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Nomenclature

Acronyms and Abbreviations

CEAS Computerized Engine Application System

CNG Compressed Natural Gas

DWT Dead Weight Tonnage

ECA Emission Control Area

EEDI Energy Efficiency Design Index
EGB Exhaust Gas Bypass

EGR Exhaust Gas Recirculation

HC Hydrocarbon

HFO Heavy Fuel Oil

IMO International Maritime Organization
ISO International Standard Organization
LNG Liquefied Natural Gas

LP Low Pressure

LPG Liquefied Petroleum Gas

LSDO Low Sulphur Distillate Oil
LSFO Low Sulphur Fuel Oil

MARPOL International Convention for the Prevention of Pollution from Ships

MCR Maximum Continuous Rating

MDO Marine Diesel Oil

MDT MAN Diesel & Turbo

MEPC Maritime Environment Protection Committee
MGO Marine Gas Oil

NECA NOx Emission Control Area

NOx Nitrogen Oxides

PM Particulate Matter

SAM Scavenging Air Moistening
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SECA
SCR
SEEMP
SFOC
SMCR
SNCR
SOx
TEU

SOx Emission Control Area
Selective Catalytic Reduction

Ship Energy Efficiency Management Plan
Specified Fuel Oil Consumption

Specified Maximum Continuous Rating
Selective Non-Catalytic Reduction
Sulphur Oxides

Twenty-foot Equivalent Units
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A Study on the Capacity of After Treatment System of
Exhaust Gas with Analysis of Containerships Sailing Profile

Yeo, Sil Jung

Department of Offshore Plant Management

Graduate School of Korea Maritime and Ocean University

Abstract

In accordance with Annex VI, IMO limited the sulphur content of the global
fuel oil, and designated the Emission control area(Baltic Sea, North Sea, North
American, US Caribbean Sea ECA) which restricted emissions of sulphur oxides
and nitrogen oxides, restricted emissions from the halon emissions of the HCFCs.

This reinforced the use of fuel oil, which content not more than 3.5%
sulphur content from 2012 to all ships, requiring the use of heavy fuel oil
with 0.1% sulphur content that operates in the emission control area beginning
in 2015.

Also, NOx Tier III standard which is more stringent emission limit for
engines enforced from 1 January 2016 in NECA as per the MEPC 66th session.

NOx Tier I standards are 80% less than NOx Tier [ standard. Current
NECA areas are the North American area and the US Caribbean Sea area.

But recently, during MEPC 70th session, the Committee agreed to designate
the North Sea and the Baltic Sea as NECA with an effective date of 1
January 2021.
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In response, shipping industry is trying to comply with various environmental
regulations and is considering various ways to satisfy the requirement of NOx
TIER Il operation.

LNG as a fuel is gaining acceptance in maritime applications as an emission
control measure for NOx. Also, there are ways to comply with regulation,
such as using exhaust gas treatment system, SCR, EGR.

This study examines the pollutants emitted by the vessels, the air pollution
regulations, and analyzes current techniques such as exhaust gas treatment
system and replacement of alternative fuels.

It also analyzes operating hours, fuel consumption, and sailing profile by
targeting large container ship which operating NECA, North America area,
which mainly operates that area.

Moreover, it can be used to analyze the characteristics of the engine load
for ships operating NECA and to use the sailing profile, which is important

design requirements of SCR.

Finally, it calculates the design capacity of the exhaust gas treatment

system based on the analysis data of sailing profile for existing ships.

So, it will show that the capacity of the exhaust gas treatment system can

be reduced according to the sailing profile.

KEY WORDS : MCR HF4 =3 ; NECA A A4EE vi&SA|819 ; Sailing profile
<+ e ; SCR A4 ZFu] U7
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Table 1 Shipping CO, emissions compared with global CO,?

Total Intermat ional
R Percent of L. Percent of

Year Global CO, shipping Lobal shipping Lobal
0, & 0y gioba
2007 31,409 1,100 3.5% 885 2.8%
2008 32,204 1,135 3.5% 921 2.9%
2009 32,047 978 3.1% 855 2.7%
2010 33,612 915 2.7% 771 2.3%
2011 34,723 1,022 2.%% 850 2. 4%
2012 35,640 938 2.6% 796 2.2%
Average 33,273 1,015 3.1% 846 2.6%
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Fig. 2-1 Annual cardiopulmonary mortality due to ship PM25 emissions in Asia'®
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2ol NOx &AJe] F=lojth A NOxe AL 2 di4 2571 =5 v
A& G 4HAe] F57F =& w, 1L FYoA L7299 AR/ ALt

2w gol WA LY glov] ex JEAel v an

Lo
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212 W&t FAER

20053 3€¥ 19¢ MARPOL &A1 VIZ} wragd] mel, MEPCE 7€ X}
Ag7E AAE vEeE wiE AFe A3 BHo g REA VIE MBI =
o) 3k A 21 (2005.7.), 2008 10€, 3d Bt HEAHE wigroE MEPC=
TAE FE5A VIgE AagstE Ve eE A 872 AR BE A
2010¢ 1€ 1d= otk +HE FE5A VIS 7H 2 Wste GabsE,
AaAsHE, gAY HAA A3 AAHE T L

e 743817 93k & FASNG e =g

18
2
Y
o
o
rok

Fig. 2-2014 H+= wis} Zo] =48 F-5A4 VIA 2012955 A 3 Hol A

&3eteE Ak A8 G 3 FgFS 35% mmeE Adsta, 20153 FE HjE

4.50% — ‘ 1.1.2020* 1.1.2025

!

3.50%

Fuel oil
sulphur
limits

1.7.2010

o
o | l 1 12115
1.00% 1

0.50%  —  Inside ECA-SOy
0.10% —

*Depending an the outcome of a review of fuel oil availability,
to be completed 2018, the 2020 date could be deferred to 2025

Fig. 2-2 SOx emission control plan'®

MEPC 682t= ZAAIA 0.5% m/m &3 2] tig A8/ ol& 7FsA<
Br7retz]l A +dAdd e Aol Fofskaial, MEPC 692= 99139
AHRIME FEIROH, 47 & T 279 olAAZIE MEPC 702t
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AT Aol &o3tH. 2016@ 10€ MEPC 703 A= 0.5% m/m 3 T+
FS Ad ASH olPAZ|E 20203 1€ 1L =2 AAHSHA = At ole} A
st Y¥3l= 0.5% m/m & TFF 819 vES A T2 EFblending)©]
AZFo M, A= H HYPAH Fol BT 7=FHA =AE AL F US
F=otal, 0.5% m/m & i 8719 A4S olg& AT oA LS MNED
A& AN A,

Fig. 2-33 #o] d&4ra&E9] ¢ 7129 Tier I FAA 20113 1€ 1¥<&
1Mo 2 o]F AzFHE Mule Tier 19 27AE w22 7359 oH, 20163
o

19 19 o] % WEFAN G e Eah Hute Ter 18 == A3 AT

18.0
50 Tier 1
Tier 1l (Global)
140 [ \\ Taer 1 {(ECA)
= XZ0 \R‘
=
=
= 100
=
E
= 8.0
e
o
=
6.0
+9 ‘—hﬁ:‘*.\:-.“__
2.0
0.0
o 500 1,000 1,500 2,000 2,500
Rated engine speed {rpm)

Fig. 2-8 NOx emission control plan®®”

o|® MEPC 70z 3]ojolA= wiEAlalde] AF3 Hdatd a1do tid ¢
H7F Aoy, HU3l= 9= e F(English channeD)S Z3H3F 2els) 2 Haf
e mETAsIg ez AAHstr 2021d 1¥€ 14 HE a7 dad=z 484
gl ot th ES, NOx Tier Il iESA S ol X =Ha4olA
zHAY, AzHAY, FEEE Aurso] Tier IRF wEaAY, A A7~
s Tier IIE WS & A& 7=AR AHgo] 7Msd olFdsr|do] A4

Autol gk AA A thatel® ol AT

_12_
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Table 2-1 NOx control requirement of Annex VI?2!

E Tier I Tier II Tier I
(2000.1.1.) (2011.1.1.) (2016.1.1., ECA)
n < 130 rpm 17.0 14 .4 3.4
n = 130~1999 rpm 45002 44-n02) 9-n(~02)
n > 2000 rpm 9.8 .7 2.0

S %xﬂaﬂWWL Aufo] A HZEE 2AZFACONE ZE7] U3 ol
A &8 AA AZEEDDE Ax Aulo ofFslstal FE Aldto] ofx] &
22 AYCEEMP S #Hea= % o asiqr). duA &g A4 ARE 159
2 aatolA 10ty 548 o BAHE ojisierrs] WELL o s
40057 o9 =& Advle) Ag&HY. 20139 1€ 195y dasEoy, 2015

10%, 20203 20%, 2025 30%<] =< oF-gsta Aok o #4S
23 79 mute] eafo] AW FA AL

vy

d 7=

_4

e_,—?SX

AN

_13_
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22 97129 A WS Ve AR

Z1Z A A w7 7t2E A Esk= W<l EGR, SCR, Scrubber, SAM
(Scavenging Air Moistening) 2! HAM(Humid Air Motor), Turbocharger cut-off
e AVEI ZF 7| g AEHS dotEnh

2.2.1 Hj&7tx ZAE Y3 A 98

w71 7ke] 2R AR AAF vHEE WHol Atk AfEF, LNG, v
o

e 5 A% AAVE FilsE e daisle §

Ao EA A FAA wet 0.1% 3 FFFS st gAY 3
< Zldskr] A" mEbA ARG obd SR/r(distillate oiDQ] A
3771 kAR o2 AR EHo] Xt AT ol IAEE AL F435)
H}
O

Zlel 7h reksk webolth Avkg HARFMDO)SE AHkE A-FMGO)ol ok
golo] HEg Aot FRH UA FAN, LELS JIAFE 2ol 7HEE &
T8HA] =T

a8 Y AF3-H= RFO 380 cSt(centistokes) Xt} v, 714 zlol= A7)
Zorr FAE ZoR dddnt ARty GHoE 52 F I A8
A=A HAE 01% & FHFS GA SR Este] ESEI ARE ¥sH
H7lol Aot e ARaots A48 RS 20T AH

_14_
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3, THFAY A9 IS0 821791 & MGOZE EF/5+E DMAE 2-6 cSt/40C,
DMZE 3~6 cSt/40C, MDOZ #F5+E DMBE 2~11 cSt/40C 2 A ojsta glon,
olZF W HEE A Mol A4E Tol Bart }la =F IH] &8 8-S
ate Al BFES ofridith

ARF olF 9 T35 FZ, 95 HEs & d8fF AT T2 st A
HEdA 9T o 3] Fdzts oF 2 FAARE gdstolof o =3
F& Ao ALE W FASA BHE e 5 A7190Cold flow) whET
Aol A 27be AGo R olFd u B3| ARtk stn), A7} LAYSHA
AEE 22T ol &5 #x & Far) ok

ASf A S & o L3 H doll w2t AAste] 713 vhR - 33 5ol
Y ElA] ke 2 Fo|stolol ) A Eo] o] #go) F&Etaiok )

Hurg Af Boh U8 AAHOR FeHQ SoluYs ARE FRAG 2
Ao BHS EFE Aotk BAH Q¥s] ARFRFOET HEe} vFe

2.2.1.3 vlo] & A 5 (Bio-fuels)™”

NFE ARFE o8 7Hed AA Hlole ARfFe AU ARFE LHA

Hlo] @ tjA[bio-diesel (FAME)], & % (algae fuels), ml&-&(methanol), 24

14 1A F(HDRD, Hydrogenation-Derived Renewable Diesel) &°] $1th.
ol oA, 2Rds, WgE 3 s gAfe] & g A 7

of EAetA Feth 27 A5 ¥ T4 dARF=

FA 2" sy vlole YAdfes £ F5 2 AFE

T
HAgata] ohIste, Hutel A ® B ARA2Y Ax7 A7
2l

= o=
Huga ok WgS2 205097k 7P 284 A5/ 2 g S Ae=m
AHFI Tk AdEkE WS A8 ARgo] VhestEs Axste AL MEe
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Alel] & AsRA, AR, 7ka Aol Bashy] wEel vlgo] SrskAl Hnt

AR A7 S7HFOeRA A Tkl Fols F don, FALARA
=RE s HAFANA S o] Basir. B AA) 7|k Aol Al
He 2ol AN, 59 7t S EAe1ZH WAl S R ww
< H(methane slip)a #AF o] Y} Ao AxFHA P& sk R4
(methane slip)2 ©|4ts}gbao] 2

2 bgol WE BAAAY ol gaF ot Hgre ol
Teusie Aol He Atk L4472 Z7kel HEo] g vk

oo Bl =49 B FrYA

rlr
4z
2
o
i
o,
o
auj

2.2.2 M|&7t2 ZAAE % US V&

Atz el A B w77t ~E FA sk WH 22+ EGR, SCR, 239
¥, 47] 3%Scavenging air moistening) % Humid Air Motor, 3w7] =&
(Turbocharger cut-off) So] It}

2.2.2.1 W717t 2 A=¥ 71E(EGR system)

w717k A 71<EGR)S Aatstes AZde AR 7 a2 U &

stz A ZHELAAAM = oln] A&3Eo AAEEHIA T o] Ve dad
AM A& F wiEs = wj7I7kze] 87 w7 el A EGR MEE T8t THA

P
2FetE(Thermal NOx) S AT ozA AA daidstes SAEFS daA
71 oot gAddM = F7] HdEC] o vidz wPA LA ol
woot7] Wil EGRe AE2 37] HFYEC] 2 F& Fotol dHEH
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Fig. 2-7> MDTAFS] EGR Al2Hl& HoFoh

e B sta 7)o 298
wel w77k Fo Yaksheka, whabea =
9Jol= EGREC] U¥ &< ASoE 718 &4 A%
AastEo] wlEFo] Be $HAAAT HaHdor AT wr|rtas
A=A 73 Qe

HAaastEe 60%7HA), FAH o2 80%7HA] i 7Hsd 2oz duiA gohl

aCAVENgear [ecene

Fig. 2-4 EGR illustration, MAN®"!
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2.2.2.2 A€3 Zo]8Y 7]&(SCR system)

datsls Agldls Adga Su@dGCR) 343 e AHSstA &e
Aex T FAGNCR) 71&o] glom FFH o drYol 8 A (Urea)et
22 FJAAE Agst wiZIZbe Fo Aagtstee Ak FI37|E a9
. ©] F SCRL dmyoh} 849 e A} w77}
2 T Aagtstzo] S wkgrlolA vhEste] Haol 3|2 A= W

ok SAAE o] &3tk HelA SNCR#H frAtett ZuiE o] &3tk A3t
Q =~

& Loyl vrl= Ho] = 3ol 0]1:].[33]_

o

Y
rr
o
i)
i
o
ofo
ot
o

ZHLP) W4 SCR FAXE RAFT. A< w4 SCR #

cho] A5k, FQ FAEZoZE SCR HHE-7](Reactor),
}%](DCU, - decomposition unit)e]™, DCU= wWg-7] &+¢}
A7 AT o AXAHI, FF7]blower), 3SlE(heater) IEla FH7]
(vaporizen) & Ao Ty,

o .{oll FE

Fig. 2-5 SCR system diagram, MAN®?
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©
L

T oKAnhydrous Ammonia), =Y o},
%i}—f‘i%lﬁ Aex) 7} T dryol=
o

o )
=2 S AEH S 2 UAARE dRYoles ofd His| Hluz HgFol

=
golaly] wZo] dA] SCRe| FAAZ 7P w@eol AL gt

SCRE TAdN o2 RE wWEHE AagstEe A gid F 714 a3}
A3, A8 ML E FFE H23E T AT PHoE SEEHLe 22
S wol HE&Ha . SCRE =3 ARE Agstes EF4E
7hzl Ak} dizlel A83t7] 9eiAE SCR Alwlo] A sk F7te] % 89}
FAARD drYote] HFEA, &4 A¥ T W BAMEC Utk AR @A)
OAARA) A HEsts AagbstEe] A Ao 80%~95%71A] 71EElr|o] SAF
Aol Ae eefRE o] g ¥ mejy AxleA AR X A I
23 o d(Pre-heating) 2 2 Q13| o]4tsterart wAE A FrtRHE

2.2.2.3 &4 238 7]&(Wet Scrubber system)

T
==
\l
_—
‘|—‘
é
N
1_4
2

2 ZlEo] Ao E HLHIL Jon, ¢
F4 2Tl 14 238 E Yo
2= A) iﬂaﬂi 7]g =l 7§38 (open loop system)S A o7 Gzl S
zk= g AR oR 2w ATl FEAIAA, viHo R "ojA= siget
27 A& gt A5Egs doA FastE 9 A EFS A
7= Zl€olth. 23HWE mAUL g AR 2 pH @b =4
4 AAA oA vz sEAZIH. Fig 2-95 MWE 232H A2"Hs
BojZEoh HH3 52 238¥ 71<(closed loop system)S o] FAMSHIE
FMNaOH)-& & A7ttt A2 E FFAIAA FistEe 43 AAH S
FEgth o] W 23 EFelA @] pH S A FANESE
AP EF O] BALSS Aoldit) =3 AP HAfFY AHES Mo
AT = e SlelBY s o] H2 AgEy rgo] Yt
Fig. 2-10 #HAAY 238 A 2ES BoAFEt HAHF 232 A|2'L 9

RERY A5 FUsA 91, 2399 34 F ugE 22 uEed gt

Ll

il
ol

_20_

Collection @ kmou



MR B & @A Ao, FASUEFS FUiste 4828 538
AZIth o]lHE 71EL 0.2%~1.4%°] A8 AH7F L FATGE

&2 238 (Wet Scrubben)®] 7-¢ A4S EL 5%71A], UlBAF= 80%71A],
S E L 98% A 7H2T} Jbselal, o] ASlEl A HjZEEe ok7l Z7hakTise

Fig. 2-7 Closed loop, Wartsila®®
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2.2.2.4 A2 23849 7]&Dry Scrubber system)™

Fig. 2-11& A2 238y 7)< =2 5o|th A2
oAzl A3 &7ol[Ca(OHe]E &83td FAle A
27} A 3(CaSONE AAsH7] fls &78ol} REg3int. A3 <&
stoll wel A|2~ElS Fste] o] Fstal Aals AR

2EE AAZ Y] AA=T}

Fig. 2-8 Dry scrubber illustration, MAN®

A dols Idbr o g {4 LHAM BHuolqA F4 2F8HE

Al AAEET 4 2o A9 dabstEe 5%7HA, PIEAE 80%7HA,

=
FarstEe 9B%7tA A&7t 7heskal, olitdteka Wi ot Ui

_22_
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2.2.2.5 SAM(Scavenging air moistening) @ HAM(Humid Air Motor) 7]&>”

Fig. 2-12%& Humid Air Motor(HAM) 71&& A9 3 A o]
SAM(Scavenging air moistening)> ™d 24 r|#S s, Humid Air
MotorHAM)> 434 71#& 98] AMEEHO A1 & o FHE =AL 3719
FEE F5719 dFVIEREY AL FHE FVIE FAAA H 7] FY

- T
A BEE FAAZITH

pa

o

N

oo

Fig. 2-9 Humid air NOx reduction by piston illustration, MAN®!

K7) ol AuINE B H4E AFOR WS S5} A I
$571 2R FAE FUI% wge s Ak B Fuw W B

SE7L FAEA Hol AatsE WAL 6% Zas R Frdem
A8 HI%OI A Aol NBgsel Foh B, wsiad WPRE
Axd 25 YHow /sl HI ot AmsmFol Ui 3% F7he
A,

_23_

Collection @ kmou



2.2.2.6 7] XK Turbocharger cut-off) 7]&""

Fig. 2-132 #57] 2AdA =6 Uebd Zlojth

H37] AFA 2L ARLRFES ALAT L AR oA AW Aes
MAART g7 AGA 2"l 7 742 el oaf o] Fo] A ot IA5
7] &7)(turbocharger air) E7-¢} wj717k2 ol YA EM B (swing gate
valve)& AX AU #F7] 371 7o B9 Zd o] E(linding plates)E
AAs= Aol Utk HF7) f(]-\:]'/\]/\ o FZ Q3] ALY YAA 3 A9
FE7NE ARSAA AT F e ARLRFE T gkW h A ARG £
ATk F57] ADA =" ] AEL 7] L«l Abegoll whet AaabstE TS 40%
7HA FaAE 5 T

Steam for
Heating services

Exhaust gas
boiler

Exhaust gas recelver

Fig. 2-10 Turbocharger cutout illustration, MAN®?
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A 3F wMETANS +F AR o £4

o] FolM= AA AasE wiEdAG R AAHE = Fold gzt
< 2 %38t 8,600 TEU HAHolUA LS oz

TFANSE ol e ds4AndF, 34 A7 5L B4AT

Adolvde &2 Aoz HAZ olfe= wMETANS &3 & A
ARl 71 Bal oo wt HiETt: Y FAX 9 fFo] HHHOE thE-
& S vEEAT B AT Ade wEt wjEvie $AE AR gA A
718 A ES, BAA W& A T &yl 33, HEst 2 ¢
g0l & Auboly] wjEolrh

Fig. 3-1& 2007'3~2012'3 F3F AFHE CO, MEZH(FAFs) Auhs epd
Aotk wid HeolyAel 71 B& COE wiEstar, 2012@ 9] 7% A
oL el A °F 205,000,000=2] CO.7F HIZHASS & & Atk ol 20124
A FAstE Adube A= wEE CO. 3?1 796,000,000=2] oF 25.6%°1 3
FE = Foltt

=
I

e

Vehicle
Ro-Ro

Refrigerated bulk ]
Other liguids tankers
Oil tanker
Liquefied gas tanker
General cargo
Ferry-RoPax
Ferry-pax only

Cruise
Container
Chemical tanker

Bulk carrier

0 50 100 150 200 250
CO, emissions (million tonnes)

mC022012 mCO22011 mCO22010 mCO22009 mCO22008 mCO22007
Fig. 3-1 CO, emissions by ship type (international shipping only) calculated using the
bottom-up method for all years (2007 - 2012)%
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Fig. 3-2& 20123 41538 F7)9, B4d7] 5 2279 2 wde] A8us
AERAFS VB AOEAGA 2 FHFs) £ Aol pg Be o
=

Yacht 11,100
Vehicle 7 900
Service - tug NN 6,700
Service - other N 3,800
Ro-Ro I 9,300
Refrigerated bulk =1 5,700 ‘
Other liquids tankers 1300
Ol tanker 1_:1 39,700
Offshore -8,600
Miscellaneous - other j2,300 ‘
Miscellaneous - fishing - i 16,100 W
Liquefied gas tanker ﬂ' ‘
General cargo | : 21,700 |
Ferry-RoPax N 9 900 |
Ferry-pax only P3,700 ‘
Cruise 1 11,100 ;
Container i 66,000
Chemical tanker E— 17 500 ‘
Bulk carrier —53,400 |

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000
Fuel 2012 in thousand tonnes (ktonnes)

B Sum of Main Engine M Sum of Auxiliary Engine % Sum of Boiler

Fig. 3-2 Summary graph of annual fuel consumption broken down by ship

type and machinery component (main, auxiliary and boiler) 201247
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3.2 t3dHdtel A4

3-13 Zo
Table 3-1 Ship’s particular
A vessel B vessel
D/L 08.2.4 08.3.20
LOA 339.62 339.62
Breath Moulded 45.6 45.6
Depth Moulded 24.6 24.6
DWT(MT) 99,052 99,043
G/T(ton) 94,511 94,511
N/T 51,638 51,638
T HYUNDAIL SULZER HYUNDAT SULZER
ype 14RT-FLEX 96C 14RT-FLEX 96C
M/E MCR*RPM 108,920 BHP = 102 108,920 BHP = 102
NCR=RPM 98,030 * 98.5 98,030 * 98.5
G/E Type HD MAN B&W 7L 32/40H HD MAN B&W 7L 32/40H
Service
27. 27.
Speed(Knots) 7.00 7.00

o}
AW ARG A F Gl 35% mim ol8l FHE o
o}

— 27 —
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Fig. 3-33 o] Holujelz} slele] A% w23 AUt SA% Qa)r]do2ny

3}

o]7 Az]o]7]o] EAST BOUND A w]= E}=n}

2]
=

f

200 nm

Fig. 3-8 General view of the North American Emission Control Area”
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il
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?l_
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3d
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74

N 7HAY W
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=
=

3= Y
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)

w0
oju
N

S
yul

ek,

= ofof

Al 8H

=
=

obed Fitst=E Hi

o

_28_

Collection @ kmou



54
10%

A
o

o
=]

o2 10%9
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g A2 59 &4

©

FL

o] 14 4(7,500 TEU)S] 73

300241 79 1,770,000€ H =

719 €8 &% 5o Hel g

3o ME As4Ang 2

(Clarkson)e] Alz.of uwh

o
L
2=

T

33 & AAY
Uelg 1 ok S
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o] o
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/1\_]__

il
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i
- .-
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540 &00 880

Medium Range) €7 <}

—m— Supramax Buker

e
450

MR,
420

=

-
e i

N o

380

[¢]

A

Fig. 3-4 Annual fuel saving per year?
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300

sE )

w— Post—FPanamax Container —e— Sub—Panamax

—— Capa=ice Gulkar
T

—a—V0LOO Tankar

5,000,000
<%, 500,000
4,000,000
3,500,000
3,000,000

LS00, 000

L0000, D00
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Table 3-2¢] W& Ho|HE =}
g7 > H3d ¢£o2 YeidS & F Jduh a8y o] diojEe A& oA
==

HolBE Abgshal 9lof AARY

Table 3-2 Specification of standard vessel, Clarkson*?

Average
Kind of vessel Type DVT or TEU | _lverage fuel o1l
speed(kts) | consumptions
(ton/day)
Bulk Capesize 172,000 14.75 56
Supramax 52,454 14 .25 30
Tanker VLCC 300,00 14.5 90
MR 47,000 14.5 36
Container post—panamax 7,500 24.2 210.6
Sub-panamax 2,500 22.1 88.2

2 FoAs AddrolA wf o AAst= sl 2 oFd A (Abstract log)e] AEE
e Hojmg]7 A Ha)y,
7

RARF 52 Bk

331 Ay} AZe Aganzg 9 93 2y S B

Table 3-3& %X »md Adl As o] 33XHEAST & WEST BOUND) 23752
vlero 2 2Aelh

AA AsS] g FAE P é?—E—;‘i(SEA VOYAGE)& 165 = E~188 “EZ 23}
e AL & 4 Atk ool W FHe] A 2 D 13161 MT-1675.4 MTS

ARk, Afre 129.6 M/T~265.6 M/T—% ARSI UFes & F Ak =37
2016\ 4€ 19 °]% F=9 gste] 5 A% 4H2H(Yangtze River Delta) 3413

of Motk mE AMES Hob7|ZHESE 05% olshe] FAHHL WIS

.
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Table 3-3 Sailing table of A vessel

SCE(KHG-USTTV) | SIEGKHKGUSTIV) | SZE(HRHKG-USTIV)
PERI0D BLD~621. | 'BIN~B3D. | BAZBEL
YOVAGE HARBOUR | 1D O8H 54M | 1D I13H 0OM | 1D O7H 30M
TOTAL HOURS SEA 14D O6H 18M | 12D 22H 124 | 13D 13H 48\
TOTAL 15D 15H 120 | 14D 11H 12M | 14D 21H 18M
HARBOUR 345 365 351
DISTANCE SEA 5923 5833 5872
TOTAL 6268 6198 6223
AVG. SPEED(SEA VOYAGE) 17.3 18.8 18.0
{0 SEA vo\\]g ' 1§g5é9 12§Gé8 1?;941
mNS(ﬁV%IONS IN PORT 39.7 40.6 15.6
TOTAL 1675.4 1494.7 1316.1
LSO | mor o 206 % %
mNS(ﬁV%IONS IN PORT 5.0 8.2 17.2
TOTAL 132.5 129.6 135.3
SONCUSTIVHEKHK:) | SIWASITHKKG) | SA(USTTIHKEKD)
PERIOD 'B2B-BIL | B3ID~B4AB | 'BEO-B64.
- HARBOUR | ~1D"O9H 30M |~ 1D 16H 54M | 1D 15H 18M
VOYAGE
TOTAL HOURS SEA 14D 02H 24N | 15D OGH 42M | 15D 17H 24M
TOTAL 15D 11H 54M | 16D 23H 36M | 17D O8H 42
HARBOUR 392 437 408
DISTANCE SEA 6218 6200 6214
TOTAL 6610 6637 6622
AVG. SPEED(SEA VOYAGE) 18.4 16.9 16.5
SEA VOY 1548.5 1401.8 1373.5
HFO HARBOLR VOY 36.0 40.2 33.3
CONSUMPTIONS | IN PORT 16.8 14.0 14.0
(M/T)
TOTAL 1574.3 1441.0 1393.8
. SEA VOY 116.3 102.6 84.5
CONSIAPTIONS | TARBOUR VOY 65.2 73.0 79.1
/1) IN PORT 57.1 69.4 63.2
TOTAL 265.6 260.0 253.8
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Fig. 3-5 2 Fig. 3-6& $33 9 A WKEAST and WEST BOUND)® %5t A
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Fig. 3-5 Fuel oil consumptions of Fig. 3-6 Fuel oil consumptions
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Table 3-4+ 3% )
ol e HEF ASLEFE ALsld]
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st Ffel 49 skl o

Table 3-4 Average speed and fuel oil consumptions

Average
Average fuel oil consumptions
Voyage speed(knots, (ton/day)
Sea voyage) H.F.0. L.S.F.0.

50E 17.3 96.96 61.87
51E 18.8 93.47 53.91
52E 18.0 89.00 40.94
50W 18.4 102.92 42.50
51W 16.9 86.73 35.66
52W 16.5 80.92 36.92

3.3.2 X4} Bz ol dgineg @ 23 28 S 1

Table 3-5&= & X4t

5.9 3FXHEAST & WEST BOUND) 37152 Hlgto=

B
2hdetdt. AAl BEo A9 dApE HHE5ES 164 =E~181 =ERE 3

(o) O~
AE & & Ut
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Table 3-5 Sailing table of B vessel

AFKHGASTV) | ABRMKHGSTIV) | SORHKEKG-USTIW
PERIOD 6206310, | '641~1642. | '6515~1662
VOYAGE HARBOUR 1D 05H 36M | OD 19H 18M | 1D O6H 48\
TOTAL SEA 14D 10H 18M | 13D 21H 18M | 13D 22H 18M
HOURS TOTAL 15D 150 54M | 14D 16H 36M | 15D O5H 06M
HARBOUR 282 213 278
DISTANCE SEA 5958 5968 6042
TOTAL 6240 6181 6320
AVG. SPEED(SEA VOYAGE) 17.2 17.9 18.1
EO SEA VOY 1418 .4 1401.0 1407.8
HARBOUR VOY 45.3 271 48.0
CON?ﬁg¥§ONS IN PORT %.3 34.9 16.7
TOTAL 1490.0 1463.0 14725
LS50 SEA VOY % 0 86.2 106.5
HARBOUR YOV 91.9 21.8 21.3
CON?ﬁg¥§ONS IN PORT 8.2 14.9 14.0
TOTAL 162.7 122.9 141.8
ASI(USTHEKHG) | A9QASTIHKKG) | SOWCUSTTHEKEKD)
PERIOD 1638~1642. | B49~1654. | 'B6531~1665.
VOYAGE HARBOUR 1D OSH 18M | 1D 100 48M | 1D 10H O6M
TOTAL SEA 15D 130 30M | 15D 20H OOM | 15D 17H 54M
HOURS TOTAL 16D 210 48M | 17D O6H 48M | 17D 04H OOM
HARBOUR 381 383 418
DISTANCE SEA 6256 6257 6216
TOTAL 6637 6640 6634
AVG. SPEED(SEA VOYAGE) 16.7 16.5 16.4
HEO SEA VOY 1450.0 1359.1 1240.1
HARBOUR VOY 35.4 31.2 32.2
CON?ﬁg¥§ONS IN PORT 21.8 15.1 12.7
TOTAL 1507.2 14054 1285.0
LS50 SEA VOY 177 .4 169.9 101.7
HARBOUR VOY 63.8 59.3 68.7
CON?ﬁg¥§ONS IN PORT 48.0 58.7 51.8
TOTAL 989.2 287.9 9992
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Table 3-6 Average speed and fuel oil consumptions

Average
Average ] )
fuel oil consumptions
Voyage speed(knots,
Sea voyage) (ton/day)
VR H.F.0. L.S.F.0.
48E 17.2 91.09 67.79
49E 17.9 100.49 31.92
50E 18.1 97.09 44 .37
48W 16.7 89.32 45.66
49W 16.5 84.24 41.62
50w 16.4 76.70 32.13
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A2 &7 1F

Table 4-1 Main engine specification

Vessel A & B

MODEL

HYUNDAI-SULZER 14RTFLEX 96C-B

TYPE

TWO STROKE SINGLE ACTING, CROSSHEAD

NO.OF CYLINDER

FOURTEEN(14)

CYL.BORE * STROKE

960 * 2,500 mm

OUTPUT (bhp)

MCR 108,920 / NCR 98,030

REVOLUTTON(rpm)

MCR 102 / NCR 98.5

MEAN EFF.PRESS. (bar)

MCR 18.6 / NCR 17.3

MEAN PISTON SPEED(m/s)

MCR 8.5

ROTATION

CLOCKWISE VIEWED FROM FLYWHEEL SIDE

STARTING METHOD

COMPRESSED AIR(30 kg/crt)

EXH.GAS Q'TY = TEMP

627379 kg/h * 285 C

TURBO-CHARGER

MET83SEIl = 4 SETS

F.0. CONSUMPTION

128.0(gr/psh) + 5% AT MCR USING M.D.O.
OF 10,200 kcal/kg IN L.C.V.

L.0. CONSUMPTION

SYSTEM 12 kg/CYL-24H
CYL.OIL 0.9~1.3 g/kW-h

DIMENSION(L = W = H)

27,413 * 10,660 * 13,519 mm

ollection @ kmou
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4.2 WETANY +I3HE &4

FE Hule NOx TIER I A& 39S 233t uta) 2x2He A AL
35 AS #38l SCR T HlE7l= AT ZAX7F Q3 o] & fsiA= W&
AN A7 1 AT WE Au 73 BEges A3

2 |

A¥ke] Ship Performance Daily ReportE &-8&3le] vjZ71A)
Auk7]3 Bt E FolE BEAsta el 8 oFY A (Abstract
Log)el £3dF 55 1183te] Harbour & Sea Voyage 347+ AHA3FaA)

@} o FAHL Fa) FahE LANL AP,

421 A4t Ao IHYE 4

Table 4-2°] we} &2 AHF AZo] 4% NECA A9 &A3te] 189A171~215
S =2 o] F w9 Bautd, ANEY W AUt W o] AFEA
Zkzy A QlstH Al s AIZKSailing time) 744176 /1319)S & o+ Atk

olF HiRe® 1d Tt s AIES oF 666A17E~6844]310] & Zlo|th

>
o~

@
flo

Table 4-2 NECA Sailing table of A vessel

Voy 50 Voy 51 Voy 52
NECA operating time(Hour) 189 215 204
NECA in port time(Hour) 114 139 130
NECA Sailing time(Hour) 75 76 74
Annual NECA Sailing time(Hour) 675 684 666
- 37 -
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Fig. 4-1, Fig. 4-2, Fig. 4-3& 91| Table 4-2¢] 21 NECA &sjA1to] o}
Auk Az o] V| @Rste] ME LML =43 s

i

ot ]t sl Wdstr] Aol TRl ARZH=E d=5/E e T
°F 21,500 kW~26,500 kW= &HdstHA dAxf A4S AgPsta i o=
MCR thH] °F 26.8%~33.1%°l sigdth. vl= Et=Zuiddel] d&dstr] A 71853+E
ST F AR AHl FEE W] BErtdel d@dde & g An o=
5 JdARES B3] S8 AR A r1dRskE At AsAlz et Bo

Myt WS 23T F NECA AHS F34sta Asf dge 95 &

W7kA = NECA AHe P wfel mprbA 2 ¢F 26.8%~31.2%]

)
1z
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i
it

| =  M/E POWER(GKW)]
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Fig. 4-1 M/E Power according to sailing time(VOY 50)
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Fig. 4-2 M/E Power according to sailing time(VOY 51)
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Fig. 4-3 M/E Power according to sailing time(VOY 52)
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Auk A e NECA &3 S gesstry] 981 @Dz o) #+1dE £3F

Az BE F71% B HehE S A RFgRe 4% 0% gand,
MF Al EF, Ak WEHEel 923 51710 NECA 919 A we o
R AS AHE /O sho] HT ehmetg HAAA wREt BA, 60T
gatgold BE A EGA A BES B, 0T A EGeA At W
WA de B4 2 AUt MTmae Eesie] NECA 9L Blo]
A ARG AB FRARAA F P FROE BRI 22e Ao BE

a 100
sailing time (h) ’ SMCR(EW)

Table 4-3c & A4 A% 9| &2 NECA 819 3o we 7|aARsE
EAste] o]E HHs} 3
BOUNDE §+3h %ﬁ&%l%—%— e she] AzE 9@‘}% ek 7T

5032k 749
E3714 9% MCR
Ao 71 Bsl= 33,070 kW, 41% MCRE 33ttt

51&2te] A$= thRE 22%~29% MCRE &3, v= efZnpdolA Al
HNEF7HA] 8% MCRE &&3tA5<S ¢ + Utk o= 513 xke] NECA I3zt
(T6A17F, REAIZEE A &])e] 4%l E373tct. =3 NECA 319 37|t 52
A 71#Fsk= 31,920 kW, 40% MCRE 23314 th.

528 2= NECA &sfl Alzbo] 74Azkolal 1 5 NECA <ol wE dEH
A% AHFEE w= gt Zutd HAA Algte] 52%F AAsHATh ol& 5083k
2 5182315 npR R G} 5283 E nUER| 2 )RR 25%~27% MCRZ <3
st GF vl B Enpgrol A Al E37MA] skt 7% MCREZ &3t o

Hué"d
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3} (<] =
ST AoE AlgEHTW HFZFHOZ NECA 3o mE 7|# st 22%~29%
MCR 94& & <+ Ao
o= = NECA I3 AIzre] ¢k 96%~97%l 3l ZE .
Table 4-3 Sailing profile of A vessel
Voy 50 Voy 51 Voy 52
Annual NECA
o ) 675 684 666
Sailing time(Hour)
JUSTIW 27% MCR 26% MCR 25% MCR
(5% Time/ 3olh) (5% Time/ 360h) (5% Time/ 351h)
9% MCR 8% MCR 7% M
USTIW~USSEA - L v MR
NECA (3% Time/ 27h) | (4% Time/ 27h) | (4% Time/ 27h)
Sailing
profile 24% MCR 22% MCR 27% MCR
USSEA~CAVAN
(156 Time/ %h) (156 Time/ %h) (14% Time/ 9h)
CAVAN~ 28% MCR 29% MCR 26% MCR
(30 Time/ 1980) (2% Time/ 1980) (3 Tine/ 19%)
Maximum engine Load
Gl %) 33,070(41%) 31,920(40%) 34,170(43%)
, o

— 41 —
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422 A4 Bso 2F9d £4

Table 4-40 we} FE Al BE o] 79 NECA&AIZEe] 19141 7H~205A4] 7.2
o] F vlFel etmuly, ANET % Aunh W FolAe PuAe 27
AsshA AA FANGE 64T & = YTk o] B HEom 14

& e AIZEE oF 68441%E~6934%E0] E Aot

o

A

Table 4-4 NECA Sailing Table of B vessel

Voy 48 Voy 49 Voy 50
NECA operating time(Hour) 191 204 205
NECA in port time(Hour) 115 127 129
NECA Sailing time(Hour) 76 77 76
Annual NECA Sailing time(Hour) 684 693 684

Fig. 4-4, Fig. 4-5, Fig. 4-6-2 92| Table 4-49] 3}x}® NECA &3jA|3te] wp&
Ak B o] 7@RstE =43 stk ARk BEY A A A 2
g7t g WAPdstr] Aol Sl AFSFE As5FE AL ufo] A+
oF 25,000 kW~30,000 kW= HstHA A5fF A%S sgsta ) =
MCR thB] ¢F 31.2%~37.4%°l Bt 1 & H¥ AT np7X 2 v]= ElZ o}
ol ddstr] Aol Z1dFsrt SrbskdTrt dd@d Al grbbd R
w30 vl= gavt &
Auet WFEHFS =
& wj7hA = NECA A Y&

Rl e 9)\3:_ o "F bt

of Jagse & 5 ALk
g & F NECA A¥& FTHsta As5f Hgs 95
S 29 & wjo} v R ¢F 27.5%~31.2%2] AEs=

=

2

<k ¢F 10,000 kW, 12.5% MCRQ] Btz A9 ANyt t}ﬂ—“ﬂﬂi IS =
A= °oF 3,000 kW, 3.7% MCRZ X< st ¥k As g1 M9t BS 9| B 3
Aot e % dde Bt
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&3 HES BYr)o thFEE HF 20% MCR ©|3t2 38 x, n= gtzn}
E37A= 4% MCRZ £83192S & 4 Utk 28y YA Ho=

o M FH e S8t 7)1 R3S 36,200 kW, 45% MCRZ &3 7|2 o]

493 =1o] 739 NECA &sl|Azte] 78%E 24%~25% MCRZE &3t al, vl=r
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o
K
o
=
oot
=2
>,
>~
ook

- 44 -

Collection @ kmou



14% MCRZ 2339 es ¢ &
g}lztel= &2 NECA SHljA|7F &= dA| Aoz 7|3
Ho| glol Hu) 7T ¥

4% MCR=Z v]= e}z nu}do]
32,460 kW, 41% MCR °)t}.

488} x}~5038k=}o] 7| B-HsF B
3l 233 7] 2o] 9o}, o

24%~30% MCR <

7| #H-3h=
ok 95%°l sigE .

A
A

PRV

B
=
N
s
1

ATH 49%A= AE A 2
RalE oF 40% o4 A
st 26,560 kW, 33% MCRel E#3it}. 5032t = &
2kt mp7EAl 2 NECA e Albe] 96%E 24%~30% MCR= 2
eI wP

=g

Table 4-5 Sailing profile of B vessel

—

24wt B39

41%~45% MCR=Z
HF#H o2 NECA &3 =
} ol&= &z NECA 3tajj A 719

Voy 48 Voy 49 Voy 50
Annual NECA
. ) 684 693 684
Sailing time(Hour)
USTIW 20% MCR 24% MCR 30% MCR
(5l Time/ Blh) | (4% Tine/ 342h) | (5% Tine/ Hlh)
4% MCR 8% MCR 4% MCR
USTIW~USSEA
NECA (5% Time/ 36h) | (5% Time/ 36h) | (5% Time/ 36h)
Sailing
profile 20% MCR 14% MCR 24% MCR
USSEA~CAVAN
(156 Time/ %h) (17 Time/ 117h) (156 Time/ %h)
10% MCR 25% MCR 24% MCR
CAVAN~ i ) .
(2% Tine/ 19%0) | (2% Tine/ 19%) | (2 Tine/ 19%h)

Maximum engine Load
kW, %)

36,200(45%)

26,560(33%)

32,460(41%)
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43 39 E E4<& T wWirI7kx FAE AR &F 44E B va

UM 4200 = TR AMubo) NECA &30 w2 & FeE JHes} s

43914 MDTARS] CEAS Z2#9e &83te] HA g4 &3 Hgs
Higro 2 wir17ks FAE] A F SCRe A 3¢S 4&d) Ry, &

e} &3] xjolE Hlmw F BAFH .

AA FAHo=m w77t A Y FA Y §FE AT F Ae TEAHALS
MDT Ate] CEAS Z=2#o] Qlo] o]l& &83t¥al, CEAS =239 A%
MDT Ate] F713 AbekS dgsfoF 3l7]o] ®2 XuH(HYUNDAI-SULZER)Z}
ARgE Z9o] 713E AdEste SCRe 844 B3 &3S AFEstaA ok

=3 Y AeeldAe] A 713 A7) E BA57] Mg & 18k SCR
% LP SCRE €A1@ . 714t 1 &3S vl 2 243190

Table 4-6& H}7|7}2 X8 A & el SCREY A HAHA 1=
A 55 etk od7]olAE NOx TIER 11 ai® s do] £3F AI7hS Azt
600A 1t 82 st al o] fHY ZjFFEt] mE LIS A7 25%
MCR ¥¢u 30% TIME', 50% MCR ¥uj 30% TIME, 75% MCR ¥ u 30% TIME
2 100% MCR ¢ uf 10% TIME o2 7}43}e] SCR Ao 83
Z319t) BUA 2= Urea 40%, B3 v (Tank Margin)e 33%5 o,

1) TIME : =} 2F
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Table 4-6 Calculation of SCR data*”

Specification
Ship Bulk carrier
Size 182,000 DWT
Engine 6G70ME-C9.5
Power, SMCR 16,440 kW
Engine speed 83.0 rpm
SCR System HP LS SCR
NECA Fuel Sulphur content% 0.1% S
Reducing agent Urea 40%
Tank margin 33%

Bunker frequency

300 operating hours in NECA

NECA sailing time

600 h/year

NECA sailing profile 25% MCR

30% time/180 h

NECA sailing profile 50% MCR

30% time/180 h

NECA sailing profile 75% MCR

30% time/180 h

NECA sailing profile 100% MCR

10% time/60 h
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431 C &% 7129 w717k s FA2 BA] &% A=
Table 4-72 C EbY 7ol ®AE SCRY A 1Age 7Idstdtt
12G95ME-C9.5 ENGINE TYPE2 & SMCR& 82,440 kW, NECA &sjAzte Azt

60013t @& 7IEo= st Hahd - LFAMER FESHATH

Table 4-7 Assumptions of SCR installation for C type engine

Specification
Ship CONTAINER SHIP
Engine 12G95ME-C9.5
Power, SMCR 82,440 kW
Engine speed 80 r/min

12G95ME-C9.5 WITH LP SCR & EGB

SCR System (EGB : Exhaust Gas Bypass)
Turbocharger MAN TCA88-21(4SETS)
NECA fuel sulphur content% 0.1& S
Reducing agent Urea 40%
Tank margin 33%

Bunker frequency

300 operating hours in NECA

NECA sailing time

600h/year

NECA sailing profile 25% MCR

30% time / 180h

NECA sailing profile 50% MCR

30% time / 180h

NECA sailing profile 75% MCR

30% time / 180h

NECA sailing profile 100% MCR

10% time / 60h

Ambient condition

[SO*(Scavenge air coolant
temperature 25T,
Ambient air temperature 25T)

Low calorific value of fuel oil

42,700 kJ/kg

Collection @ kmou
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Table 4-8, Table 4-9, Table 4-102 12G95ME-C9.5 ENGINE TYPEe| of3}<]
Table 4-7¢] 7o) me} LP SCREY 844 B3 &HFE& &3 Aot
B3 89S 3YAe AT NECAX Y9 dsjAzt U

7 QA=
R =% HEH} HADL
71be st AEd ¢ Utk

RaeT

Electric power ¢ 79 SCRe] B zA| 2" A3 AEo] Q) 3HUA
£ Fgst= 29, SCR Hk-g~
ol Zashy o]

S

1o de 98 Bz BEYE 93 WY
= SMCRMW) % 5 kW7} 22 8thT 7pgakel 2h&atgnis)
< 53 12G95ME-C9.5 with LP SCR & EGB ENGINE TYPE-

NECA &3 #jelo] wt2d o2k 739 m’e] Q4 &7 2
Q3= A & 5 A

CEAS Z=277%)
Table 4-7° ©&

Table 4-8 Fuel consumptions and additional SCR operating values

Engine Load, % MCR 25% 50% 75% 100%
SFOC Tier M (g/kW - h) 167.5 160.5 162.6 168.5
SFOC Tier II(g/kW - h) 166.0 159.5 161.6 167.5

El.power (kW) 412.2 412.2 412.2 412.2
Urea(L/h) 430 740 930 1160

Table 4-9 Accumulated SCR operating values
Engine Load, % MCR | 25%

50% 75% 100%

Total Total
NECA load profile Time 30% 30% 30% 10% | per hour

per year
El.power (kW) B | BB | 12836 | 4.2 412.2 247.32 Wh
Urea(L/h) 129 222 279 116 746 447 .6 m®

Table 4-10 Tank capacity of reducing agent

Item Parameter Volume Margine Tank size
Urea tank 300 hours 223.8 m® 33% 73.9 w®
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Table 4-112 & A9te] NECA A9 & sjde AW 7|#Fst, HF3)
T LIRS 1 st FE23 AR grolth. A AT %ol W= Eb=En}
G A EFTA = 4%~9% MCRZ 233 A 5+ CEAS =2 139 A9 25%
MCR mlEl = @43 Ameko] A2Ex &7 25% MCR #< AAzo=

ST

Table 4-11 SCR installation for C type engine in consideration of actual sailing profile

Specification
Bunker frequency 350 operating hours in NECA
NECA Sailing Time 700h/year
NECA sailing profile 25% MCR 5% time / 35h
NECA sailing profile 30% MCR 90% time / 630h
NECA sailing profile 45% MCR 90% time / 35h

Table 4-12, Table 4-13, Table 4-14+= 12G95ME-C9.5 ENGINE TYPEol th3a}o
Table 4-11 =) we} LP SCRY 845 W3 &&= =3 Aotk

12G95ME-C9.5 with LP SCR & EGB ENGINE TYPE2 Table 4-11¢| m&
NECA &3 #jdol| w2, S dA NECA A9 A% &3dsts 8 Huhe
=% o] mEw e 584 o] 84 WAVt Bositds A & 9l

As 25% MCRZ HE& A 5= 1HIS o o A& 9 ARy
2o
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Table 4-12 Fuel consumptions and additional SCR operating values

Engine Load, % MCR 25% 30% 45%
SFOC Tier MI(g/kW - h) 167.5 166.0 161.7
SFOC Tier II(g/kW - h) 166.0 164.5 160.6
El.power (kW) 412.2 412.2 412.2
Urea(L/h) 430 500 690
Table 4-13 Accumulated SCR operating values
Engine Load, % MCR 25% 30% 45% Total per Total per
NECA load profile Time | 5% 90% 5% hour yeat
El.power (kW) 20.6 370.98 20.61 412.2 288.54 MVh
Urea(L/h) 21.5 450 34.5 506 354.2 m’
Table 4-14 Tank capacity of reducing agent
Item Parameter Volume Margine Tank size
Urea tank 350 hours 177.1 o’ 33% 58.4 w’
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Table 4-15 Assumptions of SCR installation for D type engine

Specification

Ship CONTAINER SHIP

Engine 12G90ME-C10.5
Power, SMCR 74,830 kW
Engine speed 84 r/min

SCR System 12G9OME-C10.5 WITH LP SCR & EGB
Turbocharger MAN TCA77-26(4SETS)
NECA fuel sulphur content% 0.1& S
Reducing agent Urea 40%
Tank margin 33%

Bunker frequency

300 operating hours in NECA

NECA sailing time

300h/year

NECA sailing profile 25% MCR

30% time / 180h

NECA sailing profile 50% MCR

30% time / 180h

NECA sailing profile 75% MCR

30% time / 180h

NECA sailing profile 100% MCR

10% time / 60h

Ambient condition

[S0(Scavenge air coolant temperature 25C,

Ambient air temperature 25C)

Low calorific value of fuel oil

42,700 kJ/kg
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Table 4-16, Table 4-17, Table 4-18- 12G90ME-C10.5 ENGINE TYPE®] th&}|
Table 4-15¢] =x1o| we} LP SCRY 844 W3 &S 4AH=E3 Zlolth

12G90ME-C10.5 with LP SCR & EGB ENGINE TYPES th=F 67.1 m9] 845
927t Basits 2e ¢ & Aok

Table 4-16 Fuel consumptions and additional SCR operating values

Engine Load, % MCR 25% 50% 75% 100%
SFOC Tier I (g/kW - h) 166.5 159.5 161.6 167.5
SFOC Tier II (g/kW - h) 165 158.5 160.6 166.5

El.power (kW) 374.4 374 .4 374 .4 374 .4
Urea(L/h) 390 680 840 1050

Table 4=17 Accumulated SCR operating values

Engine Load, % MCR | 25% 50% 75% 100% Total Total

NBCA load profile Time | 30% 30% 30% 10% | Per hour | per year

El.power (kW) 22 | 123 | 123 | 7.4 374.4 224.64 Wh

Urea(L/h) 117.0 | 204.0 | 252.0 | 105.0 678.0 406.8 m’

Table 4-18 Tank capacity of reducing agent

Item Parameter Volume Margine Tank size

Urea tank 300 hours 203.4 m® 33% 67.1m’
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Table 4-19, Table 4-20, Table 4-21-2
ol o] FA NECA AHE& 233t= 3

12G90ME-C10.5 ENGINE TYPEel tis}

Hure] ga dHlo] e aad W

LS AHE3% Aolt)

A2 NECA A Y-S sl HE Hulo]l 23 dHo| w2 of2F 53.7 ni 9
2% 937} Bastths 3 & 4 Y3 ol Table 4-1590 weh 238 o
B 2267.1 nf) Yl 20.0%7F 4RSS & 5 AUk

Table 4-19 Fuel consumptions and additional SCR operating values
Engine Load, % MCR 25% 30% 45%
SFOC Tier TI(g/kW - h) 166.5 165.0 160.7
SFOC Tier II(g/kW - h) 166.0 164.5 160.6
El.power (kW) 374.4 374.4 374 .4
Urea(L/h) 390 460 630
Table 4-20 Accumulated SCR operating values
Engine Load, % MCR 25% 30% 45% Torell e o
MECA load profile Time | 5% 90% 5% hour year
El.power (kW) 18.72 336.9% 18.72 374 .4 262.08 MVh
Urea(L/h) 19.5 414.0 31.5 465.0 325.5 m’
Table 4-21 Tank capacity of reducing agent
Item Parameter Volume Margine Tank size
Urea tank 350 hours 162.8 m’ 33% 53.7 m®
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Table 4-22= E ©}¢] 7139 g8 SCRe AA nEHAES 7159t
12S90ME-C10.5 ENGINE TYPES. = SMCR-2 73,200 kW, NECA 33jA|zt 59
Z74e C g9 71F o myAsty 535t}

Table 4-22 Assumptions of SCR installation for E type engine

Specification

Ship CONTAINER SHIP

Engine 12S90ME-C10.5
Power, SMCR 73,200 kW
Engine speed 84 r/min

SCR System 12S90ME-C10.5 WITH LP SCR & EGB
Turbocharger MAN TCA77-26(4SETS)
NECA fuel sulphur content% 0.1& S
Reducing agent Urea 40%
Tank margin 33%

Bunker frequency

300 operating hours in NECA

NECA sailing time

300h/year

NECA sailing profile 25% MCR

30% time / 180h

NECA sailing profile 50% MCR

30% time / 180h

NECA sailing profile 75% MCR

30% time / 180h

NECA sailing profile 100% MCR

10% time / 60h

Ambient condition

[SO(Scavenge air coolant temperature 25C,

Ambient air temperature 25C)

Low calorific value of fuel oil

42,700 kJ/kg
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Table 4-23, Table 4-24, Table 4-25+= 12S90ME-C10.5 ENGINE TYPEe|| ts}<|
Table 4-22 z=7°] we} LP SCRe| 244 @4 &3S ET Zoln.
12S90ME-C10.5 with LP SCR & EGB ENGINE TYPE2 W= 654 me] 84

97t Baste 2 ¢ 4 Aok

Table 4-23 Fuel consumptions and additional SCR operating values

Engine Load, % MCR 25% 50% 75% 100%
SFOC Tier M (g/kW - h) 167.5 160.5 162.6 168.5
SFOC Tier II (g/kW - h) 166.0 159.5 161.6 167.5

El.power (kW) 366.6 366.6 366.6 366.6
Urea(L/h) 380 660 820 1030
Table 4-24 Accumulated SCR operating values
Engine Load, % MCR | 25% 50% 75% 100%

ngine Loa Total Total

NICA load profile Time | 30% | “40%=|) 80% | 10% | Per hour | per year
El.power (kW) 108 | 1.8 | 1BV | H6.66 366.6 219.9% Mh
Urea(L/h) 114.0 | 198.0 | 246.0 | 103.0 661.0 396.6 m’
Table 4-25 Tank capacity of reducing agent
Item Parameter Volume Margine Tank size
Urea tank 300 hours 198.3 m’ 33% 65.4 m’
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Table 4-26, Table 4-27, Table 4-28< 12S90ME-C10.5 ENGINE TYPEo] tjj&}<]

A4 NECA A9 st & Aute] &3 e & 249 B3 83
AF=3 Aol

@A NECA A9s st FE dube] 3 st m=d g 525 ni <
844 B3 AQ3sthe= A ¢ 4 I3 o] Table 4-22¢) wa} 2EH Q44
B3 88654 ni) Yl 19.8%7} AR SS & 5 Utk

Table 4-26 Fuel consumptions and additional SCR operating values

Engine Load, % MCR 25% 30% 45%
SFOC Tier II(g/kW - h) 167.5 166.0 161.7
SFOC Tier II(g/kW - h) 166.0 164.5 160.6

El.power (kW) 336.6 366.6 366.6
Urea(L/h) 380 450 610
Table 4-27 Accumulated SCR operating values
Engine Load, % MCR 25% 30% 45% Total per Total per
NECA load profile Time | 5% 90% 5% hour year
El.power (kW) 18.33 329.U 18.33 366.6 256.62 MVh
Urea(L/h) 19.0 405.0 30.5 454.5 318.2 w’
Table 4-28 Tank capacity of reducing agent
Item Parameter Volume Margine Tank size
Urea tank 350 hours 159.1 m® 33% 52.5 m®
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e AL ¢ 5 AT

Table 4-29 Tank capacity of reducing agent of each engine

Urea Tank size Remark
C type Guidance Value 73.9 n’ 00 05 |
engine Sample vessel A & B 58.4 m’ '
D type Guidance Value 67.1 m’ 0005 |
engine Sample vessel A & B 53.7 m* '
E type Guidance Value 65.4 m’ —
engine Sample vessel A & B 52.5 m’ '
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