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Abstract

In this paper, the operation performance of De-NOx System for reduction of NOx emission
from marine diesel engines, was investigated. The measured data for analysing were obtained
from a ship with a emission monitor at sea, which carried hot coil from Pohang in Korea to
Pittsburg in U.S.A..

As the results, it seemed that the system performance was good for reducing NOx emission
on steady condition. But on transient condition like aé during in or out port, it was clear that
more improvement should be required for rapid heating method of SCR and transient control

system.
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FAN L EA 2dstedet Wj2EE SOx 2 NOx9] WEZe 247 x| dAx vl el 4%
%% ANFm Bnd w Aok mely, dwos REe hrleodo] Alw BEse
Bshe WY, SOxol #ide dasze SHEL JE2(HAYHoe 5%°l38h) o2 A8}
TH, NOxd| #atde F7181442 dajvelasiy Wargx2 AAske Uy 2 Haw
W Feol FEH: Yot

E%, "=Ae EPA(Environment Port Agency, AUBAZ BT )7t w7 A 31 o)
Sjste] dute 2 RE9 UYrlog A BAY w2 AUS AEsn dem, ofd o
H, 20019%H w2233 (10,000$/tonNOx) & sz St32, ANOxAAe A&,
A BAADe) g F, wIEAZYAL A8 Hure] Aoot waEz e U F
= 5 AEE AR 949 7ol FHAE AHIATY. WA, JPNEs} we Mu
<= AR7IEE =93k Aol AAHo =z gaY oz yug.

PlFe WEFA 23 2 agedde 29 ZZAFM hot coilS +EEe FFIA
o vt diste} wWiF)ujE B FAS U, o] Hulse SOxo] e WYy z Afd
% (LSDO) & A}43l3, NOxol W@ diale 2: De-NOx System< A £8stm gl
o o] MurE2 39 hot coild&Aulo g AZFAFE De-NOx System& A&, A
dlon od BY Burt A BAXRS i Ry ¥ o @

BASL A 2FHR YE o] Azde] £ANF Bl BAL Axw THAERE
At Atk & AFIME De-NOx Systemo] AxHo] 9= pMutel pa AR
EHE B8] Frl1#el NOx &5 S 2Aletm, o] Aade] eAdEe Thetety oy
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2. CHARMuDL R7)alo] AFQE Table 2.1. Specification of Ship with M/E
%N i EVIA R TOA 610 feet
Breath 93 feet
Draft 31 feet
2.1, Meb 3 FyjmE ra ‘ ee
DWT 37,000 tons
-&]XH o] "5Ji°ﬂ = ‘QF—]C"] Y= A _}% nE Bow Thruster 1,000 kW
43 o), U3 Aoz A25 9. Table M/E Type MAN B&W 6S50MC N
2.1¢ o Mu I Zr\pe) APS volrh MCR 10,680 BHP / 123RPM
- o M 7 o
' ws NCR 9,610 BHP / 118.8RPM
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2.2, Hi7|HHE7IA FHEEE

Table 2 2& UPIUSS-POSCO Ind.) 7t BAAQMD(Bay
Area Air Quality Management District) 2%€
TUE B2 WSS BAY. °) FARAE Hzxuago
256 487d (Golden Gate A% oF5uled) =] R
HEH, MEFFE FASE, drlde o - HA
AHESE tug boatth 718} ROlAl oA W& F
dEds Xgdc. weid, Fusx gALAr 22
HEHE NOxE A5y S8t SAAYL A3

Table. 2.2 Regulation of Emission certi-

ficated by BAAQMP
Ite MAXIMUM
m lbs/day tons/year
PM 24 1.26
NOX 485 26.97
S02 67 3.68
Organics 40 2.19
CO 152 8.69

I e, tug boato AMEHFE ZAAF17] 9319 bow thrusterst Ao gl

NOxel ZaFe A7t8e guvole] o jeta APIA W,

dEYole] FFFE I

A Z7HN7IR EIALE hRolsl (RmUoted) o] FrEAS] MBATY 24 U §
B7zoME e f8aA doh webd, NOxel MiEFEE 130ppme RASEES sz 3
. UPIel 2uol elstd o4 NHs%h NOxel ¥l 0.940]9, Bg4elols uyo}
€92 10ppm °letolAY, FAL FAUSEY ol 42 FEHOZ 20ppmol s epuc)

Mo
e

o}

3. De-NOx System 7R % 2FXFe

3. 1. De-NOx System94 7
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Fig. 3.1. Schematic Diagram of De-NOx System
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Table 3.1& Al 2§l9] 7124AAGE BAH,

Table 3.1. Design Basic of De-NOx System

(a) Main Engine (b) Consumption Figures for De-NOx System

Engine Capacity 10,680 BHP Load (%) 100 82 25
Exhaust Gas 68,400 5% kg/h NHS3 (kg/h) 64.0 52.5 18.0
Temp. of Exh. Gas 390+10 © Steam (kg/h) 38 31 12
Press. of Exh. Gas 2.31+0.3 bar Dilution Air (NM3/h) 1,500 1,200 4007 a
Max. NOx Inlet & Outlet 1600 & 130 ppm Electric Power (kW) 7 7 7

3.2. BUNREe &Y

(1) Load(%)

71¢e] Bate FFAET st vetd & Uk welA F.O. /2AE 343t F.O
F &< 333l Load (%)= Jepdd,

(2) NOx2] Wl&¥%=2%%3 (Chemiluminescent NOx Analyser : ppm)

NOx9 wi&¥x=Z32 3843y (chemi-luminescence) & °©|-§3% Wyoz 33,
De-NOx System® 28F°] NOxo &3& % ME/t2e T/ColFd wi7|@ZTolA
AFA[E. T/ColF o w7l AN AR ME/F2E soots GRYol7taFol EfEHA
71 Q2o olEE AA}I st AEt2E dEYel F4AR 9 HHE AANEE Hold
o AE7t2ze EA7C =@dte T 7HEET, AE7t2e] FULH] 2 FUe= H
7] 2ol 82 $5L dojuR gttt ME/N2AFE NO:= 71 converterolrd] NO=
AZEd., NOx9 &3+ Aoz 71879 7€

(3) Oz 3=%% (Zilrkoniumoxid Oxygen Analyser : %)

7]7k2 Fo] AdLeEe SCRUAA Y whgoz &S wFd = AZE NOxe 4
aFrd wel t2r] fid AALFEE FFdtoor . FFAXE AEIF wWirvt=E
o] &&}7] W&o NOxe &3 X ¢ 2t}

(4) ez 34 ()

SCRU& Fvule} 7b29 &2y NOxo #3&o A 982 v, SCR YTolA e
7222 E A8 vehd,

(5) NHs 38% &3 (kg/h)

NHs9 F3& Loaddl wet 23S Y FFFE FFAE o83t S E).
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Fig. 4.1. 258 %3 20%3=7A+ NOx concentration
o] wjZeo] AMHo =z FrElm, 20%~50%
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9 - %—@’/ﬂﬂ]‘{'} =971 W!—E—O]D-‘], SCR&% Fig.4.2 Measured data of O: concentration

274 meHeok & Algoz Yz, =

Hd MEEE 1600ppmE SEZ A o, A $AHE WSl E 1000ppm o
slolmz 3¢ g2 £ Ue Aot FBE 029 $EE Fig. 4.2, 01 eAQch
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el AFE viebZo] De-NOx System—fi— AR ole] FF e o5t s|BOoZHE] )
FHE NOx¥E #&A171t, melr Systemo] $AP% L sotsly] 98t Loado] wa
GEYole] FFFH olf WEHE NOxS $EE Fig. 4.3.9] JelWUd. Systemo] <t
8 ARG S LAY Astdde SCRUY W25yt 283t wals 28aA ddo)
Hol e A 5 dFAY AZAH FolM grUole] FFFo] 5kg/hololn Bahis
of A& 79 AANE Hesie Yehiel, adozrRe werlue £xE= Ao 360°Col
e A% ol ¢FHE A S JYEin Yotz #IEo =3 gryole TITFe

of

~

_23_




6— MEEXEMEAALE F 7801998 1)

450 38 -
0 4
@ 25 4
400 o0
- ° v 2 ° gn-
[S]
s O 15 4
" 30 4 ©
E-S U &,
s -
300 T T T T Y T . o T T T T T M
0 10 0 3 40 50 60 70 [ 10 20 0 40 50 & 1
LOAD (%) LOAD (%)
1000 20
800
18 4
— €00
§ x 15
- 400 -
5 3
z W 4
200
° \ 2 T T T T ™ T ’
! ° 70 o 10 0 30 40 s [} 7
| LOAD (%) LOAD (%)

Fig.4.3 Operation characteristics of De-NOx System

Load®] W3tet 43 FAE 7z UALS ¢ F sden, o|ZRE gwyole] TFTFL
Load®] W3} ¢gle] A|A=o] feed foreward control® 3t Y2 & 4 Ut}

FEYol FFFH} Rilete] ABVRAE NOxFE, Va%E, W7|7t23 2 d8f3eS 5
Aol 53 & Aol 7123 FeldX ], FFATAE FIYRY FTAALHAA ] dolxc},
o] B Z H3je YoM 87 LY olgE &3t d olgdrt. 1y, NOxwiZa
< 3 es, AR, dade HAGHFY WHEld ug Wy B o] B
317] 93k 11101711%4“ NOxAZ712 ¥E9 feedback signale]l o] Ut wahA
AZ719 nBFe2 AZo| Adste A SolE AT £ Y= Holgu).

Aoldde WEFEEE dAH 22 200ppm °l8tE JAstz gJov}, Ao EFA7} 130
ppm °|EEZ UEF 13 FeHe olstm AAEr), ol FehHFd e dgoz wuiy
o ArFEE 3 30% oldtdlMe Rstel Frld wel 48 A 2 olaedE 2
3te] AFo) Aol 156% F=E HAstan en, ol T/Cel g F71 gzel #A -
9|3 Aeog Pdrh
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(1) Load (%)

Load®] ¥3le 43A] Avte] SLYAHE JZAE & Ue AMFLZ T0% 8 9A ¥+ ¥
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3oy ARAEe] &S & F Urh

(3) A2Ex 020%)

E7t2Fe] AT e TR TIAEF F Loadol <9sld JFE vt
Load®] W37l AH3lA ¥ 27 de F15% FIE2 43 %2 vehlin o 23}
HEo]l A A F 12080 A olFoe 42 9] Wiyt AsA Jdehdg ol 3}
g 983 BAE /AT eS¢ F Atk B8t oA e A Lo Blowerdl 93
o BRE F717F FFH7] g 4& =7 20%7H7t0l Hel ¥4 e FEE UEY
2 Yt

(4) ¢=2\ol F3% NHs(kg/h)

adxvole] FFFL Yol AFF uiel ol BAH o R [paddll 9std Alol®}l. Load
€ F.O flow meterd] 23 FFHZFL A58t LoadE #4atsta o] Ao 2l3ldfeed
foreward control W4 2.2 A oj3}7] w&oltl, feed foreward control W2l & &3t
olfr= SCR #AAWlA LA NOxE @A 7ed 83 ukgAIZte] A7) wjFo|t},
agezie gRYol FFHL SCR HE2%7 350°C A=A A58 o|F8y 2FHD
dom Bsle] Wale wel Aol S & F Ut
. (5) WEtEF A2N8EY FE NOx (ppm)
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Z vellin gle] NOx ARdsS o948 4 Uk a8y BXX7F 130ppme HL #<t
gt AojAFel dg d7rt tlS e Aoz YA} TP NHo FFFo] MEsE
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Fig.5.1 Time histories of measured data for De-NOx System during arrival
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Table 5.1. Operation results of De-NOx System

Voyage No. B (January) Voyage No. A (May)
Arrival Departure Arrival Departure
Recording time 4h 39m 51s 3h 31m 11s 5h 42m 36s 4h Om 11s
Fuel Comsum. 791.1 gals 495.8 gals 548.8 gals 410.5 gals
NOx Emission 91.91bs 80.8 1bs 17.11bs 63.2 lbs

5.2, E8A

Fig. 5.2. € X A3 dFFast 22 &4 Pittsburg®d 234 23§ 27}
T FEEE A m yed Aelth. &PAE o 3A2F BRE De-NOx Systeme
warming updtil 1At 308 ARE NHs® warming upe AZ3c, ztzte] 23 g=
te] BAE A3AG] AF vkt 2oy FRYolE SCR WRLE7}F 350°C o)4te] Y-S
W w2 FFHI] Wi o] 7% FH(F 308) NOx9 WME&sEs yos] &4 vt
B, olel @ iAol aFEt. 23U Ryt @] e 2P Ax ¥ Aot}

T @39 AS vaA F5 Aol He (b)el ¢ ¥ ARE Y gon o
Aot vtRA7 A 2 Fat AFA Y Ao el B8 AFst e FEYm Yz

6. & =
Aute] ¢ olv] B AN FAodH AUl FAS AL Yov, 2% NOxs
SOx7t #Al2 Hx Utk 8 dFiE NOxAZMoz Hxd De-NOx System® A
ALAE S 243 g3 2L 238 AUt
(1) #7118 324X F2 ARGl NOxHI 254 S Hd & AA
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Fig.5.2 Time histories of measured data for De-NOx System during departure
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