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B)
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D)
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M SHEH SN BS0OxIE. 1997FFRIRE . 2005485 A [ HEBMEINT-MARPOL 73/78 Annex VI
MDReg.14TIRHFISN TS,

NARITFEHETA2RERPOBENZHIELTLNAY T, — #8818 TIX4.5%S. $3iE5ECA
(Emission Control Area) Tl&1.5%SD ¥ MZEFEA T 5h . 6.09/kWh LLFIZSOx#EFHH EZHIR TE
ABEEFTNRZBTLHHNAFILEEDEHL,

512, 2008F 108 MDIMO MEPCS8IZHE W TR DSH &, R IZR T BYRMERIIZIERB S,
202042 —fi%8E18 T0.5%S., ECATIX0.1% SO R E LMD FERANEFHF T IT5N . B S IZBET
BEMH - RKAFHEEAILH LREMEPC184(59)H20094F7 BIZiRIREh =,

— 7. 2020 (H LLIF20255F) IZE M DIESH DRIFA R AD G AT B A RF RSN TEY. H67
BEEL THZENSBREH D& AAUnkown TH A7 . MEITH LR TREEDIEMA RGNS
CEMNFBISND, £, WEKILE-/NILNEBIZRESN TULV-ECAEIFE$2010F DMEPC(60) TXK
E- AT 2 DRFE200/EEETIRELGYSOxHEHRH LI 2 BLLVIKRIZH S, (EU port TIEFEITLT
0.1%SEELRDFERAMNEFF T TSN TLNS)

BNBIRROP T, BEHAPDOSHBEIZESHEVLEINAZEEBEDRENRFTTHY . EEFETHK
53bDETFRIESNDS,

1.2) B#

A)

B)

HEHRROSN\—DEE. o h—DHEBIRA SO DT A FE kLA T — T REBFBIGSEET
FEI SN TWAA, EEDaV/NIME, ROT/N\—=%FE/KDO . 5 - BV DR E BT E 2 Mk
L.PCTCADBHEHZEFREL-HARETZHILT 5,

BREMEIYBAEIZRT =OIZREROA) YN THOGER MBI LIETERESHDRE.
2 BDEICKBEMTEHDEIL. RITN\=EEKODPTNER. HHICKE2BHHEHEELES

BRETOXREL., FEREDEFRDO IR ETRLIRGTT D, ,
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1. 3) SOx. NOX#& #l

E2/E3 - NOx Limit [glkWh] in case of n: speed <130rpm

20 5 ==—NOXx in Global
——NOX in ECA
18 = « =« Sulfur Contents in Global (possibility)
Global: 17.0 gl’kWh (45tn_0,2) E = SUlfur Contents in Global
i e Sulfur Contents in ECA
16 | ||IMO NOx Tier1 \ ——CARB MGO
/ § 3 CARB MDO
14.4 g/kWh (44*n:023) !
14 | - '\ |
! |IMO NOXx Tier2 / IMO NOXx Tier3 - Global
12 | .
10 :
Global: 4.5%
8 | i | 4
3.5%
‘ )
6 | . | {13
July 1st, 2009 July Wst:, 2010 :
CARB MDO: 2.0% Aug. 1st, 2012 :
4 ECA: 3.4 g/kWhj(9*n2) " 12
ECA, CARB MGO: 1.5% Jan. 1st. 20144
: 8 IMO NOX Tier3 - ECA
0% |1.0% !
2 v - - 3 | 11
0.5% | | i 0.5% !
3 1 H
| ! 0,
CARB MPO/MGO: 0.1% 0.1%
0 1 : . 1 1 J 0
2000 2005 2010 | 2012 2015 | 2020 2025 2030
2011 2016

Year

Sulfur Contens Limit [%]



1. 3) ECA (Emission Control Area) #EH 8 #l;& 15

USA & Canada coastline
(Designated on 1st Aug. 2011)

&

US Caribbean
(Designated on 1st Jan. 2013)
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Baltic & North Sea SECA
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Source: Clarkson Shipping Intelligence Weekly
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2.1) &1t B ARYIIN-DERR

MR ry artsila a Laval Aalborg ean Marine
F1KiR MAN Dry EGCS Wartsil Alfa Laval Aalb Clean Mari
- MV Timbus MT Suula DFDS Tor Ficaria T—AD
= Cargo Ship Product tanker RoRo Bulk Carrier
A Mak 8M32 Watsila D/G 4L20 MAN 9L60MC-C —

3,840kW x 600rpm 680kW 21,000kW 10MW

18 &5 ] 3000 Hr
s B A 20094 11H 200943 A 2010454 ~

RS

™,
Bt T,
e NG BRRIIN -2
' Lhazgyb, 20111258 T
Sustainable Shipping Conference .

H B Annual Conference, Maiami Public Test Report Catalogue/Presentation Presentation

Oct. 21-22, 2010

20 June, 2010




2. R IEEE RE- L&
@ Wartsila ER277V-F)RM OGS 2011.1.19% K

W Fig.1- The container vessel M/5 C, ps VI will be ipped with a Wartsila's bber,

- Containerships Ltd Oy [A] lrﬁ,
- M/V “Containership VII” (retrofit) el
AL N LNBEM TS SFeeder l“':'f'.".“.",g
Container o

-EH .7L64
(h404" & F115,050kW)
Fresh water scrubber system
NaOH to neutralized
* A small amount of bleed-off,
extracted from the scrubbing water
- Fulfilling all the quality and
monitoring requirements by IMO

* Contaminants removed in the bleed-off treatment unit
are disposed of at the reception facilities in port
-NaOH is stored in the existing HFO Tk with coating
and heating facilities (25-35°C)

 Scrubbing fresh water is cooled by sea water through
heat exchanger

*The 40” container, which includes amongst other
things the bleed-off treatment units.

Scrubber delivery in August 2011, operation before

Yk
4037+

B Fig. 2 - The scrubber unit and equipment container onboard

the end of 2011 Containerships VIl

H#E :Wartsila Magazine Tewntyfour7. Mar.2011 8
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2.2) MHIE Z 5 ER 1 (2-stroke) TO =t THEHEN A7V - R
(MHIBEHABRER AXRMARLIIHORBRER HEHBRE EHH 7 :500kW)

Exhaust gas cleaning test unit (MKK) by .01 consumption : Fresh water consumption :

closed cycle with fresh water approx. 30 kg/MWh approx. 300 kg/MWh

- , M/E 100% Load M/E 75% Load
TeigiRm-\ II\.IFsak' << > >
R}mtpﬂ) . | Scrubber inlet SOx

i3 Kgﬁ

Scrubber inlet] SOx

AN
> N—/
+
£ N [
CFE p
q.) *
O 2
c Sox removal > 98%
0 4 Sox removal > 98%
w 4
0 : ‘ {
- . . q
L * ) :
é ¢ : 4 2
) : 7 Y * Y 7
\/ ¢ \/ 1 b
Scrubber outlet Sox . Scrubber outlet Spx

Time (Tested H.F.O. : 2.5% Sulfur)
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3.1)

—HREARERET KM

1)— R BEARERET &M

'HFijxbvli‘—O)*I%liI*?éF‘;ﬁ FHERMLES . WBIRAS—DHHRET S
BHHRASAVIZIZRISN—I KRG FHABD YIS 8 —FEHmT 5,
A RRITN—L, BEMTOARNEZEEL. THATRSSNS LUV R EBH2ET5NATR TOHL X%

WETLIBREELET D,

HEA R HEKDHEHEIRE IFEKRMIZ, JREMEPC 184(59) “2009 Guidelines for Exhaust Gas

Cleaning System [Z##19° 3

-ECABIE TOHH AR S/ \—ILEKTEERE R UNaOH;Z KD F -k BClosed Cycle. Global 51

TlXiBKITU R, st HEH T %0pen Cycle £9°% (Open CycleTHENaOHTHT)

*Closed CyclelZ#H 1T 5 7K (Bleed Off) (X #E/KALEEL /=% . ECAIEIZ N TlX Scrubber FW Hold TkIZET

B9 5% (ECAHBES Ths BEL)

FHEHRARGSN—KRIKIFIRZEE HEEFIZEE[#E L. No.11 DkIZScrubber FWD HE/KAMIREEEFIE T S
‘PCTCOEM/ N F—U LR MTERMN S LIZKYERETT 5,

;1) REBMEPC 184(59) THESN-HIHEEEEE R R T 5N BH KA ECAEE THH AIREN L RFEE , AT TIXECAEE TTE-A0IE
BEKIEMAIZ— BB I 5E TEtELT -,

10
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an-l_?Kﬁ:
3.2) PCTC ERNE A YT S L
KTS(X)—=av0%&. FA4HEKEDEMD—H

TR - EATKE

N - JP-EU-US-JP
%Rl Global-ECA iR
40 T
100 -
== 30
90 Bt
B 20
ey
80 %0
] —
7 I e v i =n f mu S=m p=amils
90% 80% 10% 60% H0% 40% 30% 20% 0% HAE FE
= 0 T RS AT - B A
‘ji 50
HEH
B¢ JP-US-JP
= 40
40 - -
30 a0
20 B
= 20 -
10 — 10 —
0 B ] 0 e Y | L L 1, L ,_|_| L i—’__‘u
JP-EU-US-JP  JP-US-JP JP-EU-JP 90%  80% 70%  60%  50%  40%  30%  20% 0% HAE frE
Global ECA  Global ECA  Global ECA TR AT AR AR
JP-EU-JP
40 -
- 30 _
#
& 20
L ] El ]
0 L — I L L 1 = L M L L = |
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3. EEARERET &
3.3) MEPC 184(59) #h AR 97N —E %

MEPC 59/24/Add.1

ANNEX 9

RESOLUTION MEPC.184(59)
Adopted on 17 July 2009

2009 GUIDELINES FOR EXHAUST GAS CLEANING SYSTEMS

THE MARINE ENVIRONMENT PROTECTION COMMITTEE.

RECALLING Article 38(a) of the Convention on the International Maritime Organization
concerning the functions of the Marine Environment Protection Committee conferred upon it by
international conventions for the prevention and control of marine pollution.

RECALLING ALSO that MARPOL Annex VI entered into force on 19 May 2005,

RECALLING FURTHER resolution MEPC.170(57) by which the Committee adopted the
Guidelines for exhaust gas cleaning system,

NOTING that the revised MARPOL Annex VI was adopted by resolution MEPC.176(58)
which is expected to enter into force on 1 July 2010,

NOTING ALSO that regulation 4 of the revised MARPOL Annex VI allows the use of an
alternative compliance methods at least as effective in terms of emission reductions as that
required by the revised MARPOL Annex VI, including any of the standards set forth in
regulation 14, taking into account guidelines developed by the Organization,




3.3) MEPC 184(59) #Eh AR5 —HE K IR HIE
Resolution MEPC184(59) (2009.7.17)“2009 Guideline for Exhaust Gas Cleaning System”

1) PH >6.5 (Dilution OK)

2) Limit of dissolved oil :PAHs (Polycyclic Aromatic Hydrocarbons) < 50 pg/L PAH,

(phenanthrene equivalence) fEIEE45t/MWhEF
PAHs < 2250 pg/L PAH . B3R & 0~ 1UMWhEF

3) Limit of Turbidity : Turbidity < 25 NTU (Nephlometric Turbidity Units)

4) Nitrates :Nitrate + Nitrite : <60mg/L ({EiRZ245t/MWhHF)

he

13



3. EARERET &M
3.3) MEPC 184(59) #h AR 97 —E 4

EGCS 20 Scheme

Document Scheme A Scheme B
SECP b b
SECC b

ETM Scheme A b

ETM Scheme B

OMM

P P4

EGC Fecord Book or
Electronic Logging System

ETM—A:EGC System — Technical Manual for Scheme A (EENDRAXAREWMEIAE. TETICLDHEKE

ETM—B:EGC System — Technical Manual for Scheme B (On Board T E. AREZMAHE. FETIZLBHEKER

OMM  :Onboard Monitoring Manual
SECP  :SOx Emission Compliance Plan
SECC  :SOx Emission Compliance Certificate

14



3. EEARERET &
3.3) MEPC 184(59) #h AR 97 —E 4

SOx#HFtH ENHEIE
1.3 Comphance should be demonstrated on the basis of the SOy(ppm)/CO:(% v/v) raho
values.
Table 1
Fuel o1l sulphur limits recorded in regulations 14.1 and 14 4 and corresponding emissions values
Fuel Onl Sulphur Content Fatio Emission
{%a m'm) SO-(ppm )/ CO-(% viv)

4.30 195.0

3.50 151.7

1.50 63.0

1.00 43.3

0.50 21.7

0.10 4.3

Kote:  The use of the Fatio Emissions limits is only applicable when nsing pefroleum based Distillate or Fesiduoal
Fuel Oils. %ee Appendix IT for application of the ratio method.

3.5%S %3 DA% TO.5%S 53 (20204F LARE D Globalig i) &3 5121£21.7/151.7=0.143, 85. 7% R EEHN L E
3.5%S % DA H TO.1%S 5 (20154 1 B LI DECAEE)ET 12154.3/151.7=0.028, 97 2% R EFENNHE

15



3. ARG KM

3.3) SOxHEH=NHEME (IMO MEPC 184(59) Guideline Appendix I1&Y))
SOxIREIFHBADEM L TEIL T HD T, CO2V/IZH T HEIE TRESN S,
Table 2: Enmussions calculations corresponding to 1.5 % fuel sulphur

CO, S0, Exh SO,/ CO4 Exh S/'C
% “ppm Jp—pm-":'ei: m'm
Dastillate 0.17% S 8 391 74 0.00197
Residual 2.70% S 8 9397 117.5 0.03136
Distillate 1.5% S 8 528.5 66.1 0.01764
Residual 1.5% 5 8 51357 64.5 0.01721
Diztillate 1 5% 5 0.5 33.0 66.1 0.01764
Residual 1.5% 5 0.5 322 64.5 0.01721
S0O.MC 0, ratio vs %% sulphur in fuel
250

. [z tillate fuesl

= = Residual fuel
200 | ./’f#

150 -

100 -

S0 (ppmnMC O2(%)

50

urﬂ"f

0,00 0,50 1,00 1,50 2,00 250 3,00 3,50 4.00 450 5,00
% mim sulphur in fusl
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4.1) =L THE BN ARYTN -ARIKIO-F 1Y) 54

[V VY |

YTYYYY

BIKE RS (Closed Cycle)

1G/E EXH—

P04 gg _ 4\ 5
SCRUB.SW. = . K ——
AN BOOST PP 'I--i-‘izh-—-rgl =y, H,
“écrmanee — _ #B7K1/3A (Open Cycle)
N > '
% ELN ) HEHAKm oem -

2= - l SCRUB. ..
FW.COOLER
SCRUB.FW. n Sox
GENERATOR SCRUBBER
. M-05-1802 |~ c-a1

v}

SEA CHEST
FOR SCRUBBER

SACRIFIED
4——————————— ———Eﬁ—
i H+ NaOH SERV.TK
4 ; — T-01 |
p— L pHG ol W o
— ey ) :
é | {g} Wai
_p_OI Z f v - k_ 1 /. - { |J_A\
 SCRUBFW.ORAIN | ' - / I I
[ o Y }.___{ H |
" — Do oy ]
D02 D_[8J vy e : NaOH SERV.PP
> ./ R P-03
SCRUB.F.W. Bo1 ¥ [ ( ;\ [ =
HOLD.TK SCRUBFW./BACKFLUSH >
DRAIN AIR BLOWER - okt FW.TK : NaOH STOR.TK
T |/;: e T=02
! \ “_‘_u
SUCRUB.EW.SUPPLY NaOH TRANSPP
\ P-06 P-05
R
D A C B

IMOERIZHEML - E iR ERA AT RELHA R - KD AN EBEDRREEET -MBRBLNSROFRSE
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4. BN ARDIN AR - BERE ARG
4.2) ZZEILTH A7V -AKERLEIO-F(Y7 54

HE7KALIE F K

B[] [ —p————

P-15 FICY .
__ BACKFLUSH i
LAY W.TRANSPP R
VY M-01
c-11 T- SUCRUB.DRAIN P et
'SAND FILTE BACKFLUSH A .7 PURIFIER H :
FILTER DRAIN TK L Sda=wbs B
i N ] A
| SUCRUB.FW.DRAIN
M-02 | STATIC Mlxaa
' T-11
SGRUB.FW.DRAIN =2 . . -1
OILY waTER  [d=C3 T SUGRUB.FW.
COALESCER ! DRAIN
[ U v/ ' ) TREAT.TK
- -ed P-T1 .
g " sucrOBDRAIN | e ' c
PURIF.FEED PP = |
:| 1
(S [>—8 P=13 T-13 —— GSAR
ey B11 SAND FILTER SAND FILTER FW.
- ' SAND FILTER SERV.PP TREAT.TK
i AIR BLOWER —
' PAC
P-12 I=12

PAC SERV.PP  PAC STOR.TK

BACKFLUSH
W.SUPPLY PP

WASTE OIL Tk

MARPOL 73/78 Annex | Reg. 17 CIRESNDHMEEZRBYIV VDB EICLER DA BEENCDOHEHEEZEE T ILELHD,
REDOHEKBYMIVIVBETARTAEEIFEFIVIDEENMBE,

HAKRBEES RTLOAVINIMENSERDOERE
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4. HEW ARGV AR - R ERE B E KRS
43) =BT X RIGHEAR HEEHRBEEOIKOQERERER

(MHIBE AR FER RAERBARE (IR DHERGER)
IMOE R{EILLEZEE. (PH 6.5 LI FDIMOER{E(F D F¥| TAIED)

EWTAMETD #BIK1/ A8 (Open Cycle) EIKIEREF (Closed Cycle)
B simi’%iykmf IMO Guideline PASE anlicd IMO Guideline HEK MR E

CRKIEIRET) *6 $REIE HEK MK *7 H5E IR HEK MK *4
RIS 13—k AR — @K — HK
RIS = &K m3/h (0.04) — 651 — 22
HiRE t/MWh 0.026 48.4 0.18
PAHs

s 25 2250
(2EBEEE te/l 98.5 - <10 - <10
Turbidity
CRE) FNU 2,710 25 <10 25 <10
Nitr%te; “ 30 (2700)
(ZRBIE mg/L 155 2 <10 z <200
NO2 + NO3) (FEEE *2) (FEEE *2)
[isas =3 | me/L | 536 | = | tspomuF | — 15ppm LA T
ROZN—KER=E HBIKTNR :651m3/h x 1.025 / (14.315 x 0.85 + 1.62) MW = 48.4 ton/MWh
AKTEER :2.2m3/h x 1.15 / (14.315 x 0.85 + 1.62) MW = 0.18 ton/MWh

*3
*4
*5
*6
*7

:IMO Guideline &L TRHEHEIZEL,
SRDEE (PACHERERFEM) + HREH
KEEPA / Vessel General Permit (VGP) 2%, IMO GuidelineTlE 45 t/MWhT60mg/LOD ik D&,
R 500kW, 50%E T
‘MHI RIGFHZERRD 2-stroke B SRERIE T O EKERRA I T/ —HK M ERAEBIER KLY BK1ARQOHEKNEBEREHETE,

—fBE LU IKDOIRFIEL T15ppmEBIZEET S,

— . e PAHs =*1 Nitrates *2 *5
A o] W 255 725 IR Bl AR
t/MWh (1t g/L PAHphe equiv. — (mg/L nitrate+nitrite)
0~ 1 2,250 Ultraviolet Light 2,700
2.5 900 Ultraviolet Light 1,080
5 450 Flouresccence 640
11.25 200 Flouresccence 240
225 100 Flouresccence 120
45 50 Flouresccence 60
90 25 Flouresccence 30

19
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4.4) ZZALITHE BN AR)IN -2AEKI0-54Y) 54

(&0 57 Base)

HAME1Z9b |3 To SBO Tk

Hold Tk

Serubber FW ]

NaOH
Stor. Tk
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5.1) A RMADEERET 6400RT PCTC (LAAT4IMDIHE DIRE)

Acc. DkIZzyan -

ARRE

— [ Grage.Top [Pk
No.11Car Dk

DkEIER Y  A47n -A{K o o mw,k\ﬁf

— . — =
- Grage Top Dk Plan
| 0

TR P Cooeen Goan o8 TS poes semu e onoay W
B | l L b ER . SRR - i At i
— T -
-

Acc. Dk Plan

BEMIIED
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BEBER. Void #AER
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~ NaOHETEIVI DM ERE . MEMRSNDEEFF

ALY, SEINEEIRETHENHYET,
IBCI-NEADEBIIBEFTETICHEREINIBE,

:Scrubber F.W. Hold Tk

I:I :NaOH Storage Tk

B2IBER. Void #mER.
#ii34 FB B ho

Steering Gear Room Dk
(No.4 CAR DKk)

Under Steering Gear Room

(No.3 CAR DK) 23
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CARAGE TOP DECK

RO SN—FKEEFE, oA, HRE
BER (M/Ex1, D/Gx3, BLRx1) (Insulation #. Silver

Paint) . HEH R4 sX—Hiff ¥ WEX2, D/Gx6. BLRx2,

! } GARAGE TOP Dk
=0 - -
C |
| weremod

- - -

— g o

I Lo |
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5 AR ERE - (B RHRE

ExRsE, fmdns. |16
HEH AR
HEH 2 o —Eit 1+

(& o \—{riE(ZP/DBHR)

CARAGE TOP DECK

E
O No. 11 E‘éﬁrﬂﬁtﬁ‘fﬁnt Box D/G. BLREEH R E
B, JNEE, BT
)
|
4 .
r =i \\r-}\ —————
:_ : m:asc-:]l.llsdﬁ - E;tl _________________
: I e___\\
: 1 % d
. ' | Wz M1 g
; ) | /A
. | \\ / ]
3 : ] 1500 |
it o | R
N GRAGE TOP Dk. —a&BiEiE @
Z -t -+ A—1
5 10 1
AP

25
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MMOD A

T

ON DECK

F=01

:IH-‘.NTFE&N?;ITREOMEIH FAaN Acc. Dk\ _%ﬂgﬂir; Dkgf_}%i

100K g, HAE 50 !
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5_AAEERE HERARE

D-01
SCRUBBER F.W. DRAIN TK
15000Kg, Hlls — =4
SACK FLUSH WATER SUFPLY FUMP
80kg, WAE 50Kg
SCRUBBER F.W. CIRC.PUMP
800Kq, #E#E 100K [p_oq]

SCEUBBER DRAIN PURIF. FEED PUMP
60Kg, AME S0Kg

NaOH SERV. TANK E

13600Kg, s 100Ky

P—03
NaOH SERV. PUMP /

|
\
=) \
SCRUBBER F.W. DRAIN TREAT. TK \
5500Kg, #ilks — \ ‘ 100Kg, e S0Kg
(ACCOMM.DKE) \\ \
A
k) A\

AUX. SCRUBSER F.W. CIRC.PUMP
= 700Kc, ##5 100Ka  [_oq)

o]

DRAIN TREATMENT ROOM EXH. FAN
100K, #ifs S0Kg \ \ ]
\ \No — i/ Dkik
\ ! SCRUBBER F.W. cooLer |E=O1
Y / 4460Kg, #iltE 100Kg
— — L Ll .

I— — - - # P . //{_\\
~_Gsp / - i (F
\I / T K ' //"
J ,, 7] - | \J

|

\
B2l Al
i

00 ~
0

==

AN

[\

!ﬁ\ND FILTER AlR BLOWER

‘EEI{II Ko, WM& 50K3 (5]
BACK FLUSH WATER TRANS. PUMF

~ 80Kg, )‘Eﬂl 'IDKg T
M—02

SCRUBBER F.W. DRAIN OILY W. COALESCER

b
SCRUBBER F.W. GH!
3500kg, e 100K

M—05—1

Tl

L
PAC SERV. PUMP
Kg

#0Kg, [iRE .
CHECK FILTER L I i — / S
350Kg, WES 50Kg | 200Kq, #®E 50Kg
L l ,
I - + )
- |
PREFILTER B | [ i TER (ACCOMM.DK.E
3 WEE 50Kq - . . - o e e . T J00Kg
L S TS NS EEESs Dme EEEs
-— = ‘
| q
L FAC STORAGE TK [ P-13] | [ra
7200Ka, Wh& 100Kg | |'SAND FILTER SERV. PUMP | BACK FLUSH YW TER DRAIN TANK
9, TRE 5 S500Kg, RS
- [SCRUBBER F_W./BACK FLUSHORANAIR BLOWER | / f [ 0o ERe 50K 2500Kg
& Ea 9 o f | ."I [T=713]
- r SCRUBBER DRAIN PURIF. | | [ SAND FILTER TREAT. TANK [ n
Z000Kg, fi®s T00Kg 5500Kg, WHs — ‘B =
I . R 100 | w03 B DBk
SCRUBBER F.W. TREATED W. HOLD TK |
P 5500Kg, HHE —
| ] L
e R b
~ =
B 5 10 13 20 25 30

i AP msepae  gae

BEKRBEES RTLOAVNNIMELSERDRE
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5.2) HENARIIN VAT EEREIER

a

fEsTE =

o

B

F-01

SORUBBER F W CIRC. PLME

F-0s

ALK SORUBBER FW CIRC. PLIMP

=02

SORUBBER 5 W. PLIMP

P-04

SCRUBBER W, BOOST. PLIMP

F-04a

ALK SORLUBBER 5W BOOST. PLINMP

E-O1

SORUBBER F W COOLER

=01

SORLUBBER FWW. DRAIN TANK

O

SORUBBER FW HOLD TANK

T

NalOH STORAGE TANK

T-12

FAC STORAGE TANK

=01

50x SCRIUBBER

MW=

SORUBER DRAIM PURIFIER

M2

SORUBBER F W DRAIN OILY WATER COALESCER

M3

SORUBBER F W DRAIN STATIC MXER

fi=05—1

SORUBBER FW. GENERATOR

29



5_AGEERE - (1 BBHRE
5.2) EHRR5/5— K- NaOH;HE &, 971 -FWHKE

B £ 1

Wk | NaOH aq | NaOH aq | P27 || ok |NadHaq| PUE77
T | HEE | AEE fﬁ_ﬁ'ﬂ L B HER | AEE LR
sk ke h it/ h ey ke MW | ke Wik e/ M
ah% 4.0 403 .5 265 208 201 293 173
a80% 3. 71 3/a3h 245 1.92 284 28.6 169
T0% 3,39 341 .5 224 1.76 297 293 174
6 0% 297 2991 196 1.54 201 293 173
a0% 207 2ha .0 170 1.33 203 285 174
4 0% 216 2170 143 112 295 296 1756
a3 0% 1.75 176.0 115 0.20 205 298 176
20% 1.33 1335 rat 0.69 206 298 176
10% 092 Q25 1 0.43 02 30,3 179

M anevry. 0.9 g2k 1 0.48

Ih Port 0.51 20 34 0.27




5. RIRBCIERES - 1w e iR &Y
5.3) NaOH BFiEi TKEScrubber FW Hold TK BE D& EE

LBE{iT m3)
JP-E-U5-JF fieg JP-Us-JF i os JF-E-FJF s
=84 ﬁNaDH ocrubber B i ﬁNaDH scrubber F =84 ﬁNaDH scrubber Fi
- aEE | HekEFR | T EEE | HRELR - EEE | HRESR
JP 6.8 JP 45 JP a1
JP-SIM 29.0 JP-1I5 2249 JP-5IM 287
SIM-SIEZ 557 US IM ECA a.2 63 .6 SIM-SUEZ 1.3
SUEZS-EL 30.2 US-SCTES 6.4 s UES-EU aa.8
Elin EC#A 202 148.9 Us IM ECA 116 251 EUIMECA 194 1452
ElL-15 447 LSy El-JP 4.8 EU-5UEZ an.a
U5 n ECA 7h h3a S UEZ-FEIP KD 521
U5-15 4410 FEPK-FEWIPY| 647
US n ECA 70 E2h
Us-JP 553
2020 L &)
A EE +1 347 198 194
2020 g
LS 0 a00.5 1953 0.0
Scrub. FW Hod
Tk E B 3 1439 851 1452

#1 1ECA JEEINAOH JAERDSH  *2 (1UEONaOHSERE 1 EcABETOEFIFRELER
BFOLILIXECAEEEZRT

1) IRIK NaOH FTEiTk &= :350 m3
2020 LIB& (L., £t TNaOH A E
2) IF4K Scrubber FW Hold TK &= :200m3
3) AP.Tk (P) : SCEUBBER FW.HOLD Tk A.P. Tk (S) £A.P. Tk (C) : NaOH STORAGE Tk

31
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5.4) IPREEE N T A ka7 oy ELTIRE

TOTAL CALCULATION

CLASS: NK
COMNDITION NOR SEA GOING W/0 FAN N.5.G+ 172 FAN MN.5.G+ALL FAN MANUWY. BT + 13FAN LOADUNLOAD
CONTINUQUS  |INTTEFMITT CONTINUQUS  |INTTEREMITT CONTINUQUS  |INTTEREMITT CONTINUQUS  |INTTERMITT CONTINUQUS  |INTTERMITT
ENGINE AUNILIARY 658.7 1001 656.8 100.1 656.8 1001 760.1 421 4453 824
BOILER AUXILIARY 211 211 211 735 126 T35 126
SHIP SEFRVICE 704 638 704 633 704 638 164.5 62.1 1645 678
DECK MACH &B'T 17.7 177 177 1473.1 L5
CARGD EQUIP & FEF CONT 3452 10518 4208 10834.1
LIGHTING etc B38 B3 8 B3B 133.8 2114
LOAD SUM 8517 163.9 1395.0 1639 1901.6 1639 10598 1169 19183 162.8
INT Pm MAXLOAD 5T 57 57 1.5 22
Fa MAX LOAD 50.2 502 502 200 502
Pm SUM LOAD 9.3 2.3 9.3 1.5 37
Fa SUM LOAD 1347 1547 1547 115.4 159.1
DIVEESITY FACTOR 3 3 3 3 3
EQUIV. LOAD 343 438 348 318 36.3
TOTAL LOAD (AVE 8517 KW 13550 EW 19016 EW 29598 kW 19183 kW
TOTAL LOAD fPE_-u{,n 9424 KW 14857 kW 19923 kW 30131 kW 20070 kW

NUMBER OF EUNNING GENERATOR

MATN GEMNERATOR. L 2 2

[FE]
(=]

EMERAGENCY GENERATOR

AVATL. POWER 1080 kW 2160 KW 2160 kW 3240 kW 2160 kW

DEMAND FACTOR

DMF (AVE) 7 646 %

&

'
il Lo
o| .o

880 914 38
DMF(FEAE) 688 % 922 % 230 % 92

=

@

Orenal Eh_ﬁb‘_&ﬂ)ﬂiﬁﬁ ing : 1-Run, 1-Auto = 1-Run Eﬁ'qk% EE_'EQ{,-H:(D/G 1080kW X 31:_'\)—6

1) Main Air Comp. /Maneuvering

2) Er’E‘! Went. Fan / Manruvering : 4-Run = 3-Run Peak j]93 O%u-F

3) Main Cool. SW. Pump / Load Unload : High Speed = Low Speed
4) Scrubber MBI, GEKIZEAClosed BEA X TEIEEL =K
Maneuvering’ Load Unload BFEEFR D Serubber FW. Cire. Pump / Scrubber SW. Boost Pump %1885
RBARIIAIIN-EEEEEBNEZET, 32
AN -FEBEHE RN ERMET f#240kw.  HAE-FEE $I150~180kwW




5 AR ERE - (B RHRE

5.5) FH A RO R
(1) BEHRAR—RFIZEHERA 5

-PASSENGER CAR (HA7:H)
FIoF v SOxAZZ /3 — &k 7
ACC.DK 377 359 A18
No.11 DK 704 676 A28
No.1~10 DK 5,260 5,260 0
At 6,341 6,295 A46
*STANDARD CAR (HAL:7)
FVTF L SOxAZZ /3 — &k 7
ACC.DK 311 298 A13
No.11 DK 578 555 A23
No.1~10 DK 4,333 4,333 0
At 5,222 5,186 A36
RV (HAE: 3
FVPF v SOxAZZ /3 — &k 7
ACC.DK 265 254 All
No.11 DK 495 472 A23
No.1~10 DK 3,660 3,660 0
X 4,420 4,386 A34

)L RAEYT4%ZE B L& T (T 1EEEM ST TlE. Passenger Car, Standard CarClE LiE & #iE KLY
BOIEEVA RV DHEE. LRREHBIVEBICESEHNELTIERELST,



6. IREMRET.

oo 2 a1

6.1) NaOH 50%;&:& D A F 1%

AEL-b -@80%/$. @100%/£

BR iy RET7YO7 {f & Bl S {f &
Finland Singapore 54 k¥/ton |Florida 83.7 k¥/ton
Sweden New York 100.4 k¥/ton
Norway California 118.8 k¥/ton
Belgium Houston 155.5 k¥/ton
g:;ae”y 25 k¥/ton
[taly
Spain
UK
Portugal

34



6. IREMRET, ¥ 5 EHE
6.1) ¥R%L MRS . NaOHIlME IC KA IR FERETHER

1.

BRETEE

1) BREME HFO(3.5%S%) 670$/ton, MGO(1.0-0.1S%3) 1,000$/ton. @80¥%/$

2) XHEMIEM/EH A :PCTC 14,315kW

3) BIE FIMEARNAYVISLIZESD, (NYKERT—42)

4) HENAARDIN T REBI OO HBIRAS—ET 5,
HEMIOUIEEMBE—FTOENTRIIL. S AMBRILIERN1/2Fan. RVSN\—LEEHELERE,
REHTOVFRE D - 1150kW (FEEHE - 1080kW) x 38

5 IHUA (FEERBEH
(20204 LAFZ 4:0.5%S 3 DHFOAZE LN . HEN AR97n —FEFE Sl (S £ /B TMGOZ /)

2010~2020% 20204 LL[E
TH | D/G 2 D/G
e 2010-124F : max 4.5% e "
Fosagy  |Clobal st 2012-20%F : max 3.5% 20204 LA ‘max 0.5%
SHIRE . 2010-15%F :max 1.0% *1 R
ECAE 2015-204 : max 0.1% 20205 LAfE : max 0.1%
HEh A GlobaliB 1 HFO HFO MGO MGO
AIn —
JEEEM |ECcAESE MGO MGO MGO MGO
. - HFO HFO
fi’;ﬁ_ Globalif gk HFO HFO GBKAYITN )| GBIKAIFTN-)
o i HFO HFO HFO HFO
BEE  JECABE | aeiansns) [cEKRIIND|GEKRITN )| GEKRITND)
SEED *1:EU port TIX2010F1 B KYBRE R DSHIF01%LLTF

6) HEN AAYIN-DAIEIK -ECAMEIEILE KD Closed Cycle. Global B18 [X:8E7K D Open Cycle &3 5.,

7 BKRAIFN-DHBRFFEINaOHD50% K E#HZ{F . Page S0NZBRE TN HEEZTEE . MKKEET—%3)

8) NaOHZE FHIX75k¥/ton (MTIERSAEHEE LV)

9) HEHRRISNA—MDSOxFFEHE (L. SHISNEEDHFOEZFEBL. 0. 1% EEDOMGOEFERBL-HEHEME YT

NaOHDEEEZE &,

10) HFERFITOARMIE, MRERZTOMABEREFIIEELL,
1) IR ASOBRBRIXERE LD FELLOOT, FERTIZIEEEET,

35



6. IREMRET, 5 EHE

SOXROS/\—IFE st

PR - - [(P =) PR E S 5EE) — = — 2020LLH] EU-USHARE Ak
— = = = 2020LARI] USHARE AR === == 2020 LLRIT EURLEE A1) Wk — 020 LA FA A1) vk

— — — 2020LL[& EU-USHARE A1)k — - — - 2020002 USHEEA) Wk - =---=-- 2020LA[& EUMRER A1) wh
— 020 L)L [% TR A1)

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
F Year

%4 1) HFO 670$/ton, MGO 1,000$/ton (@80F/$) 2) NaOH 50%7K;&i%& 75k¥/ton
3) BTN A-VIZRI#E JP-EU-US-JP. JP-US-JP. JP-EU-JPIZ& B
4) ECABIEL1EE/KDClosed Cycle. GlobaliEig, (8 /KD Open Cycle 36



7. FEHESERDFRRE

x&H
1) BHER#HTORERBERKY. NaOHZE R FIFIELZERXSOXRIZ/N\—D B EE A (&
IMOFRFEIZXT G TESEMNERTE =,
2) BELIELRDADBEBEN—RELZFKBRIEREFOH/KLELZET, IMOEXRD
HEOKBEEZFZRETHIRBELNTELD ., KUYV NI HIKLIBEEFRETT D,
3) FEIOEELIPCTCENM/ \2—1  JAFH-NaOH{liHE TORFEMREHFERTIL,
2020 LI D FEM (K24 L2y CIEAAE TR E RN AT BE ST,
(2013FEADFTEM. L7y TIER < $98.54F ., 10F 1A\, ECAEBIBDOZREED
=ULRMATIEEIZELLES)
4) NaOHIFERM ., Yok =, BAR, LR TAFARELHRFIFITHS,
SR DE-E
1) Z2EL=SOXRIT/IN—DAVTFH U RERDKREL.,
2) SOXARUFIN—DEBDAF*—L, ZEEH. MEFOWLE A, IBCI-FDEA
BEELGEICAL. SEEET - MBBEEIHETILENH S,
3) FAMMTOES - HeEfEREAFERAX— L DKL,
4) EMERTETOHAR - HKDOAIEEDRAEEKE,
5) 4-stroke #ETHDRISN\—RHIRMEREEBIKT U /INATOHIKLIEEREDHERE.

NN HEKEREEE DB F, 37
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