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ABSTRACT

Water Ballast is the sea water intentionally incorporated into the ship that has a
function to keep the stability of the ship. Ballast water systems has a function to be
able to stable the ship position in steady state or trim condition. Sea water that
used as ballast contains a variety of organism such as bacteria, viruses, and various
larvae of animals and marine plants. Although most organism can not survive
when ballast water discharged from vessel, other organism may can survive and
adapt in new habitat. Survivable organism can cause ecological, economic, and
public health problems when these new species survive and become major species
in the new environtment.In Marine Environment Protection Committee (MEPC)
71th discussed about the implementation of the International Convention for the
Control and Management of Ships' Ballast Water and Sediments (BWM
Convention), 2004, which will enter into force on 8 September 2017. As one of
countries that ratified the BWM convention, all ship operator in Indonesia must
prepare themself to comprises with of this convention. This thesis purposes is to
create a design of a ballast water treatment plant using electrolysis method which
will be implemented on the ship. To design a ballast water treatment plant, several
consideration need to be calculated and determined to achieve the most cost-
efficient and performance-efficient. After selecting the fitted ballast water
treatment, it followed by redesign of ballast water system, then the system can be
operated perfectly. Based on the results of this final project. The installation cost of
techcross ballast water treatment around $ 203.597, within 20 weeks service
schedule.

Keywords: Electrolysis, Ballast Water Treatment system, Installation
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ABSTRAK

Air ballast adalah air laut yang sengaja dimasukkan ke dalam kapal untuk menjaga
fungsi stabilitas kapal. Fungsi air ballast adalah menjaga agar posisi kapal tetap
dalam kondisi trim.Air balllast yang digunakan mengandung berbagai macam
organisme seperti bakteri, virus, berbagai macam larva binatang dan tumbuhan
laut. Meskipun hampir semua organisme tidak dapat bertahan hidup ketika air
ballast dipompa keluar dari kapal. Organisme yang masih bertahan hidup dapat
menyebabkan masalah ekologikal, masalah ekonomikal, dan masalah kesehatan
publik ketika spesies ini menjadi spesies mayor di lingkungan yang baru. Di dalam
marine environtment protection committee (MEPC) yang ke-71 mendiskusikan
tentang implementasi dari International Convention for the Control and
Management of Ships' Ballast Water and Sediments (BWM Convention), 2004,
yang akan diimplementasikan pada tanggal 8 september 2017. Sebagai salah satu
negara yang meratifikasi konvensi BWM, semua operator kapal di indonesia wajib
mempersiapkan diri untuk menghadapi konvensi ini. Tugas akhir ini bertujuan
untuk merancang perawatan air ballast pada kapal dengan menggunakan metode
elektrolisis. Beberapa syarat perlu diperhitungkan serta ditentukan untuk mencapai
efisiensi yang maksimal baik secara biaya maupun performa. Setelah memilih
elektrolisis air ballast treatment, dilanjutkan dengan mendesain ulang air ballast
sistem sehingga dapat berfungsi sempurna. Berdasarkan hasil dari tugas akhir ini,
didapatkan harga instalasi perawatan air balllast merk techcross memerlukan
biaya sekitar $ 203..597, dengan penjadwalan 20 minggu.

Kata kunci: Elektrolisis, Perawatan sistem air ballast, Instalasi

Xili



Xiv

“This Page Intentionally Left Blank”



PREFACE

All praise the authors say into the presence of God Almighty, who has provided his
grace so that the author can complete this thesis. This thesis is supposed to fulfill
the Bachelor Thesis course at authors study and also be hoped that authors gain
more information regarding this thesis in the future.

The authors would like to say thanks for those who helped the author in the
making of the thesis.

1.

w

10.
11.

Author’s beloved parents and sister, who always give prayer and support to
the author.

Dr.Eng, M. Badrus Zaman, S.T., M.T,, as Chairman of the Department of
Marine Engineering Department, Faculty of Marine Technology ITS.

Ir. Hari Prastowo as the supervisor in the process of making this thesis.

Dr. Eng. TrikaPitana, ST., M.Sc. as the supervisor in the process of making
this thesis.

Indra Ranu Kusuma, ST., M.Sc. as a lecture advisor since first semester until
last semester who giving a lot of advice.

Vania Maya C. who always support the author in good or bad condition
Alvis Mu’afa R. And Rivaldi C. T. as the author team in on the job training
who supports along in the process of writing this thesis

Nicholas Panoguan for the giving any data and support along the process
of writing this bachelor thesis

Reinhart Yosafat, Titus Kurniawan, and Himawan Abrarri as author friend in
"kontrakan Team” who helped the author since first semester.

All of MOM Lab members who always there in bitter and sweet conditions.
Fellow friends of Double Degree in Marine Engineering batch 2014 who
were struggling together for four years.

The author concerns in the imperfections of this thesis. Therefore, any criticisms
and suggestions that are built from the reader will be expected. The author hopes
this thesis provides benefits primarily for readers and additional for the author in
the process of teaching and learning.

Surabaya, July 2018

Author

XV



XVi

“This Page Intentionally Left Blank”



TABLE OF CONTENTS

DECLARATION OF HONOR ...ttt tisseeteeisse s st sssse s s sssse s sssss s sesssssssessnns iX
ABSTRACT ..ottt ss bbb bbbt Xi
ABSTRAK ..ottt bbb bbb st Xiii
PREFACE ...ttt bbb b b bbb XV
TABLE OF CONTENTS......otitmtitetimeeireeiiesieesssesssesssse i s s ssse s ssesssse s sssessesessnes Xvii
LIST OF FIGURES ...ttt st XXi
LIST OF TABLES...... oottt XXili
CHAPTER | INTRODUCTION ....ccotiirieeeiineiireeisseeeseeesseesseesssesssessssesssessssesssessssesssessssessssssssesssessansens 1
1.1, Background OVEIVIEW ...t ssssisessse s ssssssesssesssesasssseses 1
1.2, ReSEArch ProbIems ... een 4
1.3, ReSEArch LIMItatioNs ...ttt ees 4
14, RESEAICH ODJECHIVES ...ttt sssnsen 4
1.5, DEIIVEIADIE ..ot 5
1.6, RESEAICH BENETILS ...ouieeiceeeicicie it 5
CHAPTER 1l LITERATURE STUDY......vtvtiniieinseeieeiseeiesisesisessssesssessssesssessssssssessssssssesssssssnessasseos 7
2.1, ProbIEmM OVEIVIEW........cuueiieeeeieciieiireeisecieeisse e sssse e ssss e 7
2.2, BallasSt WAter ...ttt 9
2.3.  Ballast Water CONVENTION ...t esse e 10
2.4.  Ballast Water TreatmeNt ...t 11
2.5.  Consideration of Selecting the Ballast Water Treatment System................. 12
2.6.  Electrolysis Ballast Water Treatment........coccveenernecenecneceneeecierenieeserenseenes 13
2.7, FURUIE ValUE ..o 16
CHAPTER Il METHODOLOGY .....oiteimrieimeeieeesesieessessssssssessssesssesssssssessssesssessssssssesssssssssssnee 17
3.1, Methodology FIOW Chart ... sesssssssssssssans 17
3.2, Statement Of ProblEMS ... eseeees 18



Xviii

3.3, LItErature StUAY ..ttt 18
3.4, COlECHING Data.....vieeeeceeeerieieiseeie ettt ss et 18
3.5.  Design the Ballast Water SYyStem.......c.coevinrieriineirirnssississsesssssssesssesesssesnsens 18
3.6.  Design the Engine ROOM Arrangement .........coccovoevereerneenrrnsesssensssnsssnsssssssssssssens 18
3.7.  Calculating the Cost of Ballast Water Treatment..........ccccoevvevrrrnrrerirneennrnnenn. 18
CHAPTER IV DATA ANALYSIS .ottt essse st sssse s ssse s sssssen 19
4.1.  Specification of MV SinarSabang.......c.coccovninneeneeneeineseeseeeeise e 19
4.2. Ballast water system on MV SinarSabang...........cccoeveeminrineineenerneeneiesiseseenes 19
4.2.1.  Existing ballast water system on MV SinarSabang ........cccccoeveenrinrennrenes 20
4.2.2. Existing Engine Room on MV SinarSabang........cccevnvnrnneneeneineenneenenns 21
4.3. Selection type of Electrolysis Ballast Water Treatment ........cccoooveevrerrrnrenece. 22
4.3.1.  Electrolysis Ballast Water Treatment ... 22
432. Component of Electrolysis Ballast Water Treatment .........ccoccoeeoneineeeneeene. 23
44. Calculation of Ballasting TiMe........ccocirieneinneineseeie e se s 25
4.5. Design of Ballast Water System with Electrolysis Ballast Water Treatment
25
4.6. Design Engine Room of MV SinarSabang ..., 27
4.7.  Calculation of Electrical Capacity of MV SinarSabang .........ccccoeovvvenrinrennrennee. 30
4.8. Cost Analysis of Ballast Water Treatment on MV SinarSabang..................... 30
4.8.1. Estimated Cost of Installment Ballast Water Treatment on MV
SINAISADANG ...ttt 30
4.8.2. Operational Cost Analysis of Ballast Water Treatment on MV
SINAISADANG ...ttt sttt 32
4.8.3. Maintenance Cost Analysis of Ballast Water Treatment on MV
SINAISADANG ...ttt sttt 32
4.8.4. Future Value Analysis of Ballast Water Treatment.........cccoocvevvrrcnrrnrrrnrenes 33
4.85. Service Schedule of installation Ballast Water Treatment on MV
SINAISADANG ...ttt sttt 33

CHAPTER V CONCLUSION AND SUGGESTION........cceturuerirerieitierierireresensessesisenesensnennens 37



XiX

5,10 CONCIUSION oottt 37

5.2, SUQGQGESTION .ottt 38
REFERENCES ..ottt ettt bbb bbb 39
ATTACHMENT ..ottt eas s bbbt 41
Techcross Electrolysis Water Ballast Treatment ........c.ooccevereeieeeisnessiesiessesssssssenins 41
IMEPC 77 ANNEX 4 ..ottt 47
MV Sinar Sabang INfOrMation ...t eeees 49
INSEAIIATION PrICE ..ottt 50
Ballast System Piping Diagram.......renereieeiseiseeesessssssssssssssessss s sssssssssssssssssssssssanes 54

AUTHOR BIOGRAPHY ...t ssse s sssesssssssesssssssessssssssesssesons 59



XX

“This Page Intentionally Left Blank”



LIST OF FIGURES

Figure 1. 1 Map of The Number of Harmful Alien Species by Coastal Ecoregion
(Source: Assessing the Global Threat of Invasive Species to Marine Biodiversity

Figure 1. 2 Number of marine alien species known or likely introduced by the most
common human-assisted pathway (Source: Assessing the Global Threat of Invasive

Species to Marine Biodiversity, 20713) ......coeirirrinriesiesisssissssesssssssssssssssssesssesssssssssssssessanns 2
Figure 1. 3 Timetable of Installation of Ballast Water Management Treatment
System (Source: WWW.DKI.COIA) ...t 3
Figure 2. 1 Timetable of Installation of Ballast Water Management Treatment
System (Source: WWW.DKI.COIA) ... 8
Figure 2. 2 Water Ballast System Plan of MV Sinar Sabang (Source: Samudera
INAONESIA) .ttt ettt ettt sttt n st s st s e s s st st esasassesen 10
Figure 2. 3 Process of take in and discharge of ballast water that contain organic
MATEET (SOUICE: IIMO) .ottt e nane 10
Figure 2. 4 Generic Water Ballast Treatment Process (Source: www.Ir.org) ................ 12
Figure 2. 5 Ballasting mode of electrolysis ballast water treatment (Source: Purimar)
.................................................................................................................................................................. 14
Figure 2. 6 Deballasting mode of electrolysis ballast water treatment (Source:
PUTTIMIAE) ottt sttt st ss s s s s st ssasassetssssasassosns 14

Figure 2. 7 Direct-Flow Electrolysis Ballast Water Treatment (Source: comparative
feasibility study on retrofitting ballast water treatment system for a bulk carrier,

2077 )ttt e 15
Figure 2. 8 Side Stream Electrolysis Ballast Water Treatment .........ccocoveveeneinecncinncnns 15
Figure 2. 9 Future Value (source: Flinders UNIVErsity)......cooecenernecenereceneesecees 16
Figure 3. 1 Flow Chart of Methodology ..........ccoeenneeeeeneeeineeeinseesneseesesssssessenesesanes 17
Figure 4. 1 Ballast System of MV Sinar Sabang (Source: Samudera Indonesia) ........ 20
Figure 4. 2 Engine Room of MV Sinar Sabang (Source: Samudera Indonesia).......... 21
Figure 4. 3 Ballast System of MV Sinar Sabang after added Electrolysis Ballast
Water TreatmMent SYSTEM ...t 26
Figure 4. 4 Pump Room of MV Sinar Sabang after added Electrolysis Ballast Water
TreatmENt SYSTEIM ...ttt 27
Figure 4. 5 Pump Room of MV Sinar Sabang after added Electrolysis Ballast Water
TrEAtMENT SYSTEIM ..ttt 28
Figure 4. 6 Design of ballast water treatment pipes in engine room..........ccccevveerunee. 29

XXi



XXii

“This Page Intentionally Left Blank”



LIST OF TABLES

Table 2. 1 IMO standart for discharged ballast water ... 11
Table 4. 1 MV Sinar Sabang INfOrmMation..........cc.ceerneeneieeeseeseeee e 19
Table 4. 2 List of Techcross Ballast Water Treatment System.........ccccooeverenrirnrrneinnnens 23
Table 4. 3 Estimated Cost of installation electrolysis ballast water treatment system
ON MV SINAr SADANG ...ttt 31

Table 4. 4 Tax Calculation

.................................................................................................................................................................. 32
Table 4. 6 Maintenance cost analysis of ballast water treatment system on MV
SINAT SADANG ...ttt e 32
Table 4. 7 Future Value of Electrolysis Ballast Water Treatment ... 34
Table 4. 8 Service Schedule of installation electrolysis ballast water treatment .......34
Table 4. 9 Detailed installation schedule............reeneeeseeienees 35

xXXiii



XXIV

“This Page Intentionally Left Blank”



CHAPTER |
INTRODUCTION

1.1. Background Overview

International Maritime Organization (IMO) adopted Ballast Water Management
Convention since 2014. This convention is aims to prevent the spread of harmful
aquatic organism from one region to another.

Numbers of known hanmiud alien species Othor allen species reported

No Data 1-2 3-7 B-15 16-30 31-56

Figure 1. 1 Map of The Number of Harmful Alien Species by Coastal Ecoregion
(Source: Assessing the Global Threat of Invasive Species to Marine Biodiversity
2013)

According to Ecological Society of America (ESA) 2013 database, invasive species
are found in 84% of 232 marine ecoregions with 329 species for ecological impact
and geographic extent. The most common pathway for marine species according
to Ecological Society of America (ESA) was shipping, such as ballast and/or fouling.
It about 228 species are caused by shipping activities and 57% of species are
harmful.

Based on Ecological Society of America, there are several caused of introduced of
marine alien Species and shipping activities are one of them. Almost 69% of
marine alien species that introduced by shipping activities are harmful species.



canatconsction I 17>
Aquarium trade .] 6%

Live seafood trade l 2%
i

[;l Harmful alien species (n = 187‘,i
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0 50 100 150 200 250
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—

Figure 1. 2Number of marine alien species known or likely introduced by the most
common human-assisted pathway (Source: Assessing the Global Threat of Invasive
Species to Marine Biodiversity, 2013)

According to figure 1.1 and figure 1.2, this provide a powerful, objective argument
in support of ongoing effort to improve ballast water management practices.
International Maritime Organization (IMO) as specialized agency of the united
nations responsible for regulating shipping already forced the Ballast Water
Management Convention to entered in 8 September 2017.

In Marine Environment Protection Committee (MEPC) 71th discussed about the
implementation of the International Convention for the Control and Management
of Ships' Ballast Water and Sediments (BWM Convention), 2004, which will enter
into force on 8 September 2017. According to Marine Environment Protection
Comitee (MPEC) 71th, for the new keels of ships which are laid on or after 8
september 2017 shall install Ballast Water Management Treatment System on the
ships. And for existing ship, the installation of Ballast Water Management
Treatment System shall be conducted on renewal survey of IOPP.



10PP renewal held BWMTS latest instalation date

BWM enty

= =

Time wincaw for IOPP Renewal Survey
B i window where IOPP Renewal Survey will require D-2 implementation
Renowsl I0PP Renewal survey held during this time pericd

Survey

D-2 Date Time pericd for Ballast Water Treatment System instailation
Figure 1. 3Timetable of Installation of Ballast Water Management Treatment
System (Source: www.bki.co.id)

Currently, the BWM Convention has been ratified by 60 countries, and Indonesia is
one of them. As one of countries that ratified the BMW convention,all ship
operator in Indonesia must prepare to obey the rules of this convention. In order
to respond the outcome of the convention, the vessel operator must have a
strategy for each vessel to be verified as ship following the IMO convention rules
in efficient ways.

There are so many types of ballast water treatment system and one of them is
electrolysis type. Electrolysis water ballast treatment system works by generated
sodium hypochlorate using electricity. Sodium hypochlorate can be generated by
giving salt water electricity. Electrolysis type of ballast water treatment system met
D-2 performance standard of ballast water convention 2004 by IMO. When initial
of sodium hypochlorite concentration is at least 3.0 ppm, culturable bacteria
reduce more than 99.99%, phytoplankton reduced more than 99% and
mesozooplankton reduced more than 99%'. This result make electrolysis water
ballast treatment is efficient to reduce aquatic organism in water ballast.

As one of vessel that operated internationally, MV SinarSabang must applied
Ballast Water Management Treatment System on the ships by considering capital
expenditure and operational expenditure of Ballast Water Management.

'Balpure Electrolysis Water Ballast System



1.2. Research Problems
Based on backgroud above the problems are:

1.
2.

How the system of electrolysis ballast water treatment works?

How to design the ballast water system after applied electrolysis ballast
water treatment plant on MV Sinar Sabang?

How to design the engine room arrangement after applied electrolysis
ballast water treatment plant on MV Sinar Sabang?

1.3. Research Limitations
This final project limitations are:

1.

2.
3.

This thesis is focusin on the design of ballast water system on MV Sinar
Sabang. Several equipment may be added.

Electrical design of ballast water system not included.

The selected water ballast system treatment are electrolysis method only.

1.4. Research Objectives
Based on problems mention above, the objectives of this final project are:

1.

Investigate and calculate the parameters that are required in selecting
electrolysis system.

Select the types of system of electrolysis ballast water treatment plant that
available for MV Sinar Sabang.

To determine the most suited electrolysis ballast water treatment plant for
MV Sinar Sabang.

To re-design the ballast water system of MV Sinar Sabang after applied
electrolysis ballast water treatment.

To re-design the engine room arrangement of MV Sinar Sabang after
applied electrolysis ballast water treatment.

To calculate the cost of installing the electrolysis ballast water treatment
system.



1.5. Deliverable
This thesis output are:

1. P&iD of ballast water system
2. Engine room layout drawing
3. Detail calculation of capital expenditure and operational expenditure

1.6. Research Benefits
This final project is expected to give benefits for the various kind of parties. The
benefits that can be obtained are:

1. Develop a design of ballast water system on the ship.
2. Develop a design of engine room arrangement on the ship.
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CHAPTER I
LITERATURE STUDY

2.1. Problem Overview

Every day, every single ship transported cargo as well as aquatic organism that had
been taken onboard when ballast water was lloaded on board ship. There are
about 10 Billion liters of ballast every hour that are released around the world. The
amount of ballast a ship requires varies with the size and type of the ship,
operational requirement on port, length of voyage, and weather experience or
forecast®. Ballast water is sea water carried by ships to ensure its trim and stability.
In ballast water there are so many harmful aquatic organism. When ballast water
discharged, the organism may be survied and reproduced. This organism become
invasive species. The spread of invasive species become threats to ecological. This
problem provide a powerful, objective argument in support of ongoing effort to
improve ballast water management practices.. In 2004, International Maritime
Organization (IMO) adopted Ballast Water Management Convention. This
convention provide ballast water management plan for ships to reduce the
transfering of aquatic organism.

In Marine Environment Protection Committee (MEPC) 71th discussed about the
implementation of the International Convention for the Control and Management
of Ships' Ballast Water and Sediments (BWM Convention), 2004, which will enter
into force on 8 September 2017°. According to Marine Environment Protection
Comitee (MPEC) 71th, for the new keels of ships which are laid on or after 8
september 2017 shall install Ballast Water Management Treatment System on the
ships. And for existing ship, the installation of Ballast Water Management
Treatment System shall be conducted on renewal survey of IOPP. The importance
of having ballast water treatment (BWT) on board vessels is a must. A major
concern arising from discharge untreated ballast water is the invasive species can
damaged the local environment. For example, the zebra mussels from polad and
russia that are found in canada didn’t have natural predators so this species can be
easily reproduced.

Currently, the BWM Convention has been ratified by 60 countries, and Indonesia is
one of them. As one of countries that ratified the BMW convention,all ship
operator in Indonesia must prepare to obey the rules of this convention. In order

? Captain Nadeem Anwar.2011.Ballast water management 3™ Edition
*IMO. 2017. Report Of The Marine Environment Protection Committee On Its
Seventy-First Session.London.



to respond the outcome of the convention, the vessel operator must have a
strategy for each vessel to be verified as ship following the IMO convention rules
in efficient ways.

10PP renewal held BWMTS latest instalation date

= .
E =

Time wincaw for IOPP Renewal Survey
Time window where IOPP Renewal Survey villl require D-2 implementation
zszi“fd IOPP Renewal survey held during this time pericd

D-2 Date Time pericd for Ballast Water Treatment System installation

Figure 2. TTimetable of Installation of Ballast Water Management Treatment
System (Source: www.bki.co.id)

There are so many types of ballast water treatment system. And there are so many
system on the market that claiming meet the requirement of ballast water
convention.There is 69 Ballast Water Management Treatment System have
received IMO type approval certificate and electrolysis system is one of
them” Electrochemical system had been used for industrial since 1971°. This system
is safety and economically effective to neutralize microorganism in a wide
range.Electrolysis system works by generate sodium hypochlorate using electricity.
Sodium hypochlorate prevent the organism to re-growth. Since the hypochlorate
generated on demand, it doesn't need storage on board ship.Electrolysis type of
ballast water treatment system met D-2 performance standard of ballast water
convention 2004 by IMO. The required disinfectant of hypochlorite concentration
to 100% efficiency to neutralize microorganism in ballast tank is even less than 15
ppm total residual oxidant (TRO)°®. When initial of sodium hypochlorite
concentration is at least 3.0 ppm, culturable bacteria reduce more than 99.99%,

*IM0.2016.List of Ballast Water Management System Which Received Type
Approval Certification.

> Captain Nadeem Anwar.2011.Ballast water management 3™ Edition

¢ Captain Nadeem Anwar.2011.Ballast water management 3™ Edition



phytoplankton reduced more than 99% and mesozooplankton reduced more than
99%’. This result make electrolysis water ballast treatment is efficient to reduce
aquatic organism in water ballast.

As one of vessel that enganged in international voyage, MV sinar sabang should
provide water ballast treatment on board ship. The system that porposed to used
is electrolysis ballast water treatment system by considering the capital
expenditure and operational expenditure of electrolysis ballast water treatment
system also considering the ballast water system that already existed and the
engine room arrangement of MV sinar sabang so the electrolysis ballast water
treatment can be placed.

2.2. Ballast Water

Ballast water is sea water carried by ships to ensure its trim and stability. Water
ballast is pumped in to maintain the safe operation of the ships. In certain
condition, ballast water are pumped into the ships. When there is no cargo in the
ships, the ships become more lighter which is affect the stabilize of the ships, then
ballast water pumped into ballast tank to stabilize the ship. When the process of
loading and un-loading, ballast water also take-in into the ships or discharge from
the ships to ensure the stability of process loading and un-loading.

"Balpure Electrolysis Water Ballast System
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Figure 2. 2Water Ballast System Plan of MV SinarSabang (Source: Samudera
Indonesia)

2.3. Ballast Water Convention

Sea water has been used as ballast to stabilize vessels at sea. When a vessels take
ballast water on board, this water usually contains small pieces of organic or
inorganic matter. These include bacteria, microbes, small invertebrates, eggs, cysts
and larvae of various species. This species may survived in new environment and
become invasive species. The spread of invasive species become threats to
ecological and the economic of the planets.

Figure 2. 3Process of take in and discharge of ballast water that contain organic
matter (Source: IMO)

Because of that, management of water ballast should be needed to minimalize the
transfer of invasive species at sea. In 2004, International Maritime Organization
(IMO) adopted Ballast Water Management Convention. The Convention requires
all ships to implement a ballast water management plan. This help to reduce the
transferring of harmfull organism from one location to another.
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Ballast Water Management Convention enter into force on 8 September 2017. This
made all ship operator in must prepare themself to obey the rules of this
convention. All ships of 400 GT will be required to have an approved on board
ballast water management plant and must have all documents that are needed
such as ballast water record books and ballast water management procedure.

This convention is sets the standards that ballast water system should be meet.
Ballast water treatment system must have a type approval certificate with the IMO
guideline for the approval of ballast water management system.

Table 2. 1IMO standard for discharged ballast water

Organism Category Regulation

Plankton, >50um in minimum | <10 cels/m?

dimensions

Plankton, 10-50pum <10 cels/ml

Toxigenic Vibrio Cholera <1 colony forming unit(cfu)/100ml
Escherichia Coli <250cfu/100ml

Intestinal Enterococci <100cfu/100ml

2.4. Ballast Water Treatment

There is 69 Ballast Water Management Treatment System have received IMO type
approval certificate®. From 69 type, most of it (50%) are ultraviolet system, and
(23%) are electrolysis. There are 2 generic types of process technology used in
water ballast treatment, solid-liquid separation and disinfection.

Solid-liquid separation is separation of solid material, including the larger
suspended micro-organism from ballast water. Disinfection is removes inactivates
micro-organism using chemical inactivation of micro-organism or physicochemical
inactivation of micro-organism or deoxygenation of micro-organism.

IM0.2016.List of Ballast Water Management System Which Received Type
Approval Certification.
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Figure 2. 4Generic Water Ballast Treatment Process (Source: www.lr.org)

2.5. Consideration of Selecting the Ballast Water Treatment System

Acco

ding to IMO International Convention for the control management of ships

ballast water and sediment 2004, in section D-5 review of standarts by
organization for ships, the ballast water management plan shall be specific and

shall

M =

5.

Acco

at least

safety considerations relating to the ship and the crew

environmental acceptability

Practicabillity

Cost Effectiveness

biological effectiveness in terms of removing harmful aquatic organism

rding to Loyd Register about understanding ballast water management there

are some consideration to selecting the water treatment system:

ok wn =

Ship type

Maximum and minimum ballasting and de-ballasting rates
Ballast tank capacity

The space required

The location of system component

Power availability
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7. Health and safety

8. The effect of tank structure

9. The availability of consumables, spares and support
10. Capital and operating cost

11. Sistem availability and delivery time

For newbuilds ship, ship boulder should identity the options for installing the
ballast water treatment system. This also involve the system drawings to show how
a selection of different treatment option may be fitted. For existing ships the
operators need to be aware about the modifications to fit the ballast water
treatment system. The schematic arrangement and equipment drawing should
obtained in order to develop a work plan®. The ship operator should provide the
ballast water system drawings, functional requirements, and details of
compartment spaces.

2.6. Electrolysis Ballast Water Treatment
Electrolysis system using seawater or other water containing NAC| to generate an

disinfecting solution contain chlorine. This system is using electricity to produce
sodium hypochlorite. The general formula for generating sodium hypochlorite is

NaCl + H,0 + Electricity = NaOCl + H,
or
Salt + Water + Electricity = Sodium Hypochlorite + Hydrogen Gas

Sodium Hypochlorite are prevent the organism in ballast water tank to regrowth.
The allowance of maximum dosage of sodium hypochlorite in ballast water tank
should not higher than 10 ppm'. The presence of sodium hypochlorite in ballast
tank should be treated before de-ballasting. This chemicals are pollutant that
should be neutralized by another chemicals before discharging ballast water.

°Lloyd Register. 2016. Understanding Ballast Water Management.
""Haraldsson, Michael. 2012. Chemical Ballast Water Treatment System.
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Liectrotysis Unit

Figure 2. 6Deballasting mode of electrolysis ballast water treatment (Source:
Purimar)

There are 2 types of electrolysis ballast water treatment:

1. Direct-Flow Electrolysis

In this method, hypochlorite are used to disinfect ballast water. The
process need the entire flow of ballast water go pass through the
hypoclorite generator and then used to ballast. This type of ballast water
treatment relies on the length of exposure to ensure its treatment'’. The
chemicals that are used in this type of water ballast treatment are
pollutants chemicals that cannot discharged at sea unless they have
sufficiently decomposed or neutralized by another chemical agents.

""Jee, Jaehoon., and Sangik Lee. January 2017. Comparative Feasibility Study on
Retrofitting Ballast water Treatment System for a Bulk Carrier, Busan, Korea.
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4

| Ballast Water Treatment System |

: Overbo
[—— - Treates Baliast Water - - Ballast Water | /

Figure 2. 7Direct-Flow Electrolysis Ballast Water Treatment (Source: comparative
feasibility study on retrofitting ballast water treatment system for a bulk carrier,
2017)

2. Side Stream Electrolysis
The difference between direct-flow electrolysis and side stream
electrolysis are, side stream electrolysis only take small amount of ballast
water from main ballast water and use for produce a concentrated
disinfectant stream that is injected back to main ballast water

| Ballast Water Treatment System |

! 7 I > Treated Bakast Water o:aamwnml / ‘

Figure 2. 8 Side Stream Electrolysis Ballast Water Treatment (Source: comparative
feasibility study on retrofitting ballast water treatment system for a bulk carrier,
2017)
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2.7. Future Value
Future Value is value of an asset at a specific date of time. It predicted the
nominal future of money worth at a specified time in future by assuming a
certain interest rate.

The original $1000 dollars is called the Present Value
(PV) as it is the value now at the present time.

=

i

) ]

—> P=8$1000  1000(1.07)  1000(1.072  1000(1.07)
=$1070 =$11449 FV = 1225.057

0 t = 1year t=2years t = 3years
L per B

The value in 3 years time is called the Future Value (FV) as
this is how much the money will be worth in the future.

Figure 2. 9 Future Value (source: Flinders University)

The formula to find the future value is
Sn=P(+i)"

Where

Sn = Future Value

P = Present Value

i = Annual interest rate

n = Number of years



CHAPTER Il
METHODOLOGY

3.1. Methodology Flow Chart
The methodology flow chart shows all of steps for this final project research. The

steps of this methodology are shows as in bellow
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Figure 3. TFlow Chart of Methodology
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3.2. Statement of Problems
This stage is an early stage to construct the thesis. In this stage, questions
and problems are being prepared specifically in order to determine the
specific objectives of this thesis. The content of the thesis is to overcome
the statement of the problems mentioned earlier and it will be done by
collect some information about the electrolysis ballast water treatment.

3.3. Literature Study
Right after the problems is raised, a literature study is performed. The study
of literature is done by reading papers, journals, thesis, media and literature
books that relates and able to support this thesis.

3.4. Collecting Data

After literature study which support the thesis has been done, collecting
data is being performed. Data collection is done by gather information to
develop the conceptual design, most of data is available from the ballast
water treatment manufacturer, classification socities, shipping company,
countries regulation and several conventions which provide statutory rules.
The data which may support this thesis is the ballast water treatment
specification, ballast system, and engine room layout of ships.

3.5. Design the Ballast Water System
After every consideration is met the requirement and calculating the most
suitable ballast water treatment system, then the ballast water system can
be drawn. Ballast water system must use every consideration which has
been calculated and determined before such as the ballast water capacity,
pump capacity, and ballast water treatment capacity.

3.6. Design the Engine Room Arrangement
After design the ballast water system, the engine room layout of the ship
can be drawn after ballast water treatment system added.

3.7. Calculating the Cost of Ballast Water Treatment
This calculation is required to estimate the cost a ballast system which able
to operate. The cost is determined by design cost, regulatory fee, cost of
ballast water treatment device, installation cost, installation or purchasing
support and maintenance cost. By calculating the cost it can determine the
most economical ballast water treatment.



4.1.

4.2.

CHAPTER IV
DATA ANALYSIS

Specification of MV SinarSabang

Detailed information about MV SinarSabang is needed to modification the
ballast system of MV SinarSabang. The detailed information of SinarSabang is
as shown in Table 4.1 bellow

Table 4. TMV SinarSabang Information

Name of Ship MV. SinarSabang
Ship Owner Samudera Shipping Line, Ltd
Classification Nippon KaijiKyokai
IMO Number 9435234

Class Number 089448

Flag Singapore

Date of Build 21 October 2008
Type of Vessel Container Ship
Length Overall 165.00 m

Breadth 2740 m

Depth 1430 m

Draft (Design) 10916 m
Deadweight 23,350 DWT

Gross Tonnage 18,321 GT

Net Tonnage 10,395 GT
Capacity of TEUs 1,740 TEUs

Service Speed 19,80 knot

Ballast Water Capacity 7897 m’

Total Crew 20 person

Ballast water system on MV SinarSabang
Detailed information about existing ballast system on MV SinarSabang such as

ballast pump specification and pipe specification are needed in order to
design the water ballast water treatment system.

Ballast pump specification
Capacity: 330m*/H Dimension: 800x650x1590

Power: 37 Kw Head: 30 m

19
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4.2.1. Existing ballast water system on MV SinarSabang
The process of ballasting starting from sea chest. Sea water distributed to
ballast tank in ship by ballast pump. For de-ballasting process started by take
up ballast water from ballast tank and then discharged to overboard.
Deballasting process using ballast pump from ship as shown as in Figure 4. 1.

Figure 4. 1Ballast System of MV SinarSabang (Source: Samudera Indonesia)
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4.2.2. Existing Engine Room on MV SinarSabang
Design of Engine Room Layout should be efficient in order to the position of

components that placed in engine room can be easily monitoring and
maintenance. Figure 4.2 is Existing Engine Room Layout of MV SinarSabang

without electrolysis ballast water treatment.
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Figure 4. 2Engine Room of MV SinarSabang (Source: Samudera Indonesia)
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4.3. Selection type of Electrolysis Ballast Water Treatment
To select the most suited Electrolysis Ballast Water Treatment, there are some
considerations:

Ship type& Sizes

Maximum and minimum ballasting and de-ballasting rates
Ballast tank capacity

The space required

Power availability

s wn =

For Container ship like MV Sinar Sabang, using electrolysis water ballast
treatment is suitable because the salinity of sea water is high enough to
treated by electrolysis method. Since Electrolysis system typically require a
water temperature at least 15°C for electro-chlorination to be efficient, MV
sinar sabang is suitable since the voyage is Surabaya-Singapore that has
temperature higher than 15°C.

For ballasting and de-ballasting capacity, MV sinar Sabang use 2 Ballast pump.
Each ballast pump has capacity 330m°/H for 7897m? capacity ballast tank. Then
to select the Electrolysis Ballast water treatment, the selecion capacity of water
ballast treatment should at least 330m*/H for each pumps.

4.3.1. Electrolysis Ballast Water Treatment
Ballast Water Treatment System that are selected to be installed on MV Sinar
Sabang is Electrolysis Ballast Water Treatment System by using Techcross
Electrolysis ballast water system. Techcross already certified by, ABS, USCG
AMS, RS, BV, RINA, LR, Etc. Techcross Received IMO Final Approval on 2008.

The advantages of using Electrolysis Water ballast Treatment:

e Strong disinfection efficacy
e Low power consumption

e Low operational cost

e Automation system



23

Techcross have 5 types capacity of electrolysis ballast water treatment as listed
in table 4.2 bellow.

Table 4. 2List of Techcross Ballast Water Treatment System

Type Capacity Dimension (mm)

ECU 150B 150 m*/H W790 x D540 x H862, 390kg

ECU 300B 300 m*/H W1243 x D763 x H862, 490kg

ECU 450B 450 m*/H W71490 x D763 x H862, 660kg
ECU 600B 600 m*/H W1840 x D763 x H862, 830kg

ECU 1000B 1000 m*/H W2000 x D1124 x H914.5, 1210 kg

According to 5 types capacity of techcross electrolysis ballast water treatment,
the most suited electrolysis ballast water treatment is ECU 300B with 300m?/H
capacity since ECU 450 is too high for 330m*/H capacity of ballast pump.
Because capacity of electrolysis water ballast treatment is lower than the
capacity of pumps. The ballasting time may be longer about 10%.

Electrolysis ballast water treatment specification:

Type: ECU 300B Voltage: 440 V
Capacity: 300m*/H Size: W1243 X D763 X H862 (mm)
Power: 29 kW Weight: 490kg

4.3.2. Component of Electrolysis Ballast Water Treatment
To installed the system of electrolysis ballast water treatment, some
component may be needed to running the system. Components that are
needed in electolysis ballast water treatment is:

e ECU (Electro Chamber Unit)
ECU is the main component of killing machine organism in electrolysist
ballast water treatetment. ECU generated Chlorine by electrolized sea
water.

o Capacity: 300m*/H

Power: 29 kW

Voltage: 440 V

Phase: 3ph

Frecuency: 60Hz

Size: W1243 X D763 X H862 (mm)

Weight: 490kg

o O O O O O
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PDE (Power Distribution Equipment)
PDE supplies AC 440V from ship to all component of electrolysis system
and control communications of all other components

o Voltage: 440V

o Phase: 3ph

o Frecuency: 60Hz

o Size: W600 x D630 x H1500

o Weight: 175kg
ANU (Auto Neutralization Unit)
ANU is designed to automatically neutralize the treated ballast water so
when its discharged, the residual biocides may not exceed 0.1 ppm
according to TRO level measured by TSU

o Neutralize: Sodium thiosulfate
Voltage: 220 V
Phase: 3ph
Frecuency: 60Hz
Size: W800 x D733 x H1655
Weight: 220kg
TSU (TRO Sensor Unit)
TSU measure the concentration of TRO (Total Residuant Oxidant) that
generated by ECU when the process of ballasting. TSU checked the TRO
level for proper neutralization during de-ballasting

o Size: W800 x D733 x H1655

o Voltage: 220 V

o Frecuency: 60Hz
CPC (Control PC)
An upgraded touchsreen PC to operate Electrolysis system.CPC showed
all the data relating to electrolysis operation

o Size: W480 x D119 x H660

o Voltage: 220 V

o Frecuency: 60Hz
T-Strainer
T-strainer with 3mm mesh filter is used during ballasting operation to
filter out any large marine organism in the incoming ballast water. It
helps to protect electrodes inside electrolysis chamber unit to maintain
the optimal performance
CSU (Conductivity Sensor Unit)
Measure electrical conductivity of sea water (salinity of sea water)

O O O O O
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Calculation of Ballasting Time
Because the capacity of electrolysis ballast water treatment is lower than the

capacity of ballast pump, we need to calculate the exceed time for ballasting.
Capacity of ballast tank: 7897m?
Ballast Pump: 330m°/H (2 pumps)

Electrolysis ballast water treatment: 300m*/H
7897

Time to ballasting (if 2 pumps operated): t = % = 330xz = 11.97 hours
Time to ballasting with ballast water treatment: t = % = 370%9:2 = 13,17 hours

The different of time ballasting with and without electrolysis ballast water
treatment is1.2 hours and can be tolerated for ballasting time.

Design of Ballast Water System with Electrolysis Ballast Water Treatment
To design the ballast water treatment system in ballast system MV
sinarsabang, the existing ballast system should be checked and added the
ballast water treatment system. The design water ballast treatment
systemreferring to project guide of ballast water treatment. To design the ECU
300B ballast water treatment, it refers to techcross project guide. For
ballasting the incoming ballast water passes through Conductivity sensor unit
and flow meter unit to measure the salinity of ballast water and the flow rate.
After that it passes through T-strainer before it is treated by ECU. Then goes
through TSU to check the Total residual oxidant. After that it goes to ballast
tank.

A main process during de-ballasting is neutralization of treated ballast water
by Auto Neutralization Unit. Auto Neutralization Unit is designed to
automatically neutralize the treated ballast water according to data about TRO
concentration.
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Figure 4. 3Ballast System of MV SinarSabang after added Electrolysis Ballast Water Treatment System
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4.6. Design Engine Room of MV SinarSabang

To design the engine room after selecting the ballast water treatment, all the
component should be listed and installed in engine room. Some equipment
may place next to other equipment in one area to make it efficient to monitor
the equipment. Designing the ballast water treatment equipment in engine
room should refers to project guide of ballast water treatment. Because of MV
SinarSabang Pump room:s still have plenty space to put the electrolysis ballast
water treatment system equipment, the Electrolysis Chamber Unit, Auto
Neutralizer Unit, Control PC, TRO Sensor Unit, and Power Distribution Unit are
placed in Pump Room.

Figure 4. 4Pump Room of MV SinarSabang after added Electrolysis Ballast Water
Treatment System

The design of engine room is place the electro Chamber Unit next in ballast water
pump. The Auto Neutralizer Unit is placed next to Total Residual Oxidant sensor
unit in order to maximize the system and minimize the usage of pipe. Auto
Neutralizer Unit and Residual Oxidant sensor unitplaced close to overboard in
order to maximize the process of de-ballasting sea water. Any electrical
equipment is placed closed to each other like power distribution unit and control
PC.
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Figure 4. 5Pump Room of MV SinarSabang after added Electrolysis Ballast Water Treatment System
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Figure 4. 6 Design of ballast water treatment pipes in engine room
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4.7.

4.8.

Calculation of Electrical Capacity of MV SinarSabang
MV SinarSabang had 3 MAN B&W auxiliary engine with total power 1260 for

each auxiliary engine. The total generated power of auxiliary engine is 3780kW
power. When sailing, estimated load at peak load is around 85% of total
power generated. According to the rules of the class, in BKI voume IV about
rules for electrical installation, when the ship is in sailing condition, 2
generator set are operated with back up of 1 emergency generator set.

Merk: Zhengjiang MAN B&W
Type: 6L28 / 32H

Total Power: 1260 kW

SFOC: 189,5 g/kWh

o O O O

Total Power required of Electrolysis ballast water treatment that will be
installed on MV Sinar sabang is 58kW. It is around 1.53% of total capacity of
power capacity. So the power capacity of MV sinar sabang is fullfill the
required power of Techcross Electrolysis ballast water treatment system.

Cost Analysis of Ballast Water Treatment on MV SinarSabang
This analysis is calculating the cost of installment, maintenance, and operating

of ballast water treatment system on MV SinarSabang.

4.8.1. Estimated Cost of Installment Ballast Water Treatment on MV

SinarSabang

Installment Cost of Ballast Water Treatment is depending on the type of
Ballast Water treatment. Different method of ballast water treatment had
different cost of equipment.

This installment cost include the cost of equipment, labor cost, and all
supporting system of electrolysis ballast water treatment. Pipe installation
cost is referring to (general service rates 2014 from Rukindo Shipyard). The
cost of side stream electrolysis ballast water treatment is referring to
(Jaehoonlee, 2017). And the other installation such as cables, shipment, are
referring to data transports Canada discussion paper. Calculation of tax is
referring to beacukai.go.id for calculate of import duty and value added
tax. For detailed calculation of tax is as shown inTable 4. 4.
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Table 4. 3 Estimated Cost of installation electrolysis ballast water treatment system

on MV SinarSabang

no | Material Specification | Volume | Price | Total Price
Piping And Valve
1 Steel Pipe 250mm diameter 28 meter 239,2 6697,6
seamless steel, sch 80
2 Steel Pipe 300mm diameter 6 meter 2796 1677,4
seamless steel, sch 80
3 remotely butterfly valve 250mm diameter 4 unit 254,5 1017,9
cast iron
4 butterfly valve 250mm c?|ameter 3 unit 84,8 254,5
cast iron
5 elbow pipe 250mm diameter 18 unit 72,4 1302,4
seamless steel
Equipment
Electrolysis Chamber Unit 300 m/h, 440V, 60 Hz, 3ph 2 unit
7 W1243xD763xH862(mm), 490kg
Power Distribution unit AC 440V, 3ph, 60Hz 1 unit
8 W700xD700xH1900(mm), 310kg
AC 220V, 60Hz
Auto Neutralizer Unit Sodium Thiosulfate 1 unit 135000 135000
9 W800xD733xH1655(mm), 308kg
TRO Sensor Unit AC 220V, 60H2 1 unit
10 W470xD450xH1347(mm)
Control PC AC 220V, 60Hz 1 unit
12 w480xD119xH660(mm), 35kg
Electricity
13 | Cable and electrical equipment 5% of unit cost | 1 | Set | 5400 | 5400
Shipment
14 | Shipment [ - T - T 14400 ] 14400
15 | mobilization | [ [ 700 [ 700
Design and inspection
16 I Design and Inspection - | - | 6750 | 6750
17 | Approval [ [ [ 4050 [ 4050
Tax
18 Insurance cost 0.5% x (unit cost + freight) 747 747
19 import duty 7.5% x (unit cost + insurance cost) 10181,025 10181,025
20 Value added tax 10% x (unit cost+ import duty) 14518,1025 14518,1025
labor cost
21 Labour cost for Equipment and cable 1 foreman ($ 35/ days) 6 Days 35 210
installation 3 helper ($32/ days) 6 Days 32 192
22 Commisioning and test $ 600/days (2 person) 2 Days 600 1200
Grand Total ($) 203597,9
Grand Total (Rp) 2.850.370.085
Table 4. 4 Tax Calculation
Tax Calculation Price ($) Price (Rp)
1 Electrolysis ballast treatment cost 1 unit 135.000
2 Freight (Shipment) - 14.400
3 Equipment cost and freight total of unit cost and freight 149.400
4 Insurance cost 0.5% x (unit cost + freight) 72 1.008.000
5 Customs cost (unit cost+freight+insurance) x Rupiah currency 2.092.608.000
6 import duty 7.5% x (customs cost) 1.085 15.195.600
7 Value added tax 10% x (customs cost) 1.549 21.679.560
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4.8.2. Operational Cost Analysis of Ballast Water Treatment on MV
SinarSabang

Operational cost of electrolysis ballast water treatment is depending on
power requirement that used to operate Electrolysis ballast water
treatment and cost of chemical treatment to neutralize the treated sea
water before discharged into sea.

Table 4. 50perational Cost Analysis of Electrolysis Ballast Water Treatment System

Item | Specification | Price per m3 | price per process

Fuel Cost

Based on required kwH and power generation system
Total kw needed: 58 kw

SFOC = 189,5 g/kwH

Time to operate (t=Q/v): 7897/600 = 13,1 hours

Fuel Cost

Generated power (kwH =P xt): =58 x 13,1 = 759.8 kwH

Fuel Consumption (kwH x SFOC x 10-6) = 759,8 x 189,5x 10-6 = 0,143 ton

Fuel cost per t diesel: $ 671,86

Fuel Cost total : 0,143 x 671, 86 96,08

Consumable
Sodium Thiosulfate | neutralizer agent [ $o0.0125/m® | 98,71

Grand total ($) 194,79
Grand total (Rp) 2.727.038,72

Operational of electrolysis ballast water treatment from table 4.4is
operational cost per m* ofpower requirementand chemical substance. Cost
of chemical substance is referring to BalPure Electrolytic ballast water
treatment. And for fuel cost per t diesel is referring to bunkerindex.com.

4.8.3. Maintenance Cost Analysis of Ballast Water Treatment on MV
SinarSabang
Maintenance is really important to keep the equipment in best condition.
Cost of maintenance is depending onBallast Water Treatment Project
Guide, it also depending on time scale of repairing or replacing of
necessary devices.

Table 4. 6Maintenance cost analysis of ballast water treatment system on MV
SinarSabang

Maintenance

Filter Annual inspection and cleaning (include in labour cost) -
Electrode Annual inspection and electrode change (per 3 years) 1300
Labour Annual Inspection (yearly) 420

5% of work in way material (yearly) (not include change of filter,
other material etc) 384
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4.8.4. Future Value Analysis of Ballast Water Treatment

4.8.5.

Future value is the value of an asset at a specific date. The concept of
future value is based on the time value of money. To calculate the future
value of electrolysis ballast water treatment by using formula

Sn=P(1+ )"

According to bank Indonesia, annual interest rate is 5,25% (29" June 2018).
And estimated the efficiency lifetime of electrolysis ballast water treatment
is around 15 years. The calculation of future value of electrolysis ballast
water treatment is shown at table 4.6. According to calculation of future
value, the price of electrolysis ballast water treatment is $ 290.847,5. And to
achieve that sum of money, the company needs around $ 24.237
investment each year to buy new electrolysis ballast water treatment.

Service Schedule of installation Ballast Water Treatment on MV
SinarSabang

Service Schedule of techcross electrolysis ballast water treatment scheduled
around 20 weeks after contract. it is include the design and drawing, ECS
manufacturing, material purchase order, shipment, installation and
supervisor, and commissioning. Service schedule of installation of
electrolysis ballast water treatment is referring to techross brochure. For
service schedule are shown on table 4.7 and for detailed information about
installation is shown on table 4.8. Detail information about installation is
including pipes installation, seating installation, electricity installation and
electrolysis equipment installation.
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Table 4. 7Future Value of Electrolysis Ballast Water Treatment

Present value of electrolysis ballast water treatment (S$): 135000
Annual interest rate: 5,25%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
142087,5| 149547,1| 157398,3| 165661,7| 174359| 183512,8| 193147,2| 203287,5( 213960,1| 225193| 237015,6| 249458,9| 262555,5| 276339,7| 290847,5

Table 4. 8 Service Schedule of installation electrolysis ballast water treatment

Service Schedule

installation &
upervision




Table 4. 9 Detailed installation schedule

Installation

Days
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CHAPTER V
CONCLUSION AND SUGGESTION

5.1. Conclusion
In this final project for modifying water ballast system in MV SinarSabang by
applying Electrolysis Ballast Water Treatment have the following result:

1.

To determine the water ballast treatment system, there are some
consideration such as ship type & sizes, maximum and minimum
ballasting and de-ballasting rates, ballast tank capacity, the space
required

The Electrolysis ballast Water treatment system that are selected to
be installed on MV Sinar Sabang is Techcross Electrolysis ballast
water system. Techcross already certified by, ABS, USCG AMS, RS,
BV, RINA, LR, Etc. Techcross Received IMO Final Approval on 2008.
The advantage of using electrolysis ballast water treatment is strong
disinfection efficacy, low power consumption, low operational cost,
and had automation system

The design of Electrolysis ballast water treatment system is referring
to Techcross Project Guide. Several equipment are added such as
electrolysis chamber unit, auto neutralizer unit, total residual
oxidant, and power distribution equipment.

Total estimated cost to install Electrolysis ballast water treatment is
around $ 203.597, or around 2.850.370.085 rupiah. That include
installation of pipe and electrical, tax, and labour cost

Operational cost of electrolysis ballast water treatment is depending
on power consumption of electrolysis ballast water treatment. Prices
per process for fuel consumption is $98,76 and for chemical
substance, sodium thiosulfate is $98,71 per process. The total is
around 2.764.662 rupiah.

Service Schedule of Electrolysis ballast water treatment on MV Sinar
Sabang is around 20 weeks. It include the Equipment Installation
such as pipe installation, electrical installation, seating installation.
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5.2. Suggestion
Based on this thesis, there are so many thing need to be improved to

implement ballast water management convention. The things that need to be
improved are:

1. Based on this thesis, import duty and value added tax are around
$25.446. This tax is from importing Electrolysis ballast water
treatment. If indonesia already ratified ballast water management
convention, indonesia should start to produce ballast water
treatment to reduce expenses on importing ballast water treatment.

2. Detail information of electrolysis ballast water treatment in this
thesis cannot be obtained in project guide. Detailed information
about electrolysis ballast water treatment can be obtain in shipping
company that already installed electrolysis ballast water treatment.



[1]

[2]

3]

[4]

[5]
[6]

[7]
(8]

[9]
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ATTACHMENT

Techcross Electrolysis Water Ballast Treatment

ELECTRO-CLEEN™ SYSTEM

Ballast water management system developed by Techcross

Techcress Bectro-Cleen™ System (ECS) is one of the
most effective ballast water managemeant Systems ut-
lizing electrolysis.

ECS treats all incoming ballast water by in-situ produc-
ticn of hypochlorite with combined effects of electric
shock end hydroxyl radica! in the Electro Chamber Unit
(ECU). This simple dsinfection processing = =0 power-
ful that t destroys cell membrane of microorgansms
and prevents re-growth nesding only one-time trest-
ment. it maans ECS contributes to reduction in time
and cperating cost

Tecncross has upgraded ECS through continucus re-
search and development invahving tests and approvals
with clazsification socdeties for better performance ECS
obtained the worid's first IMO Basc Approval in 2006

&

MO #nal Acproval sorean Government
3008 2006

A

japanese Governmene SCG ANG
22

LR Type Approva
1%
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_4 -,

KORKEAN REQISTER —

KA Type Approval

7
& v
&

Austraila Govermyment

and many Typs Approvals from the fiag states and clas-
sification soceties. In eddivan, ECS accepted az an AMS
(Atzrnate Management System] from USCG (Urited
States Coast Guard) in 2013 ang the USCG Type Ap-
proval now under way © expected to be achieved with-
in 2017.

cooperated with classificatio
ssessments incluc-
ydrogen gas zafety

Techcross has dosab
societies to conduct vsnous risk
ing HAZOP (Hazard & Operability), hy

tests, PMEA (Failure Mode & Effects Analysis) and soft-
ware verifcation. The PMEA was carried out n 2013
with the ABS in Houston, and was considered to be the
incustry's first cne with class for BYWMS. With all these
risk assessments, Techcross has shown a strong com-
mitment for improving safety of products

Uherian Government ASS Type ADprovs
0m aon

2V Tyoe Approval RNA Type Approval

2013 2013
—= CCS

DNVEGL Type Approval CCS Type Approva

2018 2017

*USCG Type Approvdl in process
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@ ECU (Electro Chamber Unt) @ ANU (Auto Neutralization Unit) © FMU (Flow Meter Unit)

@ TSU (TRO Sensar Unit) @ <PC (Control PC) © CSU [Conductivity Senscr Unit)

© PDE (Power Distributor Equipment) @ Tstralner @® FT1S (Freshwater Temperature Sensar)
Ballasting

Allthe incoming ballast water pazses through T-strainer before it & treated by ECU. ECU can disinfec manne organizms
in the ballast water with ane time treatment duning ballasting.

Deballasting

A main process during debafiasting operation is neutralization of the treated water by ANU. ANU is designed to sute-
matically neutralize the trested water sccording to data sbout flow rate and TRO concentration by FVIU & TSUL

Advantages of ECS

- Strong disinfection efficacy

- Low power consumption

- Low cperational costs

- Largest reference list

- Convenient instsllaton and maintenance
- Automation of system

- Giobal network
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SPECIFICATION OF ECS

Specific information of Electro-Cleen™ System

ECU (Electro Chamber Unit)

Spadification the core companant dling MG OrEATiSY: ¥ the :a.'d.:E wator rangng from £CU 1508 10 ECU 10008
h model can he combined I paraiisl to actieve Nighar TRCS (Traatment Rated Capaciy)
WT90 X D540 X HEEF Immy, 3603
W1 243 X D763 X HBE2 (mwm, 4902
. W1,430 X 0763 X HBS2 (il 50k
W1,340 X D763 X HBS2 (w8304
W2000 X D1,174 X =314.5 (mm), 1, 21088
Power Supply ion, 50H: (FROM PDE)
Componant EMENctro Moduia), PRUPower Rectfar Unit) EFEECU Power junction bow, ESKECU Signal junciion box)
Ex-Cerpficate SxH 2 G P co FBTA G LOE 12 ATEx 3095 / Ex ge IR T4 Gd | B05x XGS 12.0008X

4 & © W %S

< 80U 1508 > < ECQU 3008 > < ECU 4508 > < ECU €008 » < ECU 10008 >

PDE (Power Distributor Equipment)

Shecification POE suppbies AC 440V from tha ship 1o 3 other compenants of ECS and onerols communications
peisas of al ather componants.
124 WEDD X DAE30 X H1,500 (o), 2
Stre 2A W700 X D700 X H1,900 (i, 310kg
POEAL W70 X D530 X HY, 500 (e, 25063
Power Supply AL &40, 3pn, 60Hz J AC220V, B0Hr
« FDE Y3A » « POEAL> <ANUST > < ANU QT »
ANU (Auto Neutralization Unit)
Sracication ANU & cedgned 10 utomaticaly necsralze treated Salast water prinr fo &% CSCNMER 50 that the diacharge of Reddux
¢ iodtes MIy Nt aeceed 0. 1 ppm (Rstantanecus Mardimum ImE] according to TRO jevel measured by TSU
ANU ST WE0D X D733 X HY,655 (men, 230k
Ske
ANU 10T W1.2G0 X D733 X H1 655 (mm), 308sg
Power Supply AL 220N, 50z (FROM POS)
Neutralizer Soaum Thiosuttacae
Mixture Rato 2 (Freshwater) : | (Newralling agend
ANU ST 100 Lear for each tank (Botn | 200 Liter)
Tank Capacity

ANU 10T 200 Liar for each tank {Both | 400 Liter]
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| SPEQFICATION Of eC8 |

TSU (TRO Sensor Unit)
TSV maasures concancrations ot TRO (Total Resicual Qxidant) genarated by ECU ouring batasting

Specification operation. TSU ako chacks the TRO level In the reated dallst water for proper newtralization of
bakat water hefora ks dichargo

Size WETT X D50 X H1.347 {mm|, 1006z

Power Supply AC 320V, G0Hz (FROM POE)

Ex-Cortificate NZGECpe ICTAGH /TS ATER 17384

CPC (Control PC & S/W)

Specification Corerol PC 183005eS 30 UPEraced [ouchaZresn INtarace which i aacy & Smpike 1o cparate ECS.
In accition, the CPC ahows ak tha data saved reiating 0 ECS cparation.

Size WEE0 X D119 X HE50 (o), 35ig

PowerSupply  AC 220V, 60Hz {FROM FOR

T-strainer

T-strairer win 3 3mm mesh flter & used during balazing oparations 1o Sher out large manne
Specification spacies and forelgn materials in the Ncoming ballact watar. it nelps pratect slactrodes incide the
ECU o malntain an optimal porformanca of ECU for 3 strong cisintaction efficacy

Sxe WS50 X D365 X HSO3 (mmy a7hg

Type Sraige. Ange

Fressure Range | - 108sr

FMU (Flow Meter Unit)
Specification Madsures flow rate of Dalas wer curing g and @ op

Power Supply AC 220¢

FTS (Freshwater Temperature Sensor)
Specification Meosures temparsoas af moleg watar supphed to & rectiftec rom vessal

Power Supply 0c sy

Specification Maossas aloctrical concutivity of Saawater pasing theough ECU auring balasting cparation.

Power Supply DC 2av

Specification Dotects 3 passihia keak of mydrogan gac from 20U

Fowee Supply DC 24v




RETROFIT SERVICE

Prompt and accurate service in retrofitting

Techcross provides ship owners whe are lecking for retrofitting Ballast Water Management System with the total
enginsening sotion

Service Scope

Option 1 ECS supply + Commissioning
Option 2 - Onboard survey + Design + ECS supply * Supervision « Commisgonng
{Ergresning Sautan) ’ = -
Option 3 = T %
pi Onbxard survery + Design + ECS & instalistion matesal supply « installation & Supenision + Commissioning

{Tn key Soiuticn)

Service Process

ol
Kick-off meosting Onboard survey Pre-anginocering : Design gmgn:p;:;
> tesel Manufacturing It " heat
& Onboard test & Supervisica Shpment ‘Ks’::mm" purchasz order of drawing
Service Schedule (Standard time tahle) : 20 weeks
Contract (week)

o

v
Cnoocard surmy  [Sawc Orawing approval by awner & Cass.
(30 lssar stanner, rawing
Preengnane ng)
Ontalied drawng Inmtalation Manifacturing crawing &
crawng mstailation masterial bt

I e

jratallation material  installation material
purchase cedar manufadunng

e e e et e ) GE—————

ECS manuBcnunrg Shipmant Instaliation
& Suiperdsion

45

Commiszoning
& Orbaoard test
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GLOBAL NETWORK

Techcross' service agents all over the world

A/S Service Network

Courery Cormpwry Adrren
Vimact OfMce [ P A2 Noknaraarecctuto, Gargec-ge, Dusn, S
Lustech 437 Nofaraarecctuto, Gargmec-g., Duwn. Sowe
bores
Otwe Srpping Ca, L4z, 5311, Guemxchesrhang-5n, Sehw-Cas, Sunan, Korwe
frgazcre Jeon Oecraria 194, Puren Loop@0s-0%, Partecs Bunken ful, Srgapore
Cuine € Wiang Matts Ergrwerry Lo, Ut Flosr 12, 2hongen Suldng, Mo Lissreng Ased, Qrptas, Chine
als Cows Line Ca, Ltd 3375, Nibesrrriastyl, Minetzke, Tokyo, T05-0000, jepen
i Ussatda Dlectric Co,, Lot 105 Nowra, It Cly, Evbrae Pral. 7342552, pen
Tebwas o Dlecrarks InfYine 137, N 3-8, Kisoh-arn Roes, Chien-Cren Dt Katsing, Tawt
e Norren 01, Ortt Pase, New Prastuched Marg Prastuched, Murstel - 400024, ke
AL vt Mo 201, Tarwwrs Moo Nuing, TECOM £, IV Dox 34084, Datud, UAL
Turkmy At Crggraing Casrwhynli Madr. Smgpiut ot M -S4 Kat 1 1 S4903 Parnili, btanbd, Tuthony
turspe Nectwrands  Wetsring Trazw & ZServan BV [ % 134 300 KO The
Cmcrearry Narwopters Gonbatt Kugferharmeer 3 22959 Hamturg, Germary

Arrwricn =A € 1or-av Marine Serviem XD Kovighe Roet, Houstort, Texe 77054 LA




MEPC 71 Annex 4

MEPC T1/117/Add.1
Anmex 4, page 1

ANNEX 4

RESOLUTION MEPC_287(71)
(adopted on 7 July 2047)

IMPLEMENTATION OF THE BWM CONVENTION

THE MARINE ENVIRONMENT PROTECTION COMMITTEE,

RECALLING Article 38(a) of the Convention on the International Maritime Crganization
conceming the functions of the Marine Environment Protection Commitiee conferred upon it
by intermational conventions for the prevention and control of marine pollution from ships,

RECALLING ALSO that the Intermational Conference on Ballast Water Management for Ships
hel in February 2004 adopted the Intemational Convention for the Control and Management
of Ships' Ballast Water and Sediments, 2004 (the Convention) together with four conference
resolutions,

MOTING that the entry-into-force conditions of the Convention were met on 8 September 2018
and that it will consequently enter into force on 8 September 2017,

BEIMNG COGHIZANT of the fact that by the date of its entry into force more than 13 years will
have elapsed since the adoption of the Convention,

NOTING that 60 States, the combined merchants fleets of which constitute approximately 68%
of the gross tonnage of the word's merchant shipping, have acceded o the Convention as of 7
July 2017,

BEIMG COMSCIOUS of the need to provide certainty and confidence in the application of
the Convention, thereby assisting shipping companies, shipowners, managers and cperators,
as well as the shipbuilding and equipment manufacturing indusfries, in the timely planning of
their operations, and to encourage the early installation of ballast water management systems,

BEARING IM MIMD that the International Conference on Ballast Water Management for Ships
adopted regulation B-3 (Ballast water management for ships) of the Convention to ensure a
smooth tramsition to the ballast water performance standard described in regulation D-2
between the years 2009 and 2018,

RECOGHIZIMNG that time has elapsed since adoption of the Convention, which has resulted in
uncertainty for ships regarding the application of regulation B-3 and that such uncertainty can be
mitigated through the application of an appropriste timeline for implementing regulations D-1
(Ballast water exchange standard) and D-2 (Ballast water performance standard), upon entry
into force of the Comvention,

RECALLING that the Assembly, at its twenty-sighth session, adopted resolution A1088(28)
on Application of the Intermational Convenfion for the Confrod and Management of Ships®
Balizst Wafer and Sediments, 2004, and requested it to keep the resalution under review and
report back to the Assembly as appropriate,

HAVING APPROVED, at its seventy-first session, draft amendments to regulation B-3 of
the Convention (MEPC 71/17, annex 2} with a view to adoption at its seventy-second session,

EMEPCTIWEPC 71-17-Add-1.docx
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MEPC 711 7/Add.1
Annsx 4, page 2

1 REQUESTS the Secretary-General to circulate the draft amendmenis to
regulstion B-3, in accordance with Article 19 of the Convention, to all Parties to the Convention
and to all Members of the Organization immediately after the entry into foree of the Convention;

2 RESOLVES that in lisu of the implementation schedule recommended in
resolution A 1083(28) and notwithstanding the schedule set forth in regulation B-3 of
the Conwvention, the Parties should implement the amended regulation B-3 (MEPC 71/17,
annex 2) immediately after entry into force of the Convention, with a view to avoiding the
creation of @ dual treaty regime dwring the time pericd between the entry intoc force of
the Conwvention and the entry inta force of the amended regulation B-3;

3 URGES States which have not yet acceded to the Convention to do so a5 soon as
possible, in the understanding that the requirements of the amended regulation B-3 will be
implemented upon the entry into force of the Convention;

4 REAFFIRMSE the agreement reached at its sixty-sighth session, as contained in the
Roadmap for the implementation of the Convention, regarding the provisions for
man-penalization of early movers that have installed ballast water management systems approved
in accordance with the Guidelines for approval of ballast water management sysfems (G8)
(resalution MEPC.174(58), subsequently superseded by resolution MEPC 278(70)).

5 AGREES that this resolution supersedes resolution A.1088(28) on Application of the
International Conwvention for the Gonfrol and Management of Ships" Ballast Wafer and
Sediments, 2004.

EMEPCT1WWEPC 71-17-A0d-1 . docx



MV Sinar Sabang Information

—5— SAMUDERA SHIPPING P Somucdera Indonesia Ship Management

r

B Kali Besar Rere No. 39
Jakarts 11230 - WDONESIA

7.1+ 0221) 6900130 (6 Une)

« 1162 21} K208, £233013

WA ANudEea. L0
A member of the SAMUDERA INDONESIA GROUP

1. GENERAL INFORMATION

Name of Ship MV. Sinar Sabang
Ship Owner Sumudern Shipping Line, Ltd,
Ship Manager PT. Samudera Indonesia Ship Management
(Classification Nippon Kaipn Kyokai
IMO Nuinbey 9435234
Cliass Numl 089448
Official Number 304604
Call Sign YVT7IR
Flag Singapore
Port of Registry Singapore
Date of Build 21 October 2008
Ship Builder Guangzhou Wenchong Shipyard, Co.. Lid.
Type of Vessel Container Ship
1 ongrth Owerall (1OA) 165 N m
Breadth (B) 2740m
Depth (D) 14.30m
Draft (Design) (T) 10.916 m
Deadweight 23,350 DWT
Gross Tonnage 18.321 GT
Net Tonpuge 10392 GT
| Capacity of TEUs 1,740 TEUs
Service Speed 14980 knot
Ballast Water Capacity 7,807 m°
Total Crew 20 person
Main Engine
o Maker MAN B&W
.« Type 75 66 MC-C
o Total Power 16,660 kW [ 22,667 HP
*  Fuel Qil Consumption 5.54 1ons | day
Auxiliary Engine
+  Makar Zhangjiang MAN B&W
o Type 6L28/32H
*  Total Power 1,260 kW / 1,714 HP
o Diesal On Consumption 0.55 (ons | day
Navigation Equipment
e Autopilot Raytheon Anschutz Gmbl / Anschute
o Echo-Sounder Japan Radio, Co., Ltd. / JRC-NWW 16
o Gyro Compass | Raytheon Anschutz GmbH / Anschutz - STD 22
*»  Cyro Compaxa 11 Raytheon Ansehute GmbH / Ansehute STDR 22
o Inmarsat - C Japan Radio, Co., Lud. / JUE-8S
o Magnetic Compass Cassens & Plath Inc. / Reflecta2
o Nayiex Japan Radio, Co., Ltd, / JRC-NRC 33
e  Radarl Japan Radio, Co., Ltd. / X-Band Ampa
¢  Radarll Japan Radio, Ca., Ltd, / S-Band Arpa
o Speed Log Japan Radio, Co., Ltd. / JRC-JLN 205
Dite of Ducking Planning O8 = 15 Jamzry 2014
Duration 8 days

2%=
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Installation Price

APPENDIX G DETAILED COSTINGS

StXCanada Marine

STX Canada Marine Inc.
Report #132-001-01, Rev 07

TANKER ELECTROLYSIS BWTS
Purchass and Installation of t
installaion Cost (mean) | 1,635.215
Ennual Oparating %g
{mean) £9,433
Installation Man hours 6:353
1100 gﬁ"w 1 off 1000m*Y.
1101 | EWTS System Rardware | Sotmate $640,000 -10% + 20% 575,000 £40,000 765,000
E5UMate of 750 MO * COMDISXTy T2Ci0r Tor
1102 | BWTS Instatation 1abour EWTS Syt 1%, 140 113,908 126,563 177,188
103 g"m‘”“ SPATEE DUFCNZSE FOM | =oonate 59 of procurameant price. 23,500 32,000 44,800
7108 | Omer ShiDping, Tiak 3= OEM Co6ls, 550, 10.000 75,000 20.000
AJGIoNa! eQUpMENt required 35 par of
1200 | Aaditional Equipment Instattion Mtesne
ng
1201 | Pumgs pumping capacty. 0 0 0
hstliaion of addttional capachy,
1202 | Generator Sets Sased on SE15/K0 an0 637KW requirement. - | 0 ) )
15% + 15%
stalaton of 0GOS POWEr GISTDUTon
1203 | Blecarical Distoution peoreer-iaid e 0 o o
'Covers spare pars for 7epaks In te event of
1204 | Spares (Adational System faiure, one buy cost fof ifetime of 213 250 288
equipment) system
1205 _| Labour EsTmate O 00 for 3bove [30% of 1ot FISE I 75,108
1206 | Circuation Heder W5tallalion of Water Neaters. £ $5000 83Ch 2500 5.000 7.000
1301_| Cabie 5% of Sysiem coel -15%, <30% % 32.000 %200
32| Lavour 0% of Sysi=m oost, -10%, +40% 37063 22,158 <5.063
AQGIIoNal COStS -ALGIary SYSIEms, 7.5%
1303 | Omer TS A o 43200 43,000 £7.200
1400 ASGIIoNa! pipe work
1401 _| Pipework 0% Of 5ysi2m cost, -15%, +30% 52400 £4.000 73500
1400 | L3bour 1005% of Sysiem cost, -10%, +40% 75.059 54375 715,125
1203 | omer T T Sy Sy, { 7T 43200 48,000 67.200
MiSC_ 0=ck DIItng 10 DE eplaced, weding
1500 | Other Instafiation Coats consumaties, Tor struchres, sto.
T3DOLr £5TMate 7or 30d1ond E7or for gatling
Work-n-way ! Workshop equipment instalied - Estmate 1000h7s
1501 | fe Tachran nar VeseCangienty 5t - 101,250 112,500 157,500
TS00_| Work-in-wiay SioWance Matenial coets 35500360 Wi Work-Iway ¥ £2.000 73600

Feasibility of BWTS Installation and Operation

183

210172015
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Sb( Canada Marine

1500 | HVAC metatontpgraces | WalEral Costs, evbma & 15% O(BWTS
SATS
1504 | Engineering e A VLo AP, “l7ize  |saas:  [onem
1505 m&?”‘e'“m Based on 10 % of total Iabour o6t -10%, +40% | 33.861 43313 0,633
1505 | Snipyart Support Labour | S35ed on 100% system Inetilation 3bour. 1% | 75 g3 84,375 118,125
[2100_| Sparss Tiems associaled Wilh WIS
COVESS Spare parts for 7epaks in the event of
2101 | Spares (systam) System fafure, one buy cost for fetime of
System (Cover=d by kem 1204)
210 | Spares (eoags) OrTEad Sescoed o Sirage of oare Fore
2200 | Fusl Coats | Tiems associaled Wih BWIS
Power required by SWTS Systent.
EWh when acltive * aciive time + lgie
2201 | Powerconsumed (Yeam) | 2o ixwhr) Est High + Backwash 10% of
nunning Sme + Newtralising pump Est SkVenr
Based on r2quired KVeh and pOWer generation
system:
. Total KWh nesded (from previcus fine) * t uet o . i
202 | Fusicost R P L et e Sy | e 4725 6515
*fust cost per t desel (assume $1100MITS. -
15% +40%
ChIOE5 CONSIa, SUDIIary 1030 20KW Gonsiant,
2203 ‘cmmm‘“%f;yf‘j;“e' Circuation Heater 126KW {10% of balasting
sme), Erine pump 2KV
2504 | Adaitional Fusl Gost A5 300ve. -10% + 40% 2303 E 0253
2300 | Consumabies
S s Mﬁ?&gmmm
13
232 | satbme 008t per £ of brine (Est $1001'qly per 16,558 19,420 22402
reatmeant’ annual number of fraatments.
2500 | Malntenance
T300ur Tor plarned 3nd Urpiannag
2501 | Maintenance & reparr labour | inciuding repiacing lamgs, hspeeu'gﬂnetsand 3797 4218 5,306
fares, -10% + 40%
Rela=0 Material Coets 10 AoV (NOT hE Cosi of
new fiiers, bulbs, etc. - work-in-way matenas
252 | Mantenance materials only.) 76 840 895
5% of Initial work-in-way cost annualy. -10% +
0%

STX Canada Marine Inc.
Report #132-001-01, Rev 07

Feasibility of BWTS Installation and

194

Operation
2110172015

TC Transactions on BWTS p.294 of 536



UNIT GALANGAN RUKINDO

Sea Chest & Sea

2, Sea Valves/Overboard Discharge Valves

Oven wp for survey, clean, grind and box up in place.

Diameter Globe Valve Gate Valve

r Rp 418.000 712.500
zr Rp 807.500 1.140.000
3 Rp 952.850 1,425,000
4 Rp 1.268.250 1.710.000
Ly Rp - 1.689.100 2.280.000
6" Rp 2.117.550 2.802.500
g Rp 2.535.550 3.325.000
10 Rp 3.175.650 3.942.500
1z Rp 3.602850 4.560.000
14 Rp 4.231.300 4.987.500
16 Rp 4.766.150 5.462.500
18" Rp 5.070.150 5.700.000
20 Rp 5.070.150 £.080.000
Yz Rp 5.920400 6.412.500
yLy Rp 6.348.850 6.887.500

NOTES :

a  Incase of testing in shop, price to be 200 %.

b.  Excluding repair / renewal of defective parts.

¢ Incase vaives in tank, price 10 be 120 %.

d. Incase of testing in place, price to be 150 %

e Forbutterfly valve, will be charged of gate valive 120 %.

f.  Freeing up of reach rod, will be charged exira.

g For by pass valves will be charged extra.

h. For pneumatic vaives, will be charged 300 %.

i.  Excluding renew packing, nut and bolt,

j. Excluding staging and access work.



UNIT GALANGAN RUKINDO

f’iiy).r!f.' Works

Piping Works
1. Renewal Straight Steel Pipes
Per Meter
Dhumetes Sch. 40 Sch. 80 ST.GP

172" Rp 191,400 | Rp 263,100 | Rp 83700 | -
1" Rp 242200 | Rp 282.600 | Rp 155.500 | ©
Py Rp 378.200 | Rp 621.900 | Rp 282 600
3 Rp 849.200 | Rp 941.85 | Rp 444.000
4 Rp 1.160.100 | Rp 1.188.500 | Rp 599.500
5 Rp 1.402.300 | Rp 1.471.100 | Rp 754,975
& Rp 2.063.100 | Rp 2218600 | Rp 922.400
5 Rp 2.547.500 | Rp 2783700 | Rp 1.233.376
10° Rp 3.031.900 | Rp 3.348800 | Rp 1,544,300
12 Rp 3516.200 | Rp 3.913.900 | Rp 1.855.300

NOTES :

a.  Incase of length of each piece less than 1m, price to be applied as 1 meter.

b, Removal and reinstallation for access fo be charge 40 %.

¢ Forspecial material instead sbove lo be charged ssparately (base on matenal spec).

d.  Forpipe in tank and pump room, cargo tank, duct keel, rafe fo be 135 %.

e.  Forpipe in engine room, rate to be 125 %.

f.  Forpipe in accommodation room, rafe fo be 105 %.

g Forpipe in DBT rates to be 150 %.

h  Additional woks : Clamps, testing, painting, necessary staging, boit and nils, gaskel,, Insufation and

galvanizing shall be charged extra.
For pipe material fo be supfied by dockyard.

For copper, cunife and other special material pipes will be charged extra,
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Ballast System Piping Diagram

BALLAST SYSTEM PIPING DIAGRAM
Application 0.D. THK.

no of Pipes NOM. DIA. |mm mm MATERIAL TYPE
1 300 325 8 Seamless Steel 20#
2 300 325 8 Seamless Steel 20#
3 250 273 7 Seamless Steel 20#
4 250 273 7 Seamless Steel 20#
5 250 273 7 Seamless Steel 20#
6 250 273 7 Seamless Steel 20#
7 250 273 7 Seamless Steel 20#
8 250 273 7 Seamless Steel 20#
9 250 273 7 Seamless Steel 20#
10 250 273 7 Seamless Steel 20#
11 250 273 7 Seamless Steel 20#
12 250 273 7 Seamless Steel 20#
13 250 273 7 Seamless Steel 20#
14 250 273 7 Seamless Steel 20#
15 250 273 7 Seamless Steel 20#
16 250 273 7 Seamless Steel 20#
17 250 273 7 Seamless Steel 20#
18 250 273 7 Seamless Steel 20#
19 250 273 7 Seamless Steel 20#
20 250 273 7 Seamless Steel 20#
21 250 273 7 Seamless Steel 20#
22 250 273 7 Seamless Steel 20#
23 250 273 7 Seamless Steel 20#
24 250 273 7 Seamless Steel 20#
25 250 273 7 Seamless Steel 20#
26 250 273 7 Seamless Steel 20#
27 250 273 7 Seamless Steel 20#
28 250 273 7 Seamless Steel 20#
29 250 273 7 Seamless Steel 20#
30 250 273 7 Seamless Steel 20#
31 250 273 9 Seamless Steel 20#
32 150 168 6 Seamless Steel 20#
33 100 114 4,5 Seamless Steel 20#
34 100 114 4,5 Seamless Steel 20#
35 80 89 4,5 Seamless Steel 20#
36 80 89 4,5 Seamless Steel 20#
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BALLAST SYSTEM PIPING DIAGRAM

Application O.D. THK.
no of Pipes NOM. DIA. [mm mm MATERIAL TYPE
37 80 89 4,5|Seamless Steel 20#
38 80 89 4,5|Seamless Steel 20#
39 200 219 6|Seamless Steel 204




BALLAST SYSTEM PIPING DIAGRAM

Dn PN Name Plate
valve Type Standart Name MPa MATERIAL Stand Words on name plate Remarks
BUTTERFLY
BWO1V  |DN250 1D10250TNS VALVE 250 1{CAST IRON C2 NO 2 BALLAST PP OUT
BUTTERFLY
BWO2V  |DN251 1D10250TNS VALVE 250 1{CAST IRON C2 NO 1 BALLAST PP OUT
BUTTERFLY
BWO0O3V DN252 1D10250TNS VALVE 250 1|CAST IRON C2 B.W FROM/TO SB
BUTTERFLY
BWO04V  |DN253 1D10250TNS VALVE 250 1[CAST IRON C2 B.W FROM/TO PS
BUTTERFLY EMER. TO SEAWATER COLING
BWOS5V  |DN254 1D10250TNS VALVE 250 1[CAST IRON C2 SYSTEM
BUTTERFLY EMER. FROM SEAWATER
BWO6V  |DN255 2A10250TNS VALVE 250 1{CAST IRON C2 COLING SYSTEM
BUTTERFLY FROM BILGE WATER PIPING
BWO7V  |DN256 2A10250TNS VALVE 250 1{CAST IRON C2 SYSTEM
BUTTERFLY FROM BILGE WATER PIPING
BWO8V  |DN257 1D10200TNS VALVE 250 1{CAST IRON C2 SYSTEM
CHECK
BWO9V  [DN258 BUTTERFLY V. 250 1,6|DUCTILE IRON Cc2 NO 2 BALLAST PP OUT
CHECK
BW10V  |DN259 BUTTERFLY V. 250 1,6|DUCTILE IRON Cc2 NO 1 BALLAST PP OUT
CHECK
BW11V  |DN260 BUTTERFLY V. 250 1,6/DUCTILE IRON C2
FROM SEAWATER COOLING
BW12V  |DN261 REMOT BUTT. V. 300 1{CAST IRON C2 PIPING SYSTEM IMPORT
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BALLAST SYSTEM PIPING DIAGRAM

Dn PN Name Plate
valve Type Standart Name MPa MATERIAL Stand Words on name plate Remarks
BW13V  |DN250 REMOT BUTT. V. 250 1{CAST IRON C2 NO 2 BALLAST PP IN IMPORT
BW14V  |DN250 REMOT BUTT. V. 250 1{CAST IRON C2 NO 1 BALLAST PP IN IMPORT
IMPORT CONTINUE
BW15V  [DN250 REMOT BUTT. V. 250 1|CAST IRON C2 BALLAST PP OUT WORKING
IMPORT CONTINUE

BW16V DN250 REMOT BUTT. V. 250 1(CAST IRON Cc2 BALLAST PP OUT WORKING
BW17V  |DN250 REMOT BUTT. V. 250 1|CAST IRON Cc2 NO 2 BALLAST PP PASS-BY IMPORT
BW18V  |DN250 REMOT BUTT. V. 250 1|CAST IRON Cc2 NO 1 BALLAST PP PASS-BY IMPORT

BALLAST PUMP TO
BW19V  |DN250 REMOT BUTT. V. 250 1{CAST IRON C2 OVERBOARD

BALLAST PUMP TO
BW20V  |DN250 REMOT BUTT. V. 250 1{CAST IRON C2 OVERBOARD
BW21V  [DN250 REMOT BUTT. V. 250 1|CAST IRON Cc2 BETWEEN BALLAST PP OUT
BW25V  |DN150 REMOT BUTT. V. 150 1|CAST IRON Cc2 FROM/TO AP

FROM EJECOR PP OUT TO
BW26V  |AS10100 STOP & CHECK 100 1{CAST IRON C2 OVERBOARD

FROM B.W. PIPE TO EJECTION
BW27 AS10080 STOP & CHECK 80 1{CAST IRON Cl IN
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BALLAST SYSTEM PIPING DIAGRAM

Dn PN Name Plate
valve Type Standart Name MPa MATERIAL Stand Words on name plate Remarks
FROM FIRE FIGHTING PIPING
BW28v AS10080 STOP & CHECK 80 1[CAST IRON Cc2 SYSTEM EJEC. PP
BUTTERFLY
BW29V DN150 VALVE 150 1|CAST STEEL Cc2 FROM/TO AP
BW30V DN15 M521DF40-00 |STOP 15 1|(CAST IRON C1 SAMPLING VALVE
BW31V DN300 A10300QDF20 [STOP & CHECK 300 1({BRONZE Cc2 B.W TO OUTBOARD (P)
BW100V |[DN250 REMOT BUTT. V. 250 1|CAST STEEL Cc2 DISCHARGED FROM AP TK IMPORT
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