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Abstract

Various kinds of ballast water treatment systems (BWTS) have been developed
corresponding to reinforced IMO rules for marine environment. Some of them got the
certificate of IMO and others are waiting for it. Selection of optimum BWTS is very
important. Optimum BWTS means not only functional requirements but also economic
efficiency. This paper presents economic analysis model for optimum BWTS according to
ship type and size. In this study 10 kinds of BWTS whose initial installation cost and
maintenance cost are known are analyzed based on present worth method. It is assumed
that all BWTS satisfy minimum functional requirements and we need to consider different
economical efficiency. Through the economic analysis we could select optimum BWTS.
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Table 1 Main supposition for economic
analysis

List Value
Life of ship 30year
Interest rate 4.68%
Rising rate of maintenance cost 3.5%
10
Annual running frequency .
times
Change cycle of parts 0o
Residual value 0
2.5 dRN4d ot gy
JAHE Bot e JI2dez EMIXY, O
cIXIE, S2DIXE, UWREUEY S50 EM
£ 0I20. U = HIAUME 0l = IHE
I S32SE2 HlungE = Us SFMHIXIYS At
ZoIUCE SEMIIKIgEHME S6E AE0M 2
Mot 2= HIE2 SEMAIE2Z S0 St
x| AXH|IE0| LMt AIEE 2x2 AME2Z
gt =, 9 LFS HIE2 Stcle 2E 7 Alb|
JF 2rMSHCHD JFESHH, el s28E2 Fig
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J|l EXHIE0l HdE8Xo2 SIIetin JHAEGHH
! i l i - i mL LIEFH BWTS2| =J|H|Z0ICt OlMh, Jt==2 Al
5 e T J \ 2 Hels8¥E UEHUD, MEs2 oHiEs
AT A LIERH 222 CHY JHXIS Case X2IS20
Fig. 2 Cash flow chart of ballast water gt =JIH|E2 LIEHH Z0ICH 0 B Case 3
treatment system 2 Mel o &It [HE HIE8 3It&0] S0
otAl 2 HOICH
HE &= = 19 A& 28 RAHIE 4,
& =82 n, 2t 28 |AHIS 4SES ¢ 1400
et olH, AIE toiMe 29 |AHI(4,)E F& P e
4 oCh M2tM X0| HIZS 2 61, HIZ 4 i
Fysotol & HI82 EMILX P= Al (1)2 LIt S|
LHof ®ICH R 74/
P:C+/2P,:C+,2A1(l+e)"1(1+72)" 0 =
0 : )
:C“llx; 1ie(11:) Fig. 3 Initial crg.éngg?m(z‘érresponding
treatment capacity
3. BWTS2l ZAHMA =IOt ol(Lloyd's
Register 2007) 3.1.2 ZJ| HIg &t
Table 22| NIE HIE2=z%H, M2l & 200
3.1 BWTS2 HIZ HIZ ¥ 2| m*/hBIt & M HIE SHEHAC)Z Heg =
Table 2= 20074 638 A&z Dl 5012 UL OIF eHZZ LEHHD Fig. 42 2Lt 0l
2F =0 =2 BWTS MEE M3 tIg, o2t 2 i, Case 2= X2l E0| 200 m*/hd [Hl D
24| S8 H2lst Aoz =I| EXHHIt 24| Z0| Sl MBIRUCH, Case 32| SIHE0l =
b BAEIN U= 57Kl CaseE LIEHAH 20ICH Ol S/ A LIEHGICY.
Table 2 The cost of BWTS products
glcaastsi(i)fril Case 1 Case 2 Case 3 Case 4 Case 5
Treatment | Filter + Hydrocyclone| —PeoXygenation +elchi%1t’%€ sis
method Filter+UY (Supgitsroansigu\%gves) +3</electr¥)lysis (deox-{i—dciggl-lt—%lr%%nize) / fd,_ig;(ncfﬁcséor{l
Company | Marenco Envi_rgfnergental Greenship NEI treatment sevgrrrllotlfaent
Cost of
products | $135,000 - $147,000 $150,000 $350,000
(200m°/h)
Cost of
products | $165,000 $500,000 $1,175,000 $400,000 $500,000
(2000m°/h)
Maintenance
cost per $100 $5 $30 $50 $20
(1000m*/h)
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Table 49 =2 HFAORLE 27 WHAELH
15101 SlaH, J1= AIAEI0l K2l B20] 200m/h
Ol HZEOR T&E= FRE B, Hel B0
2000m*/n0! MZECE PAEE HOE B2 |
510, B2 ZOI2 Ix'Hi4'® HEII5I0 Table 5

m°/h) QF 20| LIEFHCEH OIDIM 1= 200m/n 4 SItat
£ O|0|&HC
3.1.3 2L L]
Fig. 5= O JHXISl Cased &IRXIHIE L Table 4 Main particulars of BWTS
EfH AO0ICH Ol 2™, Fig. 30M ME J1=A0| Number | Ballast
o C oo Filling: | 4mber
=2 Case 11t 42 20D Al HS & = Ship type VYBT. draining | ¢ ﬁ . pump
volume allast |capacity
oI}, hour (Hour) "5 - )
= 120 96K
2., Tanker | 37,000 13 1 3,000
% 115K
3 Tanker | 39,000 14 1 3,000
§°“ 153K 15 1 3,500
g a0 Tanker 53,000 ’
E 155K
£ . . Tamier | 55,000 15 1 3,500
2 o : _ : 245K
i 53;_1‘. t — mt, f 1&;:)0 3;] Tankar | 95.000 18 1 5,000
ig. aintenance cost of 1, m 281K
Tanker | 93.500 18 1 5,000
12K Bulk
3.2 MZ, doto] )| BWTS 24 Carrier | 14100 9 2| 800
Table 4= AZE, 80| 37| BWTSS| = 03K Dulkl19.900 | 10 2| 1,000
2 FIZOICL ODIA, WBTE HRIAE &4 @43 LK Buld 44200 11 2| 2,000

(Water Ballast Tank)Z 2I0I&HCE 2 HARUAE
SAMY MEFISHE A2 ARG

3.3 = Xcldl Hat

3.3.1 EE HMaldl A

321 &FE, 429 I BWISS AIAH (2 WEs Sl EY XelblE AHetgs QUCH

24 235 1) HEo =80 H2F &Xi4=0] 808 WHA
Table 42| =R HIILEZRH Q7 WHAE E = Xcl EE Fsilh
Table 5 Alternative construction
Ship tvpe 96K 115K | 153K | 155K 245K 281K |42K Bulk|68K Bulk| 148K Bulk
P WYP€| Tanker | Tanker | Tanker | Tanker | Tanker Tanker Carrier Carrier Carrier
Pump
capacity | 3,000 | 3,000 | 3,500 | 3,500 5,000 5,000 800x2 |1,000x2 | 2,000%x2
(m*h)
Case 1 |BL+IX5|BL+IX5|BL+IX8|BL+IX8|BLX2+IX5BL X2+X5[BsX2+1X6|BsX2+1X8 BsX2
Case 2 B X2 B X2 B X2 B X2 B X3 B X3 BgX2 BgX2 BgX2
Case 3 |BL+IX5|BL+IX5|BL+IX8|BL+I1X8|BLX2+IX8BLX2+IX5[BsX2+I1X6|Bs<2+IX8 Bsx2
Case 4 |BL+IX5|BL+IX5|BL+IX8|BL+IX8|BLX2+IX5BL X2+X5[BsX2+1X6|BsX2+1X8 BsX2
Case 5 |BL+IX5|BL+IX5|BL+IX8|BL+IX8|BLX2+IX5BL X2+X5[BsX2+1X6|BsX2+1X8 BsX2
Journal of SNAK, Vol. 47, No. 2, April 2010




262

2) 1)0lIM

cl SE=

A

ToHd HWHAE =

Xel
dAE £ 83 EEE Sotd BWIS2 &
Tetlh
3) MMl HIES 2)0lM F8 BWTSS Al

Sl ==0i|

cl S22 L0 EE XlHIE FEtth

3.3.2

saHel 3|

g =g

& Fig. 62+ ZCh

3.
AHSIEH

eS|
2=

a0

Fig. 6 Treatment cost per ton

RAMS EE XMeldl Hat 2ot

Heldlgs

Hlaret

Z1

3 MHGlEM EY XMeldl Hleh 20t

o AJIE EY Xclblss AHktet

Fig. 71 2Ch

40 50 60 T

- BO
WET Volume ( X1000m?)

90 100

for tanker

X2 dUf HIXIE f18 HE

08

—— a1
——case 2
cased

— cane 4
s 5

E 50100

S0.000

10 50

quwm::(xmw-n’]w
Fig. 7 Treatment cost per ton for bulk carrier

o

S3tEl0f WBT EH0| SItotH
Za8th Ol WBT2l SH0
=8I 2tSe Melots LA
g XelBIE0A =J1 bl
20| HE20ICH.

o
00
0

>-
T

=
=}

=
=

2) RAM, MASIEHS F I ZUE
ot 2, Case 32| EE XclHI=0l It ,
Case 2t &&10] L& E+=5 EE Xcl8I=0]
SOPY CHE A0 Z2RIHOICH

i

K

Table 6 The cost of BWTS products

. Cost of Cost of Maintenance
glca;tsiéfrll T{Sé‘ttf}})%“t Company products products cost per
200m*/h 2000m°/h 1,000m*h
Casel Filter+UV Marenco $145,000 $175,000 $0.6—1.0
Filter"’UltraSOUHd Environmental _
Case2 +Ozone “Tec $500,000 $5
Deoxygenation NEI
Cased e tromd L1 $360,000 $690,000 $150
Filter +electrolysis severn
Caseb /disinfection trent $350,000 $500,000 $13
+exclusion de nora
Caseb Clo Eeochlor | $500,000 | $800,000 $80
Case? Heat i ech Marind - $780,000 | $1,600,000 $0
Deoxygenation
Case8 with- snert M H $650,000 $950,000 $60
gas and COq Systems
Cased | plectrolert oo |  Siemens $400,000 $600,000 $20-30
Casel0 Electrolysis/ Techcross $297,000 $559,000 $3
Electrochlorination
stz dsts =28 M 47 A H 2 S 20104 4&
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