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Study on the optimized retrofit design procedure establishment of
exhaust gas cleaning system for existing bulk carrier

Eun Bi Park

Department of Offshore Plant Management
Graduate School of Korea Maritime and Ocean University
(Supervisor : Prof. Kwon-Hae Cho)

Abstract

As the IMO 2020 regulation, which limits sulfur content to less than 0.5%
of all bunker fuel from January 2020, becomes a constant, the new building
ship market prefers to install scrubbers due to the lack of LNG bunkering
infrastructure, or install the exhaust gas cleaning system(EGCS) referred to
as scrubber and some ships will be designed to be converted into LNG
propulsion for the future.

In the case of existing ships, it is confirmed that under the current fuel
oil price conditions, retrofitted exhaust cleaning systems are the most
beneficial for ship owners, both economically, technically and
environmentally. It is also expected that the demand for the installation of
exhaust gas cleaning system on existing ships will increase by 2020.

Many studies have been conducted on exhaust gas cleaning system,
however, little is known about the theoretical information on the
consideration for general procedure of engineering and installation of
existing vessel’s retrofit.

In the absence of a design procedure, some unrecognized elements at the
time of design process may act as critical variables during retrofit. To solve
this problem, this study describes the implementation process to meet the
major constraints that must be considered in the design for the existing
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vessel’s retrofit. The optimized design procedure was established based on
these processes. The reliability assessment of procedure was conducted
through structural and performance analysis during engineering procedure.

This study performed analysis of the performance of the discharged water
and exhaust gas was emitted according to IMO.259 (68) Appendix 3. In the
case of the pH at the wash water discharge, It was simulated by using
CFD analysis based on ANSYS program. For the factors such as polycyclic
aromatic hydrocarbon(PAH), turbidity, nitrate and temperature, were
confirmed throughout parameter checks and continuous monitoring during
sea trial and verified to comply IMO requirements.

As a result, this study offers to convey information on the process of
establishing procedures to meet the major considerations in design through
the case of existing vessel’'s installed exhaust gas cleaning system. In
particular, this study aimed to suggest the economically and suitable design
process according to vessel’s operation purpose as the existing vessel’s
retrofit market will be expanded.

KEY WORDS: IMO 2020 regulation, Existing ships, EGCS, Scrubber, Retrofit,
Optimized design procedure
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1) EGCS : Marine exhaust gas cleaning systems(often referred to as scrubber) remove sulphur oxides
from ship’s engine and boiler exhaust gases. EGCS is composed of 3 basic components @ A
vessel which enables the exhaust stream from an engine or boiler to be intimately mixed with
water @ A treatment plant(washwater treatment) to remove pollutants from the wash water after
the scrubbing process @ Sludge handling facilities(Sludge must be retained onboard for disposal
ashore).
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Fig. 1.1 EGCS installation market size forecast[5]
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Table 2.1 Information of project vessel

Flag Marshall Is
Class KR

L.O.A. 292.00 m
L.B.P. 282.00 m
Breadth 45.00 m
Depth(MLD) 24.8 m
Draft 18.3 m

Fig. 2.6 Project vessel
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Fig. 2.7 Data for captured using 3D scanning technique
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Table 3.1 Calculation of required CO, quantity before EGCS installation

.. Cal. No. | Select no. | Size of
Name of Mixing | Gross vol. | Qty of .
space ratio (%) (m%) CO; (kg of of cylinders
. cylinders | cylinders kg
Engine room
. . 35 14757 922.13 204.96 205 45
incl. casing
Engine room
, 40 14507.2 | 10362.29 | 230.27 231 45
excl. casing
Purifier
40 415 296.43 6.59 7 45
Room
AT o4 dube] Aoy A e O, BaFe ofde 2ot
DAz F s 8 Aol ruius
02498 M — 1,790 m .2 FUtele] WHetEFe 1,540.2 m
2) Aol = AR g A
: 14,5072 m + 1,540.7 m = 16,047.4 m
3 Q3 CO, =% : 16,0474 m x 0.35 / 0.56
4) Q3 CO, AdAY9 7§ : 10,029.625 / 45 = 222.880
HAol 7]&ol "&Al" CO, A9y 7o+ 2314 ol22 A & I8
CO, AT A% 2037 o] 712 wEdch webd W] HAY mE
=9 FU7F AR+ AHEHA Ftth
- ‘|5 -
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3.3 9| &(Equipment Number)

AT EE Aol 3 L Az

3 Fshy, Bie) Ax" d7@nchons 1 HAH AAZA o] Ao
2l 45 8% 20274 28t 9o)3te] oAT|E FolA AHshe #hel 0.754)
2 8 4 JuH9] B AF AMHte] oA 7|5+ Table 3.29F Zo] L3Z Fo+

17800kg Aol 37 AHES ATEAT T HAY hAS Assnz
13.350 kg ©4e] 47 E AEaE Hul, oju] Hg5o] Qo WA

Table 3.2 Anchor specification of actual application

EN = U53
Equipment list
Item Required by rules Actual application
Bow type stockless h.h.p. anchor
number 2, 2
anchor mass per anchor 17,800 kg 13,350 kg
total length 742.5 7425 m
-1 otal len o m
Stud-link i (357.5 m/385 m)
chain 1 g7 meter 102 mm 102 mm
I
cable grade 3 3
number 8 16
Mooring type polypropylene rope
lines length of each 200 m 200 m
minimum breaking
706 kN 490 kN
strength
- 16 -
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3.5 FANEFT=A Y13

SECTION
LOOKING FWD.

DEEP DRAFT SHIP LIGHT (3sets)
g SECTOR HORIZONTAL : 360 degree

; SUEZ CANAL SIGNAL LIGHT (12sets)
+1; SECTOR HORIZONTAL : &¢l2

Fig. 3.1 Actual view of interference masthead light
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A 47 NG FAAA Aae A AF

41 2A 7= A R A H5dA HE

BN

B oA Adnke] A9 AA x7] dANA A 3FA g AA A
A 5 1A &8ZAA Mz AR, 7T Az, Auke Ao &R
T8 A 7HA 9 274 Uit AEE P on, ol EUE AE ¢ A
o] Mz WHE AU FH8HE Fx+ Fig 413 o] 7|E 4
g Ao]d& AA § F B-DECK ZFFH FHH & AMEE E5S
g AS AAsAY. NF F FES(GT, gross tonnage)= 91,373E]

91,836E 0.2 =734t}

ol

2 b X

Fig. 4.1 Selection of install location after 3D scanning
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Fig. 4.3 Section view of installation EGCS

AATFz g Az HH 2 Folle 74 By e30e FHI} A=H F
dFel MAE T AE Aol JPHAn. Table 412 Akl A E(design
sheeDE T3l AA o AHS AAFS Skl gRAFES EFHIE w77t~
AAZZAE T8 A=’ MAE a8 GAEA Aol sldn. o] %

Tz a4 R Aut 2946 ojd AEE AW

_2’]_

«/Collection @ kmou



Table 4.1 Scrubber design data

Scrubber data =
Length 7,743 | i~ e
Diameter 1 (mm) 4,416 HE&H
Diameter 2 (mm) 1,912
Height 1 (mm) 10,268 f
Height 2 (mm) 7,219 E
Weight (dry, ton) 194
Weight (operational, ton) | 23.0 ]

A "HA 7], 2 WA mE AFE = EL
An] wj Aol g w2 BAA 5 RZF AAVE AT 53
2 AARAA A 2

_22_
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E nde ou 7 Ay 4
A= H(beam) QA= wlx|wo Arod) 842 E

olgslete] s EmdS AT 7= MM ED 4L Fig 463 2, {3

i
N
Anj
L fo
4
ikt
offl
1o
(g
=

84 2E9 33+ Table 4.29F #2o] 1T <+ Ut

Fig. 4.6 Structure analysis model

Table 4.2 Coordinate system of finite element model

Axis Direction Remark
X The Length of Ship FR.57 — FWD +
y The Breadth of Ship C. L — PORT +
z The Death of Ship B. L — TOP +
- 2 4 -
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Tz A Ax dAs $He 7 ahvF AF A FRAA 8T8 § 8-S

ge 29t = ¢k HY, d8-58E 2% FEREA M dEiA= dd Fx
o] A(scantling)E S7HAA LA S0 588 H
ot} Fx d|Aole MSN Nastrant 72 34 A/F =
AHgste] st o, 2 2o w2 von Mises o
(deformation) Table 4.33} #3ko ™, Fig. 4.7 A(shel) 49
Uebdth 7= B AE A3 A8 Yol ¥ 388Y

ol PrA o ddsiThn HFel 1AE Wstth
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Table 4.3 Working stress and displacement according to load conditions

. von MiSES Stress Max. Shear Stress
Loading Case Remark
(MPa) (MPa)
LC1 106 56
LC2 70.5 37.1

Allowable combined stress : 175 MPa, Allowable shearing stress : 90 MPa

Fig. 4.7 Thickness scalar plot of model
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Table 4.4 Light weight calculation reflecting EGCS

fems Weight LCG LCG-Moment KG KG-Moment
(ton) (m) (ton-m) (m) (ton-m)
Old light
. 24737.830 | 133.673 | 3306779.950 | 13.902 | 343905.313
weight
Added items
228.364 15.126 3454.268 35.883 8194.445
(new)
Deducted
. -50.000 15.200 -760.000 35.468 -1773.400
items (new)
New light
. 24916.194 | 132.824 | 3309474.218 | 14.060 | 350326.358
weight

2 d7 o Addre] w7zt AAREA "@A & Astesd Wik

D Astg st 7|E 24737.830 Bl A M SA = S 2 AAHE
=EFe X5t 2491194 2o E 178364 = S/ttt EUFE2 05 %=

23}57] wEe] B4 AR A A4 g Fo)
8

2) T WE FASAHAANY WHEFS 7|E 133673004 132.824= -0.849
Mo AANE U Aurel Fgol
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Table 4.5 The drawing list for class approval

Part Documents and Drawings

Light weight calculation
Stability & * Regult of inclining experiment and deadweight
Loading manual

Damage stability calculation
Loading computer test report
General arrangement

Fire detection drawing
Equipment number

Mooring arrangement

Funnel arrangement

Hull outfitting drawing

Construction drawing

Electrical load analysis

Machinery & | Electric equipment arrangement

Electrical team | Wiring diagram for EGCS

Electrical layout of EGCS

Machinery arrangement

COy calculation result

Calculation of exhaust gas back pressure

Piping diagram in engine room

Arrangement and details of shipside valve and distance piece

tonnage team

Dry cargo ship
team

Environment &
Piping team

- 28 -
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4.2.1 A A7) HA]

A= 2 Aol A wE A A7 AW == F7F A7
ST7EH 3A 2719 A EA7] FA Y Ayt 11m, Ao R HE
56m TS 53t HixEler stk B Z=2AE Ao AH¢ Fig
4890 X+8 MzrE 2EYA(stringer) vtk 270 A4 €x7)7}F
A X = A HS8I.

// Az STRINGER X

/ NO.1 STRINGER ¢

Fig. 4.8 Layout of actual smoke detector
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Table 4.6004 <1

0% Z=3shA| @of W7 F7F A I—E A= A °‘°Lﬂr

Table 4.6 Electrical load analysis after installation

Without Ballast Pump
Sea . Loading & Reset in
] Maneuvering .
Service unloading port
Running Generators
900 x 2 900 x 2 = 900 x 1
kW x set)
Standby Generators
900 x 1 900 x 1 - 900 x 2
kW x set)
Load Factor (%) - {5’ 66.9
’ (52.5) (69.9) (48.6)
With Ballast Pump
Sea . Loading & Reset in
) Maneuvering i
Service unloading port
Running Generators
900 x 3 - 900 x 2 -
kW x set)
Standby Generators
900 x 0 - 900 x 1 -
kW x set)
Load Factor (%) 649 09.3
’ (87.8) (60.1)
- 30 -
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423 FA 2" ATE A

Aom, NALE §FHS 313519 S

Scheme B <<%l A& v w772 AAAX 9 A$ d4% ZUEHE
Al 2~¥l (CMS, Continuos Monitoring System)& %3 wl&< delulgo ol
EUE RS AAste] dA 7% olste] ZElE wittel wiEstal Aok ok

dFe=z wEH]r] "o Y Lde sk &S 7 fle Aol

olo| Table 4.7 o] A¥ A& 9 FrtelA AR w717k A o
ARG MEe A4 FAsHs FATL B AA4 5 2Esk
Fig 49914 AT 4 U5 3|48 BzE Axsx @sgkor, Fig 4103

Al A4 Wzt7)(fresh water coolenNE B33t= 84 &<l
< 238H eHRE Rl AFst wmEHE AATE FAI=
2 AHE3L71E AT
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Table 4.7 National regulation regarding the discharging water of EGCS[12]

Country The scope of regulation

China A ban on the discharge of wash water in ECA

Singapore | A ban on the discharge of wash water within port

India Allowance

Abudabi | Conditional allowance

Belgium | A ban on the discharge of wash water

Germany | A ban on the discharge of wash water some region

Lithuania | A ban on the discharge of wash water

Latvia A ban on the discharge of wash water

Dublin A ban on the discharge of wash water

Norway | A ban on the discharge of wash water

Hawaii Conditional allowance

California | A ban on the discharge of wash water

- 32 -
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WATER
MONITORING
SYTEM (QUTLET)

FROM FW. COOLER (S.W)

OVERBOARD

DISCHARGE WATER OUTLET

PN S\ L

Fig. 4.9 Arrangement of the discharged water outlet
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Fig. 4.10 Arrangement of dilution sea water line to outlet
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4.2.4 713 A 2" AFZE 7/0A (Exhaust gas pipe arrangement revision)

AT Ak} wir7b wi#eY Ae AlZ=Eo] F 7 F @I A&
Ko, oju HXH wiry|#HELS 2 AHE w77t dF ¢ it
< st AR AZAEHA gi SHHORE wrvtaE W E BES
Ue FEE HAXEHUG Fig. 4117 Zo] v £4& tiulste] #j7]#
Joll wholu 2~ W B (by-pass valve)7} A EHH AR T5E F UEE
AN2®'lS FAsEAT E=3, A ool HF(sealing air dampen)E F713
A FA AARZA A wEEHE w7727 XA AR G R{Ee

WA staAr skR e, g WBEE= Fig. 41294 o] o]F Hxz

Abol&2 A oof(sealing ain)7F FwH o] TA ¥HX 9&& {14l
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BYPASS DAMPER

(3 SETS)

UPTAKE DAMPER

(3 SETS)
JEO_H
e
EX12,13,14
350A-400L

EX15,16,17
350A-400L

Fig. 4.11 Arrangement of exhaust gas pipes

BY PASS OQULTET

f

BY PASS OULTET

f

BY PASS OULTET

AUX. ENGINE NO.3
INLET SECTION

AUX. ENGINE NO.2
INLET SECTION

AUX. ENGINE NO.1
INLET SECTION

BY PASS OULTET

i

FOR PURGE (=~~~

Fig. 4.12 Flow chart of sealing air
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4.3 W77k AARR Y AAs WEsd &5 A

B
olN

% Scheme B <912 #e AFS HA3Hon=E,
o}, IMO9 AMAF vil& 8 7%7 Table 4.8 = 1)<
HFE 2 3lo] o Fo| Qo] 2)o] WY = CFD &4

Table 4.8 IMO Requirements for pH measurements[16]

. Location of
IMO Requirements
measurement
1 No less than 6.5 measured at the ship’s Both upstream and
overboard discharge except for maneuvering downstream of the water
and transit as described above treatment equipment.

If there is dilution device,

2) Minimum pH 6.5 at 4 m from the overboard
both upstream of the

discharge point when the ship is
stationary (a calculation- based methodology

water treatment

. equipment
may be applicable such as CFD or other
L : - and upstream of
equally scientifically established empirical L

washwater dilution
formulae)

- 37 -
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431 pH 3& o2

Hj 717k AR AE T3S AR wlEA AAEEE 9 pH F3344 &
E8]% &3 (Physical mixing), 38% &3 (Chemical mixing) Z& F+ 714
f4ad THoE AL, B4 £ 7 2 @ AAH 22 =293
Q40 o3 EF WAoR ol AAFTE AzHE FHI A AHe=
W Z57] A7tAe] pHolle= 93 & & o, Fig 4137 Zo] A=
HiEE <05EH 4m AR =288 "7t F3de & 9% T
L47F ofynh. shARE 3std E9t F, slgo dHYAdS ol &3 I
W2 e A8 pHel WEsiA ddFe FH, ol pH/F w2 AlAs
45 A AEHe FE 840t Z2AE 34 HAH AFe pH
s AEss 98 o 22 glo] P EHATH15]

Exhaust gas
cleaning unit
i \\
u "\_ Discharge diameter —%
\ e — —
e /

Fig. 4.13 The principle of discharging wash water{15]
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4.3.2. 34 F35

ARl miEel Aol pH T3 A& 7t 7I®F ez 7HAAL Qe
dZede o83t SOE Fsttets Ad FTaHE A9 wiEd 5 3
55 3t ol oA A s dZYAEH A (FAF)E o835t 4
ste NS TANZCEA pH WMiEWEE 75T 5 A o] AAH L
Z}7] Table 4.99] t& <Zede 7I A& = V¢ Wi < pH S8 =
el dis) =N em, HHE S5 pH 2.5, 3.0, 359] A
sto] Aol ARESATH pHYF HAstE 5 3 4u] 109 =2 & w7tA, F
MRl sl (FEa)E Frlska e, BE A5olA o 34 AAEe= pH

6.55 7433t

Table 4.9 Water samples used to produce dilution curves[15]

Sample Source Alkalinity
1 Changwon purified water 500
2 Changwon tap water 900
3 Sinsudo sea water + Purified water 2,000
4 Samchenpo sea water 2,300
5 Doomido sea water 2,700
- 39 -
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2g Az: Fig 4.149] 3

st gol debgeh ol pHE Pl
A@so] BB =t BE 5 6

g A7hstel 3459 W pH -

3 L 2YAQ G H5tE F5e 9

o] WE AMowRy pH #AE 24T & A& pH

THOR AT 5 Yok ouk T Ee] FFo] o) FAlelA Blojuhs
[e]

filo
i b

Ambient water alkalinity

Dilution ratio

0 500 1000 1500 2000 2500 3000
~-pH 25 —9-pH 30 —d-pH35 —gpH40

Fig. 4.14 Dilution ratio by pH according to ambient water alkalinity[15]
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Fig. 4.149] 1222 S3lo] w77l AAAA] A5 & A-olA pH
AL s dLu el JEITHE AL & F Yo, o]t pHr} e
2 9y SlEh B3, BF S5 SZYE Q200M/LE JEOE 3

Wb A8 Fig 4159 o] Yehid 1 AxE 0 & o

Discharge pH limit

0 1 2 3 4 5 6

Dilution ratio

Fig. 4.15 Variation of neutralization action from outlet[15]

_41_

Collection @ kmou



i)
o
ok
£
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& AFoERE HA 4m AHHAA 657HA 3| EsH=AS] oF gRlo]
3o, A7t i Adutel HA"E wir7ke AR A2 RS
DN250 #e] 3 =75 &af wiEdrh olu, wiE Ao ZRE 4melA &
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Fig. 4.16 Dilution ratio and pH limit of wash water[15]
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Table 4.10 IMO Requirements for other wash water element measurements[16]

Contents IMO Requirements Location of measurement

- Both upstream and downstream of

- Not be greater than 50 ug/L the water treatment equipment.
PAH above the inlet water - If there is dilution device, both
FAf PAH concentration upstream of the water treatment
- Continuous monitoring equipment and downstream of

wash water dilution

- Not be greater than 25 FNU or

. 25 NTU or equivalent units, above
Turbidity ] o Same as above
the inlet water turbidity

- Continuous monitoring

- Not discharge nitrates beyond that
associated with a 12% removal of
NOx from the exhaust, or beyond

60 mg/l normalized for washwater

discharge rate of 45 tons/MWh Sample overboard discharge drawn
Nitrates whichever is greater from downstream of each EGC
- Analysis of sample overboard system

discharge drawn from each EGC
system with the previous three
months prior to each renewal

survey.

Tempera- ) o Both upstream and downstream of
- Continuous monitoring .
ture the water treatment equipment
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Coll

4.4.1 34 A& 2A

Aol A HZI7EE AR A=" fUle] FE Ve B A F R
(safety shut down), Hl°lEle] 7|5 Bl AHe&xe 2Fo] d&dA Flgh
T ASE AP AA Aed 2 AR JAH 52 43 HAEY 8
of o3 WPFA A&l AHEH As5fHe & FHEdel M =2 A
& 350%Y AEFE ARSI oH, ojn] HAH AutolA pH el o
g AME S 52014 dFEt7]el B AoAe A AR ds AE Al
s ATt 7lEst == o). Table 4.109] 435 F A4E2 A A Al
#HE ANEE EF EN ISO/MEC 170259 wet A7Hd A@AdolA &4 A
s HAES Table 4113} 3ol F vl 71A &< disf WP=HAT. TP
A& H2E A3 F TEST2, TEST4e] A3 = Table 4.12, Table 4.1391 4
kel o+ St

Table 4.11 EGCS performance checklist at sea trial

Test Details
Test 1 Record sheet for instrument performance / calibration
Test 2 Record sheet for instrument performance
Test 3 Wash water overboard pH limit verification
Test 4 EGCS running test
- a4 -
ection @ kmou



Table 4.12 Record sheet for instrument performance

Local
Instrument instrument | Main ECR | Data logger reading | Remark
reading

Exhaust gas
CEMS - SO,

4.0 4.0 4.0 4.3
[ppm]
CEMS - CO;

5.0 5.0 5.0 5.0
[ % viIv]
SO,/CO, ratio | 1.0 0.8 0.8 0.8
Washwater inlet Monitoring
pH 8.4 8.4 8.4 8.4
Turbidity 0 0 0 0
Temp 29 28.7 28.7 28.672
Washwater outlet Monitoring
PAH 31 31 31 31.645
pH 5.4 5.4 5.4 5.408
Turbidity 0 0 0 0.195
Temp 32 324 325 32.420

S e AHEE dBdel # 3

@ kmou

_45_




Table 4.13 EGCS running test

Parameter unit #1 #2 #3 Remark
Sulphur in fuel %-mass 2.76
SOx scrubber load % 84 87 91
Main engine load % 32 48 66
Auxiliary engine
% 80 70 71
No.1 load
Auxiliary engine o
No.2 load ’
Auxiliary engine
% 79 66 69
No.3 load
Exhaust gas
SO, ppm 4 3.5 4
CO, % Vv 5 4.9 4.8
m/
S0,/CO; PP 0.8 0.7 0.9
%VIv
Wash water
Flow m*/h 800 880 972
Density kg/m? 1,025 kg/m®
Discharge pH pH 5.4 5 4.4
Discharge PAH uglL 31 31 27
Discharge
. NTU 0 1 3
turbidity
Discharge
T 32.4 33.3 33.3
temperature
- 46 -
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442 AF 2A AX 9

BoA3 i Aduke A wir)zbe AR dA e #Hste] s
< Wgsts A5 2 72 ARE AFd AEs ede we
NGBS AAEERA, ol A T 2Ae AdA e
Aot EF FYAAANA THE A 24ES FH B Egste

Preliminary Inspection

Fixed Fire Equipment !\Iawg?t.lo-n. 1970 COLEG
Extinguishing System Number Bridge Visibility

¥

Structure
Analysis

$

Drawing Revision

SOx Scrubber Review for Arrangement of Fire
Preferential Trip Flooding Calculation Detector

Class
Approval

* ‘ Review

Fig. 4.17 The optimized design procedure establishment of EGCS
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2 =FoAE ‘IMO 2020 A7 o the thg WtoE dEAS wjr|7t
AREA BAE AT AR BA B FR) B ATE FYstgon, T
a4 D REANL R A% BAL 5o A5 A 29 ged e
Aeg 523 4 AT

2% 84l A A APAA WER g3l ole@ A AA,
Ner £4¢ FolmA A7 AN 1B 1A, S, Mie
HH Fo a4F nEsE 47 "AE S,

2. 3" HAAAE EUYE & ds "
B-DECKHEH Mz EE& g@As &2 §40] 1,540.2 ni
1

s Aute] 53 F4 F viiE
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