | 247,55 170,72 391,25 263,10 181,45
2 325,07 | 218,60 150,76 | 334,96 | 22525 155,34 345,00 | 232,00 160,00 392,80 | 264,14 182,17 443,70 298,37 205,77
3 31554 | 212,19 146,34 | 330,05 | 221,95 153,07 345,00 | 232,00 160,00 | 419,13 | 281,85 194,38 503,17 338,37 233,36
4 306,30 | 205,97 142,05 | 32522 | 218,70 150,82 345,00 | 232,00 160,00 | 447,22 | 300,74 207,41 570,62 383,72 264,64
5 297,32 199,94 137,89 | 320,45 | 215,49 148,61 345,00 | 232,00 160,00 | 477,19 | 320,89 221,31 647,12 435,16 300,11
6 288,60 | 194,08 133,85 | 31575 | 212,33 146,44 345,00 | 232,00 160,00 509,18 | 342,40 236,14 733,87 493,50 340,34
7 280,14 | 188,39 129,92 | 311,13 | 209,22 144,29 345,00 | 232,00 160,00 543,31 | 36535 251,97 832,24 559,65 385,97
8 271,93 | 182,87 126,11 | 306,57 | 206,15 142,18 345,00 | 232,00 160,00 579,72 | 389,84 268,86 943,80 634,67 437,71
9 263,96 | 177,51 122,42 | 302,07 | 203,13 140,09 345,00 | 232,00 160,00 618,58 | 415,97 286,88 1070,32 | 719,75 496,38
10 256,23 | 172,30 118,83 | 297,65 | 200,16 138,04 345,00 | 232,00 160,00 660,04 | 443,85 306,10 1213,80 | 816,24 562,92
A;;;geal 8,9 6,0 41 47 3,2 22 0,0 0,0 0,0 -315 21,2 -14,6 -86,9 -58,4 -40,3
Decrease
% 2,93 2,93 2,93 1,47 1,47 1,47 0,00 0,00 0,00 -6,70 -6,70 -6,70 -13,41 -13,41 -13,41

29
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4.6. Economical Analisys

4.6.1. Initial lvestment

Total initial investment are gained from purchase
order PT. PAL Indonesia to S.I.T. Homogenizer GmbH.
Complete purchase order document can be found in
attachment. This table below shows the summary of the
purchase order.

Table 4.7 Initial investment
 No Item ~ Total Price
Homogenizer Part
Electric Motor
Pressure Transmitter
Thermometre(s)
Inlet Flange
Outlet Flange
Switchboard
Coating
Final Painting
Drip Pan

(BN

28,000 USD

OO (N|OO|~WIN

[EEN
o

4.6.2. Operational Cost

Operational cost consist of electricity cost. As
stated in homogenizer operational guide, the instalation of
homogenizer will add 4.5 kW to ship electricity load. It’s
also known from 6DK20e Daihatsu Generator’s shop trial
records, that generator fuel consumption at full load is
214.4 g/kwh.

Below are the prediction of homogenizer fuel oil
consumtion a year :
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Table 4.8 Electricity fuel oil consumtion

\ No Electricity Fuel Oil Consumption
Homogenizer Load 45 | kw
2 | Generator FO consumption 214,4 | g/kwh
3 | MDO consumption per hour | 964,80 | g
4 | MDO consumption per day 11,10 | kg
5 | MDO consumption per month | 133,14 | kg
6 | MDO consumption per year 1,60 | Ton

Below are the prediction of homogenizer
electricity fuel oil cost up to 10 years with five different
MDO price scenario :

Table 4.9 Electricity fuel oil cost

O 0 D
Pe Pe 0 a P e Op Op
MDO MDO MDO MDO MDO
0 $552,0 $552,0 $552,0 $552,0 $552,0
1 $535,8 $543,9 $552,0 $589,0 $626,0
2 $520,1 $535,9 $552,0 $628,5 $709,9
3 $504,9 $528,1 $552,0 $670,6 $805,1
4 $490,1 $520,3 $552,0 $7155 $913,0
5 $475,7 $512,7 $552,0 $7635 | $1.0354
6 $461,8 $505,2 $552,0 $814,7 | $1.1742
7 $448,2 $497,8 $552,0 $869,3 |  $1.3316
8 $435,1 $490,5 $552,0 $927,6 | $1.5101
9 $422,3 $483,3 $552,0 $989,7 | $1.7125
10 $410,0 $476,2 $5520 |  $1.056,1 | $1.942.1
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4.6.3. Fuel Oil Saving Cost Calculation

In order to calculate fuel oil saving cost, it’s
necessary to calulate fuel oil consumption cost MT.
Pangkalan Brandan and MT. Palusipat. Fuel oil
consumption cost MT. Pangkalan Brandan can be
calculated by multiply IFO 600 price at respective year to
MT. Pangkalan Brandan annual fuel oil consumption,
meanwhile assumed fuel oil consumption cost for MT.
Pangkalan Brandan whithout homogenizer can be
calculated by multiply IFO 380 price at respective year to
MT. Palusipat annual fuel oil consumption which already
have been converted.

This table below shows the calcluation result for
MT. Pangkalan Brandan fuel oil consumption cost and
assummed MT. Pangkalan Brandan fuel oil consumption
cost whithout homogenizer for 10 years with 5 different
fuel oil price scenario.



Table 4.10 Fuel oil consumption cost MT. Pangkalan Brandan

OIL CO PTION CO PA ALAN BRANDA D/YEAR
Pe p onstant P Op Op
IFO 380 IFO 380 IFO 380 IFO 380 IFO 380
0 186465,60 186465,60 186465,60 186465,60 186465,60
1 181000,24 183732,91 186465,60 198963,62 211461,63
2 175695,07 181040,27 186465,60 212299,34 239808,42
3 170545,39 178387,09 186465,60 226528,90 271955,15
4 165546,65 175772,79 186465,60 241712,20 308411,20
5 160694,43 173196,80 186465,60 257913,18 349754,24
6 155984,43 170658,57 186465,60 275200,04 396639,39
’ 151412,48 168157,53 186465,60 293645,57 449809,58
8 146974,53 165693,15 186465,60 313327,43 510107,32
9 142666,67 163264,88 186465,60 334328,48 578488,07
10 138485,06 160872,20 186465,60 356737,15 656035,38
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Table 4.11 Fuel oil consumption cost MT. Palusipat converted to MT. Pangkalan Brandan

51CO = PALUSIPA
ONVERTED TO MT. PANGKALAN BRANDA D
- - N -

IFO 380 IFO 380 IFO 380 IFO 380 IFO 380
o | 19591610 | 195916,10 195916,10 | 195916,10 | 195916,10
1 | 19017374 | 193044,91 195916,10 | 209047,55 | 222178,98
2 | 184599,69 | 190215,80 195916,10 | 223059,15 | 251962,45
3 | 179189,02 | 18742815 195916,10 | 238009,89 | 28573845
4 | 17393693 | 184681,35 195916,10 | 253962,72 | 324042,18
5 | 16883879 | 18197481 195916,10 | 270984,80 | 367480,58
6 | 16389007 | 179307,93 195916,10 | 289147,80 | 416741,98
7 | 15908641 | 176680,14 195916,10 | 308528,19 | 472606,95
8 | 15442354 | 174090,85 195916,10 | 329207,57 | 535960,71
9 | 149897,34 | 17153952 195916,10 | 351273,00 | 607807,16
10 | 145503,80 | 16902557 195016,10 | 374817,39 | 689284,74

34
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Fuel oil saving cost then can be calculate by subtract
fuel oil consumption cost of IFO 380 fuel to fuel oil
consumption cost of IFO 600. Fuel oil saving cost then used to
calculate payback period.

4.7.  Pay Back Period

Payback period is the length of time required to
recover the cost of an investment. The payback period of a
given investment or project is an important determinant of
whether to undertake the position or project, as longer payback
periods are typically not desirable for investment positions.

Before calculate pay back periode, first it’s necessary
to calculate cost saving benefit from homogenizer usage. Cost
saving benefit is gained from fuel consumption cost of system
that haven’t install homogenizer, minus fuel consumption cost
of system that already install homogenizer.

Net revenue than can be calculated by folowing
formula :

Net Revenue = Cost Saving Benefit—(Initial
Investment+Operational Cost+Depresiation)

(4-1)

Payback period than can be traced by obseving in

which year the accumulative net revenue has reach

equilibrium with initial investment, operational cost, and

depresiation. Below are calculation result table and graph of

payback period for homogenizer instalation in MT. Pangkalan
Brandan fuel systems in five different scenario :



Table 4.12 Payback period scenario pessimistic 1

Payback Period Pessimistic 1

Initial Co_st Cost Sa\_/ing Operational Operational -
[, Savm_g Beneflt_ Cost Cost _ Depresiation = Summary
Benefit  Accumulative Accumulative
0 $28.000,0 $0,0 $0,0 $0,0 $0,0 $0,0 | -$28.000,0 | -100,00%
1 $0,0 | $9.450,5 $9.450,5 $535,8 $535,8 $2.800,0 | -$21.885,3 | -78,16%
2 $0,0 | $9.1735 $18.624,0 $520,1 $1.055,9 $2.800,0 | -$13.231,9 | -47,26%
3 $0,0 | $8.904,6 $27.528,6 $504,9 $1.560,8 $2.800,0 | -$4.832,2 | -17,26%
4 $0,0 | $8.643,6 $36.172,2 $490,1 $2.050,9 $2.800,0 | $3.3214 | 11,86%
5 $0,0 | $8.390,3 $44.562,5 $475,7 $2.526,6 $2.800,0 | $11.2359 | 40,13%
6 $0,0 | $8.1444 $52.706,9 $461,8 $2.988,4 $2.800,0 | $18.9185 | 67,5/%
7 $0,0 | $7.905,6 $60.612,5 $448,2 $3.436,6 $2.800,0 | $26.3759 | 94,20%
8 $0,0 | $7.6739 $68.286,5 $435,1 $3.871,7 $2.800,0 | $33.614,8 | 120,05%
9 $0,0 | $7.449,0 $75.735,5 $422,3 $4.294,0 $2.800,0 | $40.641,4 | 14515%
10 $0,0 | $7.230,7 $82.966,1 $410,0 $4.704,0 $2.800,0 | $47.462,1 | 169,51%
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Table 4.13 Payback period scenario pessimistic 2
Payback Period Pessimistic 2

Initial Co_st Cost Sa\_/ing Operational Operational -
[, Savm_g Beneflt_ Cost Cost _ Depresiation = Summary
Benefit  Accumulative Accumulative
0 $28.000,0 $0,0 $0,0 $0,0 $0,0 $0,0 | -$28.000,0 | -100,00%
1 $0,0 | $9.450,5 $9.450,5 $543,9 $543,9 $2.800,0 | -$21.8934 | -78,19%
2 $0,0 | $9.312,0 $18.762,5 $535,9 $1.079,8 $2.800,0 | -$13.1174 | -46,85%
3 $0,0 | $9.1755 $27.938,0 $528,1 $1.607,9 $2.800,0 | -$4.469,9 | -15,96%
4 $0,0 | $9.041,1 $36.979,1 $520,3 $2.128,3 $2.800,0 $4.050,8 14,47%
5 $0,0 | $8.908,6 $45.887,7 $512,7 $2.641,0 $2.800,0 | $12.446,7 | 44,45%
6 $0,0 | $8.778,0 $54.665,7 $505,2 $3.146,2 $2.800,0 | $20.719,5 | 74,00%
7 $0,0 | $8.649,4 $63.315,0 $497,8 $3.644,0 $2.800,0 | $28.871,0 | 103,11%
8 $0,0 | $8.522,6 $71.837,6 $490,5 $4.134,5 $2.800,0 | $36.903,1 | 131,80%
9 $0,0 | $8.397,7 $80.235,3 $483,3 $4.617,8 $2.800,0 | $44.817,5 | 160,06%
10 $0,0 | $8.274,6 $88.510,0 $476,2 $5.094,1 $2.800,0 | $52.615,9 | 187,91%
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Table 4.14 Payback period scenario constant price

Payback Period Constant Price

Initial Co_st Cost Sa\_/ing Operational Operational -
Investment Savm_g Beneflt_ Cost Cost _ Depresiation =~ Summary
Benefit ~ Accumulative Accumulative
0 $28.000,0 $0,0 $0,0 $0,0 $0,0 $0,0 | -$28.000,0 | -100,00%
1 $0,0 | $9.450,5 $9.450,5 $552,0 $552,0 $2.800,0 | -$21.901,5 | -78,22%
2 $0,0 | $9.450,5 $18.901,0 $552,0 $1.104,0 $2.800,0 | -$13.003,0 | -46,44%
3 $0,0 | $9.450,5 $28.351,5 $552,0 $1.656,0 $2.800,0 | -$4.104,5 | -14,66%
4 $0,0 | $9.450,5 $37.802,0 $552,0 $2.208,0 $2.800,0 | $4.7940 | 17,12%
5 $0,0 | $9.450,5 $47.252,5 $552,0 $2.760,0 $2.800,0 | $13.692,5 | 48,90%
6 $0,0 | $9.450,5 $56.703,0 $552,0 $3.312,0 $2.800,0 | $22.591,0 | 80,68%
7 $0,0 | $9.450,5 $66.153,5 $552,0 $3.864,0 $2.800,0 | $31.489,5 | 112,46%
8 $0,0 | $9.450,5 $75.604,0 $552,0 $4.416,0 $2.800,0 | $40.388,0 | 144,24%
9 $0,0 | $9.450,5 $85.054,5 $552,0 $4.968,0 $2.800,0 | $49.286,5 | 176,02%
10 $0,0 | $9.450,5 $94.505,0 $552,0 $5.520,0 $2.800,0 | $58.185,0 | 207,80%
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Table 4.15 Payback period scenario optimistic 1
Payback Period Optimistic 1

Initial Cost Cost Sa\_/ing Operational Operational -
Investment Savm_g Beneflt_ Cost Cost _ Depresiation =~ Summary
Benefit ~ Accumulative Accumulative
0 $28.000,0 $0,0 $0,0 $0,0 $0,0 $0,0 | -$28.000,0 | -100,00%
1 $0,0 | $9.450,5 $9.450,5 $589,0 $589,0 $2.800,0 | -$21.938,5 | -78,35%
2 $0,0 | $10.083,9 $19.534,4 $628,5 $1.217,5 $2.800,0 | -$12.483,1 | -44,58%
3 $0,0 | $10.759,8 $30.294,2 $670,6 $1.888,1 $2.800,0 | -$2.3938 -8,55%
4 $0,0 | $11.481,0 $41.775,2 $715,5 $2.603,6 $2.800,0 $8.371,6 |  29,90%
5 $0,0 | $12.250,5 $54.025,8 $763,5 $3.367,1 $2.800,0 | $19.858,6 | 70,92%
6 $0,0 | $13.071,6 $67.097,4 $814,7 $4.181,8 $2.800,0 | $32.1156 | 114,70%
7 $0,0 | $13.947,8 $81.045,1 $869,3 $5.051,1 $2.800,0 | $45.194,0 | 161,41%
8 $0,0 | $14.882,6 $95.927,8 $927,6 $5.978,7 $2.800,0 | $59.149,1 | 211,25%
9 $0,0 | $15.880,1 $111.807,9 $989,7 $6.968,4 $2.800,0 | $74.039,5 | 264,43%
10 $0,0 | $16.944,5 $128.752,4 $1.056,1 $8.024,4 $2.800,0 | $89.928,0 | 321,17%
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Table 4.16 Payback period scenario optimistic 2

Payback Period Optimistic 2

In\llgsi;[:ﬁlent Sg\(/)isrfg Coétei(?;ﬂr_]g Ope(r:?);itonal Ope(r:?)"[slto n-al Depresiation | Summary
Benefit ~ Accumulative Accumulative
0 $28.000,0 $0,0 $0,0 $0,0 $0,0 $0,0 | -$28.000,0 | -100,00%
1 $0,0 | $9.450,5 $9.450,5 $626,0 $626,0 $2.800,0 | -$21.9755 | -78,48%
2 $0,0 | $10.717,4 $20.167,9 $709,9 $1.335,9 $2.800,0 | -$11.968,1 | -42,74%
3 $0,0 | $12.154,0 $32.321,9 $805,1 $2.141,0 $2.800,0 -$619,1 -2,21%
4 $0,0 | $13.783,3 $46.105,2 $913,0 $3.054,0 $2.800,0 | $12.251,2 43,75%
5 $0,0 | $15.631,0 $61.736,2 $1.035,4 $4.089,4 $2.800,0 | $26.846,8 95,88%
6 $0,0 | $17.726,3 $79.462,5 $1.174,2 $5.263,6 $2.800,0 | $43.398,9 | 155,00%
7 $0,0 | $20.102,6 $99.565,1 $1.331,6 $6.595,1 $2.800,0 | $62.169,9 | 222,04%
8 $0,0 | $22.797,4 $122.362,4 $1.510,1 $8.105,2 $2.800,0 | $83.457,2 | 298,06%
9 $0,0 | $25.853,4 $148.215,8 $1.712,5 $9.817,7 $2.800,0 | $107.598,1 | 384,28%
10 $0,0 | $29.319,1 $177.534,9 $1.942,1 $11.759,8 $2.800,0 | $134.975,1 | 482,05%
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Figure 4.6 Payback period graph
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From tables and graph above, it can be known that
payback period occur in year 4 in all scenario. Furthermore,
for 10 years life time of homogenizer operation, PT. Pertamina
will gain fuel saving benefit value from installing
homogenizer. Various fuel saving value which gained by MT.
Pangkalan Brandan based five different scenarion are as
follows :

a) Scenario Pessimistic 1 : $47.462,1
in 10 years operation

b) Scenario Pessimistic 2 ; $52.615,9
in 10 years operation

c) Scenario Constant Price : $58.185,0
in 10 years operation

d) Scenario Optimistic 1 ; $89.928,0
in 10 years operation

e) Scenario Optimistic 2 ; $134.975,1

in 10 years operation

4.8. IRR

Internal rate of return (IRR) is the interest rate at
which the net present value of all the cash flows (both positive
and negative) from a project or investment equal zero.

Internal rate of return is used to evaluate the
attractiveness of a project or investment. If the IRR of a new
project exceeds a company’s required rate of return, that
project is desirable. If IRR falls below the required rate of
return, the project should be rejected.

The formula for IRR is:

0= PO + P1/(1+IRR) + P2/(1+IRR)2 + P3/(1+IRR)3 + . . . +Pn/(1+IRR)n
(4-2)

Where PO, P1, .. . Pn equals the cash flows in periods
1, 2, ... n, respectively; and IRR equals the project's internal
rate of return.
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Calculation of IRR can be done by interpolation.
Assumption are taken in IRR calculation by determine the life
operation of homogenizer are 10 years. By determine NPV is 0
in year 10, IRR value than can be obtained. The folowing
formula can be use to find IRR value :

IRR = Lower Discount Rate + [NPV at Lower rate * (Higher Rate - Lower
Rate) / (NPV at Lower Rate - NPV at Higher Rate)]
(4-3)

Below are calculation result table and graph of IRR for
homogenizer instalation in MT. Pangkalan Brandan fuel
systems for 10 years life time operation in five different
scenario :



Table 4.17 Payback period scenario pessimistic 1

Pessimistic 1

Net Present Value Factor Present Value

Cashflow 10% 15% 20%  30% 5% 10% 15% 20%

-$28.000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | -$28.000 | -$28.000 | -$28.000 | -$28.000 | -$28.000
-$21.885 | 0,952 | 0,909 | 0,870 | 0,833 | 0,769 | -$20.843 | -$19.896 | -$19.031 | -$18.238 | -$16.835
-$13.232 | 0,907 | 0,826 | 0,756 | 0,694 | 0,592 | -$12.002 | -$10.935 | -$10.005 -$9.189 -$7.830
-$4.832 | 0,864 | 0,751 | 0,658 | 0,579 | 0,455 -$4.174 -$3.630 -$3.177 -$2.796 -$2.199
$3.321 | 0,823 | 0,683 | 0,572 | 0,482 | 0,350 $2.732 $2.269 $1.899 $1.602 $1.163
$11.236 | 0,784 | 0,621 | 0,497 | 0,402 | 0,269 $8.804 $6.977 $5.586 $4.515 $3.026
$18.919 | 0,746 | 0,564 | 0,432 | 0,335 | 0,207 | $14.117 | $10.679 $8.179 $6.336 $3.919
$26.376 | 0,711 | 0,513 | 0,376 | 0,279 | 0,159 | $18.745 | $13.535 $9.916 $7.361 $4.203
$33.615 | 0,677 | 0,467 | 0,327 | 0,233 | 0,123 | $22.752 | $15.682 | $10.989 $7.818 $4.121
$40.641 | 0,645 | 0,424 | 0,284 | 0,194 | 0,094 | $26.198 | $17.236 | $11.553 $7.877 $3.832
$47.462 | 0,614 | 0,386 | 0,247 | 0,162 | 0,073 | $29.138 | $18.299 | $11.732 $7.665 $3.443

. 15% $57.466 | $22.214 |  -$360 | -$15.049 | -$31.156

O ([© ([0 |N |o [0 [~ W (N (- |O
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Table 4.18 Payback period scenario pessimistic 2

Pessimistic 2
Present Value Factor Present Value

10% 15% 20% @ 30% 5% 10% 15% 20%

Net Cashflow

-$28.000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | -$28.000 | -$28.000 | -$28.000 | -$28.000 | -$28.000
-$21.893 | 0,952 | 0,909 | 0,870 | 0,833 | 0,769 | -$20.851 | -$19.903 | -$19.038 | -$18.245 | -$16.841
-$13.117 | 0,907 | 0,826 | 0,756 | 0,694 | 0,592 | -$11.898 | -$10.841 | -$9.919 | -$9.109 | -$7.762
-$4.470 | 0,864 | 0,751 | 0,658 | 0,579 | 0,455 | -$3.861 | -$3.358 | -$2.939 | -$2.587 | -$2.035
$4.051 | 0,823 | 0,683 | 0,572 | 0,482 | 0,350 $3.333 $2.767 $2.316 $1.954 $1.418
$12.447 | 0,784 | 0,621 | 0,497 | 0,402 | 0,269 $9.752 $7.728 $6.188 $5.002 $3.352
$20.719 | 0,746 | 0,564 | 0,432 | 0,335 | 0,207 | $15.461 | $11.696 $8.958 $6.939 $4.293
$28.871 | 0,711 | 0,513 | 0,376 | 0,279 | 0,159 | $20.518 | $14.815 | $10.854 $8.057 $4.601
$36.903 | 0,677 | 0,467 | 0,327 | 0,233 | 0,123 | $24.977 | $17.216 | $12.064 $8.582 $4.524
$44.817 | 0,645 | 0,424 | 0,284 | 0,194 | 0,094 | $28.890 | $19.007 | $12.740 $8.686 $4.226
$52.616 | 0,614 | 0,386 | 0,247 | 0,162 | 0,073 | $32.302 | $20.286 | $13.006 $8.498 $3.817

IRR 17% $70.623 | $31.412 | $6.230 | -$10.223 | -$28.406

O (O ([0 |N | |01 [~ W (N |- O
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Table 4.19 Payback period scenario constant price

Constant Price
Present Value Factor Present Value

10% 15% 20%  30% 5% 10% 15% 20%

Year Net Cashflow

0 -$28.000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | -$28.000 | -$28.000 | -$28.000 | -$28.000 | -$28.000
1 -$21.902 | 0,952 | 0,909 | 0,870 | 0,833 | 0,769 | -$20.859 | -$19.910 | -$19.045 | -$18.251 | -$16.847
2 -$13.003 | 0,907 | 0,826 | 0,756 | 0,694 | 0,592 | -$11.794 | -$10.746 -$9.832 -$9.030 -$7.694
3 -$4.105 | 0,864 | 0,751 | 0,658 | 0,579 | 0,455 -$3.546 -$3.084 -$2.699 -$2.375 -$1.868
4 $4.794 | 0,823 | 0,683 | 0,572 | 0,482 | 0,350 $3.944 $3.274 $2.741 $2.312 $1.679
5 $13.692 | 0,784 | 0,621 | 0,497 | 0,402 | 0,269 | $10.728 $8.502 $6.808 $5.503 $3.688
6
7
8
9
0

$22.591 | 0,746 | 0,564 | 0,432 | 0,335 | 0,207 | $16.858 | $12.752 $9.767 $7.566 $4.680
$31.489 | 0,711 | 0,513 | 0,376 | 0,279 | 0,159 | $22.379 | $16.159 | $11.838 $8.788 $5.018
$40.388 | 0,677 | 0,467 | 0,327 | 0,233 | 0,123 | $27.336 | $18.841 | $13.203 $9.393 $4.951
$49.286 | 0,645 | 0,424 | 0,284 | 0,194 | 0,094 | $31.771 | $20.902 | $14.010 $9.552 $4.648
$58.185 | 0,614 | 0,386 | 0,247 | 0,162 | 0,073 | $35.721 | $22.433 | $14.382 $9.397 $4.221

IRR 18% $84538 | $41.123 | $13173 | -$5.146 | -$25.525
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Table 4.20 Payback period scenario optimistic 1

Optimistic 1
Present Value Factor Present Value

10% 15% 20% 30% 5% 10% 15% 20%

Year Net Cashflow

0 -$28.000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | -$28.000 | -$28.000 | -$28.000 | -$28.000 | -$28.000
1 -$21.939 | 0,952 | 0,909 | 0,870 | 0,833 | 0,769 | -$20.894 | -$19.944 | -$19.077 | -$18.282 | -$16.876
2 -$12.483 | 0,907 | 0,826 | 0,756 | 0,694 | 0,592 | -$11.322 | -$10.317 -$9.439 -$8.669 -$7.386
3 -$2.394 | 0,864 | 0,751 | 0,658 | 0,579 | 0,455 -$2.068 -$1.799 -$1.574 -$1.385 -$1.090
4 $8.372 | 0,823 | 0,683 | 0,572 | 0,482 | 0,350 $6.887 $5.718 $4.786 $4.037 $2.931
5 $19.859 | 0,784 | 0,621 | 0,497 | 0,402 | 0,269 $15.560 | $12.331 $9.873 $7.981 $5.349
6
7
8
9
0

$32.116 | 0,746 | 0,564 | 0,432 | 0,335 | 0,207 $23.965 | $18.128 | $13.884 | $10.755 $6.654
$45.194 | 0,711 | 0,513 | 0,376 | 0,279 | 0,159 $32.119 | $23.192 | $16.990 | $12.613 $7.202
$59.149 | 0,677 | 0,467 | 0,327 | 0,233 | 0,123 $40.034 | $27.593 | $19.336 | $13.756 $7.251
$74.040 | 0,645 | 0,424 | 0,284 | 0,194 | 0,094 $47.727 | $31.400 | $21.047 | $14.349 $6.982

1 $89.928 | 0,614 | 0,386 | 0247 | 0,162 | 0,073 | $55.208 | $34671 | $22.220 | $14524 | $6.523
IRR 26% $150.216 | $92.974 | $50.056 | $21.679 | -$10.460
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Table 4.21 Payback period scenario optimistic 2

Optimistic 2
Present Value Factor Present Value

10% 15% 20% 30% 5% 10% 15% 20%

Year Net Cashflow

-$28.000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | -$28.000 | -$28.000 | -$28.000 | -$28.000 | -$28.000
-$21.975 | 0,952 | 0,909 | 0,870 | 0,833 | 0,769 | -$20.929 | -$19.978 | -$19.109 | -$18.313 | -$16.904
-$11.968 | 0,907 | 0,826 | 0,756 | 0,694 | 0,592 | -$10.855 -$9.891 -$9.050 -$8.311 -$7.082
-$619 | 0,864 | 0,751 | 0,658 | 0,579 | 0,455 -$535 -$465 -$407 -$358 -$282
$12.251 | 0,823 | 0,683 | 0,572 | 0,482 | 0,350 $10.079 $8.368 $7.005 $5.908 $4.289
$26.847 | 0,784 | 0,621 | 0,497 | 0,402 | 0,269 $21.035 $16.670 | $13.348 | $10.789 $7.231
$43.399 | 0,746 | 0,564 | 0,432 | 0,335 | 0,207 $32.385 $24.498 | $18.763 | $14.534 $8.991
$62.170 | 0,711 | 0,513 | 0,376 | 0,279 | 0,159 $44.183 $31.903 | $23.372 | $17.350 $9.908
$83.457 | 0,677 | 0,467 | 0,327 | 0,233 | 0,123 $56.487 $38.933 | $27.282 | $19.409 | $10.231
$107.598 | 0,645 | 0,424 | 0,284 | 0,194 | 0,094 $69.359 $45.632 | $30.586 | $20.853 | $10.146
$134.975 | 0,614 | 0,386 | 0,247 | 0,162 | 0,073 $82.863 $52.039 | $33.364 | $21.799 $9.791
33% $256.072 | $159.708 | $97.153 | $55.662 $8.320
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IRR Graph
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——Pessimistic2 | $70.623,0 | $61.296,5 | $52.786,1 | $31.412,2 | $6.229,6 |-$10.222,5 |-$28.406,3
~#—Constant Price| $84.538,1 | $74.219,2 | $64.799,8 | $41.123,3 | $13.173,3 | -$5.145,8 |-$25.525,2
=>=Optimistic1 |$159.215,5($143.501,0|$129.142,3| $92.974,1 | $50.055,8 | $21.679,5 | -$10.460,0
== Optimistic 2 | $256.071,8|$233.222,4|$212.339,6|$159.708,5| $97.153,2 | $55.661,6 | $8.319,7

Figure 4.7 IRR graph

49



50

Based on table and graph above, we can see that

IRR result are :

Scenario Pessimistic 1
Scenario Pessimistic 2
Scenario Constant Price
Scenario Optimistic 1
Scenario Optimistic 2

P00 o

IRR 15%
IRR 17%
IRR 18%
IRR 26%
IRR 33%

It can be seen that more high the oil price rise,

more high the IRR value will result.



‘@@@.@@



sz BIRO KLASIFIKASI INDONESIA

SERTIFIKAT KLASIFIKASI MESIN
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Dengan ini diterangkan bahwa instalasi mesin ~ KAPAL TANGKI MINYAK, BAJA

This is 1o certify that the undermentioned machineries of above named
tersebut di atas telah disurvey dalam rangka SURVEY PENERIMAAN KELAS
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pada tanggal 18.03.2015 di SURABAYA oleh Surveyor
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Biro Klasifikasi Indonesia, sesuai dengan ketentuan-ketentuan Peraturan Biro Klasifikasi Indonesia
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Dibangun di ~ JAPAN oleh DAIHATSU DIESEL MFG. COC., LTD. Pada 2012
Built at by in
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* SM
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Issued at Jakarta, on

BIRO KLASIFIKASI INDON
Direktur Klasifikasi
(4 '1:‘15‘5‘{,)‘?{:(:.*!;111 Director

232 52-460-37-84—485-12 Z AN SATRIA LiTAMf}{/
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- PT. PERTAMINA ( PERSERO )

PERTAMINA
DEPARTURE (FULL AWAY) ARRIVAL (8TBY) o |ancal, proel TRUE TOH WE AE
vov [ HOURS orac| YO L eLum | rem |oisra sexo)
PORT MONTH | DATE PORT MONTH | DATE PORT | = RWAY] — NGE Do FO 0o 0o
MINUTE
MERAK 1 7 07 30 95 | 81 | 15891264 183 [ 330 | 7vo28 1050 14,000
SURABAYA 3 9 | 1548 | 474 | 87 1.2 0960 | 21798 | o 4024
SURABAYA 1 14 1200 ns| 32 | 160 | 1568 133 | 2400 867 | 13308
BANYUWANGI 1 5 | zaas | 217 | 542 5.1 o480 | 9284 | 0689 2101
BANYUWANG! 1 w | 0818 70| 20 ] e esz2| a8 | 1am | 2217 | o072 6686
TJ MANGGIS 1 19 | 168 | 157 21 0460 | 3383 | 1010 3732
TJ MANGGES 1 w | 1o 20| 14 | 158 [33s4] 129 | oaeo | 18817 1520
KOTA BARY i N EEE D ED 33 0480 | 107 | 1139 2144
KOTA BARY ) B | 20 574 | 18 | 158 | 7175 128 | ose0 | g7es | 1026 5,400
MERAK 1 = | s | 06 | 126 73 3840 | 32034 | 1574 16,328
i
T o 1 A L 14870 | 105245 | 16582 | 69235
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SYMBOL MARK 2/5
SYMBOL NAME SYMBOL NAME
DTQ I% STOP VALVE _|||_ ORIFICE A SUCTION BELLMOUTH
kb STOP VALVE (SCREW END) ';‘ CAP TYPE SOUNDING HEAD
%D E"] HOSE VALVE ,? SELF CLOSING COCK TYPE E WITH TEST VALVE
DT< E SCREW DOWN STOP AND CHECK VALVE p AIR VENT PIPE Z HEATING COIL
TREE WAY VALVE @ AIR VENT PIPE HEAD (WITHOUT WIRE NET)
SAFETY VALVE ﬁ iESCAPE VALVE @ AIR VENT PIPE HEAD (WITH WIRE NET)

PRESS. REDUCING VALVE

GLASS LEVEL GAUGE FLAT TYPE C/W SELF
CLOSING VIV

GATE (SLUICE) VALVE

MAGNETIC LEVEL GAUGE TYPE

BUTTERFLY VALVE

& W/ SELF CLOSING VIV

CYL. GLASS LEVEL GAUGE ¢ \v/ stopviv

EMRG. SHUT-OFF VALVE (AIR OPERATED)

FLOAT LEVEL GAUGE (ROD TYPE)

DIAGPHRAGMA TYPE WITH JACK
CONTROL VALVE HANDLE FLOAT LEVEL GAUGE (INNER FLOAT TYPE)
SOLENOID VALVE FLOAT LEVEL GAUGE (OUTTER FLOAT TYPE)

WAX TYPE TEMP. CONTROL VALVE

LEVEL INDICATOR

HYDROULIC OPER. PNEUMATIC OPER.
o v PRESS. GAUGE (C) COMPOUND GAUGE
FLOAT CHECK VALVE [W FLAP CHECK VALVE THERMOMETER
FOOTVALVE & SELF CLOSING DRAIN FLOW METER
PRESS. TEMPERATURE LEVEL

SWING CHECK VALVE SWITCH SWITCH @ SWITCH
SCREW ENDED COCK TRANSMITTER
FLANGE ENDED COCK CAPILLARY TUBE

© T TYPE
FLANGE TYPE3WAY COcK & | ¥PE FLEXIBLE TUBE
LockeDcock DK BALLVALVE ELECTRIC CABLE
LOCKED VALVE r® NORMAL OPEN CONTROL AR PIPE

X NORMAL CLOSE

Y TYPE STRAINER

FLOW SWITCH @ MICRO LIMIT SWITCH

OIL TRAY WITH DRAIN PLUG (ABT. 160)

PRESS. INDICATOR

SIMPLEX STRAINER MOTOR ELECT.

DUPLEX STRAINER AIR HORN

MUD BOX ELECT. HEATER WITH TANK

ROSE BOX PUMP (ATTACHED MACHINE)

STEAM OR AIR TRAP GENERAL ABNORMAL ALARM

HAND PUMP PRESS. CONTROL AIR PURGE UNIT
CYL. SIGHT GLASS IEI FLAT SIGHT GLASS TEMPERATURE CONTROL

TEE PIECE (FLANGE END) LEVEL CONTROL

O
DEFI@H@'OEN@W{Q X B K| 8 %?Y%X@X@%X&%%ﬁg%

TEE PIECE (SCREW END)

EMERG. SHUT DOWN

L
T

0 NORMAL OPEN

SPECTACLE FLANGE X NORMAL CLOSE

AUTOMATIC START

HOPPER | |- BLIND FLANGE | BLIND PLATE

AUTOMATIC STOP

J i<

PENETRATION PIECE = —{>— REDUCER

LEVEL ALARM LOW @ LEVEL ALARM HIGH

O

EXPANSION JOINT

ﬁﬁ@ﬁ@@@@ﬁaéﬂ@a@|§§®®@@@@f%#l§€

TEMP. ALARM LOW @ TEMP. ALARM HIGH




TABLE OF MATERIAL

(PIPE, JOINT AND VALVE)

FO. PURIFYING PIPING DIAGRAM

System Pipe Size Pipe Flange, sleevg Valve Press. | Design Press. Test Design Pipe Treatme
(mm) Material Thick. | ©' coupling Body Disk | Standard| Press.| Before| After | Temp. Inside | Outside
& Seat Install | Install
All Valves Attaced to Above 40A Cast Steel SUS or
FO. Tanks Except DB. ; . ; Bronze 5K ; ; ; 45°C ; -
Tk. 40A&Below Bronze | Bronze
. SUS or
o Above 40A Slip on Flange | Cast Iron
HFO. Purifying Suct. STPG 370-9 SCH or Sleeve Bronze 5K 3Bar 1,5x 1,5x 200C WH i
(5H) 40 3Bar 3Bar
40A&Below welded Bronze Bronze
. SUS or
. Above 40A Slip on Flange | Cast Iron
MDO. Purifying Suct. STPG 370-9 SCH or Sleeve Bronze 5K 3Bar 1,5x 1,5x 3 40°C WH i
(5H) 40 3Bar Bar
40A&Below welded Bronze Bronze
e . . SUS or
HFO. Purifying Disc. Above 40A SCH Slip on Flange | Cast Steel Bronze 1 5x 15x3
(5H) With Class STPG 370-5 or Sleeve 5K 3Bar ' ’ 90°C WH -
- " 40 3Bar Bar
Certificate (*) 40A&Below welded Bronze Bronze
. . . SUS or
MDO. Purifying Disc. Above 40A SCH Slip on Flange | Cast Iron Bronze 1 5x 15x3
(5H) With Class STPG 370-5 or Sleeve 5K 3Bar i ’ 45°C WH -
- " 40 3Bar Bar
Certificate (*) 40A&Below welded Bronze Bronze
SCH Sleeve welded
Air vent (9W) ALL STPG 370-F 40 or Slip On - - 5K - - - 45°C Gz Gz
Flange
Above 40A Sg PA-onésE)A Sleeve welded | Cast Iron gt:)izoer Leak
Sludge line (W) ’ - or Slip On 5K - - 60°C WH -
SGP-B 100A Test
40A&Below Flange Bronze Bronze
& Below
ALL - Class Approved Below 15A C1220-T ) Bras_s union with  Bronze ) 30K i i Leak 450C i i
type bite joint Screwed Test
NOTE : 1. WH= Pickling GZ= Galvanizing 3/5

M000272-5131013



STEEL PIPE SCHEDULE

NOMINAL OUTSIDE
DIAMETER | DIA. (MM) THICKNESS (MM)
iy | (ny | STEEL | GRE | oo | STPG. 370 STPG. 370 Rg%'é\'f STPL| GRE
PIPE | 2000M SCH. 40 | SCH. 80 39S | 2000M
PLATE
6| 18| 105
8| | 138 23 2.2 3.0
0] 38| 173 23 23 3.2
15 %] 217 28 28 3.7 28
200 % 272 2.8 2.9 3.9
25 1| 340 27| 32 34 45 3.8
32| 1% 427 35 36 4.9
40| 1%| 486 42| 35 3.7 5.1 3.8
50 2] 605| 53| 3.8 3.9 55 41
65| 23| 763 4.2 5.2 7.0
80 3] 891 82| 42 55 76 41
100| 4| 114.3| 105| 45 6.0 8.6 5.2
125 5| 1398 45 6.6 9.5
150] 6| 1652 159 50 71 11.0 54
200 8| 2163| 209] 58 8.2 12.7 70
250 10| 267.4| 263| 6.6 9.3 15.1 8.6
300] 12| 3185| 314] 6.9 10.3 17.4 45 10.2
350| 14| 355.6| 359 7.9 11.1 19.0 45 11.6
400| 16| 406.4] 407| 7.9 12.7 214 45
450 18| 457.2 45
500] 20| 508.8] 505 7.9 15.1 6.0 16.0
550| 22| 558.8 6.0
600] 26| 609.6 6.0
650| 28| 660.4 6.0
700] 28] 711.2 6.0
750] 30| 762.0 6.0
SEAM L ESS COPPER PIPE SCHEDUL E
NOMINAL | OUTSIDE | THICKNESS | Note .
DIAMETER | DIAMETER (MM) DIAMETER OF CUT PIPE SHOWS
MM) | (N) (MM) 10K | 30K | OUTSIDE DIAMETER
4 : 6 1.0 1.2
8 1.0 1.4
6| 18 10 12 1.6
8 v, 12 12 1.6
0] 3/8 15 1.2 1.6
15 7 20 1.6 2.0
20| 3/4 25 1.8 23
25 1 30 1.8 25
2] 1% 35 23 25
20| 1% 45 23 3.0

4/5



T0 EMERG. D/G MDO. DAY TK.
= = = = = SEE D/N 4116801
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SHIP PARTICULAR

NAME OF SHIP - MT . PALU SIPAT / P-1025
NATIONALITY ' INDONESIA
PORT OF REGISTRY - JAKARTA
OWNER -PERTAMINA
CALL SIGN "YHKS
KIND QOF SHIP - OIL TANKER
LOA ( Length Over All ) 160 M

LPP ( Length Between Perpendiculars ) 154 M
BREADTH MOULDED 126,80 M
DEPTH MOULDED 21150 M
DESIGN DRAFT 07.00 M
SCANTLING DRAFT “07.50M
SERVIVE SPEED - 13.00 KNOTS
DWT - 17.500 TON
GROSS TONNAGE ( GRT ) 213964 TON
NETTONAGE ( NT ) - 4658 TON

MAIN ENGINE

TYPE ‘DE 78 35MC

BHP 6650

RPM 2170

MAKER - MITSHUBISHI INDUSTRY LTD JAPAN
BUILDERS - PT PAL INDONESIA { SURABAYA )
KEEL LAID -SEPTEMBER 12TH, 1997
LAUNCHING JULY 1S TH, 1999

DELIVERY "MARCH 24 TH, 2000

REGISTER CLASS :LLOYD REGISTER & BKI

IMO NO (9106651

TANDA SELAR -13.964 NO.2033 / Ba

FREE BOARD & DEADWEIGHT TABLE

LOAD LINE | GRID(Letter) | FREE B(mm) DRAFT DISPL DWT (mt)
SUMMER (S) 4.515 7.016 24.052 17.945
TROPICAL (T) 4.369 7.162 . =
TROPICAL (TD) 4.208 7.323 - &
FRESH
WATER
FRESH W (D) 4.354 7177 - -
WINTER (1) 4.661 6.870




INTERTANKO’S STANDARD TANKER CHARTERING QUESTIONNAIRE 88 (Q88) Version 3
1. VESSEL DESCRIPTION
1.1 |Date updated: 28 Jul 2015
1.2 |Vessel's name: PALUSIPAT
1.3 |IMO number: 9106651
1.4 |Vessel's previous name(s) and date(s) of change: N/A
1.5 Date delivered: Mar 24, 2000
1.6 |Builder (where built): PT PAL INDONESIA
1.7 Flag: INDONESIA
1.8 |Port of Registry: JAKARTA
1.9 |Call sign: YHKS
1.10 |Vessel's satcom phone number: + 870773908485
Vessel’s fax number: N/A
Vessel's telex number: N/A
Vessel's email address: yhks@amosconnect.com
1.11 |Type of vessel: Oil Tanker
1.12 |Type of hull: Double hull
Classification
1.13 |Classification society: BKI
1.14 |Class notation: + 100 (!) “OIL TANKER ESP” SM
1.15 |[If Classification society changed, name of previous society: N/A
1.16 |[If Classification society changed, date of change: N/A
1.17 |IMO type, if applicable: N/A
1.18 |Does the vessel have ice class? If yes, state what level: NO
1.19 |Date / place of last dry-dock: Belawan | 13 May 2015
1.20 |Date next dry dock due Nov 2017
1.21 |Date of last special survey / next survey due: 13 May 2015 ‘ May 2020
1.22 |Date of last annual survey: May 13 2015
1.23 |[If ship has Condition Assessment Program (CAP), what is the latest overall N/A
rating:
1.24 |Does the vessel have a statement of compliance issued under the provisions N/A
of the Condition Assessment Scheme (CAS): If yes, what is the expiry date?
Dimensions
1.25 |Length Over All (LOA): 160.00 Meters
1.26 |Length Between Perpendiculars (LBP): 154.59 Meters
1.27 |Extreme breadth (Beam): 26.80 Meters
1.28 |Molded depth: 11.50 Meters
1.29 |Keel to Masthead (KTM) / KTM in collapsed condition (if applicable): 43.1 Meters N/A
1.30 |Bow to Center Manifold (BCM) / Stern to Center Manifold (SCM): 76.5 Meters 51 Meters
1.31 |Distance bridge front to center of manifold: 51 Meters
1.32 |Parallel body distances: Lightship Normal Ballast Summer Dwt
Forward to mid-point manifold: 48 Meters 50 Meters Meters
Aft to mid-point manifold: 46.25 Meters 48.25 Meters Meters
Parallel body length: 92.5 Meters 97.5 Meters Meters
1.33 |FWA at summer draft / TPC immersion at summer draft: Millimeters MetricTons
1.34 |What is the max height of mast above waterline (air draft) Full Mast Collapsed Mast
Lightship: 41.23 Meters N/A
Normal ballast: 36.23 Meters N/A
At loaded summer deadweight: 36.11 Meters N/A
Tonnages
1.35 |[Net Tonnage: 14517 T
1.36 |Gross Tonnage / Reduced Gross Tonnage (if applicable): 13964 T
1.37 |Suez Canal Tonnage - Gross (SCGT) / Net (SCNT): N/A N/A




1.38 |Panama Canal Net Tonnage (PCNT): N/A

Loadline Information

1.39 |Loadline Freeboard Draft Deadweight Displacement
Summer: 4.515 Meters 6.985 Meters 17945 MT MT
Winter: 4.661 Meters 6.839 Meters 17482 MT MT
Tropical: 4.369 Meters 7.131 Meters 18518 MT MT
Lightship: 9.63 Meters 1.87 Meters MT
Normal Ballast Condition: 6.5 Meters 5 Meters 10212 MT MT

1.40 |Does vessel have multiple SDWT? N/A

1.41 |If yes, what is the maximum assigned deadweight? N/A

Ownership and Operation

1.42

Registered owner - Full style:

PT. PERTAMINA ( PERSERO )
JI. Medan Merdeka Timur No. | A Jakarta Pusat.

1.43

Technical operator - Full style:

Shipping — Marketing Directorate

PT.PERTAMINA ( PERSERO )

JIl.Yos Sudarso No.32-34, Tanjung Priok Jakarta

14320 — Indonesia

Phone : +62 21 4301086

1.44

Commercial operator - Full style:

Shipping — Marketing Directorate

PT.PERTAMINA ( PERSERO )

JIl.Yos Sudarso No.32-34, Tanjung Priok Jakarta

14320 — Indonesia

Phone : +62 21 4301086

1.45

Disponent owner - Full style:

Shipping — Marketing Directorate

PT.PERTAMINA ( PERSERO )

JIl.Yos Sudarso No.32-34, Tanjung Priok Jakarta

14320 — Indonesia

Phone : +62 21 4301086

2. CERTIFICATION Issued Last Annual Expires
or Intermediate

2.1 |Safety Equipment Certificate: May 20, 2015 May 12, 2016

2.2 |Safety Radio Certificate: May 20, 2015 May 12, 2016

2.3 |Safety Construction Certificate: May 20, 2015 May 12, 2016

2.4 |Load line Certificate: May 19, 2015 Oct 18, 2015

25 International Oil Pollution Prevention Certificate Apr 8, 2013 20 May 2015 Mar 21, 2016
(IOPPC):

2.6 |Safety Management Certificate (SMC): Jun 6, 2014 Feb 17, 2019

2.7 |Document of Compliance (DOC): Mar 4, 2013 23 Dec 2014 Dec 02, 2017

2.8 |USCG (specify: COC, LOC or COIl): N/A

2.9 |Civil Liability for oil polution Damage Certificate (CLC): Feb 20, 2015 Feb 20, 2016

2.10 |Civil Liability for Bunker Oil Pollution Damage Feb 20, 2015 Feb 20, 2016
Convention Certificate (CLBC):

2.11 |U.S. Certificate of Financial Responsibility (COFR): N/A

2.12 |Certificate of Fitness (Chemicals): N/A

2.13 |Certificate of Fitness (Gas): N/A

2.14 |Certificate of Class: May 19, 2015 Oct 18, 2015

2.15 |International Ship Security Certificate (ISSC): Sep 26, 2013 Sep 25, 2018

2.16 |International Sewage Pollution Prevention Certificate Jun 11, 2015 Jun 10, 2018
(ISPPC)

2.17 |International Air Pollution Prevention Certificate (IAPP): Jun 29, 2015 Jun 10, 2018

Documentation

2.18 |Does vessel have all updated publications as listed in the Vessel Inspection Yes
Questionnaire, Chapter 2- Question 2.24, as applicable:
2.19 |Owner warrant that vessel is member of ITOPF and will remain so for the Yes

entire duration of this voyage/contract:




s« BIRO KLASIFIKASI INDONESIA

SERTIFIKAT KLASIFIKASI MESIN

CERTIFICATE OF CLASSIFICATION FOR MACHINERY

CMS

1964

No. 019596 No. Register 07123

PALU SIPAT/PERTAMINA-1025 No Mo Jroeest

Dengan ini diterangkan bahwa instalasi mesin ~ KAPAL TANGKI MINYAK, BAJA
This is to certify that the undermentioned machineries of above named

tersebut di atas telah disurvey dalam rangka SURVEY PEMBARUAN KELAS

ship has been surveyed for

pada tanggal  08.03.2015 s/d 18.05.2015 di BELAWAN oleh Surveyor

on al

Biro Klasifikasi Indonesia. sesuai dengan ketentuan-ketentuan Peraturan Biro Klasifikasi Indonesia
to the Biro Klasifikasi Indonesia, in compliance with the requirements of the Rules of Biro Klasifikasi Indonesia

. MESIN UTAMA (Jumlah. merek dan tipe)
Main Engine { Number, license and type )

1 (satu) buah Mesin Diesel MITSUI-MAN B & W, 7835 MC, 4 Tak Kerja Tunggal

by Surveyors

Tenaga efektif 6650 HP pada putaran 170 Rpm
Effective power al rpm
Dibangun di JAPAN oleh MITSUI ENGINEERING & Pada 1997
Built at by SHIPBUILDING CO.LTD in
Nomor mesin -~ 3662
No.

2. MESIN BANTU (Jumlah, merek. tipe dan daya)
Auxiliary Engine ( Number, license, type and power )
3 {tiga) buah DAIHATSU, 6 DK-20, 3 x 960 HP
Dibangun di ~ JAPAN oleh DATHATSU DIESEL ENGINE CO., LTD. Pada 1997

Builr at by in

Instalasi mesin tersebut akan didaftar dalam Register dengan karakter kelas
The machineries will be entered in the Register with the character

* SM

dan dinyatakan berlaku sampai Survey Pembaruan Kelas pada tanggal
and will remain valid until Class Renewal Survey on

08 MARET 2020

dengan syarat bahwa survey yang ditentukan dalam Peraturan BKI untuk dapat mempertahankan kelas dipenuhi
provided that survey as required by the BKI Rules for maintenance of the class are fulfilled,
Poros baling-baling : Periode survey 5 (lima) Tahun Survey terakhir 11 MEI 2015

Propeller shaft ; Periodicity of survey Last survey

Dikeluarkan di Jakarta, tanggal 14 AGUSTUS 2015

Issued at Jakarta, on

BIRO KLASIFIKASI INDONESIA

Direktur Klasifikasi
(& /m‘s{ﬁccrrion Dire

13135-435-21-90~-158-13 AN SATRIA UTAMA
F31.1.05-2013/Rev.0 0 5 4 0 7 6



£ . foal | 1
sl /; ,'-’{I-’f 4 ‘ bs 1‘
PT. PERTAMINA ( PERSERO ) p— 1
DIT . PEMASARAN & NIAGA PERKAPALAN l
MT. PALUSIPAT PERTAMINA
KEPADA YTH :

Bpk. BUDI UTOMO
Owner Superintendent
Di Jakarta

Dengan hormat,
Bersama ini kami lampirkan dokumen laporan bulanan MT. PALU SIPAT yang terdiri dari :
1. Running Hours Main Engine

Daily Work Record

Running Hours Auxiliary Engine
Daily Work Aux Engine
Chemical Consumption
Condition All Pump & Purifier
LO Consumption Report
Engine Log

Abstrack Log
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(650 kW ACG x 900 min-1

SPECIFICATIONS
FOR
MAIN DIESEL GENERATOR ENGINE

3 sets/ship)

OWNER :Pertamina

17,500DWT WHITE PRODUCT TANKER
SHIPYARD :PT.PAL-INDONESIA

DAIHATSU DIESEL MFG.CO.,LTD.

TECHNICAL DEPARTMENT
OSAKA JAPAN

HULL NO.

M000271/272

DRAWN BY

7 G A

ENG. MODEL

6DK-20e

LIST NO.

AQA10012765F

CHECKED BY

DATE

Aug. 27, 2010

APPROVED BY

REVISION

2,4,56,8,10,12 Sep.14,2010 M.Ochi
6,7,8 Feb.7,2011 M.Ochi

8,14 Mar.20,2011 E.Matsuda

B. P.1,

C.P.3,

D.P.3,5 Mar.4,2011 M.Ochi
E.P.1

F. P.5

,6,9 Sep.15,2011 M.Ochi
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1. GENERAL
1.1 Rules and Regulations

The diesel geherator engine will be complied with the requirements of the following rules and
regulations of the latest issue.

1) Classification................. NK

2)Compliance for Engine Air Pollution Prevention with Marpol, AnnexVL,Regulation 13
Statement of Compliance issued by classification society should be submitted.

3) Japanese industrial standard............. JIS '

4) Miscellaneous
The other not specifically mentioned in this specifications will be manufactured on the
basis of manufacturer's quality control standard.

5) Flag...oiieiieiiii i Unknown

1.2 Conditions

Machinery ... ambient temp. +5 to 45°C
cooling sea water temp. 32°C
relative humidity 60 %
barometric press. 100kPa

General power source ......................... AC 440V, 60 Hz,3-phase

Control power source ...........ccoeveeinnnns AC 220V, 60 Hz,1-phase and DC24 V
Starting air source ..., 3.0 MPa

Control air source ........coovviviviiiiinnnn, 0.6 - 0.9 MPa

Heating steam source.......................... 0.7 MPa saturated, working

1.3 Installations

Diesel engine will be rigidly coupled to the generator as maker’'s standard and placed
together on the common bed.
Diesel generator set should be rigid-installed onto the hull structure.

1.4 Pipe connection flanges
Pipe connection flanges which are connected to the shipyard's piping will be provided in
accordance with JIS.
JIS counter-flanges will be supplied by Daihatsu.
1.5 Name and caution plates
Name plates are written in English.

Caution plates are written in English.
Unit is the S| system.

ie., pressure unit is Bar and temperature unitis °C B
1.6 Painting
Generator engine and accessories......... Munsell 7.5BG7/2
Exhaust manifold cover......................... Aluminum heat resisting paint
Control panel ..........coooeiiiiiiir e Munsell 7.5BG7/2
1.7 Plans

Approval plan..... 8 copies
Working plan...... 8 copies
Final plan............. 8 copies of final drawings, CD 1 copy instruction manuals and test report
Statement of Compliance, for each ship :
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1.8 Fuel oil

Marine Diesel Oil, equivalent to ISO 8217 F-DMA or DMB (HFRR should be below 460 u m)
1.9 Notes for Fuel oil pre-treatment

1) Upon deep deliberation with separator maker, the best centrifugal separation system
should be applied.
2) Recommended fuel properties before engine
Aluminum content : < 10 mg/kg
Water content : < 0.2 % by volume
Sodium content  : < 50 mg/kg

1.10 Fuel oil when engine starting, stopping and normal condition

Engine starting and stopping............. MDO
Normal operation .................icccevvnns MDO

1.11 Notices for operation

The engine, together with proper external system arrangements, can be operated on the
above-mentioned fuel, still:

- fuel oil viscosity at the inlet port of engine should be kept to 14+1.5mm?s(cSt) in any case.
- viscosity of MDO at the inlet port of engine = 2.0 mm?/s (cSt)

- recommendable continuous low load =20% (130kW Gen. output)

- No load operation before stopping is proper to as short as possible, less than 5 min.

1.12 Recommended lubricating oil

System oil  .............. APl service grade CD SAE30 TBN10 to 15
Governor oil  ............ same as system oil SAE30
Supplier Oil brand
BP BP ENERGOL DL-MP30
CASTROL MLC30
CHEVRON DELO 1000 Marine Oil SAE30
TEXACO TARO XD SAE30
EXXON MOBIL EXXMAR 12TP30 or MOBIL GARD312
GULF GULF VERITAS DPO30
PETROBRAS MARBRAX CCD310
SHELL GADINIA 30
TOTAL,FINA RUBIA S SAE30 OR DISOLA M3015
PERTAMINA OIL. : SALLYX415,SAE-40,TBN15-20 c.,D

1.13 Fluid holdings in engine

Lubricating oil .... LO cooler 22 lit. + LO tank 1350 lit. = initial filling quantity about 1377Iit.
(engine in running condition 86 lit.)

Governor oil....... 1.3 lit.
Jacket CW......... engine 85 lit.
CoolerCW......... air cooler 23 lit. + LO cooler 11 lit.
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2. PRINCIPAL PARTICULARS

2.1 Type of ENgine......ccoeovvvvveeeann vertical in-line 4-stroke single-acting non-reversible
direct injection trunk piston type
with exhaust turbocharger and air cooler

2.2 Type of Generator...................... synchronous self-exciting brushless,
bracket type self-lubricating two(2) sleeve bearings
Supplier: DAIHATSU

Maker: TAIYO ELECTRIC CO.,LTD. B
2.3 Direction of rotation.................... clockwise as viewed from generator end
24 Control ...ocooviiiiiiiii i, manual start/stop :remote and engine-side

automatic start :managed by MSB
automatic stop :caused by engine emergency shutdown
synchronization :manual/auto on MSB and engine-side

2.5 Engine starting method............... compressed air start

2.6 Engine cooling system................ Jacket / Fresh water Cooler / Fresh water 36°C B
2.7 Location of Turbocharger............ opposite side to generator

2.8 Camshaft..........co.coooviii built-up type

2.9 Diesel generator data

Engine model 6DK-20e
Quantity of cylinders 6
Cylinder bore x Piston stroke 200 mm x 300 mm
Engine rated output 710 KW
Engine speed 900 min”’
Mean effective pressure 1.67 MPa
Mean piston speed 9.0 m/s
_ Maximum pressure ' =17.7 MPa
Overload capacity 110% for an hour every 12 hours
Lube oil consumption 0.89/kWh (estimate at full load)
Fuel oil consumption *1) *2) 201g/kWh +5% with pumps
Generator capacity 812.5 kVA
Generator rated output 650 kW
Power factor 0.8 lagging
No. of poles 8
Voltage Phase Frequency AC 450V 3-phase 60 Hz
Insulation Class F
Quantity of DG set three(3) sets/ship
Parallel running Fellow D/Gs

*1)Fuel oil consumption is based on the engine output (kW) at crankshaft-end using fuel lower
calorie of 42700kJ/kg, under 100% generator load, on condition that the engine drives each one
(1) of LO pump and CW pump.

*2)Fuel oil consumption is based on IMO Tier 2 limitation of MARPOL 73/78 ANNEX VI
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TEST RECORDS OF THE DIESEL ENGINE

AT SHOP TRIAL
T4 — IV EERIES

SHIPYARD MESSRS. PT.PAL INDONESIA(PERSERO)
= ffr BT SNO. M000272
ENGINE TYPE :
T W 6DK-20e
ENGINE NO. :
BEES: DK620E0073 , DK620E0074 , DK620E0075
DATE OF MFG.:
& & £ A Jan. — 2012
RECORDS OF SHOP TRIAL
B2 OB
RUNNING TEST
24 - Jan. - 2012 B L B’ E
OVERHAUL INSPECTION
24 - Jan. - 2012 7 & 5 '
DAIHATSU DIESEL MFG. CO., LTD. APPROVED BY: /5\ / /],@ZQ%T o
MORIYAMA FACTORY, SHIGA i
QUALITY CONTROL DEPT. APPROVED BYﬂ;*’m 7 I%WMMf
JUDGMENT ,

#ooOE

% : ’ CHECKED BY: {0 - (I"’(;x/’f




P.2

SPECIFICATIONS I ZEH
DIESEL ENGINE T4—E LI
Engine model & type HRES A%, A=K ;%gﬁﬁj;;e;in;{»—ﬁwﬁﬁg 6DK-20e
Engine No. FEEEZ= \ DK620E0073 , DK620E0074 , DK620E0075
Rated output & speed  ERHIROEEHE, 710 kW ( 966 ) PS, 900 min*
No of cylinder,Bore & Stroke V& —%k, B, 1712 6 . 200 mm . 300 mm
A. C. GENERATORS RiRHE [ Purchase A ]
Manufacture RUERT Taiyo Electric Co.,Ltd made
Output, Cycle HJ7, JBsE%k 8125 KVA ( 650 ) kW 60 Hz
Voltage, Current & P.F, EIE, BR, L 450 AVARN 1042 A, 80 %
ACCESSORY T8 & &%
Mfg. BUVERR Type Bz Spec. AR No.1 No.2 No.3
Turbo—charger _ CV33CT65CALT . . .
B i i THI TPS48-F33 TVOITT16TATO Xi302976 | Xi302977 | Xi302978
Air cooler _ _
Fa L Yy B DDK DH-48HZ-1 ZA87h1 | ZA8T52 | Z48753
Governor _ Design No. 105856-5580
g | DOSCH RHD6-MC Serial No. 11115003] 11115004 11116002]
SURVEYOR’ S MARK S
No.l Eng. No.2 Eng. No.3 Eng.
¥ 78B112D Wi 78B112D fYK 78B112D
Diesel engine  |(&NO.DK620E0073|(£)NO.DK620E0074|(E)NO.DK620E0075
F o —VP LR 24-1-12 24-1-12 924-1-12
MK 822 NG\ K 822 NG fJK 82 NG
A.C. Generator | M.NO.285265 M.NO.285266 M.NO.285267
A B 22-12-11 99-12-11 22-12-11
VALVE ADJUSTMENTS RBEEHR
Open (before T.D.C) Degree Top clearance
Bl (LFEAED B 60 ERR TR 7.5 mm
Intake valve Close (after B.D.C) Degree
W & OF B (TRER®%) B 35 Injection pressure 29.4 MPa
Clearance ] mm 0.31 ARSI 300 kg/cm?
Open (before B.D.C) Degree Fuel pump Type _
Bl (FIEAGH) 1 5 g7 | R 104257-3060
Exhaust valve Close (after T.D.C) Degree Nozzle Type
H & fp BA (LBEAUE) = 50 YTy sk DLL137TE2810N5
Clearance ] mm 0.31 Firi 1-5-3-6-2-4
iring order
Fuel injection timing (before T.D.C) Degree 9 = KNERF
BARLR g & ih (RSB AR i
Open (before T.D.C) Degree 4 Direction of K .
Starting valve B (34D (\’/ri:fvtégnﬁ%mﬁ;’; ﬂxﬁggg Clock wise
FoEh Close (after T.D.C) Degree 5 (95 07k \ RFRE 27 TA)
Fi B (LFE ) & 130 55 18 (7 FABA A DS 70)




P.3
TYPE : 6DK~20e

LOAD RUNNING TEST Date of test:  %24-1-2012 No.1 ENG, ENG.NO. : DK620E0073
* E3 E3 * 3
Kind of load y | Stendocdat
25 50 75 100 100 110
Time of recording owsan  — | 9001 9-40 | 10-00 | 10-30 | 11-00| 11-20
Runnning test time min 20 20 20 30 30 20
Generator output kW 163 325 488 650 650 715
Fuel consumption %% | kg/h 525 773 107.2 | 1388 | 1388 | 1529
(be based on Gen.output ) #* |g/kWh 3230 | 237.9 | 2198 | 2135 | 2135 | 2138
(be based on Eng.output ) #% |g/kWh| = 201 +5%| 293.9 | 224.8 | 209.9 | 2045 | 2045 | 204.8
Gen.efficiency at P.F.=1.0 91.0 94.5 95.5 95.8 95.8 95.8
Fuel pump rack reading 11.0 15.0 18.0 210 210 230
Cooling water pressure MPa |For referencel .23 0.23 0.23 0.23 0.23 0.23
Lub. oil Bearing MPa {0.4 ~0.55] 0.54 0.52 0.50 0.50 0.50 0.50
pressure Turbo-charger MPa | 02~05| 048 | 045 | 043 | 042 | 042 | 041
Boost air pressure MPa 0.032 | 0.089 | 0.149 | 0.219 | 0.219 | 0.248
Fuel oilpressure MPa |For reference| .46 0.45 0.44 0.44 0.44 043
Inlet C 35 56 60 62 63 63
Lub. oil Oil cooler
temperature Outlet C 14 24 35 36 37 38
Engine inlet T 37 54 55 55 55 55
Cooling Inlet T 50 66 67 68 68 69
water Engine
temperature Outlet C 54 68 70 71 71 71
1 C 265 270 280 300 300 310
2 c 265 270 280 300 300 310
3 T . 265 275 290 320 325 335
Cylinderhead outlet legigf,;ce
Exhaust gas 4 T 265 275 290 310 310 325
temperature 5| C 260 | 275 | 205 | 320 | 320 | 330
6 C 255 275 300 320 320 330
Turbo—charger inlet °C 325 370 400 420 420 435
Turbo—charger outlet T 280 300 300 290 290 300
Fuel oil temperature °C |For reference] 16 17 18 19 19 20
Boost air temperature C 45 ~ 55 20 27 35 46 46 51
1 | MPa 6.1 8.1 10.2 12.1 121 12.9
2 | MPa 6.0 8.0 10.0 12.1 121 12.9
3| MPa | o e 6.0 8.0 10.0 12.0 12.0 12.9
Maximum combustion pressure <403
4 | MPa | T~ 6.0 8.0 10.1 12.1 121 13.0
5 | MPa 59 8.0 10.0 12.1 12.1 12.9
6 | MPa 5.9 7.9 10.0 12.0 12.0 12.9
Coupling side| °C 22 29 33 34 36 38
Generator bearing temperature
Otherside | °C 25 30 33 33 34 35
Other Data
Air temp. at Turbo—charger inlet C 13 13 14 15 16 16
Room temperature C 9 10 11 12 12 12
F.O. temp. of F.O.flowmeter inlet T 11 12 12 13 13 13
C.W. temp. of Air cooler inlet C 12 13 14 17 17 18
Humidity % 68 66 64 59 59 57
Atmospheric pressure hPa 998 998 997 997 997 996

* [nspected by DAIHATSU

**Corrected value with Low heating value 42.7 MJ/kg , Accordance with ISO
Fuel consumption { be based on Eng.output ) = Fuel consumption ( be based on Gen.output ) X Gen.efficiency
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No.1 ENG.

P.4
TYPE : 6DK-20e

ENG.NO. : DK620E0073

*Crank—shaft Deflection
Cold condition (Standard +3.0~—3.0)

Date of test ;

(Gen.side«—Eng.side)

*19-1-2012
UNIT: 1/100mm

1 2 3 4 5 6
A 0.0 0.0 0.0 0.0 0.0 0.0 View from the fly-wheel
B +0 +0 +0 +0 =0 +0 A 3.3 B
C +1.0 +0.2 0.0 +0.5 +0.5 +0.2
D +2.5 0.0 -0.5 0.0 +0.8 +0.5 E C
E +1.5 -0.2 0.0 +0.5 +05 | +0.2
Hot condition ( crank—arm temperature 66  °C ) D(Top)
1 2 3 4 5 6 Dial gauge reading
A 0.0 [ \
B =+0 +0 +0 =0 + =0 ()
C -2.0
D -5.0 -l l
E -2.0 -
*Temperature after continuous operation (°C) Date of test ;  ¥20-1-2012
Diesel Engine
No. 1 2 3 4 5 6 7
Main bearing 63 65 67 67 67 66 63
Crank pin bearing 64 65 65 65 64 64 -
Lub. oil 64
*Engine starting test Date of test ;  *%23—-1-2012
Air receiver capacity Time Pressure Time Pressure Time Pressure
100 L, 1 2.45 8 1.25 15
Initial pressure 2 2.15 9 1.15 16
2.45 MPa 3 2.00 10 1.00 17
Room temperature 4 1.80 11 0.95 18
9°C 5 1.65 12 0.85 19
6 1.50 13 x0.70 Standard
7 1.35 14 =6 =1.18 ]
*Protecting Device test Date of test ;  *23-1-2012
(1008~1035 )
RO ot i SR
min
(0.20+0.01)
o G| 020
MPa
CWt , (90+%)
W. temp. ris
(sfopI; ° 90
C

Fuel oil  ; Exxon mobil oil "A”

Density ; 0.8439  g/cm’at 15°C
Low heating value ; 4280 MJ/kg
Lub. oil ; MARINE T103

Power factor; 100%
Drawing ; T.NAKAGAWA

Checked T.FUJIMOTO




P.5
TYPE ; 6DK~20e

LOAD RUNNING TEST Date of test:  *24-1-2012 No.2 ENG, ENG.NO. : DK620E0074
" Standard * * E3 E3 E 3 B3
Kind of load LI sy
25 50 75 100 100 110
Time of recording owinn  — |00~ 9-40 | 10-00 | 10-30| 11-00| 11-20
Runnning test time min 20 20 20 30 30 20
Generator output kw 163 325 488 650 650 715
Fuel consumption **% | kg/h 52.6 776 107.1 139.1 139.1 153.2
(be based on Gen.output ) % |g/kWh 3236 | 2387 | 219.7 | 2140 | 2140 | 2143
(be based on Eng.output ) #% |g/kWh| = 201 +5%| 294.5 | 2256 | 209.8 | 2050 | 205.0 | 205.3
Gen.efficiency at P.F.=1.0 91.0 945 95.5 95.8 95.8 95.8
Fuel pump rack reading 115 15.0 185 215 215 22.5
Cooling water pressure MPa |For reference; 0.25 0.25 0.25 0.25 0.25 0.25
Lub. oil Bearing MPa | 0.4 ~ 0.55| 0.54 0.52 0.51 0.50 0.50 0.50
pressure Turbo-charger MPa [0.2~05| 048 | 044 | 042 | 040 | 040 | 040
Boost air pressure MPa 0.030 | 0.089 | 0.151 | 0.220 | 0.220 | 0.248
Fuel oilpressure MPa |For reference| 0.46 0.45 0.45 043 0.43 0.42
Inlet C 33 56 60 62 62 62
Lub. oil Oil cooler
X ' Outlet C 13 25 36 37 38 38
emperature
Engine inlet T 34 54 54 54 54 54
Cooling Inlet C 48 68 68 68 68 69
water Engine
temperature Outlet C 51 70 70 70 70 ra
1 T 270 275 280 295 300 310
2 T 275 275 290 315 315 325
3 T Difference 255 275 290 315 315 330
Cylinderhead outlet <10%
Exhaust gas 4 C 275 285 295 315 315 330
temperature 5 C 260 280 300 320 320 335
6 T 260 285 300 315 315 330
Turbo—charger inlet T 320 365 390 420 420 440
Turbo—charger outlet T 270 300 295 290 290 295
Fuel oil temperature °C  |For reference; 17 19 20 21 22 22
Boost air temperature C 45 ~ 55 17 25 34 45 45 49
1 | MPa 6.0 8.0 10.1 12.0 12.0