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Emissions Limits and Measures for Reducing Exhaust Emissions

in Marine Diesel Engines
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Abstract

The principal trends in the course of emission control legislation are reviewed in this paper. In
order to keep such a regulation, moreover, an inquiry into the concrete technical possibility is
conducted through review articles. Also, the composition of exhaust gases emitted from a marine
diesel engine are investigated as several samples and then the measures that can satisfy the value
of regulation are handled with laying stress on the control methods discussed to date.

It was concluded that various combined systems can be made to reduce NOx emissions without
deteriorating substantially navigation costs since many technologies for reducing NOx emissions
are being developed. All heat engines suffer from SOx emissions. There are two methods for
reducing SOx emissions : desulfurization from exhaust gas and removal of sulfur composition from
fuel oil. However it is necessary to watch the development of these technologies to evaluate which
method is more favorable.

Heat engines have a big problem in the regulation of environmental pollution from exhaust
emissions. In the near future, however, diesel engines may be superior to other heat engines, owing
to the high thermal efficiency, although the sales of individual models in diesel engines may be
prosperous and declining.

F27[&80 : Marine Diesel Engine(2}-& t] & 7] #), Emission Control Legislation(8)] & 74 3
3}), NOx Emissions (NOx ] &%), SOx Emissions(SOx ¥] % &), Desulfurization(g
3}), Thermal Efficiency (8 £ &)
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Fig. 1 The design parameters of diesel engines
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Fig. 2 A transition in marine propulsive engines
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Fig. 3 A transition of fuel consumption rate
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Fig. 5 Typical emissions from an MC type low
speed diesel engine
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Table 1 Typical exhaust gas compositions for a
modern low speed diesel engine*

Input to engine process

Air Fuel

O, N | HC S HC{ Ca S

% 21 79 97 3 97 | 25 § 05
g/kWh 8500 175 1

Lubricating oil

Output of engine process(exhaust gas)
Oz | Ny {COofNOx| NOx | SOx | CO | HC {Particulate

(%) (%)} (%)} (%) {(ppm) {(ppm) {(ppm) i(ppm); (mg/Nm?)

13.0:75.8; 5.6 {5.35{ 1500 { 600 { 60 | 180 120
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Table 2 Danish emissions rules for stationary
diesel engines

NO,=Maximum 650 mg/Nm® dry gas
1e1=30%, Op=5%

CO=Maximum 650 mg/Nm’® dry gas
Net = 30%, 02 =5%

Ref : Dated 1990. 10. 15
Ministry of Environment
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Fig. 6 NOx emissions with relation to speed for
various engine types
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Fig. 12 Cross-section of a novel diesel soot-
removal system with a cylinder -type
scrubber

A71et TFAA dadUz Bl A
2% 2329y EGR A2’ & At e, &
¥ 2 NOx A 7+-& 9§ EGRI} A A A& 91
|

23| BERA} A AL EA o #Esid T
A7| e Bt L AAERE FdeulE 2 A
EGRE& S A& 4%, A w77} 7| JNJ

Ro] nir, A5 LH S, dEAE 9 W) wiE
Aoz zAMg Y
A 52 7Y, 41%, AR EA, 48
Aol ~aH g EGRAI A8 g4 tA 7| o) 9l
oj Al 7| B3 AL % 1400 2 1600 rpmofl A ¥-3}
2 EGR& & gtetn| el & &t A gh v 7] 7F NOx
2 ojd W EEol v e Y AdPH oz 24}
da, FYitrEe 9 wriidtisszse] #AE
o] FtEF=E

&
St A25s Fage Fopuvhs
o z

1.0
. .
08F
o L
E
g 06}
3 RPM LOAD
El - 1400 25% ¢
B 50% 0
@ 04f 5% &
& | 100% &
Z 1600  25% W
0.2 F 50% N
5% &
- 100% %
00 1 1 1 'l ] -
15 16 17 18 19 20 21

Intake Oxygen Concentration(%)

Fig. 13 Effect of intake oxygen concentration on
NOx emissions

E Fo3 AHE AN
o}l EZ o2 Fig. 139 NOx ¥ & & vl
FYtbEre] &S BoF5

5.2 SOx©] #] 7+t A
NOx H7+& oha-ahel o 7] sol et
HolehE & 4 Y, SO0x 7L BE o
Bl ZEH HAlo)7] Mg, A7 %] =
of BAHE BAE ok 3¢ HEF) A4
7)ol A W25 & SOxE FAA Ak Frh
3 s F4e NOx Agucs Zatch 243
Aol e ArRF SRS A EA of
W uj7] 3o) SOxE BRAA 2 AHEA & 3
o shitolth. A Ate] wEo] BAM & 1A 45 2
B0l #% wol7t S Polm, obH oie] 7}
A 2Qle] Baay] wgol, Agel & WAL
Aoz AZET Fae) g e o]
B BAEC N JlEH o FYHD U] W
1, Hukgre] AFA77) 98 AEnoz B
e #da 5 deAE m2w, ¢34 AA4e

J8f 7t kel & YztE °1h A o] A A

’\l ol Bd

K3
EHOm

>~l



oz o £eAE s AN E 2Fe ol
2 B4 goy #ug & goda 47en.

[6. B FM =200 ]

olm] dutol) L&A Y& Wi 7]F Ao 3 A
Zoll sl Al MAN B&WALZE Hsta e 943
g3 2ok &, shakA g, A, JA7 F
ol&ll vl 71l A SOxE A Asle e g7
A5 71 AR WY Ads R RS
e A 2ot YTt gele] @A Holx
o] Wrfo] A retatct. ojn] A U HE
IMOE 2000 71A] 8 2+oll 4] SOxE 50%2 AHzf
sl AL BEE sta vk o™ ) el i EiA
BEH AR5 FY FEHES A A 5%
1.5~25%% &443le AL 7|eF oz ouet &
AL ok mabs s NOx#al o) e w2
ExdgEAFan ok

A& vy #e] NOx 27+& 943 &l7] 93 7]
3 7ledde dAAWMFEA) D o] AHH (Y ¥
)R] Wb o] Stk dubH o 8 HFERE f=v
@ Atgo] sl MAN B&WALZE 1533t A& &
A Zow, Age IMOZL Al FsE 878 A%
=d 440 s o dsste A 2L, At
A e el 2 Add Aol e A
EWALA M &= ojabAQd Wler
2 4945 dx ded, e daAEQd 3y
<BE 9B H77 543 (emulsion)E A <

Sat>e dnsyel ol AFFE AT Aok

2,
30 2 (o

rH

3
)
=
2
w

(o= delFegE) &, NOx2Hto] g & W3
ol Wb o] YR EL CO, HC 9 ngag 27}
A7l Aol tial, - vhi(EF)e o] E& &
A ZA e

=213 Add) ofs) i E oAl 7] Fhe) NOx v 7)
Fe FE3e AL B3 Aoz 4] 3
gk Wo] gloh™ A AR §FA /Al
o} AA gL FFolM dA ZHI F v
ste] glsial gtowl gk Ao). 53 I

g gl w71 Al R ey e A A 51

NOx #He]7igeo] #A == A S-de 125t

MAN B&WAle A & &7 @78 TLOOGSCA
(20 MW)E 71 3o ik Aol 23 7HE7 &
S 2 ot 78S A4S THEWE ALEE
o Qe FEFA 93 #43Hd(emulsion)}
Pmaxg oF3t @&l 98 30%< NOx 2}37to} 4
HAeln Uth BFEHEE FEH 7 o2} 30%
o] Eol A Ko H7IE L L) FAY d8E
ALg-sted 6@ 7hEsta itk Ag7]el w7 ARz
I AR Fag Al | He SHEAtE(v R,
2EAd 59 FH o slojM o] Ade FEsirt.

Z o] Ao o3 Aol w2, A8y
Zo Mz AT 7ted & 23 e R
51 gl Fig. 140 B F3 e AL
ol=¥ o] AxHHIH, Table 44 el A

it

Table 4 Reduction of NOx emissions by using the

fuel valve of slide type
NOx co smoke
(ppm at | (ppm at (Bosch, (Asggﬁ)
15% Op) | 15% Op) | 6 strokes) | &B

standard 1594 109 0.35 0
modified | 1494 108 0.23 +0.4
modified
fuel valve | 1232 87 0.18 +1.8

? TS

L1 ” e

g 21

] ot ’ ’

] ;. M

27” Detail of

g Ay 4” nozzle in

] Ng Ry ’ open position

- NN ’

/ SYREEN &
N
g 1
/ N

/L.

ety

CITTIRLESY
&

SsRLvR

LRI

I
—_——

e
“\‘\1_
/

ARRRBRA

e >

(L]

(L2




52 RN ERRA g, F258 B39 2001

AT RE FAY A7) e Hro Ad
7| A -E 2 & F71 gtk MAN B&W AL
Me @A olad F we] 2EE AHE3 B,
I FAARA B ol FEA O s 2l
she] 1 Al = Zol sl
A W T T shute wir] A

(EGR : Exhaust Gas Recirculation)o]t}. o] #t
W& MAN B&WALe] 4T50MXE A1 g & 7] e
S tA 1z A&, 7 235 Fig. 1504 B
o F3 ok 2y w7l Aege] 223 ¥z
2 A Al 2E] ) Foll FR| 7} 3] tiat 23S
itk o2 g whyo] A &ste e HH3 Wt
! 3% V\E“«l 7 eko] B g 3ttt

719t dge v & AddUd LT 371
s Age THIEL o FA Fa, A%3 FEaR
atzisle A ol s st "M e &
23 gholth gy YA #AME 7B EF
stg @e)sly] st 71# HASE & 371F
= FAsEc g Aoy d gloA o
9 279 8-S g8 T1A AR HIES W
AN o w7 @ & e JtEE S e E
A1, Yolrba NG &S FE e v
Fgo] F7tete wl7lvlgate Eoiztth. NHsot
Z(urea)e] AHEY= AP o] A7
A E ) 50%2 Azte] 243 3Uth
NH; =3 (carrier ; Z))&= @A 74x] SCRel| 2 3t

S

i

OH

F\

(o

i
|

_2

NII

L fo

1500
1400
1300
1200
1100
1000
900 —
800
700
600
500

400 T T T T 1
0 5 10 15 20

EGR Rate %
Fig. 15 Effect of exhaust gas recirculation(EGR)
on the 4T50MX engine

Engine Load
—a—  50%
-e—- 75%
s - 100%

Nitrogen Oxides ppm at 15% Oz

ABEOE NOx 2o 4 fAdr. MAN
B&WALE 1] %3 MANIE o] 734 ol A
e} @ gel ol dFHw glok

A, B 5 #3718 AE FYIE g,

973719 $E§ FME A% A7 9
o ulgolu Famel A Eol B4 g YA ¥
Wel AL Wols] Ash o5 PPe BHoz
Ze 2@ ola 4R T Ak w2 7 Bjel
NOx 24 & H3% 843l o &o] A7
£ A3 gl

3 SAth Zhzkel s o gk
Eggke] 7 AEd e
IMO7} Al 3k Mool Ao del AEE o
dE 28 =FaAe] Al e AR o
£ F UEE 3o E Favt At Arle] HH
oz 24" NOx 2H7HE 10%vt} Aoz A
BA4H &0 1% 2% A% Z71g Ao o3
"t} o] A5 NOxvt 7HAaE = ol golle W7 &
o o g FA| A g = et et

oy B} o 4 NOx2HH30~50% ] )
S 2438 el e A Saurgo] o Azt
(SCR)E o] &3 vl7] Fx 2] T o]xr# <l Wl
A A & o]t} SCRe] Aol = 95%9] ~H3-& €733t
B AL oln| 9y &zl Atalo|th NHzel 4]
Ze JP(@EAE VI ECR 39 3 Wehe NOx
AAED AAEAZA 2A Do) ¥vg71E F5
2 ol & R ole] wirl= Ao Fatzd
A& 10 ppm ©} & 2 A& 5 Ut MAN B&W
Aol A E(EK)9) 7hhE NHsAME-& Ael 3t
I QAR 24 2449 NHa B Al gal = a2
gith. NHsd o] A9 e &84 A 2 ¢3¢
ZHd 28 Ao g SCRel 2 @NOx2 7ol
W ggw a4 vk

SCRol| 213 oM e 43 2520 B8
g, e o) 2x e iUl SOzl ©E
th. @Al SCREv) = A& oAy #el #3574
o] SCRAA & Ax3tin ot 250 B} Fa
z710] QAT o] LEE e OB 0
AFAES & Hert sl

_"Ei

&

(482)



Fig. 169+ SCRAA & M 2§ A&7]|#e] 7}
ABE29 wA8 R AT NHa2l SOxy S & &5
(270° C)el| A ¥rg-3lar, fAted Ry ol 2 A B A
th olF L 2xoM Fole @3
oF 400~450 ° C). NOx &2 & 9 & SCRFA| # %
7)1 ¢e) HA Fate oF 20~30%°|th 1K 2
23ld A& Zulr} ulojs AF o HT 7@
B4 e 6S50MCE H %9 SCRAAE 1990 1
A2E 715S A=Asn g Fig 17 442

Vi Exhaust gas
<
E R
T
AB le— Air

J\}

Fig. 16 Schematic SCR flow chart for low speed

diesel
Set point signel
m main
engine SRR ‘T““}
Process computer | l
for control and +
shut off NHs unit E %_ :
——dea 8 -
‘ e s ‘ Ammoms N
tank J
Ajr intake
Aur outlet with filter { Exhaust gas outlet

]

Comperessed air
for cleaning

Dry and ciffree
instrument air

)
j /_J Pos. No. 1, 2 and 3 : Change-ever valves

Fig. 17 A 6S50MC with SCR installation

uhg oAy e Wyl A Wy &S A o 53

AAg AANE vz sl o] S Ead
NOx A7}EL 25 92%2 ¥

Zrjo] £ 7)o HEsta de AA AL
S Axe s Hsﬂ 7}% £ we AI7H Ef7) A
AR AR R

el ok HayHA SOxe] &
g x AgEed JAHER AR AR ALE
7hsA e Hoh dE A A XYool 7| A
o] Aetstn e FH oAM= NOxof| th g e
ot EAlo] A8 39 %S 500 ppm o 2 3}
1 9t} Fig. 19& 90%9) A& 2802 3 ¥
7hdoksl SCRAA 2 7| 235te) 10L8OMCE 7] %
9] Ed oMol FA o & B Fr.

eEd 4 /s AY - Y AR=RE #

1o Relative activity (k/k”)

: B l
N
NN

7U

0 2 4 6 8 10 12 14 16

Fig. 18 Catalyst replacement sequence

(483)



WEA B SRR, BI5H E 3, 2001

Fig. 19 Proposed catalyst installation for a
10L8OMC
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