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The Ballast Water Treatment System was developed to prevent the unintended transport of unwanted organisms from one region to

another as demanded by the IMO (International Maritime Organization), Although various types of BWTS in the world have been

developed until now and applied to various ships, there has been no systematic basis for its selection and installation, Currently, the

system selection and installation are as per ship owner's suggestion or by easy installation point of view by the shipyard. In order to

organize, systemize and solve problems related to the selection and installation of BWTS, a definitive study has been performed to come

up with the best alternative to derive value and criteria which were to be met for vessels which are to be equipped with BWTS, Multiple

criteria were compared alongside each other during the course of this study. Accordingly an AHP (Analytic Hierarchy Process) analysis

method for A B and C companies were done for container ships with size 10,000 TEU and above, Equipment type for "A' company is
"Filter, UV & TiO2" combined type, For "B' company it is "Filter & UV' combined type. Finally for "C' company it is "Electrolysis’ type.
Henceforth, the results of this study aims to come up with the optimum way to select the best and the most suitable BWTS for a certain

vessel,

Keywords : Ballast Water Treatment System(MEFES{4 X2|AIX)), Alternative(CHRH, Multiple criteria(CHS7 1), Analytic Hierarchy
Process(ZIEEA7 ) UV(Ultra Violet) type(XI2I EFQ. Electrolysis type(X17 |£5H EFQ)
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20| 7|&M(technology), ZH|A(cost effectweness) MR
(installability), AH|A(maintainability), 2FSAl(safety), &4 2l
sl (environment friendly)2| 67 CHER s=o=z LIQiCt 7|
M2 NREZCZ HelsH, MAME 29T, 2Y4 He|
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off Mx|g = Qlct Has MelZxle fHAs 57 Lol &
£ tix[5t0{ot stz A7t LIFE0|H, HAolM 27t U=
(o] AA| X|Zlol| w2} MASto{of Sk olol| wEX| ke A
< Adle| M52 WRop |7t o222, MAX ZHAM= FF
H| 37| ¥ W50 A RYs & E[ojof MAHTE 41H, A
Aol x|zlo| 7IckEX| otot MEsP |7t gt & 4= Aok
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Table 1 Summary of the criteria and subcriteria

Criteria Subcriteria

Explanation
of Subcriteria

1.1 Performance
of equipment
1.2 Simplicity of
design
1.3 Easiness of
operation
1.4 Maker's
reliability

1.Technology

— Sterilization level
of the BWTS equipment
— Equipment size,
Number, Unit etc,
Easy enough for
design application.
— The degree of
operating time
& convenience
— Maker’s experience
and know how on
their system

2.1 Equipment

price
2.Cost 2.2 Operating
effectiveness expenses
2.3 Depreciation
cost

— Initial purchase price
of equipment
— Operating expenses
of equipment
— Depreciation cost of
equipment according
to the application year

3.1 Installation

— Installation time short
degree of equipment

3.Installability time . i .Free space Of.
3.2 Installation equipment installation
space (Compactness of
equipment)
4.1 Availability |- Ease of procurement
of spare parts| degree from the maker
4.2 — Easy enough for

4 Maintainability Maintainability

4.3 Maintenance

maintenance
— The cost associated

cost with part component
5.1 Safety — Safety level of
5.Safety degree operation & keeping

of equipment

of equipment

6.1 Degree of

6.Environment environment
friendly friendliness of

equipment

— The degree of
environmental
friendliness about sea
pollution & noise from
equipment

(4) Hx 2| tHESS=d(maker's reliability): ZH[ol] 2| 24 A|
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(10) E=x=Havailability of spare parts) : MEF2 =X ksl
off ZAkE| W20l MAH o= XolALt FES =S 5= 3

= AMHAZo| st

(11) Hb| 8ol (maintainabilty) : HEAS Tais xe x|
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ASE| 2h TAES| siRIAL K| Y SN, Heleb
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Huloley

(12) MH|H|Z(maintenance cost) : HH| A| &0} £ x|

SOl thgt 2 vl3olct.

— o

(13) & | = (safety degree of equipment) : &4 Xzl
Ex|o| Z= A RX| Alo| oFM MTo|cl HWEL MR of
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(9) Mx|57Kinstallation space) : TES X2 &x|e| &t & Alof| 2} a0l XHE =
32 oI5t MA|Z7lo| 01 HEEM BasMut Lol FHIS  sMIZM siEslofot it
Goal [ BWTS Optimal Selection ]
oo Cost Environment
Criteria Technology Installability Maintainability Safety )
Effectiveness friendly
Sub (- Pen‘orrnance\ (- Equipment ) - Installation /: Avallabily of suf
criteria of equipment Price time spare paris 4 aetyf - Degree of
egree 0
- Simplici - i - i - Maintainabili environmental
Simplicity of Operating Installation itainabilty equipment o
design expenses - Maintenance friendiiness of
- FEasinessof - Depreciation cost equipment
operation cost
- Maker's . /

reliability

| Alternatives | (FILTER +UV+TiO2 TYPE)
- “A” COMPANY

(FILTER + UV TYPE)

“B” COMPANY

(ELECTROSIS TYPE)

- “C” COMPANY

Fig. 2 BWTS Hierarchical structure for optimum selection
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Table 2 Number of questionnaire receipt

No. of
questionnaire
receipt
(C.R. < 0.1)

No. of
questionnaire
receipt

Assigned task

Hull piping design
(BWTS piping & elec 35 20
trical designer)

Ship—owner and Com
missioning Engineer 23 15
(User of BWTS)

Dept. of Machinery
Outfitting

(In charge of the in 20 15
stallation of BWTS)
Total 78 50
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Table 3 Kind of BWTS maker & data

Maker(Country) “A” COMPANY(Sweden) “B” COMPANY(Korea) “C” COMPANY (Korea)
Product “a” Model “b” Model “c” Model
Method of Dealing Filter+UV+TiO2 UV+Filter Electrolysis
Operation Method Ballasting + Deballasting Ballasting + Deballasting Ballasting

1) Filter(404m)
2) AOT Reactor (UV + Active
Main Components material)
3) Lamp Drive Cabinet
4) CIP(CLEANING IN PLACE) Unit

1) Filter(504m)
2) UV Unit
3) Power Supply Panel

1) Electro Chamber Unit
2) Power Distributor
3) Rectifier
4) Auto Neutral Unit
5) Flowmeter

Installation Location Engine Room

Engine Room

Engine Room

1) Environment friendly due to
not using chemical substance.
2) Big capacity handling is
possible.

Advantage

1) Environment friendly due to
not using chemical substance.
2) Big capacity handling is
possible.

1) Electric power consumption is
little.
2) Sterilizing power is good.
3) Pressure loss in piping is little.

1) There are fears of
blockage from the filter
2) Periodic checks and needs a
replacement of UV lamps.

3) Overall fail is inevitable
due to filter & UV lamp unit
problems.

4) Sea water cooling line for
UV lamp warming is

Dis—advantage

1) There are fears of
blockage from the filter
2) Periodic checks and needs
a replacement of UV lamps.
3) Overall fail is inevitable due
to filter & UV lamp unit

1) TRO(Total Residual xidant)
to be neutralized during
de—ballasting.

2) Processing is not possible in
fresh water area and
electric power consumption
is much in the area with low salt

. problems. content.
necessary unlike other maker. 3) H2 gas detector is necessar
5) A lot of electric power g v
consumption.
Capacity(m?’/h) 1,000 1,000 1,000
Neutralization
addition or not No No ves
Pressure Loss (Bar) Approximately 0.8 Approximately 0.9 Approximately 0.2

Power

Consumption(Kw) Approximately 240

Approximately 120

Approximately 89

- AOT (Advanced Oxidation
Technology) Reactor : UV
light neutralizes organisms
either directly or through
damage to their DNA, while
AOT creates free radicals

The Definition of a that cause irreversible cell

term membrane damage.
— UV : Ultra Violet
— CIP(Cleaning In Place) :
System circulates a
biodegrable solution to
prevent sea water scaling
within the AQOT unit.

— Electro Chamber Unit : ECS
treats all of the incoming
ballast water with in—situ

generation of electric
potential and oxidants from
Electro—Chamber Unit(ECU).

— Power Distributor @ Supplies
power to ECS components
and monitors the state of
power supply in real time.

- Auto Neutralization Unit :
Neutralizes TRO at discharge.
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Table 4 Ranking of the BWTS criteria & subcriteria by the department of design

Criteria Weight Rankin Subcriteria Weight Weight Rankin
(Class 1) (Class 1) 9 (Class 2) (Class 2) (Class1xClass?2) 9
Performance of 0.259 0.051023 7
equipment
Simplicity-of 0.265 0.052205 6
Technology 0.197 2 design
Easiness of 0.198 0.039006 9
operation
Maker’s reliability 0.279 0.054963
Equipment price 0.498 0.04233
Cost 0.085 6 Operating 0.349 0.029665 12
effectiveness expenses
Depreciation cost 0.153 0.013005 14
- Installation time 0.426 0.053676
Installability 0.126 4 -
Installation space 0.574 0.072324
Availability of 0.303 0.028785 13
- spare parts
Maintainability 0.095 ° Maintainability 0.373 0.035435 10
Maintenance cost 0.323 0.030685 11
Safety 0.303 1 Safety degree of 1.0 0.303 1
equipment
Environment Environment
. 0.193 3 Friendly degree of 1.0 0.193 2
friendly .
equipment

Table 5 Total weight of alternatives by the department of design

Weight of alternatives Total weight of alterne:nli;/eeria(t(iilsg,)s 1xClass 2xWeight of
“A” COMPANY | “B” COMPANY | “C” COMPANY “A” COMPANY “B” COMPANY “C” COMPANY
0.232 0.287 0.481 0.011837336 0.014643601 0.024542063
0.178 0.482 0.34 0.00929249 0.02516281 0.0177497
0.159 0.386 0.455 0.006201954 0.015056316 0.01774773
0.235 0.438 0.327 0.012916305 0.024073794 0.017972901
0.224 0.365 0.411 0.00948192 0.01545045 0.01739763
0.184 0.319 0.497 0.00545836 0.009463135 0.014743505
0.235 0.361 0.404 0.003056175 0.004694805 0.00525402
0.21 0.474 0.316 0.01127196 0.025442424 0.016961616
0.175 0.412 0.413 0.0126567 0.029797488 0.029869812
0.227 0.373 0.399 0.006534195 0.010736805 0.011485215
0.224 0.344 0.432 0.00793744 0.01218964 0.01530792
0.189 0.332 0.479 0.005799465 0.01018742 0.014698115
0.367 0.424 0.209 0.111201 0.128472 0.063327
0.288 0.489 0.223 0.055584 0.094377 0.043039
SUM = 0.2692293 | SUM=0.419747688 | SUM=0.310096227
402 CHePRASISI=2E] & 52 3 & 55 2015 102
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Table 6 Ranking of the BWTS criteria & subcriteria by the department of machinery outfitting

Criteria Weight Rankin Subcriteria Weight Weight Rankin
(Class 1) (Class 1) 9 (Class 2) (Class 2) (Class1xClass?) 9
Performance of 0.255 0.0204 12
equipment
Simplicity of design 0.18 0.0144 14
Technology 0.08 6 Eos :
asiness o 0.323 0.02584 9
operation
Maker’s reliability 0.242 0.01936 13
Equipment price 0.267 0.022962 10
Cost 0.086 5 Operating 0.466 0.040076 6
effectiveness expenses
Depreciation cost 0.267 0.022962 11
- Installation time 0.38 0.05966 5
Installability 0.157 3 -
Installation space 0.62 0.09734
Availability of spare 0.481 0.064935 4
S parts
Maintainability 0.135 4 Maintainability 0.277 0.037395 7
Maintenance cost 0.242 0.03267 8
Safety 0.273 1 Safety degree of 1.0 0.273 1
equipment
Environment Environment
: 0.27 2 Friendly degree of 1.0 0.27 2
friendly .
equipment
Table 7 Total weight of alternatives by the department of machinery outfitting
. . Total weight of alternatives
Weight of alternatives (Class 1xClass 2xWeight of alternatives)
COMPANY COMPANY C” COMPANY A" COMPANY B” COMPANY C” COMPANY
0.295 0.375 0.33 0.006018 0.00765 0.006732
0.231 0.422 0.346 0.0033264 0.0060768 0.0049824
0.213 0.351 0.436 0.00550392 0.00906984 0.01126624
0.143 0.468 0.389 0.00276848 0.00906048 0.00753104
0.287 0.356 0.357 0.006590094 0.008174472 0.008197434
0.257 0.206 0.537 0.010299532 0.008255656 0.021520812
0.282 0.367 0.351 0.006475284 0.008427054 0.008059662
0.17 0.386 0.445 0.0101422 0.02302876 0.0265487
0.241 0.34 0.419 0.02345894 0.0330956 0.04078546
0.184 0.427 0.389 0.01194804 0.027727245 0.025259715
0.184 0.371 0.444 0.00688068 0.013873545 0.01660338
0.231 0.326 0.443 0.00754677 0.01065042 0.01447281
0.262 0.525 0.214 0.071526 0.143325 0.058422
0.277 0.476 0.247 0.07479 0.12852 0.06669
SUM SUM SUM
=0.24727434 =0.436934872 =0.317071653
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Table 8 Ranking of the BWTS criteria & subcriteria by the ship—owner and commissioning engineer

Criteria Weight Rankin Subcriteria Weight Weight Rankin
(Class 1) (Class 1) 9 (Class 2) (Class 2) (Class1xClass?) 9
Performance of 0.221 0.030277 12
equipment
Simplicity of design 0.203 0.027811 13
Technology 0.137 4 :
Easiness of 0.315 0.043155 9
operation
Maker’s reliability 0.264 0.036168 10
Equipment price 0.419 0.062012 3
Cost 0.148 3 Operating 0.397 0.058756 4
effectiveness expenses
Depreciation cost 0.184 0.027232 14
Installation time 0.497 0.052682 7
Installability 0.106 6
Installation space 0.503 0.053318 6
Availability of 0.372 0.050592 8
spare parts
Maintainability 0.136 5 Maintainability 0.233 0.031688 11
Maintenance cost 0.395 0.05372 5
Safety 0.246 1 Safety degree of 1.0 0.246 ’
equipment
Environment Environment
. 0.227 2 Friendly degree of 1.0 0.227 2
friendly .
equipment
Table 9 Total weight of alternatives by the ship—owner and commissioning engineer
) : Total weight of alternatives
Weight of alternatives (Class 1xClass 2xWeight of alternatives)

“A” COMPANY | “B” COMPANY | “C” COMPANY “A” COMPANY “B” COMPANY “C” COMPANY
0.296 0.423 0.281 0.008961992 0.012807171 0.008507837
0.249 0.449 0.303 0.006924939 0.012487139 0.008426733
0.256 0.467 0.277 0.01104768 0.020153385 0.011953935
0.323 0.428 0.25 0.011682264 0.015479904 0.009042
0.307 0.389 0.304 0.019037684 0.024122668 0.018851648
0.316 0.325 0.359 0.018566896 0.0190957 0.021093404
0.284 0.378 0.338 0.007733888 0.010293696 0.009204416
0.284 0.475 0.241 0.014961688 0.02502395 0.012696362
0.296 0.378 0.326 0.015782128 0.020154204 0.017381668
0.278 0.385 0.337 0.014064576 0.01947792 0.017049504
0.346 0.409 0.245 0.010964048 0.012960392 0.00776356
0.316 0.467 0.277 0.01697552 0.02508724 0.01488044
0.353 0.429 0.218 0.086838 0.105534 0.053628
0.306 0.492 0.202 0.069462 0.111684 0.045854

SUM=0.313003303 | SUM=0.434361369 SUM=0.256333507
404 CHEIR MBS =2 X[ 52 A |5 S 20155 102
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Table 10 Weight of assigned task and total weight of alternatives

. We|ght of Rankmg of Total weight Total weight of Total weight of
Assigned task assigned assigned of “B” Company “C” Company
task task “A” Company
Department of design
(BWTS piping & electrical 0.405 2 0.270 0.420 0.310
designer)
Dept. of Machinery Outfitting
(In charge of the installation of 0.102 3 0.247 0.436 0.317
BWTS)
Ship—owner and Commissioning
Engineer(User of BWTS) 0.493 1 0.313 0.434 0.256

Table 11 Total weight of alternatives considering the weight of assigned task

Assianed task Weight of assigned task x | Weight of assigned task x | Weight of assigned task x
9 “A” Company total weight | “B” Company total weight | “C” Company total weight
Department of design
(BWTS piping & electrical 0.10935 0.1701 0.12555
designer)
Dept. of Machinery Outfitting
(In charge of the installation of 0.025194 0.044472 0.032334
BWTS)
Ship—owner and Commissioning
Engineer (User of BWTS) 0.154309 0.213962 0.126208
Total 0.288853 0.428534 0.284092
Ranking 2 1 3
5 d E JEEAIS B B8 9 Zuks BAPH0.4282 2919} 391
CH0.147F O 30 292} 3%= 0.28 ME2 He| &2 Zus
AHP 7lEie 7|me| J|4% B o mu| 7l S o @ol  %ich Rl 10,000 TEU OfAF ZiEjOlLM MatmEs Xz
ofl CH3HA{DE D2i5l0] &M HZS ME x Zx|o| ZHMHZESZE BARR| “Filter & UV Combined type”, A

Hel grth 71E2 1qslo] 2N MES UYY2Z ofah2tAlAt

o+ ool oIZ0l 2 4 3ich.

10,000 TEU ol&t ZiH|o[L{ Mol M B=l= Mg 2 |d

xle] HHHE B} 7|ZoiA M2l
S| AFBRH ST} MRl oA,

ZQEU} 7FE Ayl A}

2 T, ZHd,

=4, Yoy, x4 =22 ZA= Ut

A2l “Filter, UV & TiO2 Combined type”, CAIR| “Electrolysis
Type” ==0]C},

ooz e FEMl VLCC(Very Large Crude Carrier)ol
405|'— A-|I1|Iug<g_l_ x.|3_|7é|-j;| i|x4x-||ﬂ A 7;{0“: =2 oq;.ol =]
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