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. No. 3| MHl | g | HEAR | iBHARE | BT o a| No. 3 | 3BHEHE| No. 3 | yppen| BT | jupeer
FHAEE | s | EK ;’S mo | AD | AD | TEEE R | AD | s®i| "o | EW (Mo | NOx | 02 [ NOx
[EAh | 0 A Ty | RE | BE B EERE | ZR | HA | ] |KE | T
Bl = | B l1~3|4~6| T= B
kPa °C °C °C °C °C °C min—1 °C KW °C hPa % | ppom]| % | 2/kWh
g1 701 | 711 | 480 |322.6 [380.3 [401.4 [347.3 111957 | 220 [ 2545 | 200 |10145| 258 [597.7 126 | 7.68
o8 =K | 730 | 720 | 49.0 |325.0 | 383.0 |405.0 |349.0 [1197.0] 220 |265.0 | 200 |1015.0]| 26.0 |605.2 | 12.6 o
5 ’
&=/ | 65.0 | 71.0 | 47.0 |320.0 [378.0 | 398.0 | 346.0 11930 220 | 2440 | 200 |1014.0| 25.7 |590.0 | 12.5 o
1.76
= 8.0 10 20 50 50 7.0 30 40 00 | 210 | 00 10 02 | 152 | 01

5 b IR 2 NOx OFHRICH I BER 23 U U T, FAKEEH BARITRE R 2 LU T IOR T,
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4-1) NOx

50% KON T5% Atr DA B A 5132 (@) KUFE 5132 (b) (127”7,
F-FO AN T 752K 5132 (a) KUK 5.132 (b) 1257,

FEREEE 75% AR

FEREEE 50% A fiakiER
No x (ppm)
NE) 597.7146667
FEERR A 0.12939772
HRfE (AT V) 598
sAE  (BE— ) 596.4
PEAE R 72 3.169583883
I 10.04626199
RE -0.476890976
EEE -0.138683048
P 15.2
e/ 590
15PN 605.2
At 358628.8
TEASK 600
= IN(E(E) 605.2
e/ IMiE(1) 590
15X [#1(95.0%) 0.254128344
#5.1.3.2 (a)

MBS 50%Et Al A

120
100
80 / \

.|Lp(60
40 F
20 / \
0 e N e

_205 0 590 600 610 6

Nox (ppm)

No x (ppm)
NS 736.1566667
TR 0.134254401
HILE (ATT V) 735.6
A (B— ) 733.2
TR 7 3.288547775
GaNird 10.81454647
B -1.147715004
TR 0.202752178
el 14
52N 729.6
5PN 743.6
aat 441694
TEASL 600
e K AE(D) 743.6
e/ IMiE(1) 729.6
{EHEIX[E1(95.0%) 0.263666535
#5.1.3.2 (b)

5.1.3.2 (a)

Bz 75%5t 8|4

160
140 F
120 F /\
100 F
& 0 \/A
HK 60

40 ¢

20 ¢

IE1Y)

-20720 740 750 760
Nox (ppm)

5.1.3.2 (b)




4-2) 02

50% M N T5% A DA i 42 5.1.3.83 (a) K1 5.1.3.3 (b) (TR,

FERE=R 50% A fTER
02 (%)
e¥E) 12.56105
TR 0.000635262
HIHE (ATT V) 12.56
B (B— 1) 12.565
PN 72 0.015560668
GaNiss 0.000242134
Nicy 0.015380305
B 0.13567521
el B 0.1
52N 12.51
SN 12.61
et 7536.63
AR 600
FeRAE(D) 12.61
e/ IMiE (1) 12.51
1E#EX[#1(95.0%) 0.001247611
#5.1.3.3 (a)
MR 50%E Rt
200
150
‘L*l( 100
55‘ 50
0 o
_53245 12.5 12.55 12.6 12.65 12.7
02(%)

5.1.3.3 (a)

21

¥-FOe AN 75X 5.1.3.3 (a) KO 5.1.3.3 (b) 127”7,

FEBEER T5% A fraklik
02 (%)
NS5 11.66185
FEAERR 0.000622224
HRfE (AT V) 11.665
BAE (B— 1) 11.67
e 0.015241325
Wal;s e 0.000232298
OB -0.631215899
EE -0.380640146
EoEl 0.065
5/ 11.625
SN 11.69
G 6997.11
FEASL 600
e K AiE(1) 11.69
e/ IMiE(D) 11.625
1EHHIX H(95.0%) 0.001222007
#:5.1.3.3 (b)
HRI=E  75%5tAl
200
150 /\
oy 100 w
o el
11/55 11.6 11.65 11.7 11.75 11.8

-50
02(%)

5.1.3.3 (b)




4-3) H&BAHT

50% M N T5% A DA i A2 5.1.34 (a) K1 5.1.34 (b) 1TRT,
F-FOe AN T 75K 5.1.34 (a) KO 5.1.34 (b) (ZR”T,

FEBEER 50% B far ki FEREEE T5% AR ER
e 7T (kw) FEEREH T (kw)
) 254.4716667 ) 377.6416667
R 0.145317551 RHERGE 0.151893615
R (APT ) 255 FRpE (A PTY) 377
BHME (£—F) 253 S (E—F) 377
Yl 3.559538511 U2 3.720618527
PaNiid 12.67031441 GaNie 13.84300223
R -0.163103304 RIE -0.351998468
EE -0.132186066 EE 0.358733146
HibH 21 b 20
B/ 244 52N 369
PN 265 EON 389
Gt 152683 &t 226585
FEASL 600 HEASL 600
HeXAE(1) 265 HeRAE() 389
B/ IME(D) 244 e/ IMiE(1) 369
15X [#1(95.0%) 0.285393812 {EHEIX[#1(95.0%) 0.298308756
#5.1.34 (a) #5.1.34 (b)
WREIZE 50%Et o HeRg=  75%Et 8|t
140 140
120 & 120 A
100 f/ '\’\ 100 / \\
80 80
B [ ] oo [N
B [ " / \
20 N »’\ 20 /’j \
o O S L L [
-20230 240 250 260 270 280 -20360 370 380 390 400
FEERL A (KW) FEHH 1 (KW)

5.1.3.4 (a)

22

5.1.34 (b)




4-4) HERI=ENSJE
< HAKEEHE >

50% KON 5% B DA H &A% 5.1.3.5 (a) k0% 5.1.3.5 (b) ITRT,
F-FDOe AN T7 7% 5.1.85 (a) KO 5.1.85 (b) ([ZRT,
HyEOHT > <A > <F-Fe > <Z—/e >

HEEE =R 50% A frr kiR

FERESE 75% AR BR

A= NGE(hPa) R =S E(hPa)
Sy 1014.548333 St 1015.035
FEHERR \ 0.020333771 R 0.009176589
HRE (AT V) 1015 i (A7) 1015
ﬁ%&ﬁ@% (E—F) 1015 BEME (E—R) 1015
U 0.49807364 FE AR 7= 0.224779618
AS 0.248077351 AN 4 0.050525876
9 -1.968653504 g 15.66824008
EE -0.194730174 ERE 2.624737276
i 1 Feless 2
B/ 1014 e/ 1014
ST TAN 1015 B 1016
At 608729 N 609021
FEASR 600 AR 600
e AAE() 1015 SINELEY) 1016
e/ IME(D) 1014 /M) 1014
R H1(95.0%) 0.039934147 {HEIX[1(95.0%) 0.018022199

#5.1.85 (a) #5.1.35 (b)
HBIE 5095 :AIF HERA = 75% 518 b

350

100 ﬂ 600 ﬂ

| i

200 N1 400 I

B [\ ] i 300 B
LI R B 200 B

50 / \ / \ 100 j k

o L o e e

_501012 G 1014 1015 1016 1017 1018 _1001014 10145 1015 1015.5 1016 1016.5

BIE NS E (hPa) HEZERNKE (hPa)

5.1.3.5 (a)
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5.1.3.5 (b)




B |

L
TN—" AL ARt B4 rHK
S 50%ETRF 600 608729  1014.548 0.248077351
SIE T5% A fRF 600 609021  1015.035 0.050525876
IR
B -
P EEN L) H g N4 d P-fi& F 5E5UiE
7 N—7TH 71.0533333 1 71.05333 475.9046572 4.13E-89 3.849232
7 —THN 178.863333 1198  0.149302
At 249.916667 1199
P-ii=4.13E-89 < a=0.05
F-554i6=3.849 < BRIy BE=475.9
#5.1.3.6
e HEREESTHEE
S
|i,‘| 1016.5
1016 * -
SUE 50%AM  RIE T5%HAN K
SJE 50% 1 % & 1015 - -
-

KJET5%  0.05196674 1 g S 10145 f

e 1014 * *

2 10135 : :

1013.5 1014 1014.5 1015 1015.5
508 B R E(hPa)
#5.1.8.7
(memo : 1IZ¥TV T EFEREA RV )
5.1.3.7
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[FRE : 2 BAEHE- T ROBE

RUE B0% BT KU T5% A
NS 1014.54833 1015.035
SaNisd 0.24807735 0.050526
BUHEL 600 600
H 599 599
NIy oyt d=d 4.90990693
P(F<=f) hl 3.2145E-77
F 554E A 1.14398816

# 5.1.3.8 (a)

| 2BE 2 BAIC L 5 FHORE

SUE BO% BT

SE 1% AT

NS5 1014.54833 1015.035
BEEN D45 0.248077 0.050526
BUHEL 600 600
IR & D
Ty 0.5
z -44.228173
P(Z<=z) K1l 0
z BiFUYE A 1.64485363
P(Z<=z) [iff] 0
z BEFUYE i 1.95996398
#5.1.3.8 ()

25



4-5) FERI=RINIEE
50% M N T5% A DA i %42 5.1.3.9 (a) K1 5.1.3.9 (b) TR T,
¥-FOe AN T 75K 5.1.39 (a) KO 5.1.3.9 (b) 27”7,

FERE =R 50% A ftER HERE =R T5% A fakR
FEBESRIEE (°C) HEBESRIRE (C)
5 20 1) 19.82666667
FEHERR 0 FEAERA 0.015466529
R (APT70) 20 FlflE (AT V) 20
wHE (E—R) 20 BRIl (E— ) 20
PR A2 0 P e 7= 0.378851029
GaNiss 0 8 0.143528102
S #DIV/0! g 0.997182033
EE #DIV/0! TS -1.730280094
el B 0 & 1
e/ 20 BN 19
SN 20 Bk 20
aEk 12000 &z 11896
FEAEL 600 AR 600
B ARAE(D) 20 B ARAE(D) 20
e/ IMiE(1) 20 e/ IME) 19
{EHEX[1(95.0%) 0 {EHEXE1(95.0%) 0.030375213
#5.1.3.9 (a) #5.1.3.9 (b)
WEE 50938 BEBEET75% 58I
700 600
600 500 [
500 400
B | ty oo i
R 200 - B 200
AL
_102 ; 0 s 0 3 10018 19 20 21 22
WRAEEE (°C) HBI=IRE (°C)
5.1.3.9 (a) 5.1.3.9 (b)
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4-6) PEBH=EPIIRE

50% KON T5% B D AR H &4 % 5.1.3.10 (a) k1% 5.1.3.10 (b) (TR,
F¥-FOe AN T 75X 5.1.3.10 (a) &YX 5.1.3.10 (b) 12”7,

KBRS 50% B AR
FERIEIRE (%)

N84 25.83206667
PR 0.002867719
i (AT V) 25.845
BHE (B— 1) 25.845
PR 7 0.070244473
JIHK 0.004934286
OB -0.727004798
TR 0.048434196
FapH 0.245
52N 25.72
ST 25.965
aE 15499.24
TEASL 600
HeRAE(D) 25.965
Fe/IMiE (1) 25.72
fEHHIX (95.0%) 0.005632005
#5.1.3.10 (a)
M= 50%t A
350
300
250 In\
200
B A
= oo N1
o AR
. I AVEVAUN
_502 4 25.6 25.8 26 26.2
HRAEIEE (%)

5.1.3.10 (a)

27

FERE S 75% B kR
FERIEIRE (%)

NS4 25.71284167
FrEHERR = 0.007682102
e (ATTY) 25.72
A (E— ) 25.56
TR 2= 0.1881723
STHK 0.035408815
9 E -1.288744484
ERE 0.308967544
HaPH 0.66
SUN 25.42
K 26.08
at 15427.705
FEASK 600
B RAE (D) 26.08
e/ IME(1) 25.42
{5 HEIX[#(95.0%) 0.015087127
#5.1.3.10 (b)
HRE = 75% 5t Al &

300

250 ﬂ

200

‘“LP( 150 f\
o i
50 A
0 LY
_5024.5 25 255 26 26.5
BEAETE (%)

5.1.3.10 (b)




4-7) FRJIES

50% KON 5% B DA H &2 5.1.3.11 (a) KN 5.1.8.11 (b) (T-T,
F-FDOeANT7%[K5.1.811 (a) KO 5.1.8.11 (b) (TR T,

FEREE 50% A fRrakiR
wEtEs) (MPa)

) 70.095
TR 0.061595938
R (AT V) 70
wAE (BE— ) 70
e (R = 1.508786176
SR 2.276435726
£y -0.160185333
£ -0.311209971
i 8
e/ 65
5 TN 73
At 42057
FEAEL 600
Fe KAE(1) 73
Fe/ME(1) 65
15X [#1(95.0%) 0.120970243

HERA=R T5% A TR
fa5UES (MPa)

#5.1.3.11 (a)

i) 130.3083333
PEAERR 0.068042802
R (AT V) 130
BAEE (B—R) 130
T A= 1.666701446
Wal;s e 2.777893712
ENi S -0.222424527
£ 0.319908085
i 9
5/ 126
K 135
it 78185
FEAEL 600
e KAE(D) 135
He/ME(1) 126
TRHHIX 1(95.0%) 0.133631446

#5.1.3.11 (b)

RS E50% &1l Fh

180

: 1
A NA

SERE

s

No. ¥4 S E 73 (kPa)

BRI = 75% 5138 &b

200
150 |
g 100
& s0 j \ A
N TN
120 125 130 135 140

145

No. ¥R IE 51 (kPa)

5.1.3.11 (a)

5.1.3.11 (b)




4-8) IR DREE
50% KON 5% B D ARH B4 5.1.3.12 (a) kU 5.1.3.12 (b) ZRT,
Fr-FDOe AN T7%#[K5.1.812 (a) KUK 5.1.8.12 (b) 1ZR-T,

&R =R 50% A frrakER
HRANOIRE (C)

) 48.02333333
FEAERR S 0.02603844
HFRfE (APT V) 48
sAE (B— ) 48
PR 2 0.637808923
SaNise 0.406800223
ENiy -0.533997241
EE -0.019785513
i 2
52N 47
5T\ 49
At 28814
TEASK 600
e KAE(D) 49
e/ ME(1) 47
1E#HIX[#1(95.0%) 0.05113773
#5.1.3.12 (a)

SERE

400

350
300
250

200
150
100

50 [

-50

R EE50% &1l

|

|
[

45 46

48 49 50 51 52

AVAWI

No. 3¥eRAORE (°C)

5.1.3.12 (a)

29

RERE =R Th% B fiTakBR
FERAOEE (C)
) 71.66333333
PR 0.019308679
Hgefis (AT V) 72
aAEE (BE—R) 72
PR A2 0.472964108
Vol 0.223695047
R -1.524859468
£EE -0.692989578
FalA 1
/N 71
K 72
&t 42998
FEAEL 600
Fe K AE(D) 72
e/ MiE(D) 71
{EHEIX[#1(95.0%) 0.037920935
#5.1.3.12 (b)
KRB E75% 518

500

400 n
y |

0 . L X
-100 68 70 72 74

No. 3 A RRE (°C)

5.1.3.12 (b)




5.1.3.3  ZFDHOfENT
1) DN F T
5.1.3.2 4-DITRTAMOEEREIL, FMOER OHRTIEZ2 < N2 O
INCF TN E | BB A TER LT, BAFA A TIEER S EE STV,
ZOZ L LV AMEBOER T, TR THEHERAMMICEL 2 D Tholz 525,
EEEWIL, 23~24Hz ThH o7,
X 5.1.8.13 |Z 50% A M TEiET D 2 5. 3 B OLKX Z 7T,

50% 8 77 5 B&

75%2%/%31@

5.1.3.13

5.1.3.4 &%% - FHM
1) FSBIH I IERIR e TH B OFteR
Weighting Factor (2 X > TEET_XEHEAOM ), KA DL - IBELDSNOEH X,
FEARWNCEAER D 1 RERRRE I3 I S A8E U CRT 21T - 72,
fEF, 5.1.3.2 4.4) BT, B, FREK D Z—REIRTERIC, 50% A MRS 75%
AREOMBNT, mREMI IR CRETh - 7=,

ZoZ &iF, BRI T O L 20 L EE ZELTWZI L2RTHOTH
60
- T, 1Hz sHAlIZLE e T E 2,

SHIEBR R E 2ot P R OREREEE T Th D B BND,

2) ZEhSY

BEEIDOH Nz K> T2 NOx, 02, /1%L, 5.1.83.2 4-2) JHAKGEMHTREFIC
RTREICHEIPA B . D LEIUIH AN TERSMOHEZE L TWD LT 5,
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5.1.3.5
1) k¥R s 1Hz schk
TV OO, KA ONER L 1Hz ReskiC BT 5 SRR 21TV, Rl A2 mE b L Th
BEWRTHD, 0N 2 EORRKICHA L TW 008 Th 5,

2) mEEEHA O EEE
FHAEIRE A ORI, 5% DAMETNIZ T 5 K D ITREDN H 513 Z DOHIPAN TON O x Ak
DHRERNEA LT A TEREE ORI ZAT 9 72912 1Hz FHIOBED H 523, 1Hz FHl9
BHT-0IiE, F7 T 10Hz %ﬂ”@mﬁ#%?kéﬂé
INbOmEY o HE, TEMTII R HRICHEM TH 20T, RYIMOME IR E H
DREETH D,

5.1.4 SHAZESE A G5 fRAT
5.1.4.1 #3E

Direct monitoring TERINDAFUEHE DOFLkIT 1 Hz DS THDH, LIZAnEUY
DFEEDHHANTFOR STV D, JEEMEICBET A MRRICRA G ER STV, o
FREENANSEE LT, ASED 1 Hz fHRIOEWRNEN L E 2 D,

EIZT2ODFERMH L THEELRDT,

OfK -+ Fe/ g

5y RHA R OFHNED F KK & e/ MEDZE, 3 FIZEHR L72iRKN O x fE & /N O x D

Z%RA LT, NO x O EFHRRUCERICAFHIT —# Z2RA LT, NOxfEL 1% 1 OFEB%
1R TROT, ZOEEEHFE DL Lz,

. Y & X OFEERN, Y=aX+b DA, YIZX D afs T8+ 5Z L 25 L=,
Oi@a®ﬁﬁk%wi&’YZ%%%ﬁzé”::”%5?5’:&%ﬁ%?éd

5.1.4.2 FHAPIEE & 5%

FHATAH 13X, NOx OFHE EyEEAy 6 IHEICE L TfTo7-,
HEEORELZERIL, BHEECEEOY Y RNER SN D, Pk 16 FEOFREMIECHEA L
TR SR OIS E M OB & LL R IZ R T,

P A== IR FH i v HREHUA PTR-Al1
BN 20sec. /100C (83%I\ZE[EEE T)
& EA == 1 m X SK-RFV
i B =3 %GEED)
B 3sec. (63%IZEIZEE T)
REJEREH A 5K PTB210
¥ . +03 %FS
WEYE 0 1sec. (99%IZEIEET)
B EE = SUEE REERERIZF T
FRRUERHAA V-V AR (G4 SMP-MB
BN+ I 50msec

(0OPa~ WIELTET, EAL VLD
EZ YY)
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5.1.4.3 555 DRER
1) HHORD

O SN, FMEOFIH

#NT A =S OREBORKIE & e/ MEZET =52 LORD D, FRHZ ZOET =2 %
fE L TEORIETO NOx i (S 75T 5, ZhOORBRREL Y U FOR
EEALORD, FHRRRE BT 5, PR AMERIE Wet. &2,

NO x 5 fE Max(g/kWh) = Max FHlfEZFEH L72RONO x OBEFRIE
NO x 5 Min(g/kWh) = Min FHAEZ 6 L72FON O x OHH{E

N Ox OHEGEFERIT IMO OFEIC L -7,
Do NR—PIURFENRT U AEICHE - T- IMO B#gEE AR L b o, HEEDA

T =4 %2 OHFHAUNRAL T NOx DIEAFRET 5, 20 NO x Offi & JIEEDET
—ZOHBR LT 77635, 2077 7Rz RkD 5, oo %555

L7,

2) FHEL DR LR

AiTE5.1.4.3 1) QOFATRH LR EZER 51431177,
AT — 2135 4[] (12/9/15:15-45) T5%RBRIGF O A4H ) L7=,
E AR 75%DEONOx %, 8.76g/kwh THh -7,

#£ 5.1.4.3.1 FHU T A—KF5555

FHH T X —%2 (N Ox AR ESR) N Ox i FHhE5y
NO (g/kwh)
H El T fE (x i) REEEEES Il T EA R
Min Max |Min | Max NOx(g/kwh)= (%)
1 AR (kw) 365 381 |7.80 {814 —0.0214 x +15.945 2.1
2 R WE (%) 26.2 26.7 [7.97 |17.98 0.019x + 7.4703 1.9
3 =/t (hpa) 1196 {1201 | 7.97 |7.97 0
4 TS DR (CC) 28 |29 8.06 |8.11 0.0552x + 6.5093 5.5
5 NOx ##% (ppm) 796.4 |815.6 | 7.88 | 8.08 0.0099x —0.0438 0.99
6 02 IRE (%) 11.8 12.0 |7.91 |8.02 0.8608x —2.272 86.1
3) FHAVRZ A= FHL 7 Z 74k
A 2) HCTRDI=T—2 %27 F 7t LT,
REHHUNEIL A NOEZIL HEAEAERHEELIL © NOXEZE/L
8.20 7.98 y = 0.019x + 7.4703
= 810 | ~ 798
< 800 | g9
% 790 | 2 197
S 80 | v=-00214x+ 15945 e ;Z; I
7.70 . . . . 797 . .
360 365 370 375 380 385 26.0 26.2 26.4 26.6 26.8
FEEHH N (kw) AR (%)
X5.1.4.3.1 FEEMEANES [45.1.4.3.1.2 REZE(S
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BIEEESADBELELL xt NOxfEZEL HEEREZEIL X NOxEZE{t
8.12 10.00
8t ~ 800 | ® & &6 O o o
< 810 | s
g 8.09 | ﬁ 6.00 |
% 808 1 v = 0.0552% + 6.5093 S 400 |
2807 | =)
806 | 200 |
8.05 0.00 ‘
21.5 28 285 29 29.5 1296 1298 1300 1302 1304
BiHZESADRECC) HBIEAER RIE (hPa)
[X5.1.4.3.1.3 ZEXRIREZE{Sy X 5.1.4.3.1.4 SJEZAS
NOxEHRIEZE L *x NOXfEZE 1t O25HAIMEZE L *x NOX{EZ 1L
8.10 8.04
8.05 8.02
= < 8.00
2 2
i 8.00 fﬂ 7.98
X 7.95 ¥ 7.96 _
o X = 0.0099x - 0.0348 S 704 8608x = 2.272
7.90 702
7.85 ‘ ‘ 7.90
7950 8000 8050 8100 8150 820.0 11.80 11.85 11.90 11.95 12.00
NOx&t Bl (ppm) 0251 RI1E (%)

[€5.1.4.3.1.5 NO x EEZL(v5y

5.1.4.4 E%% - 5HH
1) %65 4 [AlFREBR

[X5.1.4.3.1.6 O2 EEZ{LSy

75%DEFON Ox fllL, 8.76g/kwh TH-7=73, Max, Min FE TliZZ DOfELA

TTHole, ZOZLIINOx L, H—DEROATRESNFN DO TIIMS | BEROESR
DigHE-T, fRkE LTINOx DEMRESND Z LIZRDEBEXBND,

2) ZORERIY BN DEE L ONO2 B L CIRE S ENRE <, Wiz 1 Hz fHll0E
PR T X DN FDOMDNT A —Z | THGEINNES L, 1Hz FHHOERE I RZ LVWES X
HDOTIIRINE BRSNS,

5.1.4.5

i

NOx ARD A B = X LOFENT AT E UL,
BEABR LT AME LB X BID,
FRZ 02 OFHANE, FEFICNOx DIEZEATDHHEOTH Y, NOx ¥ LFEFFIC 02 4D
FEEEHNMLETH D,

FHUDOELHTF bid-> X 0 &3 2705, ARFEHOL




5.1.5 nHz ] & NOx i1k
5.1.5.1 %
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518 via=7t 4
5.1.8.1

MEPC.103(49) Guidelines for On-Board NOx Verification Procedure — Direct
Measurement and Monitoring Method|)?® 1.1.3 .1 TiX., Oxides of nitorogen(NOx)
analysis & L C Chemiluminescent Detector (CLD) XX Heated  Chemiluminescent
Detector (HCLD) type. #fEHT 52 LBUE S TWSA, Zirconia (ZnO2)E >+ THIE
FEME, ORSEE. MIAMER ORI DS 0 b+ TRETH D Z L 2 FERFET D HENH D,

NOx FHZIHWT S, Zirconia(ZnO2) YDA BRO HALD L HIC, Yra=Trr 4o
JEHSEICBE LT, BIMORENIEZIT -T2 b DT, PITFIZZE ORISR Z T,

AEORERICHNTNDONO x iy a=7t a2 HnTing,

oY (THTEZEAHFICBE LT, Ok EREBRICBT 52U (¢ 6 03U T
HHEMERR, B L UCOARMTO' o RUHT I OMRBIRDUT &> T, HEBITERE~ DB N &
R LT\ 5,

ASRElE=4 1 7EZHWDS ETIE, BRI OBERE~OXIS b LETH D | HIREEIDHE
R[ERIV/INSWVER~OHEAZZBEONERH D, 2 THRERIZET 2R 21TV, DR
DORIEROFEL G52 L & L,

5.1.82 D) LEE
1) VoI T T DR
MEPC 49/22/add.1 annex5 GUIDELINES FOR ON-BOARD NOX VERIFICATION
PROCEDURE-DIRECT MEASUREMENT AND MONITORING METHOD APPENDIX 1.
Sample point connection flange DHIZIX, HET AV TIVRA o NOFE MR 7 T 2 UAHERD
SN TS, #£5.1.81 .13 appendix1.Z5id ST\ D 7 T v UAHREEIRT,

#5.1.81 YT NAKRA v hDOT T R MEPC 49/22/add.1 annex5 L U $7#Y)

Description Dimension

Outer diameter 160mm

Inner diameter 35mm

Flange thickness 9mm

Bolt circle diameterl 130mm

Bolt circle diameter2 65mm

Flange slots 4 holes, each 12mm diameter, equidistantly placed on

each of the above bolt circle diameters. Holes on the
two bolt circle diameters to be aligned on same radii.
Flange to be slotted, 12mm wide, between inner and
outer bolt circle diameter holes.

Bolts and nuts 4 sets, diameter and length as required
Flange should be of steel and be finished with a flat face.

H T OARMEBIZ BT, UAREREDO B B PFERER /NS, 125A150
AL WO THERE DR DNTND Z ENTREEND, 2 THRERN G 2 DB % 5HE FREt L C
Tl X 5.1.8.1 [ZEREANOENORREZRT,
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FEEERE E L CZORR/NSRPERE CIET X7 % (o7 7 00) Bt otk Lo
MELHY . ZORIZHOWTRFEZIT I,

5.1.8.3 W N7 T IOMHERIRT AE
#£ 5.1.8.1 lTRTHEED 7 7 L UNT R TCOPREIHIETE D ERaf Lz, = YU
NH L ED XS BROPRE AT H0EHE Lz, FOMEE2#K5.1.82I12F & 07,

#5.1.82 T VUHNITHT HHERER OB T T,

TV UHT) PEXEIFOME
135 ~ 150kW 100A
180 ~ 350kW 125A
250 ~ 600kW 150 A
300 ~ 700kW 200A
400 ~ 750kW 250A
650 ~ 950kW 300A
1000~ 1600kW 350A
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TNEY BRI 185~150kW DL AT DWW TIFHERE IEOER DY 100A T
1156mm EFEFITNEL 2D R 5182 T X I 727 T VaHPFEE D T 5 DITRZE
RIEE 2RI 72 D

5.1.8.4 /INEREREH Yo% - B3
T VU 135~150kw DA, PERE O 100A T 115mm L 725728, # 5.1.8.1
WORT LR T T VERDAMT D Z EIIRAHRETH D, Lo T, 20X oA, X 5.1.8.2(a).
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5.1.8.5 FREE
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SDIZAT T A, BlEEZ BT 5720, FER 16 FENHLDO NOx E=# Y U 7iEDY I a b
—va RIZBWTE, B R EEREICER T A4 AL M) O EERRA LT,

M E B L Tl MEPC 49/22/add.1 annex5 GUIDELINES FOR ON-BOARD NOX
VERIFICATION PROCEDURE-DIRECT MEASUREMENT AND MONITORING METHOD
(2P T-3HAITFE T NOx OFEHEZFH L, [FRFC PSC, TIAPP GFERREiHEED Y I a2 L—v
aUETHIZEEAMELTEY, XA V7 MUY U TICBIT AU a=T 2 oY OsA
AHERIZHOWTII 2 HEETE TUVL,
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MEPC49 THARS N/t ETHO NOx E=X VU > 7\ZB8T 254 K74 > (RESOLUTION
MEPC.103(49) [Guidelines for On-Board NOx Verification Procedure — Direct
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VR al—ya VL DBEERANETH D,
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5.1.9.1 1Hziték

MEPC.103(49) [Guidelines for On-Board NOx Verification Procedure — Direct
Measurement and Monitoring Method] )3.4.2 IHCiX, 1-Hertz minute chart reading
of a stable 10-minute sample interval of each load point should be averaged.

EHESN TSN, 1-Hertz minute chart reading DOXLEVETEEMTH D,
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MEPC 49/22/add.1 annex5 GUIDELINES FOR ON-BOARD NOX VERIFICATION
PROCEDURE-DIRECT MEASUREMENT AND MONITORING METHOD APPENDIX4. 4%
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ZORER, REE Y 1 g/kWh 5RIRWVGHIMEN G Bz, E7BEBIARHIT L - TRlEm &
NOx fiEI%, IJJfoC N IRE—2 ThHoTeBHIEIZE L gkWh 1Tl o2 —2 L leoT,

5) NOx FHHIZEE OFFRRAE
FHRIBEDFERT — & DIE 5o X A BEROT- A FHAIEH OB KME & B/ ME% o TER
FREE LR, 20T NOx fie LT 1gkWh 50fl L 7257,
BHZ0AZBI LTt 0.1%DZE CNOXIEIE 0.1g/kWhZS b3 2 0 CHIE I Z IS EEE PN
TWTHDH I LRI T,

6) RO HRAPERE R
PERE RIS Y 24 LI E O 3R 4 i L=,
HREOERESER, FRESICL > THIEFR DN, BHED 65A 77 VT X 74
fiF& & oY CIIHER S 200mA FREEDME RS & 33 S -,
ZOZEED 130kW #LCTHE=F —TX D LT ¥ 7 X — %4 U COMNEBEEI~D %t
WHAREAR L A =T v o P REER UIER LT,

5.1.11.2 IMO #&£E96%
AR OffffT @ LC, 1 Hz OB R O IEMIB OIERE D 2 80568 & 7272,
Z DR DIEARIZ g o T2 A LU FIOR T, BRI RZANRICE Ui Bl s E42 S HFE S .
1) AMITESHEENT 1 Hz FH2SATREZACH 0 . FH A 7 L OENNC K D8 EZEITD
WTHRERTZIT o T2,
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7RI BEFHRLE TR THH Z EVHI LT,
ZOZ LT IMO ~MERARERR O L LTEIS (MP 3) [Z EFELT,
T —Z1IED X T L THEARICLE LTV e, Ziud, o I3#HID
5%LAT DE% Th o722 LB MR ELL LT,
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2) FHE
IMO IZHESN TWAIHEXEZMHEHL T, KitEERICEEOFHMELZMALT
NOx DfEZ KD, ZDOFEN O FHGE A KD T,
FERE 02D bEHE L TWDZEMNHA L, WD COEBEEA DR, 8B/ &
ot

3) FHHEER O SENE b BB
T — & O KB & B/ MEZH A LT IMO SIEDFE 1T > T, NOx EDZEZKD
77
Z OFERAFHA RO KAE & F/IME & DOZETHI 1g/lkwh 7257205, 02 OAE 0.1% D7
T 0.1glkwh OZA{EAET D Z LV LT=,

4) PIEHIR
1AEIZ 1 [|D A 7)o AWE) & Eliid AUERE VW2 & TIRE LT,

5.1.12 WAk 16 FEEEHEEDETIE
ATEIT. Rk 16 FFEEfEEO—IZ38 Y N> - DT, WEED 5.9.3 AL FO@EY 2T 1E
j‘éo
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5.9.3 CHIERER
5 [BIOFER ATV, FERITE 5.9.1 O, NOxHIREEZ 2 V7 — L7z,

B4 [ERBRIFIC A EBREHRY- L EERY | BB OEE S A ONTHER LTI 2 A
300ppm 2F Y 0.03% TdH 72D T, NO x HARFFOD A TMAR 7=,
OUK -« e SeA/HYCBE - AFFTATC T 3EH0)

# 591 CHEREE (1) A7 g/kWh
%5 1[5 % 2 [A] %5 3 [A % 4 [A] %5 5 (A
A A 2004.12.8 2004.12.9 2004.12.10 2005.1.6 2005.1.28
NOx il BEAE 10.9
50% | 75% | 50% | 75% | 50% | 75% | 50% | 75% | 50% | 75%
e S
il 937 | 954 | 925 | 941 | 947 | 935 | 9.55 | 10.15 | 7.68 | 8.11
A=
* FAIVAE 9.50 9.37 9.36 10.05 8.01
[ DR
TR E2 4 9.95 (B ERFOMESRY]  14° BTDC)
A AE
[ D -
iEiEEE D E2 4

8.95 (MEEME) (A MIFEH L7 AROBERIZ, a7 12.5° BTDC TH

R
1M 0 M L)

(HEE )

15 FEREE RO IMEIETD AN TAAZHEV, 50%:0.23,75%:0.77 DB FIFRE A H Uiz,
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12.00 T
= o
E 10.00 p s - s
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— 8.00 | ° °®
3
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0.0 25.0 50.0 75.0 100.0 125.0
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DT — X Ll %3 5.9.3 {TRT,

FAbE FHERE O A 7 UL, "EETEEY 14° BTDC (2B W T, A Z LET
9.95g/kWh (50%%=10.0, 75%=11.3) L72->TW\5,

Ziuzxt L CA R OREREBE RN OREHFRER X, 12.5° BTDC 72> THY . i
FEOT—=HNHHEETDHE 1.5 VH—RT5HZ L _i D, AT NMETKLARA
MEE T35 2 EnPHEIND,

F-F ORI, BEAICEARIZEOT NOx HEHED LTS A, b e k %)
NOx 23%\ 50%AMDOENFVEGIIREWEE 2D, T2 TiE, BT
1% 12.5° BTDC OF —% ZH%A 7 JUET 8.95g/kWh EHEE L7z, 4AEID Hﬁﬁ%

TIEFE CHEHR L 2 D,
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5113 Bbviz

AL, PEREICER LT — 2 2 B L C, 752 THMN Th -T2,

AR BT 21T o728 2 A, FHID 600 7 — 2 NEE L TNDDTEDREIZHIT L THREEL
7o ZAUEERBRMEK & AR ERHEE TH D 7 DHEERRORHIEN L o220 LTEY | ZE L THEEL
TWeAEBEZTWND,

DT EIE 600 T —F OB ) DAL 2.5%LL F72 DT FHDORT — ZIXLET D DI YK &
S5O TIERVWNERDbNS,

fRfTiES, NOx ORFEERHFEORY MR S, AREETITE LR, BRGmIC THEL )
FLIZZ EICBAL T, AELZBMEY LTEBHEUHR L ETARETH D,

GEWR Z LITE 22X, B2 BIMTEE Lo TREEII R o7, )

WEEED 5 1 L0 IMO OIEXLBIHIN I 2R 5, HESCGIET ARHIN2sn L 5L LTS

. IMO BHICY 2o TIRILOBERH D, HFHLEIITE TR, Y 20 icd IMO ~DFE
SHHZMO TIRETE -2 21T, FEMFEO T 2 O OB &SR L BT 5,
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1. AT — & ~X— 24
T H_R— R nEﬁ@%{g /Tﬁ‘o
AHFNL, WO S b,

2o

1) #RT— 201

—ERDF v RN DI E R L TND,

BB DT — & (PE0 AL, BERA RIS

W HEIK IR L)

BETF v o2V ERT. 84 Th

1 2 3 4 5 6 7 8 9 10 11

Fx RV 3-a 3-b 3-c 3-01 | 3-02 | 3-03 | 3-04 | 3-05 | 3-06 | 3-07 | 3-08
F X o RNVEFR | No3 No.3 No.3 No3 | No3 | No3 | No3 | No3 | No3 | No3 | No3

S | ER MR WA | WA R | AR | AR | EE | AR | R

WefE] | IREFH fiF fi] TEAK | MK | | ES | EAK ] | AR R

K| (5H) B | = | B | AR e | AR [HEE | 1C

H) =7 IR | IR YL

==V VA Hr Hr Hr MPa | MPa | MPa | kPa | C C C T
7HE 1643 00> 7:10 246:16:00 8881:37:00 0.218 0.09 0.58 70 71 55 48 311
7THE16 437 01 B> 7:10 246:16:00 8881:37:00 0.217 0.088 0.58 68 71 55 48 311
THRE 16437 02 %> 7:10 246:16:00 8881:37:00 0.215 0.09 0.58 69 71 55 48 311
7THRE 1643 03 %> 7:10 246:16:00 8881:37:00 0.215 0.088 0.58 70 71 55 48 311
7HE 1657 04 %> 7:10 246:16:00 8881:37:00 0.217 0.09 0.58 69 71 55 48 311
7HE 1647 05 %> 7:10 246:16:00 8881:37:00 0.216 0.09 0.58 68 71 55 48 311
7THE 1643 06 #»  7:10 246:16:00 8881:37:00 0.216 0.089 0.58 68 71 55 48 311
THRE16 437 07 > 7:10 246:16:00 8881:37:00 0.215 0.088 0.58 69 71 55 48 311
7HE 16437 08 F»  7:10 246:16:00 8881:37:00 0.214 0.089 0.58 69 71 55 48 311
THRE16 43 09 > 7:10 246:16:00 8881:37:00 0.214 0.089 0.58 69 71 55 48 311
THE16 47 10 %> 7:10 246:16:00 8881:37:00 0.216 0.09 0.58 69 71 55 48 311
THRE16 47 118> 7:10 246:16:00 8881:37:00 0.216 0.088 0.58 70 71 55 48 311
THRE16 437 12 %> 7:10 246:16:00 8881:37:00 0.217 0.09 0.58 70 71 55 48 311
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2) HEMELEE T — & B HEMERLIERIERHEL . CPP 34, /KRS
FfEldhi L, ATk #BOT7—ZIZR L,

10 20 1014 26.1 21.0 436 60 237 717 37 19
10 20 1014 26.2 21.0 436 60 238 717 37 19
10 20 1015 26.1 21.0 436 60 241 716 37 19
10 20 1014 26.2 21.0 436 60 241 717 37 19
10 20 1015 26.2 21.0 436 60 237 717 37 19.1
10 20 1014 26.2 21.0 436 60 235 717 37 19
10 20 1015 26.2 21.0 436 60 235 717 37 19
10 20 1014 26.2 21.0 436 60 238 716 37 19
10 20 1014 26.2 21.0 436 60 239 717 37 19
10 20 1014 26.1 21.0 436 60 238 716 37 19
10 20 1014 26.2 21.0 436 60 240 716 37 19
10 20 1014 26.2 21.0 436 60 240 716 37 19
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3) MREENT — 2B BRES. (R (bR, AR . EEESE
WP, Ak RO T — 2 2R T,

74 75 76 77 78 79 80 81 82 83 84
42-19 2o 257 500 423 | 224 | 225 | £-26 | £-27 | 28 | £&-29
BEEA | B R R W) AR | AR | BEE | BE | AR | A

T JEE] | JRGE ] i IR £
DEGM | ° kt ° m/s ° m/s C hPa
0 27.6 N34 29.31' E135° 11.08' 10.2 4.4 5.9 56.8 0.7 7.5 1013
0 27.6 N34 2931' E135° 11.08' 10.2 4.8 5.9 64.4 0.8 7.6 1013
0 27.6 N34 2931' E135° 11.08' 10.2 33 6 52.4 0.8 7.6 1013
0 27.6 N34  29.31' E135° 11.08' 10.2 35 5.8 61.5 0.6 7.6 1013
0 273 N34 29.32' E135° 11.08' 10.2 4 5.7 66.6 0.6 7.6 1013
0 273 N34 29.32' E135° 11.08' 10.2 4.6 5.6 80.2 0.6 7.6 1013
0.1 273 N34 29.32' E135° 11.08' 10.2 6 5.5 98.6 0.6 7.6 1013
0 273 N34 29.32' E135° 11.08' 10.2 6.8 54 108.9 0.6 7.5 1013
0 273 N34 29.32' E135° 11.08' 10.2 5.7 5.6 85 0.7 7.6 1013
0.1 273 N34 29.34' E135° 11.09 10.2 4.8 5.7 85 0.7 7.6 1013
0.1 27.2 N34 2934 E135° 11.09 10.2 3578 5.6 249 0.4 7.6 1013
0 27.2 N34 2934 E135° 11.09 10.2 3583 5.7 7.8 0.5 7.6 1013
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FHHT — % X0 NOx IREDOFEI B 2T 7T 7 %X 5.2.3. 4. 2. 1 |ZRT,

ERIBENOXREDEILHR
| A NOXJREE(02=13%) 50% © NOxXIREE(02=13%) 75%
1,200
2_ o
1,000 = .
A L
~ 800 " 2
3 w%
s °
# 00 | 4
% 2
o) a
Z 400
% |
200
0
2005/1/1  2005/3/2  2005/5/1  2005/6/30  2005/8/29  2005/10/28  2005/12/27
HAE

X 5.2.3.4.2.1 NOx JEEZFHIHE 2

FREOZ T 71X, 2BEOATHIESNTEY, MEMEMOT —X Th b, IRIBEFMFITKE
TREE T B NOx HEH B HARE I W T H | A& H T 400ppm 53 D2 G S 4vfz, Ko
FRIZ. FHUMED D ZHEA2GEE R Z R L2 b DO TH L3, ZOFT — XL 50%, T5%E M & HICFHMED
o OEBRELBANTND,

WIZ, BRELTZRET — 2 K0 A L7z Nox HEHH R & [X] 5. 2. 3. 4. 2. 2 [Z/” T,

P2 bl Rk U OB R 1B PANICIN E DFER CThH o 7oy, —HRE AN DT — 2 B AZITH
Niz, AEIOFHT, FHIK TS CTAEY T =X 2RI LI E 2 A, HBRIET — & Z 8 L7ofE
B, FREOTNIAHREINTZ, FEERICOWTIIE TERRER, 7 —Z BIEICHERED REFIC
DWW THRFZAITV, FEREICHEE LI EE2 M TT — 2 2D T 5,

—J, Nox HEHHEEZRHT BEOME SN DB O T, AEFANEHIZEE ZFIH L2 2 &

b, R TOHERBFT B D,

> R A — I —ERR O BRI LA DEEEZ VTS, U RS &
WREYT » ZEIZ XV Red D, FHARRZE L L TIE, [EHEE E 2rpm, AEET » 71X £0. 5mm FREE &
ERbhD, ZOLGEOHEHIFREIR. BLELNEETT,

> RBHHE R FHNE 10 D OWRER I U v F — DS RTME TR D=, Y X —OE/NEREY
IE 1Ltr THY | ZHIT LY £6Ltr OFRKREZEFLFR LD, TIVIHRBEBREHEEETIX, B
K& 0. UFREIHHS T 5,
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NOx#EH s £ ST RIFE R

(200518 ~11A8)
® On Board #Shop E2 Cycle —— Shop E3 Cycle
20
18 | °
16 e

. A W Y
10 %.//?:\'

NOXx (g/kWh)

o N A~ O ©
T

0 2,000 4,000 6,000 8,000 10,000 12,000
Engine Output (kW)

5.2.3.4.2.2 NOx HEH=

F 72 A RIOFHHRERIZ I TEHANOX B2 EE (ppm) & PR (g/kWh) OB 2 L% %5 X 5. 2. 3. 4. 2. 3
AR Uz, o BT 1T RTHT LB <UD IR 2 ORI ME b iv7z, {HL £ 15%
EHIZRER S B D5, Bk NOx FErRED R F RSB 7 & 9 2MTEN TIEZR Y,

NOxiEFE L HE L ZFE D 4EEH (IMO)

N
S

N DN
o N
T T

3 +15%

D

—-15%

N
T

NOx#EH: 5 [g/kWh]
S o r o> ®

H O

500 600 700 800 900 1,000 1,100 1,200
NOX;EBE02=13%1 5 . IMO;ZEHIE % [ppm]

5.2.3.4.2.3 NOx JRFE & NOx HEH =R D AHRY
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5.2.3.4.3 BERHOEAHIRDL
ML 2004 4 7 A BEMLEE DAL 1RO AT 200547 H Th 5, T DOEEOEENEIZLLTO@EY
(GRS D FEAEREIZ D CRER)
a. YU UAo~y FEICEE - A/B%] NO.5, NO.9 (4 >V %)
b. mFAHE R — & —H & H LGN ;B 4
EFEDO AR LLAMIAN TORA BT K D EESS 7, R TP HEAN 2 E I E i L T\ 5,

FrICBAGHE, BRBHESTRITER ML DIV, b7 P NOx 2 0 O UMERBIC RSB 2 KT T8, A
R S 22N 2 &b SEIOFHF R ZMEET 2 LTI D ORIHNE O BIT N LB
ABN%,

5.2.4 fERBEIO ST
5.2.4.1 A FLERBHM 3BTRS 5

FRBRII A L 72 O il R A 26 5. 2. 4. 1 IoRT, BREHIIZEA (%), @&E (%)
TR SN TV A PRERMERIIZEL T, RERELALNRN-T,

#5.2.4.1  BREHW TR S

5/1 CAM-3 CAM=T7 CAM-B CAM-11 CANM-12 CAM-13 CAN-14
#REHH 200571 /2 | 200542710 | 2005/2/02 | 2005/8/31 | 20057917 | 2005/1 0412 | 2005711 /8
T it 2. 2. 21 8% 21 EE) E%
EHES 15 e/cmd 08712 09584 09673 09772 0.9839 0.9721 0.9805
BfLE 50°C | mm2/slest) 163.3 1691 1608.4 1501 182 188 197
LB, & -10 10 =75 25 0 0 -2 5
Al & 116 109 102 111 121 121 99
EiSeay Him/m) 0.m 0.03 0.03 0.07 0.03 0.0 0.04
HHRE %im/m) 105 8.51 1074 97 e 87 11
|75} %bm/ m) 0o 0.0 0.02 0.02 0.02 0.02 0.02
ET %bm/ m) 29 3.25 318 273 3.6 2 B2 26
FAITILT Sim/ m) 433 413 4 45 426 4 64 432 463
FS{AS2 0 (TSE Sim/ m) 0.005 0003 0003 0.004 0.011 0.004 0.004
GeFEAMEEAD Je 42 057 43 236 43 288 42 702 42 455 43 020 42 262
FEFEAMSETED Je 42 875 42 96D 42 831 42 807 42 41 4 42 o5g 42810
BERAMSETE Je 40535 40590 40486 40483 40130 40614 40452
CCAL g4 828 837 846 853 84 849
EEBOH [Ma me/kelppm) a 7 g 16 16 19 23
hig me/keppm) 0 1 U] 0 1 0 0
Al me/kelppm) 1 1 1 3 & 2 1
Si me/kelppm) 0 1 1 5 & 2 2
Ca medkelppm) u] 1 0] 3 1 2 1
W me/kelppm) 45 &1 56 66 53 53 65
Fe me/kelppm) 2 14 4 10 10 12 10
i me/kelppm) 13 22 18 21 20 18 24
Zn meskelppm) 0 i 0 1 1 0 ]
Ph me ke {ppm) 0 1 0 ] 0 0 0
TESHR |C %tm/ m) B6.2 84.0 85.3 85.8 85.0 56.0 g6.0
H i/ m) 12.4 13.2 13.1 10.6 147 129 11.6
I Sim/ m) 0.21 0.24 0.23 0.24 019 0.23 0.26
o] Bim/ m) 0.6 0.6 05 0.4 0.4 1.0 2.1

HEH NOx D KH21% Thermal NOx THh B3, BREHHF DZEL T OEH &AL & Fuel Nox OFEH H 5
B9 5 L ST D, A RO FHREHRHTRE R TIIN O EHF RIZHEMZE L TE Y 0. 2wt%h
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Tholze ZOTZDBREHMT O N SICZENR o T2, TORBESNERIAFTH Z LILTEX R0 o
77o A ETIE, 0.2wt%D N 4375 NOx JREEHE & 72 55513 50~T70ppm FEE L& 2 5, (Baf=R 50~70% &
FEIE)

5.2.4.2 G

PREHHE IR DS BEH NOX (2 ZIFE T HEEZ D BI2iE, [F—0MFEEI T HE 72 2 MR 0B % {5
L. TOEZRET D EDROEG R FIEEEZLND, L LAEBRLERICBO TEKMICHEZ
D YRR A2 FFOBREHN 26 0972 123, BRI e, M OMERIIE, B0 B2 OBRORENR # o 7
NEBMEREE R &L L0 RKEN 0 REFESALELE SN bDEB XD,

5.2.5 NOx DHEZED I 2L — gy

5.2.5.1 ‘HERLHE

A FERE O ERE R 1L 520 rpm T, ZFAUCxET D NOx HHEIX 12. 9¢/kWh Tod 5, Z OB
WX 25 A24T 5 728, 2005 4 1 A6 [E 11 H £ TOMICEF 17 RO T4, N 8 [BlIHH
% LAY ZORKOH OITHEHIME K 28% LR - 7=,

NOx | TE D 7= b D FEFRFHIIFFZ BN TIE, Nox 727 = b a— R b BlHlfEZ 15% EE 2 £ CHrg
ENDHN, ZORENLT DL, 2 BIOFHFERNSTFRMEMHE TERDoT72,

F72. B3 YA 7 TORE EFHAME 11. 5g/kWh & bl L7854, 3 BIOFHAE D &8 Flal- 72,

18

16
14
12
10

/////15%%%ﬂﬁ

| HlE

. | I

=R o]

NOx g/kWh

6
4
2 L
0

12 3 45 6 7 810111213 14151617 18

% 5.2.5. 1 Nox Pt (AT AREGHR %)

5.2.5.2 G

LEOFE 17 OGN X 5 Nox HEHERIT, 2RO FEME T, 12. 8g/kWh & HifE 2 & L7723,
%@mzﬁﬁw% TR AEGT Nox BifilfEE B> CLE -7, EBICNOXx XA L7 b= T
EERA LSS, TOMIESRICES LT 0 Sl Sh, 3o, B2 130 5 oo R
%Mk%ﬁ@ﬁ@%%ﬁé%gﬁ%éotﬁ\ﬁﬁﬁ%%ﬁbfwﬁw%@i\M&U%ﬂ_m<m
BEIHO SO TEICKEREHD L OND, o T HL2OERIZLY | —RFAIZFEER K Y & NOx i %
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EmLRE LTEREMEDR S D, I 2 SERTIE, U a=7 T X AARFHFIEC L 5 BEH =G N
X NOx I 2b—aryOIRFEREEERD,

5.2.6 AthOE

5.2.6.1 U a=7 v rHYOREEIZONT

5.2.5. 2 OFHli Tik~72 & 912 17 BIOFHHIOA, 2 BIZARES THh -7z, 10 [BIH OFHAIERFZ L=
STRCHEFRELCEY, TOZLICEVALNOENELTARER S D, Sk, VVa=T
TV O OLIEEZ CLD T L ORI 21T, HEB, T2 08035 5,

5.2.6.2 Yia=7 v Y DOMAMEICHONT

B2MOFRETIIL A LY M7V B Do a=T v o OlitARER % it L7-, FFiC
YRR 16 4R ORFZE CHEA ZTEFE D 300 705 400CORIRIZE b a5 & ' OBl E O
BEARIZED | NOFEREICERFE R RGN BG4 U,

JE & U CIRECRR B M AR EE AN 200 EED T A Z L THY . K2 Z OESITAHWTIZS
HAIR 24 CC, BHTHZETHRHIGEL TV, o7V 7@ n T/CHAOE®ZR Th o772,
PEAT AIREEDS 350 705 400°CICETENY | WHIAIR OENEL 22 . T LOHENEZ ~72 L&
ZoND, Lo T, BEIOFRK 1T FEOMETIXZOIALEHE2ET I v 7 BMITEE L TEAT,

BJ5.2.6.2. 1 ITHBATELBHZEOE Y OFEEERT,

S B 1%

X5.2.6.2.1 BEAiHOE Y

ZOMKETHRARICE D, HREORFIZIR LN ooy, A RIOEKEFHIIZ I TR D
BN Z 572, [X5.2.6.2. 2 1THEMKIERF O T — & X W RO TNOcE > Y DREEDOHERS 2R LTV 5,
INED, #E=2Y 7RO TILR2 7 AOMTRENSILL TnoletBEZbND, BV
PNEHOEMDH, JEHENOOE VR ENEZ LNLHD, EERFEEIZIEH TE T,

LBIIZA VI hE=Z Y 7 TOVNaA=T v OEMMZRMAEOFEALE TH D & & 2
Do B2 TR ISFEEDOIZETNOx E=4 U U I NEHBESND TETH Y . ZOBIZIZmAMEE
ER LI (BMEARE, BT 77 VRNOBREMN KR EEZLZH0) [CEHE L, MmA
PEDFHI 2 Ehid 2 T ETH D,
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Ip2REE L o2 A

0.00300

0.00250

0.00200

000150

Ip2( 1 A/ppm)

000100

0.00050

0.00000 ! ! !
HEF HKIE HKIE HKIE e
(05.08.12) (05.09.19) (05.10.10) (05.10.31) (05.11.11)

X 5.2.6.2.2 U)a=7+t Y OREEREE

5.2.6.3 FEEAH /) ORIEIEITOWT

HAFEICIE, ARNITESE JE 238 STV anZ &b, BRSBTS v 7 A b &
(ZEREA — I —ER D HHEE AR L 0 BT 2, FHAERZE L U CiE, B+ 2rpm, BAKL T » 27 fE
FE0.5mm FRELER bND, ZOLEOHEENIEAEIT, BLEE3%IT 5, Ziud. NOx HEH
FrENTIEOBREORENER LD,

o T, AICTBW T, EEIOFHUR R OIER & fken - B2 ERY | 7 — & & fed -
M 2 ERH D,

5.2.6.4 BREHHE BEORIEIEIZONWT

REHEE BOFHIL, 10 SROFREF I T v ¥ — O HERETRD -, B v 2 —0x/NEKY
X 1Ltr THY ., ZHUTLY +6Ltr DI RKEELZGTeE L 2D, TIUTKBERENEE & TIX, BL %
0. BUFREEICH S T2,

AT SBEAN 22 AR, FHRIFFE OER S E LV,

5.2.6.5 SREHHMIZOWT

B - iRy & B AR AT L7284 0 NOox HEHH RO BALE N &2 H SR E EBAICHEEL ., i
FATONIZ AR D FEHA & DB 21T 5 L3RI, AR, B OE T K 5 NOx R D21k
WL THABROEROERDSHE M 2 Z LAHK D X 5 I DHMIZ OV TEARITR T MBI
VAL YR
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5.2.7 Bbvic

Nox XA L7 hE=Z YU TEICE DV ab—ra i, EEOHMITTT — B L, &
AR ZE OFLERDFHE SN D, > T, TOFHNIE, FlZRFHNE Z M2 &3, W MR IC A
AT T T e B, ARIOFTHEMIEIC X D EEEOFH & OFEE 7N IS RMA A I L v %
MTEXDHZERERENT-, £-. Da=Tv o HIcoNTIL, FORENME. THAEEIZONWT,
Ak L72REN S D 2 & DR S T,

SRbLUNVa=T Y I LTS - 5 - SERICESWTHA R4 2o, IM0 12
T 5 L &bz, BIVTIEAMINIC D 2 BREEG Y OIRBIC B HRIVT &£ B2 TV 5,

RBIC, AAT Y 22— LNl 6 (OB « 2 efiiiEo R CREIBIICHZ Y . AT — & ERE
WS E TRDZTENWE =a—n0 0 H" OFME & BRED T 220X 0IEHH L LT 5,
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OB i

(B 1] [T==2—200dH] 2RFE, HEEXN, KEEETE
[(Ek 2] BHEmXEOBMA, FHEEE (HERE, SVE. 2T L5

[(&r 3] THREREFNO x FHAHE R

-80-



(g 1]
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HFHE 1.2 THBEEE
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NEW CAMELLTA GENERAL ARRANGEMENT

5 :- -]l = gm ‘_
_ mI 1] ] l 1 1 = o j
DEGK §
-_LL.I.I_II_I_I_I
D'_'I_IJ.

1 — = DECK 5

—

| DECK 4

TR e CFEE LT

nll

Ll ==2=200d —HEEX
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(&t 2]

ERF 2.1 AR R OV A
BRI OED, K2 1O XS R T X E &G Lic, ZOT X721, BHEREZIRY 72
A RS ZIZEET DHEE T, NOx/0, & U ARRIET &7 7 O3l (i 65 hTnd,
MEPC49/22/Add. 1 ANNEX5 APPENDIX1 THIE S TV DEERD 0% HI0%hDNLE & > HE & A
T&H &5, 7HTZIF2 FEE (220 mm -+ 360 mm) YEfiF L7z, SEIOF A YT TlX, 20
b, BWHIZHT5360 mm Db DERE LTz, 7RI, BT X 72 THHILTE HHERIT, £2.1
DEBYTHD,

Adaptor (Long type) Flange
M12 Nut/Bolt

Calibration gas In Check valve Teflon d6/4 FHT

Sensor

Terminal Box 1.

|l|||||l|=1.I

i )
_-'—-_J

=l

K21 B T7H742DK

#2.1 TETHZOFEHE

W7 575 A P47k e DrELEE

220 mm 100 mm~200 mm 02m~24m
360 mm 100 mm~ 200 mm 15m~25m




kb 2 FHEE
Y v = :7itNOX, OZ%*E%I_AL:OU T

DNa=r7 kI I vl ERHWETASNET, MU b EN D HET A D
NOXOLJEFEDHIEN TE £, HIFLA T OB Y TH 7Y o 7HEER L TORIEZEHR L T»
ijao

T
AEHEHR BT —EILIOSONLDHEH R +
(R F~1)—2 D EEHEN)
A E SR B - EFRE{EM(NOX) 0~2000 ppm(A A 1 L EDBERIZT)
- &% (0,) 0~25 vol%
KREH-RRBR |- BHREEIEH(NOX) 0~5000 ppm. 1 ppm Zll#&  (##H#t# ppm)
- B&%(0,) 0.00~50.00 vol%, 0.01vol%Zl| A& (##.## vol %)
HEEEK - BEEXREK(ZIEH)
- ORI ETR@VT | a— kAT NThAER)
- vy
JRIE: DIa=F(Zr02) Y
oY RE: #9 800°C

- =D)L (TR
45 —T )L (CVVS 2sg-6¢c FHY)
La—445—7 )L (MVVS0.5sq-2c $824)
BIRT—T L (CVVS 2sq 1)
- BRE(BEEER)
HEREK-LO YRS ITTH T2EO6/ 04 FIOVE
(WRIER. AEAL 1 X)
HEREKGHET7) D6/ P4 F+40VE
A—T4)T4 FHETT (02~09MPa) A—D  RUAEIA BEEER
SPAN AR (#R1EF) :NO #J 1500ppm/N2 (0.1MPa)
SPAN HRGARIEA): 0, #3 13%vol/N2 (0.1MPa)

S &R A - RET—420H-AEH
DCO0~5V.2 F¥oxJL 7FHASTHA (NO,02 JE##Z)
DC0/24V /N—URERRREE 1

- 7 AFTIaYy)
BEEERERRICKS (BEXE. . &, EER)

BHE A #9550 kg (RUARBRL) ATk £ T 2 BRI BE

LER: #9 30kg. T&R: %9 20kg

BT TS TS 5k g

ER 100 V=10% #3 0.5kVA
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PERE M OV S

BIEFEE *2 - NOx BIEHEE
0~2000 ppm +40 ppmNOx LLN
0~25 vol% +0.5 vol% 02 LLN
I EEE (T63) 0.7 #HUT
GAESRATRE N2 DRIV H R, RINVHRALIS N2 [ZHYEZ 1B E.
R/ H R 2000 ppm NO EF=[E 4 vol% 02)
RE 1 B Y BREAZ 935 (BREEEFTHLS )
FRBLUVRERIE |- XEAK
EEEE (A 5~45°C, RE/F -10~70°C
TR AEXTERE 80 % LATHERE
S AL
BIEHRRE: -7~800°C (#f2E 300~600°C)
BENTHEGERE - JNAER 500°C. ) —F#R 200°C.
a5 120°C, r—JJL 80°C
BTHRLE - HSE L 3
FEARILY 40+5 N-m
iR ENE FH - 0~294 m/s2
REG: BEORKIRET
(EREX., HHXHEE 80 %LLT)*4
tUHHREAM  KEET
BT F7ETRRE | BT FTT7E TR2EHDEE~ADFEARITEEEZED 10%~90%215 K52
&5 EEBENSITSVCHETCDAARNATEEZRD TSN HARNRATD
RZEIE D70 LLEELTEELY,
AT+ T7H TRT522:JISEKE5A
RILEMI12 4 4
Y RELEARE 6 4B, FIXFHERDOEEITT) £ 500 BFE (BULAOER) *5

85




M
EIT, ROGII~RETE L), TELHRT a7 MG Lz, £z, AR ORI EH
EEZ, REDOLETZNEETE oML L,

209

= =
?
=
- B
)
=
¥
1 [e] [¢] 1 i
[ =
gm0
-t
: I
Al ¥
e [.] . .
; - 1
T4 BERTHE
2
o B
¥ | T |
A= 12
TH
50 400 (50) 50 200 {50)
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[&k 3] THREERRE Nox FHAR R
FHERA D TR 7 — # . R OYNOx FHAIR R CBlo— o ¥ N Tl 2 RELURRIIRT,
K31 —a—hH0dH LhE CREUFZEEHAT M) B RS R
#3.2 [FER, F) o FHT D ToONx FHIFESR (B2 E—F)
#3.3 — Ak - (E3 =— F)
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K31 === 0bH i CRIMESHIX M) B LaERRRE R

SUMMARY OF ENGINE PERFORMANGE TEST

EMGIME 1YRE CRESEEM | -HIELS N0 18P -6y EMGTME Mo B BT
FLACET JTE Crng TEURUMD WERKS ZHIF Ma 1124
TOET CYCLE Lz
TOET LOAD kS Z0% 0% T5% 100%
DLRATIDNCF TRIAL . o 30 30 a0 i
ENTINE STTEED . rEm 5195 higs 5190 5155
E AR L b e 4444 £ AL QU4
ERARE MEAN SRR FRESS [l [t 110 1HE L
GiVFRMOIR (GE - - - - - -
QUTFUT 90 386 50C GE T
FUCL PLIMP MARK {80 i 155 220 29z 413
TEET MO [ 7a 121 M 101 107
CHERDGE Al A BAMK . 03 z10 o1E (2R
[AF TEH D00 ERD E BANK [ L] 17 0ih
" If‘ii; )C‘r'L]NDEF-‘ FRESELIRE 50 5E Mg 127
£
[EJ% EX1BLET GAS A DANI WPa 3 co? 01z 022
E {CZTORL TURCINDY G DaMi 2 coa o1z 022
CCOLING FREEH WATER . 032 [og=i a2 3z
LUSHICATING GIL 051 CED {153 0ES
FoEL L s (AR [ree 0ig
FxH GASIAR TER TLRBINED l+n 00 A0 150 4 F
TERT RO TR 14 0 2
Gl arGr alR A DA e 41 &2 42
(AT TR SQOLLRY G DaMi e 41 &2 43
Ol CLTLET (avE ! i) 331 348 437
w SEFORE A BAMK I 257 445 461 RET
5 F2H " L=EINE E BANK =t 443 qui La
el REES
:Lu ARTES B BANK e AR Shil i
I)” TUHRRINE B BARE 15 EPH AhR G351 S
' locoung INLET 80 75 e 73
FRESIHWATER DUTLET 82 30 80 g
LUSHICATING GIL INLET 50 50 &0 EZ
DUTLET I 52 B3 ) 23
FoEL L IMLET a4 peth i8] -
SRRGOHARGER B BANK F00 11 5000 14 Hi0 14100
SFFFT) B BARE rpir TEID 11200 140400 17000
TURCOCH IARGER METS3SD AR COOLER TIGEA16/22./2
FLEL GQIL CIESEL OIL LLEMZTATIMNG DIl MDSILCGARD 412
WATER BRAKE Zalaer 14420128 Mg (MCICATOMR MEAlKmag T
JFE Eng
SISMATUIRF
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#£3.2 Pl TODNOX

AR R

(E2 =— N)

Measurement raesult of NOx emission and calculation of E2 test ayale

Fuel componants L= 42050 {kJikg)

[ ALF BET GAM T EPS OEL |

| 125 | 87.37 | 0.08 | 0.01 | 0.04 |

[T
LOAD (%) 25 50 I 100 - -
Test e 17 30 16 50 1615 1525 - -
Doz Jan 30,0z | Jon o0z | Jan30, 62 | Jan 30,02
Pl (k) 2501 4958 7425 G956 - -
Engine spesd  [ram] SRR S2L 5201 L2 B B
| oad atwatar brake  {fon) 65 310 104 260
Pme  [WPal 0.55 P10 .65 221 - -
Load index (feracl positon) 167 225 24 404 E E
FOinlet temp () 28 [ 23 20 = =
GEUEL gty 5074 G5EZ 13908 20016 - -
B-HC LoV h T O eormected) ] JEEN THA 7 P4 s s
BEFC odkiyh, uncorreciz) PE] 1929 1673 01l - -
Treltemp (60 EE 1% 5 a7 8 8
L inlet pressure (MPa) 0LE1 ] [EN] 0.62
Baro.press  (kPs) PB 1006 100.7 1007 100.7 - -
loom trrmg (12 1/ 18 18 1/ B B
Nelafive nunidly (%) Ra 29U 265 245 2E 5 g g
Suclonarterp () Ta 15 50 16 10 17 50 160
Scav ar press  MPa) Po 0.02 0.08 016 0.1 - -
Seaw Airtemp (L) Tan 1310 [EER 243N &1 B B
lanret  'C) 1500 2000 35.00 45 - -
Tiz Spesn  TRmy) BELD RN 13400 16300 - -
10 Dlewwer Flter loss (KPa) 010 [ [ [N - -
Ex lernp aef lurbine (0] vyl 444 4k Shll o o
Exn fernp afl turbine (3} 337 EEE B 420 - -
B lomp afl cylindar (7] 278 320 B 437
B gas back pressure (mmag) a0 06 1.1 26 - -
Jacket conling water mleltamp () T &3 &7 ] - -
Jackel cooling water inlet pressure MPa) (.29 (.29 [ (.29 - -
Jackol cocling water ool lemp [0 T T ki 30
Coolel coolinewaly oulellenp () 14 21 30 13 - -
Prnox (P 52 Ty 11.1 131
HCw concentralion {ppm dng 1095 1010 120 1005 g g
(30 enncentraiinn (W) 143 fEN 143 128 B B
CCconcentrabon fppm dry) GE 171 1275 252 - -
COE concaniraiion (% dry) 50 5% 55 g1
12 concentralion [ [3pim wet) A E] [ E] 5 5
Vapcr press of suchion ar - (kPa) Pa 1,760 1617 1.989 2063 : :
Abs humicity of sucticn sir (gkg) Ha 372 R 3040 3.395 g g
Wopol pross of scav g1 (hPRl P 1507 2.330 5424 12400 - -
Abs humiclily of scay air (gikg) Hse 7.7 825 13037 23554 - -
Fuel specificalion factor FFH 1.756 1.750 1.750 1.747 - -
| xnan=l Gas Nenahy RTINS kamedl 1793 1793 12493 1793 B B
Wlet £ Dry correclian factar K r 0054 0948 0943 0544 - -
Wel axhauslgas Aoy (kyh) GEXHW Fenhe ] S4TE A 741744 - -
Hurn dily congclion leclon KHDIES 0.800 0 B95 0201 0 B99 - -
(1) masa o (Gas mass (kg BN 5115 G250 10006 5 5
COE mans Aow Gos mass  (Koh) 16555 Ji42.58 45760 G404 6
O mass e Gas mass (ko) 34443 h2d2 EEEER] 99137 B B
HC rigss lTow Gas mass (ki) 0.230 0154 0199 0.302 - -
A Mo gy PREEEN] 60T AOTT TETI2E - -
Conecled MOx concenitighon o a716 BeT.3 GE1.2 BET.0 - -
WO sy fow Gas idss (ol 26100 511915 L3585 5 100276 4 - -
NOM omigsianrate  (gkvih) |2.639 10.325 |1.257 10,132
Calealalion ol B2 cyele |
Laad %) 25 il I 100 z
R0 Mass (0] o gy facior 7T KT 1703 PR EERT T
Hewear (WA x Wi erghting rackor EE ‘4d SN 1991 [REP
7 iy |k 0 004
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#£3.3 Bl T TONOX

AR R

(E3 E— K)

Meaasuremeant result of NOx emission and calculation of E3 test aycle

Fuel componants LCv= 42550 {KJkg)

[ ALF BET GAM T EPS OEL |

| 125 | 87.37 | 0.08 | 0.01 | 0.04 |

[T
LCAD (%) 25 50 [ 100 - -
Tezibne 1310 1350 14:40 1525 - -
Date Jan.30,02 | Jgn.an, 0z | Jan.20,62 | Jan 30,02
Powe (kW) 2482 A9E 7426 G956 - -
Engine spesd  [ram] 3207 4171 47405 L2 B B
| nad atwatar brake  (hon) 103 if.2 213 260
Pne  [MWFa) 0.58 P37 1.21 2.21 - -
Load index {foraclk positon) 201 205 i 404 E E
FOinlet temp () 17 ] 21 20 - -
GFUEL rkuti) 5082 9586 14028 20018 - -
B-HC LoV h T O eormected) 2041 JEEE 1HE 3 P4 s s
BSFC {gfAWh, oncarnactad) 4.7 1931 ToE 3 1.0 - -
IChrlet temp (00 3h 34 4 47f B B
LOinlet precsure (MPQ) 063 060 0.Eg 0B2
Baro.press  (kPs) PB 1008 100.7 1007 100.7 - -
loom trrmg (12 14 1h 1/ 1/ B B
Nelafive nunidly (%) Ra 31 285 260 265 g g
Suclionartemp () Ta 1345 ih5 170 120
Scav ar press  MPa) Po 0.01 0.04 0.1 0.18 - -
Seaw Airtemp (L) Tan K] 18 a0 &1 - -
Tonrer 1) 7 ™ M a5 8 8
T Speen oMy 4650 9750 13450 16300 E E
10 Dlewer Flter loss {mmAg) .04 0.0 0.:4 .47 g g
Bxfitermnp Defiubine (0] ais S8 44904 Shll o o
Exn fernp afl turbine (3} 458 465 403 420 g g
B lomp afl cylindar (7] 355 67 37 437
Exn gas back prassure (kPa) a0 0% 1.2 26 - -
Jacket conling water mleltamp () &9 &8 58 56 & S
Jackel coaling water inlet pressure MPa) (.29 (.29 [ (.29 - -
Jackol cocling water ool lemp [0 Th T T8 30
Coolel coolinewaly oulellenp () [ 12 23 13 - -
Prmox (MPg) 55 37 11.3 131
HCw concentralion Lpm dry 1278 1319 12532 1002 - -
(30 enncentraiinn (W) B 114 12 7 120 & &
CCconcentrabon fppm dry) [ 402 166 252 - -
COZ concantration (% dny) g3 72 5.2 51
12 concentralion [ [3pim wet) A A 101 E] 5 5
Vapcr press of suchion ar - (kPa) Pa 1.546 1,760 1937 2063 : :
Abs humicity of suction sir igkg] Ha 2HT2 3114 3126 3.395 g g
Wopol pross of scav g1 (hPRl P 1.3.34 1.78% q.355 12400 - -
Abs humicdly of scay air (gikg) Hsc 7442 5.700 10.756 23.594 g g
Fuel specificalion factor FFH 1.730 1.740 1.746 1.747 - -
| xnan=l Gas Nenahy RTINS kamedl 1793 1793 12493 1793 B B
Wlet £ Dry correclian factar K r 0927 0937 0943 0544 - -
Wel axhaust gas Aow  (kyvhl  GEXHW 1411358 05240 214548 741744 g g
Hurn dily congclcn facior KHOIES [:EX () B34 0289 0.6599 - -
(1) masa o (Gas mass (kg 100 4/ 11108 LG 10006 5 5
COZ mans flow Gos mass  (Koh) 16523 3287 45757 54446
O mass e Gas mass (ko) 1433 G034 TRes 7 PEEEN B B
HC thass Mow Gas midss (ki) 0226 0138 0233 0.302 - -
A Mo gy TG00 PR UL 7 J2172.8 - -
Conecled MOx concenitighon o 15851 1i04.3 10637 3570 - -
WO sy fow Gas idss (ol 45327 535130 SEBE0.T 100B7TE 4 - -
NOM omigsianrate  (gkvih) |4.034 10.780 11,700 10,132
Calealalion ol EF cycle |
Laad %) 25 ] I 100 z
HC mass (/] a0l eighbing factor 0225 alz s 43440 20175 TO T
Hewear (WA x Wi erghting rackor AT ‘45 SN 1991 [KXPE]
F 3 ayele (o/kbUh) 11.269
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53 NOXE=HZ VU 7HEOVIab—ra kB B3 T —20)

AREE, (W) BARMENFE RS KREBRMIET 2y =7 b (MP3) OERE 17 42 F3E 5
IZhES3&, NOx T=F VU 7HEDY I ab—a Vil G 3 fiF—24) & L CREMEZITV.
R HEELE LTRVEDTELDOTH D,

ruTxy hOERE

x4 P [ &
KIL IR T = —x2 V=T Y oY — A EA AR IR
X8 EE TSRV =T Y T RHER Hetfr 325
KAE #ol AT
wE S | MHEA AABEHA R
BTN R B2 e
e o ;
BB« =RV — RN, KRR ZE Gr
Pr— A (5 Wik
i; EE ARER (B Bl 7 b — 7 F — A jfﬁf;}ﬁ

Kokl HRE R
PM/Sampling F— A

SR 3 S
A PR T2 i

Wk E— BRAm P T3 (BK) BeAf it S

* FbY—H—

53.1 FREMEOHER, NEB IO

1) HREOHB

WEETG YLy 1E SR AI(MARPOL 73/78) JB E VISR 72 0 RKUG Y ICBT 2 BBIA ERm S D 2 &
W7o Tein, ZOHBIOEIZH T > TE, MHEOHE., 77 =WV 7 7 A VO K& IAPP GiE
FORITHERINDOEMA N BETH D,

Nz CTHYDIEHTIRAEIL PSC DX R E 72 D FEIZ L > TUIEBER CHO VL EREIND Z &Il o 72,
ZOH LW A A, FHEMIEICH > TAL—=AREEDOEZOICHTNICY I 2L —Ya 2179 2
CITIEFICHETH Y | SBOLICHANHGET 2 LERH D,

VRl 16 FFREICHS 1&2 fi TN L 72 fiANIIE & FRIERIC V12 =730 NOx Zo#rdEiE 2 vy, RO/RO
ARODIEATRE — N K D %A NOx Z4E T 5 L RIRFIZ, PSC, IAPP GEEMRGHEEDY I aL—v
a2 EITO,

R U727 —# 2T L. NO x #iE DO —1HD/EEFR TOBRME, /V—/b EOFEM AW E A5 2 Y
FLOT, BT LIZH D,
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ZIS
2o

2)

A TRIZ BN DT 2 BB B ER Z LN AT ORENEELEDFEHT 2L D TH

[

P

AR A 2 L FITRT,

@

@

PSC - EIAPP GEEMEZE (HAY, WAL, FEHE & Mo FIASE)

F I TOEMFPAEEZSEIZL T, SEOREMNILONE LIRS D,

FOEREEE ORI (BRI DR TIE, Rk X — L)

AR TOFHINT Y 72 o CHEESLPHEE A AL F L& O TRET 2,

AR C ok FARET — % (NOx fiéR)

b2 FiEERD T — 2 2 AF LT, FEEIROT — & L g3 5,

T A YA 7 VX, MP/CONF.3/34Appendix It~ T, E 344 FZ8MHT 5,

TAARERIL 50&75% Power % iINT 5,

Power OB EIZEY L Cid, MEPC49/22/Add.1 IZfE~> T, BEEE5%% BIEL T2, AMIC
LM OMBAE 7 — & v T ClE, 1-Hertz A CTE e\ C, HBRFIC 2 (F8) Foekd 5,
Tol2 LR 531 SR TEHIEBICE LTk, AMoBBEEHT — % o 7 Tid, s tskzan
DT, EHOT—4u &M HT 5,
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# 531 FHAEA
AR EHH AL S s fifi %
e h, m. s F&EE R
PRI H kW BRELT v 71 THRE T—Hui—
14 138 ] s o min-1
i UE MPa
2550 Al N H R EE C
22 5 Al R RS C
PRI B L/min TEEO T — % THET
N ERITNES C
- j(/ﬁ‘ hPa NOx 7t 2& &
il e %
KRR XUE hPa
e = NO ‘?}i%};f ppm g /kWh GZ‘?@;%;
02 R ppm NOREMIEM & LTHEH
©® fEtroEA
—  FHlT — & O

4 [5G U7 BRI D227 — 2 MR T T & DERICHEREY 5,

12 MEPC49/22/Add.1
N—Z2 BT 5,

— T —#

% HEBIENOKIE DL
K FHIBHAG R & FHHIAE 0 22 E 2
— Ty IV —x P DEZ T OFER
—  NOx FHAIZERE OFF AR A

PR 2 S RTHIME L 0 HEE S5
— R o BR SRR

SUE B

HAE O it O B IR 2 51 T 5
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3) Fuvx s FOFEHFRM
Tuvxl NOEEKIL, SERSE L RS TR LT,
BRSEL, AN FEAMAT 24T, SENIEEICCEHE L, UFICHK 277,

+ Z'K:z:u?ja
1. 1l FReETaaidk GROOMEIMIFES) PR 1784 A 21 H
(RIS TH L0, il & U CRiskT 2 M EN S > TRedi 7 5)

2. FH2k 2REE R 1749 H 16 A

3. F3E SRS R 17412 A 19 H

4. FHall 2ESE Wk 18 41 H 27 H
HimdaEHEA

1. FEhigtEE CEEk 17 FE) Rk 174 8 A 25 BIERSFi&

2. FHEEsEE (BIAREILR) AR 174 8 A 08 B {EmFik

3. WEEEREH Rk 17 45 12 A 05 B {ERSRF %
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5.3.2 FHENFZEO TR
53.2.1 H%EE
SFGY . EE AR FHHEEE O 3 K OGRS AR R Iz W TEL FIZRT,

5322 xt&im [ZERA] OfFIT

LSEIOEMTONO x E=F V) U ZHEDY I 2 L—3 3 VERBRITE TR SR oW H 215,
[FIFERTA DZEH T THEM LT,

ZERIULFFED B A & LT 2003 4 1 A (T AR E I TRt S 4172 2053G/T.RORO fil T,
INF~FOX~A i B~ R & FEME & U CTHRELS 208l L T\ 5, ZEXR oM ELFR 532112, &
RERZX 5321 7R7,

# 5321 ZERIOBPEE

i 4 % KA

fin  fl RORO i

N N g 2053 G/T

IR ~HE MEHMEE  95.0m, B8 16.0m, %X 11.5/6.35m, Jmfk®/K 5.1m

LA H 2003 4% 1 H

ok NK [REmifE MO

o B N~ ~ 40k B~ KBk

o E BErrRmkst B RIS

FRL—# AR R st FORCHT H e X

+ % M BERI4 R Ny LH41LA
TEARGH A/IEESEE  2647kW(3600PS)/240min™

hWe a7 NSV UHEE v F T uRT DX88N5 4

X 5321 ZERALOEREE
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5.3.23 XFSAERI O E

ZERFIUITITFRERT & LT, BRI TEMASHO L H 4 1 L ATRAKE 4 1 7 B 3 5

LH4 1 LABEEOFERA 2% 532210, BEOBFEEZX 5322 1277,

#5322 LH41LAREMOTER

BERA 4 PR — B R 5 LH41LA—-56

% % HERARSE 4 Y1 7 VHENT ¢ — P LR
(EAEHSE R L VR HIZRT)

U UERR mm 410

A hua—7 mm 800

U A 6

TEREH T kW 2647

TE A (R A min” 240

EEE A N E m/s 6. 40

ERRSEYA 20+ MPa 2. 088

V) NS MPa 13. 7

5322 LH41LAFKHA
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533 EHEEEE

53.3.1 NOx FHH%E®E

AMONO x FHlZEE L, Sk 16 FEICHM AN Z EE L72EBECTHY, FEMITFER
16EEkm@%%E%ﬁ@ﬁﬁu%?éﬁﬁﬁanwm NOx E=4% V) 7EDIalb— gy
AR CGE 1T —2) BRHEE S12HEZ2ZRINV,

5.3.3.2 A O G Ef

1) NOx IR o ¢ o o o o v o 14
ACHEB TR 16 4R IS 1R CRE L7z b &R Lz,
5 5.3.3.1 {2 NOx ELE ELE AT O TR 27~ 95332 12N O x A2 004 4 00 520 4

NY,  IEME/NFRLO _ERDNRIEZEE OFEE T, TMAI2Y NO & 02 ORIEH T AR _OWEE 5y
Th b,
IEARIE RS E A~ DRI L T A VL —Z ZINE L TW A F 2 BT T b,

l5332 NOx I & 25 &

0) ESREAUK e e e e e e e s 14
ARZLE (TR 16 IS LA TN L7 b D2 LT,
B 530 2) @MW, £ 531 1CEROEE 2345 1 Hz Y41 27 VI BA R TH 5,

X1 5.3.3.3 Fldkas AR
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3) NOXx * 02 Lt o o o o o o o o 14
FHBIDOPERE TR T, HBRHBENH - 7=D T, TOEyEFIAH LT, IMO MEPC49/22/Add.1 ([ZHHE

SNTWLHFA LY ME=Z Y U TEICHA RIA L LTURENTWDLT X7 X 28 YEL T L

Tz T HTHOPMEFERZRK 533.6 1TRT,
THETEOMEE, P AT ) A PG R LT 8 v 7 2T 57010, Ul 4 e T

fHF 7=,

¥ 5.3.3.4 NOx - 02 & > % Hufaf ¥ 5.3.3.5 NOx +* 02 &V HEfikHE
1 I | JISB5A 5k FF
[ 1] oD 155
A
PCD 130 ID 76.3
o
Q| _oD605 ¢ > 4

A4 —

Bl \ TN

!'1_ \I:‘ .................. ':I ! a
1 1 |
f «\\\\\\\fﬁfg%
, . RILMA

SS400 6t N4\ EERLE
(VDB REEHZELTIRTS)

X 5.3.3.6 NOx * O2 B VHftHT %7 %
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1) KEREE Y
KRGE 2 OB (13 7R IEE R 533.7 107,

2 ERROT v F K TFICRE LT,

MEPC49/22/Add.1 IZ25t» C IHz #Hll 2T 2 LERH Y | @mEnEO TEMAE V2 HEHEE L T, UL

TOY® o ITHE LT,

i | 7<‘_‘j\7
e HELY
.31 H
= K
!ﬂ! 5
45337 KKEEEH
5) HEBISRAIER LA e e e e e e e e |4

MR =EXEE Y OEY 1T 72 IkREA X 5.3.3.8 IZ/RT,

A—T1
WELY
o
B E

. )[L\ /:.5

Ll

[€5.3.3.8 HEPE=LKEL Y
6) BERESRIRE - WBEB Y 0 o e e e e 1 &

FhFa—RL— 3
HD9408T—BARO
800~1100hpa

4~20mA

1%F.S.

1s

FhFa—RL— 3
HD9408T—BARO
800~1100hpa

4~20mA

1%F.S.

1s

IHz M2 Z 8 U CliGHE L2y, R OBEIS @it a3 < | TRE & IRFEE 12 K - THEAD

HoT, LTOE S IZHRE LT,
A=

HWELLY

o EE
L

A

] 5.3.3.9 HEBI=RIEE - BEE W
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FhFa—RL— 3
HD900STR

—40~+80°C

5~98% (RH)
4~20mA V=7
+1C
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T) AV L—BR  cooo oo 14

=)

ZDTAYV—ZF, KU VEOEXIES ZY 0 BET 72 DIZERIT 2T, [RIFFIC RSk IS H
IREEE T (1 ~5V)ITAE# L CT\\5, [X5332 Mkﬂ*ﬂ%@E@_@HffwéWWT%éo

5.3.4 BRI K OGRS SR
5.3.4.1 HEE O T8 ERRE
1) H&EaMERE

AHR O FHERIIX 2002 4F 9 A I LHEIRZ 1T/ > TRV LHEIRIF O T2 2 BN e 2 # 5.3.4.1
IR,

#5341 THEERRFOREBIMERE

5= W i} % 50 75 85 100
o kW 1324 1985 2250 2647
I TR i 5 min” 190 218 227 240
) U HNES) B MPa 9.56 11.98 12.78 13.70
7 v 7 H K@D mm 415 52.5 57.0 64.0
fa &OHE T MPa 0.072 0.152 0.185 0.220
faox RO C 30 43 44 46
U A OYERIRE D C 294 343 360 393
N SR T < GRS g/kWh 179.7 177.1 177.5 179.0
BRI S 2 4 X v GED deg. BTDC 5.7

H1 o 6 REOFEHMEE =T,
A2 0 AEJR, BEIREE 42700k)/kg (THARE U2 EE R,

2) NO x e
A OFREEITIA VRV L LCHARBEHSBEONO x EEXZ RS L CTBY ., AMETO
NO x FHAIIFA T > T2y, L7edi-> T, [AEHEBEON O x liEZ M D7 — & 2 FITA DN O x
PEHEREHEE LTz,
LH4 1 LARKEREIZK 5341 TR TO~@ R CHEEN D H)/a85EE OFFH %2 71— 7 &
L, @QREF= VU ELT, BARBEBRBEONO xBEEZZM L, BEELZIEL T 5,
@D 2720kW/240min”" @ 2500kW/240min™"
@ 2495kW/225min" @ 2420kW/225min’
ERED 4 KON, AL FEARE R F— 0O, @RDOFHT —4 2 5ICNOx HeiR2HEE Lz,
HEERE R A2 2 5.3.42 1087,
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2720KW: = = = = = = = = = = = = = - @
R | 2647kW
-
H 240min
2500kW ©)
2495kW : @
ummu-é: T U :
225min~'_ 240min”'
BRI E
X 5341 LH41LADOSHE
#5342 NO x HEHROHE TR F
=1 faf % 25 50 75 100 E3
H Vi kW 662 1324 1985 2647 —
G S min”' 151 190 218 240 —_—
N O x HEH % g/kWh 21.08 16.39 13.44 11.58 13.64
PRENESR 2 A I v 7 deg. BTDC 5.7

3) BERVE O LR iR
NOX%MWt/%W@HT’

& [RTEABERE D T s

;Hﬁ}_‘

DHED EFH- HRBATERE~
Al ZA T2 72,

E/
)7

ZERR T D728 Ao FHER

SR, ARHR & LSRR & OPFREROMEE EE L., IME 0486 DX I —t Y AHH LI

AR& %0,

B AHFicks

100%12T

100, 200, 300mm & Z8{b S, i
7o, 7eds. BERAEATIZ 50, 75,
AHp & TIGEER L O %3 5.3.4.3
2, FHARE R A2 5.3.4.4 10T,
FARE b, Aot oY L E%
HIE, BEMERE~D
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W DI (T 7m~ ) A —Z TEIEDEHIZ1T -
FHEIL 72,
12, EHEEOREMAZ M 5342 12, I —F P E2H 5343
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#5343 ZEXRNETHEREOHRE. ook

ZERA Bz |- i s

(BEE Do 550A 500A
PERE | IR Di mm 543.0 4922

T i A Al cm’ 2316 1903

SRR d mm 60.5 48.6
b AR | L 220 0 100 200 300

mm

B mERE | A2 cm’ 132 0.0 48.6 97.2 145.8

moofE L A2/Al 0.057 0.000 0.026 0.051 0.077

i

S00A

5.3.42 FHAIEFORL E X 5343 I —k Y

#5.3.4.4 HEOFHHGE R

i N HE (mmAq)

BB A far Z—t Y AR S (mm)
(%) 0 100 200 300
50 13 13 13 13
75 20 20 20 20
100 30 30 30 30
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5.3.42 WF FRREESRGRE

Afn oy FRGEERIE 2003 4F 1 HIZiTb TR Y | ERGEIREREO 3 B 7 REBAMERE 2 3% 5.3.4.5 1R
9, FEBAVEREIX A MM IO, BV 2R, 72k, i ERGERRFIZIIN O x FHUlIX T -

TR,
#53.4.5 g FRGEERRE OB EIMEGE

5= W i} % 50 75 85 100
#eoE ey kW 1295 1925 2235 2620
[EI [ TZRET R S min™ 190 218 227 240
VU HNES MPa 10.07 12.08 13.00 13.64
7 v 7 B g ®2 mm 41.8 51.8 57.5 63.5
fa &OHE 7 MPa 0.075 0.140 0.171 0.208
oK R E C 35 40 42 46
VU A N PERIRE () C 284 324 340 372
iy R Kt 13.24 15.78 16.49 17.19
CPPOHEA deg. 18.7

H1 o BERERERHE & T > 7 AR L D HEE L7 2R3
E2 : 6 X FOFHEEZRT,

5.3.43 FHEAFTERER AR
1) =

FHANICPPOEME —EL L THEBERIESEEZZF LIZE 37 X ¥4 7 /LT, BB /113 50%
& 75%D 2 )T, BEMURAET 2 [|], ECRIE T 2 |, BFF4 RIS L, BT — 2 IR S
MTABREE T — & v 7 2] LT L 72,

PRI 37— # b U TR S VIR L & T v 7 AR L W HEE L7 iE 2R, ek, T v
7 HREIAEFREHR O BR BRI L D EIEETTR> TV D,

2) H1MEA

EIR /N
i ok
fit i
#t i
JB [
JE H
33 b3
B A far

FHRIREZ]

= JE
it i

20054 11 A 16 H

AEN R

100 k&

82 deg.

el

10 m/sec

2.0m

50% B 75% B i
12:41 ~ 13:04 13:19 ~ 13:36
1013 hPa 1013 hPa
11.0 knot 14.0 knot
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CPPOEMA

% B [ so i
HEEREEA )
3) HH2HHAE
WA
i i
i fif
&t s
JEL 7]
JE U
5 R’
P& BA A far
FHRIREZ
£ JE
ity H
CPPDOERA
% B [ i sof i
HEE )
4) % 3[EH
i W oA
i i3
i fif
&t s
JEL [f]
JEL H
3 IS
BRI fir
FHRREZ
£y J£
iy H
CPPDOHEMA
1% B [ sof
HEE
5) H4mRA
i W oA
i3 1
i fif

17.2 deg.
192 min™
1365 kW

20054 11 A 17 H
KIFE I

100 k&

15 deg.

Elayiic]

15 m/sec

25m

50% B
12:34 ~ 12:54
1018 hPa

12.0 knot

17.5 deg.

190 min™'
1325 kW

2005 4 11 A 20 H
FRES 7

2000 k>

195 deg.

el it}

10 m/sec

2.0m

50% B
12:42 ~ 13:01
1022 hPa

12.0 knot

17.3 deg.

190 min™
1265 kW

2005 4% 11 H 21 A
=Rt
2000 k>

- 105 -

17.3 deg.
220 min™!
1950 kW

75% B fif
13:09 ~ 13:29
1017 hPa
14.5 knot
17.5 deg.

218 min™

1930 kW

75% Bt
13:16 ~ 13:41
1022 hPa
14.0 knot

17.4 deg.

220 min™
2020 kW



&t s 235 deg.

JEL 1] e

JE\ i : 7 m/sec

5 1~ : 2.0m

BRI A fir : 50% B faf 75% B fif
ERiILSEA : 13:13 ~ 13:27 13:42 ~ 14:03
£ JER : 1020 hPa 1020 hPa
e H : 12.0 knot 14.0 knot
CPPOHEMA 17.4 deg. 17.2 deg.
PEBIRIES 190 min™ 218 min™
HeE ) : 1290 kW 1885 kW

5344 RBGHAT —#

1) FHlT—% O

NO x BEOFHAIE, NO x HEHEOFHRMZ % 5.3.4.5 |2, [E LEIRRE L OLEE 7 7 7 #[X 5.3.4.4
R T, 2, FHlO—flE LTE 3EFRBROFHE 7 T 7 %4 5.3.4.6 12, NOx BEHZROFHRFE R4 3%
5346 TR, 5.3.4.5()~X 5.3.45d)iZiE, NO x OEEFEICEE /R 4 /37 A —X & THRBRO
T2 LRt &,

50% &M OFHRMEIL 11.15~15.96g/kWh T, f/MEIXRKED 70% ThH V| TIHEERREOfHE,
16.39g/kWh @ 68~97% DIETH 5, 11 A 16 HE 11 A 21 HOFT —HZ BMEVMEIZ /2> T\ 5,

75% A OFHRMEIL 11.19~15.00g/kWh T, F/MEIZHRKED 75% Th Y | LI5EERRF OHE,
13.44g/kWh @ 83~112% DIETH 5, 50%Afr & [FERIZ 11 A 16 H & 11 A 21 A2MEWEZ R L TW
Do

NO x ., E 31lI% 11.19~15.16g/kWh T, f/MEIXIKAED 74% T v | TIHEERREOAHE, 13.64g/kWh
D 82~111%., JHHME 15.04g/kWh D 74~101% TH %,

2) PEHIRER

L= R HOL(EFE) N T R, SERRBEDO ST IMO ORBUEICHE S TRFEETT o T2,
HERERAHR 5347 1T,
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%5345 NO x 2lHEHR

A 11 A16 H 11 A17H 11 20 H 11 A21H
HeE M) kW 1365 | 1950 | 1325 | 1930 | 1265 | 2020 | 1290 | 1885
[EILEYES min™ 192 220 190 218 190 220 190 218
NOx {2 ppm | 1178 | 1225 | 1458 | 1360 | 1356 | 1350 | 998 | 1007
02 R %vol | 12.60 | 12.72 | 12.69 | 12.85 | 12.75 | 12.89 | 12.71 | 12.80
NOx & g/kWh | 13.25 | 13.78 | 1596 | 15.00 | 15.00 | 14.83 | 11.15 | 11.19
NOx, E 3f# | gkWh 13.69 15.16 14.86 11.19
NOxHEH: #&
24 ¥ —o—ELEE |
—Oo—11H16H
——11817H
——11H20H
22 —0—11H21H [ |
~ 20 |
<
S
S
218 | FRHNE
'|§ﬂ' 15.04g/kWh
§16 /\
3 - |
=z
14 ®
12
— <
10
0 25 50 75 100 E3
HERE AR EE (%)

5344 NOx
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#53.4.6 Rl — X —E kK
EiRilRE! 11 A 16 H 11 A17H 11 A20H 11 A21H
Wk AED Fif I 7 KIS I FRIG I =R
A i ton 100 100 2000 2000
# K deg 82 15 195 235
J' 1 Ik Elayiic} Elayiic} el
B m/sec 10.0 15.0 10.0 7.0
R m 2.0 2.5 2.0 2.0
BRI == NI T 33.7 33.9 30.9 30.9 30.6 30.7 33.1 33.1
REE hPa 1013 | 1013 | 1018 | 1017 | 1022 | 1022 | 1020 | 1020
BRI =T hPa 1015 | 1015 | 1020 | 1019 | 1024 | 1024 | 1023 | 1022
1% B = AR e B2 % 22 21.2 17.9 18.6 18.8 17.0 18.7 18.5
5= S i} % 51.6 73.7 50.1 72.9 47.8 76.3 48.7 712
HeEH ) @ kW 1365 | 1950 | 1325 | 1930 | 1265 | 2020 | 1290 | 1885
EIESEY5S min” 192 220 190 218 190 220 190 218
®oA deg. 17.2 17.3 17.5 17.5 17.3 17.4 17.4 17.2
iy knot 11.0 14.0 12.0 14.5 12.0 14.0 12.0 14.0
7 v Bi& mm 40.0 48.5 39.0 48.4 38.7 50.1 38.4 47.8
fa XU MPa 0.06 0.12 0.06 0.12 0.06 0.13 0.06 0.12
o KUREE T 40 44 39 44 39 44 40 44
Vv H PR T 322 350 317 347 320 349 322 349
WAEHEA A HEIR T 382 402 374 395 377 397 382 400
G 1 PR T 333 320 327 314 326 314 330 318
T AR [ ok min™ 16400 | 21400 | 16000 | 21300 | 16000 | 21300 | 15900 | 21000
NOx & ppm 1178 | 1225 | 1458 | 1360 | 1356 | 1350 998 1007
02 R %vol 1260 | 12.72 | 12.69 | 12.85 | 12.75 | 12.89 | 12.71 | 12.80
NOx f& g/kWh | 1325 | 13.78 | 1596 | 15.00 | 15.00 | 14.83 | 11.15 | 11.19
NOx, E 31 g/kWh 13.69 15.16 14.86 11.19
SR IEL Bt IR 1] BTDC 5.70

1) B EEREE R a BB OB, T > 7 Bk & BB RIS 2 b HEE L 72 i,
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—o— [ FiBir HSEA A —— L8 BIAH B BsE
3000 — ~—O—11A168 30000 [— —o— 118168
1B ——11/178 |
2500 | —O0— 115208 P ~ —0—11/208 /
—o— 118218 £ 25000 | —— 118218
S 2000 @
=
= " -
R 1500 & 20000
kY /GP/ & /
% 1000 % -
| s 15000
500 |
0 10000
150 170 190 210 230 250 25 50 75 100
PR SRR (min ) BB E (%)
53.4.5(a) PEBIMEREELES 5.3.4.5(b) HERIVERE HHK
Pamrr— EE —e—fz Filt SYLH OB
025 — —©o—11816A 400 1 —©o—11A16A b
—— 118178 —— 118178 /
<020 | o y1g21m . —— 118218 /
g £ 360
~ 015 i /
H K
K010 | I
& < 320 g
| o7
0.05 300 —
0.00 280
25 50 75 100 25 50 75 100
HRAR R (%) HBARRTER (%)
%] 5.3.4. SAMERE LR 5.3.4.5(d BEBAMEBE s
5.3.4.5(c) REBAME
2005/11/20 —_NOx
2000 @— 20.00
1800 18.00
1600 | 1 16.00
1400 ¢ hem ety | 1400
’E 1200 12.00:0\
2 1000 1{ 10008
o N
Z 800 — = L = — { 800 ©
600 RIE >\ 50% 8 ff » § RIE /g 75%8E 5 > /\?&E 600
400 1 4.00
200 1 2.00
0 . . . 0.00
12:14 12:28 12:43 12:57 13:12 13:26 13:40 13:55 14:09
time
2005/11/20 ARRE —— AR R E
— HEERE —XKE
35  mmeam 1025
30 e e R o e LVl Pk miaua ok 10245
% 25 1 1024
% 20 | 1 1023.5§
é 15 1023 Jlui:(.
o WWWWW 1oz
5 4 1022
0 . . . . . . . 1021.5
12:14 12:28 12:43 12:57 13:12 13:26 13:40 13:55 14:09
time
53.4.6 FH3EFEEBR FHHIsT 7
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#5.3.47 NOx BEHROFFEMER

AZN—YIVERFRINFTURE (SEEREE)

Manufacturer B
Engine Type LH41L R ES LH41L-56 2005-11-16~215+:81
Mode E3 i Z=XRN

118168 118178 11820H 118218
ITEM 50% 75% 50% 75% 50% 75% 50% 75%
[EEEEK (min ) 192 220 190 218 190 220 190 218
H A (kW) 1365 1950 1325 1930 1265 2020 1290 1885
Ta(°C) 33.7 33.9 30.9 30.9 30.6 30.7 33.1 33.1
Pb(kPa) 101.3 101.3 101.8 101.7 102.2 102.2 | 102.0 102.0
Ra(%) 22.0 21.2 17.9 18.6 18.8 17.0 18.7 18.5
BB 2R E(ke/h) 257.4 363.3 250.4 359.6 239.6 376.3 2441 351.4
CO2(%)
CO(ppm)
HC(ppm)
NOx(ppm) wet | 1178 1225 1458 1360 1356 1350 998 1007 |*1
02(%) wet 12.6 12.72 12.69 12.85 12.75 12.89 12.71 12.8 |1
Tsc(°C) 40 44 39 44 39 40 40 44
Tsc—ref(°C) 40 44 39 44 39 40 40 44 *2
Pc(kPA) 161 221 161 221 161 231 161 221
PAFHAA B
CEE=%m/m) 86.9
HEF=%m/m) 12.4
SEH=(%m/m) 2.9
NEH=%m/m) 0.22
0EH=%m/m) 0.60
Pa(kPa) 5.231 5.289 4.467 4.467 4.391 4.416 5.058 5.058
Psc(kPa) 7.375 9.100 6.991 9.100 6.991 7.375 7.375 9.100
Ha(g/kg) 7.147 6.962 4.924 5.123 5.065 4.603 5.822 5.759
Hsc(g/kg) 29.86 26.71 28.24 26.71 28.24 20.51 29.86 26.71
EXHDENS 1.300 1.300 1.304 1.304 1.304 1.305 1.303 1.303
Kw,r 0.943 0.944 0.946 0.947 0.947 0.948 0.945 0.946
VEXHW(m3/h)
GEXHW(kg/h) 9905 14180 9706 14208 9352 14922 9478 13791
KHDIES 0.982 0.980 0.949 0.952 0.950 0.946 0.965 0.964
Gas mass(g/h) 18085 | 26873 | 21147 | 28951 18970 | 29963 | 14384 | 21102
Wi 0.23 0.77 0.23 0.77 0.23 0.77 0.23 0.77 %3
Mass Wi(g) 4160 20692 4364 22292 4363 23072 3308 16249
NOx{E(g/kWh) 13.25 13.78 15.96 15.00 15.00 14.83 11.15 11.19
NOx I BR{iE(g/kWh) 15.7
NOx#44ILiE | 13.69 | 15.16 | 14.86 [ 11.19

F

*1 NOx,02&E 2 )La=7HKIZDEwet&LT=,

*¥2 MMRBEDUIFLOREITEAEZTDLDELT -,

*3 MEPC49/22 Annex1”fit ENOXEEEFIEICRET 2H MRS A " Mio5I ALY,
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5.3.4.5 FEBI DI IR LA BE O H kI
AW 2003 45 1 IR L TE Y . 2005 4E 8 HIZHBIO R E A5 1T TV 5,
REN SRR A F TOTZEAR « BN E TR d,

1)

2)

5.3.4.6
1)

2)

3)

FERA D FRIH B L AR ]
T ekl A © 20024 94 5 H
T SN SR : 20034 1 H 9H
el - Gl © 20034 1H23H
TR © 20054 8 A
14E B £ TORIEHRRR ] o #5,400 RERE
2 - H F T ORREERIEH © 9 11,000 FER
1 5] B AR A % T o0 ERIRE ] © 915,300 HERE
BB D FE iR
LML B3R A £ COREBADBRBEIZ BT 2 BRI & TREITR T,
S NVS NSV ;2004 4 8 A
B © 20054F 8 H 7H
B A b SR : 200548 A 7H
D BTN : 20054 8 A 7H
PRAL P AZ : 20054 8 H 7H
R & R

FHAISAN7NO x|, E 3fEITHRKXME T, LHIEIRFD 110%RETH Y, F ke b, A
BHICFHEFOMIES 2 BETH L Z2 0N 8 THL L B2 5, £72. I MO OHHIE
W LTI 101% TH Y FRELMEOZR2VMETSH 5,

A B OFRT —H 11X 25~30% DT Y I NELTWD, T—FXDONNTYXORKNE LTIE, &
wwﬁmﬁg\%%@@%%ﬁ%ﬂ%@%lﬂ%z%hé#\%7~&&%ﬁ@%%@&£f
XRER 72N & Fe, BT XL EEL TS I Enb, SEIOFHINDIET —Z DN
ZYXORKREHET HZ LIXTE D o7,

Uha=7 vV ORELATICOWT

FERFHCOF THENIFICY 7Y V7T G ES | =3 /v A FoRA—y 7T r—H
DEZREMHLODE FIZYVa=TvrhaRE L, ZRUCLHDA—=Y T —nNEFEA L
MAEMRIND LV Z LT, ARARESHLADE I OMELZTH L, fik Ltmﬁ#&é
REBUFITY D RNE BB Lz, E2AR, AL CW@EL , Kt P
mH, BEURNOE— &ﬂ@ﬁ?éTﬂg#ELtoIiﬂliﬁ/#%%ﬁbﬂbtk%@
BEZ7RT, KENECPHICELIER A LN, 4%, Ko T 7Y v 7 ofr
EARLIL, 20X RGFNCRET I REENH T2 EEZLND, 20X L b8
E L, BIZIFKERAZ S L) e N—F2 WO T 570 EOXIROEX THLERH D &
o L7z,
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5347 B EERD AN LT & EOBT

5.3.5 MBI O

N O x FHUIRE OBREHI D B3 73T 2 AT78 5 7o OITIREL DT o TV B BR B L7243, S W HE B % ok
DRFERD Y | BRITLIMNIF 25T 0M T2 2 72705 72,

U723 C, BREHHIE 180 mm2/s & LT 5.3.5.1 IR THEEMEZ M H L TN O x fHEOfENT %1772
ol (BHROITFENH)

#5351 BREHMALS OHEE E

wooE glem’ (15°C) 0.9712
B R R mm?/ s 163.3
T B kJ/kg 42,879
BB kl/kg 40,610
Ko 4 % (m/m) 0.1
TR ¥ % (m/m) 2.9
o F# % (m/m) 86.9
Ko F#E % (m/m) 12.40
= F % (m/m) 0.22
e & % (m/m) 0.6

5.3.6  HffrAHl & OV 1 O RS

53.6.1 B4

ANIIEFNCZNC IR A ¥ 2 — DR T, L bR ORMEICTRREZIT ) &0 IR T
oo T, BRIZANZET DI ENHRE,  BEOSHTX. +RRORTERP o720 K
WO S Z LTS LTRSS 15,
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1) AR 8 MThiL T, IRMORER 4 [M531%, BEAHDARBIOE YO Axa ) <A
PRA—=2 T XD KEPIRA & B L5H7 — % RECTHRBR L /oo 7, FRakR 4 [0
R, AT IMO OBHHENIZINE > 72,

2) FHHlT — & O

(1)

(2)

(3)

(4)

IMO BiHifE 15.04g/kWh, 15% 74 17.30g/kWh 2 27 U 7 L Tz,

fBL 1 ~31HE TOMBIT, THRERGERIZEE L TWD 2, 5 4 BIHORERIE
TR T — % K0 30%RRERVVE L e > Tune,

T—H DL (FD 1)

FHEI 4 Bl 2 [B], NOx #HEl A — 7N K& 2R UIAA LR 8 - 7=,

* HEICREEIZEIE LTV,

¥ 2 LREIFFICIKFLZEALH -2 (1)

* KB, BEFOREITIIUIGAZITES . FHHZEEOBROBHE 1T 5 72,
ZHE NOx, O2 DFHAEEHMOBRETH L L EZ BN D,

T—H DL (D 2)

AR DR RERFENIT R ON VWA, NS T =2 OB LN S,

11 A 17 B D 50%aH017 — % GeékoZ£M) 126 /o580, RIEERIZ NOx fE
IREH TR ERLTREL TS, (BRHE 3. stlllT—% M)

fBL, 75%7 —% (&L M) Tk, ZOMEmITE LR,

* 11 H 17 BORKE EEEJEDOT —F OB A OFHHME X Y K& o7,
PERUE D1 R

ZERMEFREH N THHABRZFH L T, gEX T AERG0AZT v a=T b
FEREOX I -V E2HALT, HELFAILE,

BEBE 75%Efif T, 30~300mm A L 7 23 As B Y 13y L AR ACBIfR 72 < 20mm
T 100% A ff Tl 30mm ToH o 7z, [FRFICBEEAMERE LRI BN & bR S iz,

53.62 ASkoORE
ABlDT I ab—ra UlBREER LT, IRORREN K- 72,

(1)

(2)

(3)

(4)

(5)

NOx BV HOHANMETERSE : 02 DHIEMIZ—EL TWDHA, NOx D& H )
(ppm)ix. HRAIZETLTWD, SEIFHAIF 4 B TR Hodz, ZORRITHREF L7
DARATH T,
5% 4 BIOFHMED, tOFHAME L Y 30%RERVVETH 72, T OER KRG L7253
RATH -T2,
4 EIOFRERON, 2E (1 EIINOx 7—4, o 1 FEIL 027 —%) 12&, RERKET
BV,

VAT A LEONRTOREEME S H D5 NEER A TH -7,
AR DR T — 2 ODEAERBA LERERAAHTHL Z b, Yra=Ttr
P OGFHEERFENLE L E XD,
R 2 L= REETO PN a =7 OBEMERZITAIE. T—Z20iEno
FREEIX FTHE & fIBr LT 5,
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5.3.7 BbVIZ

A VEEDIR O L T D EH] RO/RO My Thd D4, AR OERRRHIA 1 B &8 M
ML HERENAHENDIDEH > TR SO EREERTLILE S H -T2,
FIAMOFHEDORZNEL H > TARBRO AR LY KIRIZENTLE o722, BRE DO~ D%
1 T EOBRET, MEPKERPRE-EZOEFFENTH ST,

Frio 7 WRME T 8 BTz HikR & 0 L CIEW /- [ZER A D 5 2 IZBHLHR L EiF 9,
FEFED 5 A L0 IMO OIEXZRBHINE S 2855 | WERIC b HET AHHIR 2k 9 & LT
DI, FEREIZY T TRILOFEER SV . 5 LB o TWRn, BV RVICHE/MTEZI &
X, HAROS 2O ZXZBEOBY & L BT 5,

- 114 -



1. IMO ¥ X b X & O

YUV EERAT O, K11 OXIRT X T EERG L, ZOT X7 2IE, FHEREICERY
T =774 R FIZEET HREE T, NOx/O2 & U3 ARIKITT # 72 DFEICEY A1 5T
%, MEPC49/22/Add.1 ANNEXS5 APPENDIX1 THIE S AL TV DELERD 10%70> 5 90% DAL E 2 & v
PHAFATEL L), 77X 7 X132 fE (220 mm - 360 mm) (i L7-, S BEIOE 3 #y 2541
TlE, 2055, BNHIZH-5220mm Db OEHRE LI~ o, £T7 X7 X CTHIGTX H1E
BIT, RLIEE01 OLBYTHD,

Flange
Adaptor (Short type) / M12 Nut/Bolt

Check valve  Teflon ©6/4 g? —[

_____

Calibration gas In

Cooling Air In Terminal Box

ziﬁl (=
Sensor Cable :@E

X1.1 &E-01Et L7 X% DK

#F1.1 BE-017 X 7 X OFEE

WMOTTHF ISR HA B34 7R wd HEEE

220 mm 100 mm~200 mum 02m~24m
360 mm 100 mm~~200 mm 1.5m~25m

- 115 -



2. FHAEEE (HAE. AMER, VR T L R%E)

faH L2 =7 ANOX, 02 HrikiE Iz oW\ T

DNa=7v I vV EHANET AR C AT U B PR S S HEN A DONOX,
OREDMENTEET, EFFA TOELHTHU T Y v 7EER L TOMEELFEB L TOET,

SEE
RERH X MR TA—EILIVSUMDDHH R +
(R F~1)—2 DEFER)
AR - EREEEW (NOX) 0~2000 ppm (A A 1 L EDBERIZT)
- B3 (0,) 0~25 vol%
#rE-REBEX |- EREHIEW(NOX) 0~5000 ppm. 1 ppm Zl&  (##H## ppm)
- B3 (0,) 0.00~50.00 vol%, 0.01vol%Zl| & (##.## vol %)
EEERK - BEXREK(ZEH)
s wUHEfHTETA@AVT a— A TWT R AER)
SR 2
JRIE: 2ILaA=F7(2r02) Y
tUHIRE: #9 800°C

- =D)L (BB
B4 —T )L (CVVS 2sq-6¢c $HY)
La—4&4—7 )L (MVVS0.5sq-2c $824)
BB —TJL(CVVS 2sq )
- BE (AR ER)
HEEARK-EOHEFIHT7E TR O6/ D4 F7OVE
(RIER. AFAZ 1K)
HERKGHED7) O6/04 4OV E
A—T4)T4 FHETIT7(02~09MPa) /A= RUAEIR BERER
SPAN AR (3R1EF) :NO #J 1500ppm/N2 (0.1MPa)
SPAN HRAGRIEFA):0, %3 13%vol/N2 (0.1MPa)

S ERH A - RAET—420H-AHH
DCO~5V.2 FvRJL 7FHOASTHH (NOL02 FE#E#HZ)
DC0/24V N—UREFZERIRREH A

- 7HagE AT ay)
BEEERMEHRICKS (BE. k. &, EER)

B5E AR #3950 kg (RUABRL) AT #EFS £ T 9 BE AT RE

&R %9 30kg, T&R: %9 20kg

oY EFITTE TS 5k g

ER 100 V=10% #9 0.5kVA
4
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PERE M OV 261

BEHE *2

- NOx AlEFEE

0~ 2000 ppm +40 ppmNOx LLIA
L 0, MEHE
0~ 25 vol% +0.5 vol% 02 LI
S & EE (T63) 07 HUT
(BERMEARE N2 DBRNUHR RN ARDSE N2 [THIYBZRBE.
RIS H R (L 2000 ppm NO FE71=(£ 4 vol% 02)
BR B4 B BEREAZ 1390 (BRREEFTH S &)
FERBLURERE |- £EEBANK
BEBEEE FHAK 5~45C, REHK -10~70°C
TEEECAERERE 80 % LIT AR
s oY

BIEHREE: -7~800°C (# 3£ 300~600°C)

LA EGERE N ER 500°C. ) —R#R 200°C.
a4 120°C, r—7JJL 80°C

Bt L& HaE LA

WATEILY: 40+=5N'm

it 4 Bh 6 B - 0~294 m/s2

REZ: BEORKRET
(BEEXT.MHAREE 80 %LU T)*

oY HREAM  KFEE

W F7HTHRE
EH

MAFT7ETIRGDEE~ADEARITIEEERD 10%~90%ZH 5 L3I
EEENSTISUCHETCDHARNRATREEZROTLEEW, HAIKRA4TD
RFEXDOT70 UL EELTLEZLY,

W75 T22752 2 :JIS5K65A

ARILEM12 4 4

2 REEH R

67 A.FIEGEEDFRMHICT) ER 500 Bl GBULWADHARM) *

HESMEX
FE

M o

%

(F. RWMGFINRETED LD, TEDLE TN K
RBEDLETEDBETEABEL LT,

—-=n
~aX

¥ = =
i = ]
= 40 _, &70) CF g
¥
. B (o] o 1 ) s o
—— [(— o
| == =] [ b | t
o ==
- D[I H d—g@1 7 =
= ﬁ =R E \‘

FtLfz. Ff=. MAROFIEILEZE



FHF— 5 (EF—4)

1) % 1EH
(£ : 50% B 1) (F @ 75%ETH)
2005/11/16
2000 20.00
_ 1500 1500 _
g‘ _g — nox
£ 1000 1000 &
3 S — 02
< 500 5.00
0 0.00
12:14 12:28 12:43 12:57 13:12 13:26 13:40 13:55 14:09
time
2) F2EH
(£ 1 50%F 1) (h @ 75%EAT)
2005/11/17
2000 20.00
. 1500 1500
g. _g — nox
£ 1000 1000 £
X S — 02
< 500 5.00
0 0.00
12:14 12:28 12:43 12557 13:12 13:26 13:40 13:55
time
3) % 3mlH
(£ : 50%E 1) (h @ 75%EAT)
2005/11/20
2000 20.00
_ 1500 15.00
§ E
£ 1000 1000 £ nox
° 8 —o02
< 500 5.00
0 0.00
12:14 12:28 12:43 12557 13:12 13:26 13:40 13:55 14:09
time
Vaivand
4) FH4RH
(/£ : 50%F ) @ 75%BA 1)
2005/11/21
2000 20.00
. 1500 1500
g T>:' —— nox
£ 1000 10.00 £
3 I —o02
c o
500 5.00
0 0.00
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5) BIET—#

no:1366 02:12.84%vol
no 02 error no |errp o2
11A16H 1362 12.79 -4 -0.05
1353 12.79 -13 -0.05
1393 12.78 27 -0.06
11A17H 1363 12.79 -3 -0.05
1374 12.80 8 -0.04
1351 12.78 -15 -0.06
11H20H 1362 12.79 -4 -0.05
1361 12.80 -5 -0.04
1370 12.77 4 -0.07
11H21H 1363 12.79 -3 -0.05
1372 12.80 6 -0.04
1368 12.78 2 -0.06
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6) FHAFEMT — 4
2005 4E 11 A 16 B OEHEIT—#

2005/11/16 — Nox
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£ 1000 e
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B
2005/11/16 50% &7 2005/11/16 75% &%
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125 PR /A 125 |
3 3
> >
& 12.60 % vol &
w120 11.51~12.80 120 f
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N o) 12.59~12.86
11.0 ‘ ‘ \ ‘ ‘ 11.0
12:48:58 12:51:50 12:54:43 125736 130029 13:03:22 13:06:14 132331 13:26:24 132917 133210 13:3502  13:37:55
BFl
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time
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13:17:46 132038 13:23:31 1322624  13:29:17  13:32:10
Bzl 5
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5.4 NOx {KBIEE D IMO A KT A L RIERK
541 Ui

IMO MARPOL 73/78 ANNEX VI 75 2005 4£ 5 2RI S, ZHUTEED B A BT A AR ke &
AU, 2005 4F 7 HITHR EBER T AP IEE T A BT A4 U B EIR &7z, 2005 4 2 HIZ B AR TOFELE Z 1
F AT 0 — BB D NOx B LEE S A7 5 CTdh D SCR REBEDO T A KT A4V AARERT
7 N Z&VERL L 2005 45 2 AIZBfE X472 IMO  DE48 (Z Information Paper & L CHEH L7z, ZhiZhl&
ot & NOx ML E & U CKEIELE, Ko~ ya VIEBOTA RT A4 VAREREZFERL T, FEO
A NERD, IMODHA RTA AMNERICEBRT 22 LA HME LT, Falll THEEXIZINALDON
A RTA U AARREZMEML T 2006 4F 4 HITHfE S D BLG 10 IZHEH L7z THET 5,

542 IMO IZH) 5 &

1998 AT BAME S 4L72 55 41 [8] IMO MEPC (R ERBEREZ B ) ([2B VT, Mians b D R&IG YL,
1EIZB39° % MARPOL $ifHJEEVICET 5 FRIZRT 52O T A F7 A4 AMERMPEE I,

ZOHA RTALOHRT 1| OBBERBREHEOY 7 ) U BT 20,4 R4 VRO 2 O b
NOx E=# U > 7 ROGEEEICET 204 RT A L OBMHENEWEWD Z LT, DE GREF#TH
INEBL) TERMEENED STz, BEHEY > 7 U 7 A KT A 1% 2002 4E 3 A IR S iz
47 [A] MEPC TG S 4L, NOx E=H U A R A 1% 2003 4F 7 A IZBilfee 4722 49 [F] MEPC
TR I NI,

Gl E R EBORD IR T 4 Ot EHERT APGAEE T A RT 4 O RT 7 MEKD DE TIThiL,
2L SOx FeBI BV CIRAR B 2 L 22V TG T 572D b D Th 5,

ZHUTHF L, BEIC SCR LAEEEE 235 L7 ians &5 Z L v, AARLE LT 3 Offt E NOx K8
ED 1 D& LT SCRITHIEET A BT A > OIERBLE L DBREN S A RTA D AAREZIE
% L. 2005 4E 2 HICBRE S N/Z5B 48 [MIDEICA v 7 4 A— g o~ i— =L LTI LT, &512,
AL NOx R4S & U COKMEHEE, K~y VEEEDTA RT A4 BARREER L T, 1
NHEENOD AL NEGDE L BT, RITA KT A MERIZH T > TOEA/RSTIG A FEL R AEE
L7,

No HA RTA fii =z

1 | Guidelines on representative samples of the fuel delivered for use | 2002 4£ 3 H MEPC47 TR
on-board ships

PRIGERVREH DY 7V U ZICET A A RI A~

2 | Guidelines for on-board NOx monitoring and recording devices 2003 4= 7 H MEPC49 TrKER
i ENOx E=4% UV LREREEDO A KT A4

3 | Guidelines on equivalent methods to reduce on-board NOx | 2006 4F 4 H BLG10 Tk /€

emission
i b NOx [RISFHIIT DT A R 74 >~
4 | Guidelines on on-board exhaust gas cleaning systems 2005 4~ 7 A MEPC53 THFR

in EPERT AP IEETA BT A~

5 | Guidelines on other technological methods verifiable or
enforceable to limit SOx emission

SOx #NZx UTHRGE £ 72138UT T & 2o i 7 k12 B
2HA KT
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5.4.3
N
1)

2)

3)

LT B VT — I A L X—
NOx IKIHEEE D H A RT A4 L DAKERT 7 b OVERREME
A KT A ARG
AR HE R S ATV D NOX IRIHEEE OIS L TE L WA KT A BRI OV TRET L
77

RZ 7 MERK

RO ARG A B 2 ﬁﬁéhk%h#ﬁﬁx%@%%ﬁ4F§4V1M0%7~ﬁ»
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ﬁ(X%~AA)k@ﬁﬁ@%ﬁ&_;é%ﬂﬁﬁ(X#~AB)®2ﬁﬂ®%77b%wm
L7,

B, M PR AYERIEE T A BT A 2 DIWEAE SCR IAHZEE T A N T A o B ARERIERIR & 1%
A KIEIZ A > > 7= DT, SCR BAHEEE T A KT A4 HARRIZOWTOSGETIR b ERKR L7,
IMO ~HAZE T 7 Mz

BLGIO ~MER L7 R 7 F&EM L, FEOI AL b E2RDDFHEE EITo72,

ToHY ., 1ER B L OVFERE A K 5431 1TRT,
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544 A RTA4 2 AERZEERK
2005 4 7 A IZBAfE S 4172 IMO MEPCS3(VHFBREEfReE 2 B2 THRIR &7z EGCS-SOx HERUE 44
BD A FF A »“GUIDELINE FOR EXHAUST GAS-SOx CLEANING SYSTEMS — MARPOL ANNEX
VI, REGULATION 14(4)(By’ & AL LT, AFTDOBZFTHARRERT 7 N&fiHE LT,
EGCS-SOx HERUBEHEIEE DT A KT A &AL L SOx & NOx IZZEE T 5 & & 412, Wash Water,
Wash Water Monitor }z2 (X Wash Water Residues D IE } TN NOx (Z BEf% L 722 W Rk &5 2 HilBs L 7=,
EGCS-SOx #ERIEHIEE DT A KT A > LRBRIZ, HERERBRIC X 238551 & B O MEE ST
BB abE A (AF—LA) LEREEEHIEC LR (RF—LB) 02 R4
DA KT &T 5,
KU GG E K OVK =~ L ¥ g IR E TR E & LU CEBNC R AGREE =2 5 Fik (Z 2Tl
AT LRT) CHBIHAR O I L B L CRREEE T A 5E (Z 2T BT LT o2
—2ADHA RTA LV EEAER L, 5% D BLG TOFBEDPH TEL LIZTDNRET D,
NOx BI# D FHA FIES X NOx 77 = a— REO ERHAEICOWTOTA RT A4
“Guidelines for On-board NOx Verification Procedure — Direct Measurement and Monitoring Method,
MEPC49/22/Add. 1ANNEX5” % JEA L LT, 1SO 8178-1 IHERBEHMEHAl 5 138 H AR K UL
TR OB ERER) 3BT LT,
g EHAT 22 SRR IEAT SRGE L 720, 13%HBFNOX(ppm) D FHHI 5 15 % i EEHICREAREEE L, 20
0, 13%HHENOx(ppm) & NOx(g/kWh) D Iz >\ Ch gk L7z,
IKWEH R OKR T~ Ly g VBB ZHH Lz & & OPFR T A B RO E AR Y fHERKIC OV TRE
ik L7z,

IO TR LTE A T4 AARIT, UTFTORETHEIWTWD, ThEMIZLtbDor
TR LIRS, B, T I TIIKEN AT ADOGEEERF L LTRT,
cHEE L U ONAREE AT 55
INTRODUCTION
KM S 1 SNOX BRI 2 i i 9- 5 72 0 O fi ENOXFISHI DO — HiETH D | AKEFHTITN
KODDOFERS LD Z LaFlik Lc, TOWZER 212 T, KEFNEBEII T A—4—L
PER A A DRRGEE 72138k T =% — CRlRES L, £72. 0y 13%HENOx(ppm) D FHHI 5 14 %
i EEHEICRE A RTEEC B B BRTHE L7z,
SAFETY NOTE
AR, FHENCER L TOREICHOVW TR LT,
SCHEME A — WIS TYPE APPROVAL AND CERTIFICATION
EORIAGRGE & IR OWTREHE L7,

1 GENERAL
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KA RTAOBEBY, #HEO ppm DEFRIZ OV TRidH LT,

1 Purpose
2 Application
3 Definitions

2 SURVEY AND CERTIFICATION

REE T 2 FNARLCAKEH L E O FIf ~ = 2 7 MZ oW TR L7,

1 General
2 Procedures with the certification of a WIS
3 WIS Technical Manual

3 EMISSION LIMIT

ity b CONOxFHII T . Oy 13%HHENOX(ppm) T D FHH BEH] 23 72 TSI > W CRedk L7z,

4 APPROVAL OF WIS

HLE TORERE, Fik - AREDFEFOERE O G 1IME 2 OFER £ £ L2V TORERE, v U —X
DIEE DA K, P /N DOEEDOT A ML DA Z T T v ) — X3EE 1 IH % D

AR 2 it L 72 W CORERERTRE D Re#l & L7,
1 Unit approval
2 Serially manufactured units
3 Product range approval
5 EMISSION TESTING
RHARF OFHTT 1A, FIEFIZOW TR L7,

6 PROCEDURES FOR DEMONSTRATING COMPLIANCE WITH EMISSION LIMIT ON BOARD

iy ECHBMEZ S L T\WD Z &Rt FIRIC O TR L7,

SCHEME B — CONTINOUS MONITORING OF NOx EMISSIONS

F=H Y U TEBENTEEITICRIEZZIT TS Z & REETED X 5 ITHBI 2R L7z,
% OFEW % 7779 NOx Compliance Plan 23 B Th 5 Bt L7z, T=% U » JLSMNIAF— L4

ALFIC LY RANEIZZR> TV D,
7 GENERAL
8 EXHAUST GAS MEASUREMENT
9 CALCULATION OF EMISSION RATE
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INTERNATIONAL MARITIME ORGANIZATION

SUB-COMMITTEE ON BULK LIQUIDS BLG 10/12/2
AND GASES 23 December 2005
10th session Original: ENGLISH

Agenda item 12

GUIDELINES ON EQUIVALENT METHODS TO REDUCE ON-BOARD NOx
EMISSION

Investigation for draft guidelines for MARPOL Annex VI, regulation 13(3)(b)(ii)
Water Injection Systems and Water Emulsified Fuel Systems

Submitted by Japan

SUMMARY

Executive summary: This document provides the proposal of the draft guidelines for water
injection systems (WIS) and water emulsified fuel systems (WEFS)
related to regulation 13(3)(b)(ii) of MARPOL Annex VI. This work
has been included in the work programme of the BLG Sub-Committee
but the work has not yet been initiated. Considering that vessels with
WIS and WEFS are already running. the guidelines should be
established for the WIS and WEFS as soon as possible. This
document should be used as draft WIS and WEFS guidelines to be
developed by the Sub-Committee to speed up the work.

Action to be taken: Paragraph 3

Related documents: MEPC 51/4/1, MEPC 53/4/15, MEPC 53/24 and BLG 10/12/1

Background

1 The Marine Environment Protection Comunittee, at its fifty-first session. agreed to change
the priority for development of the Guidelines related to the implementation of the
NOx Technical Code from low to high. Accordingly, the MEPC 53 considered the submission
by Japan (MEPC 53/4/15) containing a proposal for marine selective catalytic reduction (SCR)
systems and decided that the Japanese proposal should be taken into account by BLG 10 in its
development of the Guidelines on equivalent methods to reduce on-board NOx emissions.

Purpose

2 In order to facilitate the work of the Sub-Committee on these issues. Japan has drafted the
guidelines on the WIS and WEFS systems. These drafts are basically arranged using the
Guidelines on on-board exhaust gas cleaning systems (EGCS-SOx). which was adopted by
MEPC 53. Two versions of each guidelines are prepared for WIS and WEFS. One is for the
type approval of system (Part A) and the other is for the approval as a part of diesel engine (Part B).

For reasons of economy, this document is printed in a limited number. Delegates are
kindly asked to bring their copies to meetings and not to request additional copies.
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Action requested of the Sub-Committee

3 The Sub-Committee 1s invited to consider these draft Guidelines for WIS and WEFS
attached as annexes to this document and take action as appropriate.

ks
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ANNEX 1
DRAFT for the type approval of system (Part A)

GUIDELINES FOR WATER INJECTION SYSTEMS —
MARPOL ANNEX VI, REGULATION 13(3)(b)(ii)
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DRAFT for the type approval of system (Part A)

GUIDELINES FOR WATER INJECTION SYSTEMS —
MARPOL ANNEX VI, REGULATION 13(3)(b)(ii)

INTRODUCTION

Regulation 13(3) of Annex VI to MARPOL 73/78 requires ships to comply with the
NOx limit either by diesel engine itself. an exhaust gas cleaning system or any other equivalent
method to reduce NOX emission. Water injection system (WIS) is one of the equivalent method
and has some method to inject water into the diesel engine: for example. water injection before
compressor inlet of turbocharger. before or after inter cooler. or direct injection into cylinders
through injection nozzles. WIS is defined as a water supply system into the diesel engine up to
water injectors in these guidelines. The WIS is to be approved by the Administration taking into
account guidelines to be developed by the Organization.

Similar to an exhaust gas cleaning system (EGCS-SOx)., WIS may be type approved
subject to periodic parameter and emission checks or the system may be equipped with a
confinuous emission monitoring system. These guidelines have been developed with the
intention of being objective and performance oriented. Introduction of the O, 13% converted
NOx (ppm) method would simplify the monitoring of NOx emission. See Appendix 1 for the
rational explaining the use of Os 13% converted NOx (ppm) as the basis for system monitoring.

These guidelines are recommendatory in nature. however, Administrations are invited to
base their implementation on these guidelines.

SAFETY NOTE

Due attention is to be given to the safety implications related to the handling and
proximity of exhaust gases. the measurement equipment and the storage and use of cylindered
pure and calibration gases. Sampling positions and access staging should be such that this
monitoring may be performed safely.
SCHEME A — WIS TYPE APPROVAL AND CERTIFICATION

Unit certification of Water Injection System (WIS) by the Administration should be made
with subsequent in service verification at survey intervals by indirect means together with unit
use monitoring.
1 GENERAL
1.1 Purpose

The purpose of these Guidelines is to specify the requirements for the design. testing.
survey and certification of water injection system (WIS) to ensure that they comply with the
requirements of regulation 13(3)(b)(i1) of Amnex VI of MARPOL 73/78.
1.2 Application

1.2.1 These Guidelines apply to WIS as fitted to a diesel engine onboard a ship.

IABLG\10M2-2 doc
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1.2.2 These Guidelines cover only the certification. survey. and testing of WIS for compliance
with regulation 13(3)(b)(i1) of Annex VI.

1.3 Definitions

“ppm’” means “parts per million™. It is assumed that ppm is measured by gas analysers on
a molar basis, assuming ideal micro-moles of substance per mole of total amount (umol/mol), but
ppm is used in order to be consistent with units in the NOx Technical Code.
2 SURVEY AND CERTIFICATION
2.1 General

2.1.1 Prior to use. each WIS should be issued by the Administration with a NOx Assist
Compliance Certificate (NACC).

2.1.2 WIS as fitted should be subject to survey on installation and at Initial,
Amual/Intermediate and Renewals Surveys by the Administration.

2.1.3 The ship’s NACC should be duly endorsed at each survey as required by 2.1.2.

2.1.4 In accordance with regulation 10. WIS may also be subject to survey by PSC.

2.2 Procedures for the certification of a WIS

2.2.1 1In order to meet the requirements of 2.1.1 either prior to. or after installation on board.
each WIS should be certified as meeting the emission limit of Regulation 13(3)(a) under the
restrictions as given by the WIS Technical Manual (WITM) as approved by the Administration.

2.2.2 Determination of the emission value should be in accordance with the provisions of these
Guidelines.

2.2.3 WIS meeting the requirements of 2.2.1 should be issued by the Administration with a
NACC.

2.2.4 Application for a NACC should be made by the WIS manufacturer. shipowner or other
party.

2.2.5 Subsequent WIS of the same design and rating as that certified under 2.2.1 may be issued
with NACC by the Administration without the need for testing in accordance with 2.2.1 subject
to section 4.2 of these Guidelines.

2.2.6 WIS of the same design. but with ratings different from that certified under 2.2.1 may be
accepted by the Administration subject to section 4.3 of these Guidelines.

2.3 WIS Technical Manual

2.3.1 Each WIS is to be supplied with a WIS Technical Manual (WITM). This WITM should,
as a minimum, contain the following information:

IABLG\1042-2 doc
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the identification of the unit (manufacturer, model/type, serial number and other
details as necessary) including a description of the unit and any required ancillary

systems;

the operating limits, or range of operating values, for which the unit is certified.
These should. as a minimum, include:

(1) Type of WIS and water injection position:

(i1) the power. type. and other relevant parameters of diesel engine for which
the WIS is to be fitted;

(i)  maximum and minimum water flow rate:

(iv)  salinity levels or fresh water elements necessary to provide adequate
neutralizing agents: and

(v) other factors in concerning the design and operation of the WIS relevant to
achieving a maximum emission value no higher than Regulation 13(3)(a):

any requirements or restrictions applicable to the WIS or associated equipment
necessary to enable the unit to achieve a maximum emission value no higher than
Regulation 13(3)(a):

maintenance, service or adjustment requirements in order that the WIS
can continue to achieve a maximum emission value no higher than

Regulation 13(3)(a);

the means by which the WIS is to be surveyed to ensure that its performance is
maintained and that the unit is used as required (see section 6);

the effect on water quality:
design requirements of the water injection system: and

the NACC as applicable.

2.3.2 The WITM should be approved by the Admunistration.

2.3.3 The WITM should be retained onboard the ship onto which the WIS is fitted. The WITM
should be available for surveys as required.

2.3.4 Additions, deletions or amendments to the WITM should be approved by the
Administration. Where additions, deletions or amendments to the WITM are separate to the
WITM as initially approved. they should be retained with the WITM and should be considered as
part of the WITM.

2.3.5 In lieu of the maximum emission rate stipulated in 2.3.1(b) (v) of Regulation 13(3)(a).
03 13% converted NOx (ppm) of equivalent to 13(3)(a) measured at downstream of engine may
be used. O, 13% converted NOx (ppm) of equivalent to 13(3)(a) is explained in Appendix 2.

IABLGV10V12-2.doc
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3 EMISSION LIMIT

3.1 Each WIS should be capable of reducing emissions to no more than Regulation 13(3)(a)
when operated in accordance with the criteria as given within 2.3.1(b) and as specified in
paragraphs 3.2 through 3.6 of these Guidelines.

32 WIS fitted to main propulsion diesel engines should meet the requirements of 3.1 by the
test cycle which is described in the sections 5 and 6 of NOx Technical Code.

33 WIS fitted to auxiliary diesel engines should meet the requirements of 3.1 by the test
cycle which is described in the chapters 5 and 6 of NOx Technical Code.

34 WIS fitted to diesel engines which supply power for both main propulsion and auxiliary
purposes should meet the requirements of 3.3.

35 In order to demonstrate performance. the method of emission measurements should be
referred “Guidelines for On-board NOx Verification Procedure — Direct Measurement and
Monitoring Method, MEPC49/22/Add.1. annex 5.

3.6 Alternatively to the provisions of 3.2-3.5, each WIS should be capable of reducing
emissions to no more than O; 13% converted NOx (ppm) of equivalent to 13(3)(a) when
operated in accordance with the criteria as given within 2.3.1(b) and 2.3.4.

4 APPROVAL OF WIS
4.1 Unit approval

4.1.1 WIS should be capable of meeting the limit value of Regulation 13(3)(a) or the equivalent
0.13% converted NOx (ppm) to 13(3)(a) for each mode and for the range of operating
parameters. as listed in 2.3.1(b). for which they are to be approved.

4.1.2 The maximum and. if applicable, minimum fuel oil and water injection flow rates of the
unit should be stated. The effect of variation of the other parameters defined in 2.3.1(b) should
be justified by the equipment manufacturer. The effect of variations in these factors is to be
assessed by testing or otherwise as appropriate. No variation in these factors. or combination of
variations in these factors, should be such that the emission value of the WIS would be in excess
of Regulation 13(3)(a) or the equivalent O 13% converted NOx (ppm) to 13(3)(a) for each mode.

4.1.3 Data obtained in accordance with this section should be submitted to the Adnunistration
for approval together with the WITM.

4.2 Serially manufactured units

In the case of nominally similar WIS of the same fuel oil and water injection flow ratings
as that certified under 4.1. and to avoid the testing in accordance with 2.2.1 each WIS. the
equipment manufacturer may submit. for acceptance by the Administration. a conformity of
production arrangement. The certification of each WIS unit under this arrangement should be
subject to such surveys that the Administration may consider necessary as to assure that each
WIS has an emission value of not more than Regulation 13(3)(a) or the equivalent O, 13%
converted NOx (ppm) to 13(3)(a) for each mode when operated in accordance with the
parameters defined in 2.3.1(b).

INBLG\10412-2 doc
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4.3 Product range approval

4.3.1 In the case of WIS of the same design. but of different maximum fuel flow and water
injection flow capacities. the Administration may accept, in lieu of tests on WIS of all capacities
in accordance with section 4.1. tests of WIS systems of three different capacities provided that
the three tests are performed at intervals including the highest, lowest and one intermediate
capacify rating within the range.

4.3.2 Where there are significant differences in the design of WIS of different capacities. this
procedure should not be applied unless it can be shown, to the satisfaction of the Administration,
that in practice those differences do not materially alter the performance between the various
WIS types.

4.3.3 For WIS of different capacities, the sensitivity to diesel engine to which they are fitted
should be detailed together with sensitivity to the variations in the parameters listed in 2.3.1(b).
This should be on the basis of testing, or other data as appropriate.

4.3.4 The effect of changes of WIS capacity on injection water characterization should be
detailed.

4.3.5 All supporting data obtained in accordance with this section. together with the WITM for
each capacity unit, should be submitted to the Administration in accordance with 4.1.3.

4.3.6 If there is a data with units of O2 13% converted NOx (ppm) and g/kWh by the
measurement procedure of NOx Technical Code, O, 13% converted NOx (ppm) may be used for
emission limit value specified in 4.1 to 4.3 above.

5 EMISSION TESTING

5.1 Emission testing should follow the requirements of the NOx Technical Code. chapter 5,
and associated Appendices, and “Guidelines for On-board NOx Verification Procedure — Direct
Measurement and Monitoring Method. MEPC49/22/Add.1. annex 5. except as provided for in
these Guidelines.

52 NOx should be measured on a dry or wet basis using analysers operating on CLD, HCLD
or ZRDO (Zirconia sensor) principles and with additional equipment such as dryers as necessary.
Other systems or analysers may be accepted. subject to the approval of the Administration,
provided they yield equivalent results to those of the equipment referenced above.

53 An exhaust gas sample for NOx should be obtained from a representative sampling point
defined in sections 5.9.3 and 6.3.5 of NOx Technical Code.

5.4 NOx should be monitored on-line using either cross-duct or extractive sample systems.

5.5 Where NOx is measured by a cross-duct system. the water content in the exhaust gas
stream at that point is also to be determined in order to correct the reading to a dry basis value.

5.6 Where the exhaust gas mass flow is to be calculated in accordance with the
NOx Technical Code, Appendix 6. the complete combustion case calculations may be used. The
exhaust gas mass flow (Geyaw) should be determined in respect of the mass flow from the engine
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exhaust outlet. Furthermore, the water injected flow rate should be considered for Exhaust flow
rate and calculation of the dry to wet correction factor Ky by Appendix 3.

5.7 In applying the NOx Technical Code. equation 15. the dry basis NOx concentration
should be converted to a wet basis value using the dry/wet correction factor applicable to the
exhaust gas from the engine exhaust outlet (NOx Technical Code, equation 11, CO = 0).

5.8 The power should be the uncorrected engine brake power.
5.9 The determined emission value should be equal to. or less than, Regulation 13(3)(a).

5.10 In lieu of the testing procedure laid down in 5.6 to 5.7 and 5.8, compliance may be
demonstrated by continuous monitoring of NOx and O» concentration from the engine exhaust
outlet and demonstrating that the O; 13% converted NOx (ppm), at each test point is equal to or
less than the equivalent O, 13% converted NOx (ppm) to 13(3)(a).

5.11 Should the O; 13% converted NOxX (ppm) method be used:

(a) The conditions stipulated in 5.4 and 5.5 should also apply to the measurement of
(O (%0) and it is recommended that NOx and O; samples should be obtained at the
same location.

(b) Measurement of O» should either be carried out above the respective dew points
or on a fully dry basis recognizing that the conditions stipulated in 5.6 to 5.8
should also apply to the measurement of O (%o).

(c) Calculation of the O» 13% converted NOx (ppm) as defined in the following
should comply with the requirements of Scheme B. section 9.

0,(21%)-0,(13%)
| 02(2]%]— OZ{Measured by %)

0, 13% converted NOX(ppm) = NOx(Measured by ppm)

6 PROCEDURES FOR DEMONSTRATING COMPLIANCE WITH EMISSION
LIMIT ON BOARD

6.1 For each WIS, the WITM should contain a verification procedure for use at surveys as
required. This procedure should not require specialized equipment or an in depth knowledge of
the system. Where particular devices are required they should be provided and maintained as
part of the system. WIS should be designed in such a way as to facilitate inspection as required.
The basis of this verification procedure is that if all relevant components and operating values or
settings are within those as approved. then the performance of the WIS system is within that
required without the need for actual exhaust emission measurements. It is also necessary to
ensure that the WIS is fitted to a diesel engine for which it is rated.

6.2 Included in the verification procedure should be all components and operating values or
settings which may affect the operation of the WIS and its ability to meet the required emission
limit.

6.3 The verification procedure should be submitted by the WIS manufacturer and approved

by the Administration.
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6.4 The verification procedure should cover both a documentation check and a physical check
of the WIS.

6.5 The Surveyor should verify that each WIS is installed in accordance with the WITM and
has a NACC as required.

6.6 At the discretion of the Administration. the Surveyor should have the option of checking
one or all of the identified components. operating values or settings. Where there is more than
one WIS, the Administration may. at its discretion. abbreviate or reduce the extent of the survey
on board however the entire survey should be completed for at least one of each type of WIS on
board provided that it is expected that the other WIS perform in the same manner.

6.7 The WIS should include means to automatically record when the system is in use. This
should automatically record. as a minimum, injection water and fuel oil flow rate or rate between
injection water flow rate and fuel oil flow rate at the WIS inlet connection. diesel engine load.
and other parameters as considered necessary. The data recording system should comply with
the requirements of Scheme B. sections 11 and 12.

6.8 If a continuous exhaust gas monitoring system is not fitted. it is recommended that a daily
spot check of the exhaust gas quality in terms of O2 13% converted NOx (ppm). is used to verify
compliance in conjunction with parameter checks stipulated in 6.7. If a continuous exhaust gas
monitoring system is fitted. only daily spot checks of the parameters listed in paragraph 6.7
would be needed to verify proper operation of the WIS.

6.9 If the WIS manufacturer is unable to provide assurance that the WIS will meet the limit
value of Regulation 13(3)(a) or the equivalent O, 13% converted NOx (ppm) to 13(3)(a) for each
mode between surveys. by means of the verification procedure stipulated in 6.1, or if this requires
specialist equipment or in-depth knowledge. it is recommended that continuous exhaust gas
monitoring of each WIS be used to assure ship operators of compliance when operating and in
the event of port State authority inspection.

6.10 A WIS Record Book should be maintained by the shipowner recording maintenance and
service of the unit. The form of this record should be submitted by the WIS manufacturer and
approved by the Administration. This record book should be available at surveys as required and
may be read in conjunction with engine room log-books and other data as necessary to confirm
the correction operation of the WIS. Alternatively. this information is to be recorded in the
vessel’s planned maintenance record system as approved by the Administration.

SCHEME B — CONTINUOUS MONITORING OF NOx EMISSIONS

Compliance demonstrated in service by continuous exhaust gas monitoring. Monitoring
system should be approved by the Administration and the results of that monitoring available to
the Administration as necessary to demonstrate compliance as required.

Additionally for all ships which are to use a WIS in order to comply with the
requirements of regulation 13(3) there should be a NOx Compliance Plan (NCP) for the ship.
approved by the Administration. detailing how:

(a) comipliance is to be achieved:

(b) that compliance is to be demonstrated.
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7 GENERAL

This Scheme should be used to demonstrate that the emissions from a diesel engine fitted
with a WIS will, with that system in operation, result in an emission value of Oz 13% converted
NOx (ppm) below the equivalent O, 13% converted NOx (ppm) to 13(3)(a) and thus compliance
with the requirements of regulation 13(3)(b)(i1) of Annex VI of MARPOL 73/78.

8 EXHAUST GAS MEASUREMENT

Exhaust gas composition. NOx and O, measurement should be at an appropriate position
at engine exhaust outlet and comply with the requirements of 5.2 and 5.9, Scheme A.

9 CALCULATION OF EMISSION RATE

9.1 NOx (ppm) and O; (%) to be continuously monitored and recorded onto a data recording
and processing device at a rate which should not be less than 0.005 Hz.

92 If more than one analyser is to be used to determine the Oz 13% converted, these should
be tuned to have similar sampling and measurement times and the data oufputs aligned so that the
O 13% converted is fully representative of the exhaust gas composition.

10 DATA RECORDING AND PROCESSING DEVICE

10.1 The recording and processing device should be of robust, tamper proof design with read
only capability.

10.2 The recording and processing device should record the data required by section 10.1
against UTC.

10.3 The recording and processing device should be capable of preparing reports over
specified time periods.

10.4 Data should be retained for a period of not less than 18 months from the date of
recording. If the unit is changed over that period, the shipowner should ensure that the required
data is retained onboard and available as required.

10.5 The device should be capable of downloading a copy of the recorded data and reports in a
readily useable format. Such copy of the data and reports should be available to the
Administration or port State authority as requested.

11 ON-BOARD MONITORING MANUAL

An On-board Monitoring Manual (OMM) should be referred “Guidelines for On-board NOx
Verification Procedure — Direct Measurement and Monitoring Method, MEPC49/22/Add.1,
annex 57

12 NOx COMPLIANCE PLAN (NCP)
For all ships which are to use a WIS, in order to comply with the requirements of

regulation 13(3) there should be a NOx Compliance Plan (NCP) for the ship. approved by the
Administration.
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13 SHIP COMPLIANCE

13.1 The NCP should list each item of diesel engine which is to meet the requirements for
operating by means of an approved WIS.

13.2 Under Scheme A. the NCP should present daily recordings demonstrating that the
parameters in paragraph 6.7 are maintained within the manufacturer’s recommended
specifications.

13.3 Under Scheme B. the NCP should present continuous monitoring demonstrating that the
O, 13% converted NOx (ppm) does not exceed the equivalent O, 13% converted NOx (ppm)
to 13(3)(a).

13.4  Ship construction requirements generally require that each diesel engine should have its
own exhaust gas system venting to the atmosphere. Therefore compliance by the ship may be
demonstrated by each diesel engine meeting the requirements of either Scheme A or Scheme B.

13.5 If each diesel engine meets the requirements of either regulation 13(3)(a) or 13(3)(b)(ii)
the ship is considered to be in compliance with the requirements.

14 DEMONSTRATION OF COMPLIANCE

14.1  The NCP should refer to, not reproduce, the WITM and Record Book as specified under
that Scheme. Alternatively, this information is to be recorded in the ship's planned Maintenance
Record System. as allowed by the Administration.

14.2  For all diesel engine listed under 13.1. details should be provided demonstrating that the
rating and restrictions for the WIS as approved, 2.3.1(b). are complied with.

14.3 The injection water and fuel oil flow rate or rate between injection water flow rate and
fuel oil flow rate at the WIS inlet connection. diesel engine load. and other parameters as
considered necessary, should be monitored and recorded continuously in order to demonstrate
compliance.

14.4 The NCP should refer to the On-board Monitoring Manual as approved by the
Administration and the input data and resulting reports.

I:BLG\10412-2 doc

- 156 -



BLG 10/12/2
ANNEX 1
Page 12

Appendix 1
NOx Monitoring Method

1 NOx emission in g'lkWh and O, 13% converted NOx in ppm can be derived in the following
equations respectively.
Note that the condition of the NOx and O; concentrations is wet basis in this Appendix. If
the NOx and O, are measured on a dry basis. these dry basis data should be converted to data
on a wet basis by dry/wet correction factor:

B Gy g 1 ] 1

NOx[ g/ kWh] =K ... . » NOx x107° x 2053[g/m’]x . !

NOx[g 1= K apres Tppm] Hg/m] Poalkg/n’] W, [kW] W
0.21-0.13

NOx13[ ppm] = K g = ‘Nw'[ppﬂi]xm @

where:

Kapies = humidity correction factor

NOx [ppm] = NOx concentration in exhaust gas (wet basis)
2053 [g/m’] = density of NOx

Grygw = exhaust gas mass flow rate (wet basis)

P.., = density of exhaust gas

O o = concentration of oxygen in exhaust gas (wet basis)
W}, = output

These equations may be expressed by eliminating the commeon members as follows:

NOx[ g/ kWh] ~2053x10™ x ZEH7 1,3 1 1

1
— 3)
021-0.13
NOx13| ppm]|~ — 4
[ppm] 021-0, _, 4)
On the other hand, oxygen consumption rate can be derived as follows.

Fr b b, xW, ( by 224
o, .. :—fLa+—Pnlo]: el La +—J>< [m’ / 1] (5)

- M.\ 4 M, 4 ) 1000

where,
b. = specific fuel consumption [g/kWh]
F;= fuel oil consumption rate [g/h]
CoHp = molecular formula of fuel oil
M= molecular weight of fuel oil [g/mol]

If fuel oil is composed of carbon and hydrogen. the molecular weight can be expressed as
(12.001a + 1.007945) [g/mol]. Then. formula (5) can be expressed in the following:

| 224
b rx
[ 12.001+1.00794(b/a) | 1000

[/ B] (6)

b xW, ( \ ( ,
o, = X T, ) b <, 1+0.25(b/a)
- 12.001a +1.00794b |
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NOx emission in g'kWh with equation (1) can be changed by (6) as follows:

G 1
NOx[ g/ kWh] = K ypzs * NOx[ ppm]x107° x 2053[g /m’ ]« mx?
exh b

2053 021-0.13 ,  1+025(b/a) 224

0.21-0.130.21-0, _, °12.001+1.00794(b/a) 1000
2053 0%y 1+0.25(b/a) (224

= K spmes % NOx ppm] <107 x

=NOx13x

0.21-0.13 °12.001+1.00794(b/a) 1000
__ 2053 224 .. 1+0.25(b/a) <, % NOx13
0.21-0.13 " 1000 12.001+1.00794(b/a)

(7)

o = 2053 224 0 ®
0.21-0.13 1000
1+0.25(b/a

o (b/a) ©)

T 12.001+1.00794(/ a)

As @, a, are constant, NOx in g/kWh can be correlated with NOx13 in ppm and specific
fuel consumption b,.

2 The correlation between NOx [g/kWh] and NOx13 [ppm] has been examined by using test
bed measurement data and on-board measurement data. The result is shown in the following

figure.
From the figure, the difference between NOx [g/kWh] and NOx13 [ppm] is within almost

+ 15%. Then, NOx13 [ppm] can be used the NOx monitoring method on-board

measurement.
@ On board_RM_1 ,"'T 15%
@ On board_RM_2 A |
A 0On board_RM_3 O &P 9115%1
25 p | o Onboard_RM_4 ‘ a g
 On board_RM_5 R - 17| Conditions ;
x Test bed_DM_1 o - "
= Test bed_DM_2 ‘6:;'0-3 Fuel
20 || &Testbed DM"3 ¥
= o On board_DM_1 i & > ",‘ RM; DM
219paints ¥ hor”
= L 3 , Test site
»
Q 1, el Test bed,
1 r ol On-board
50
T Z7\ Load Factor
2 MO [gf KOh]=1,188837E- 02« NO13 [ppm] 25~100%
0 . . :
Q 500 1000 1500 2000 2500

NOx13 [ppim)]
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Appendix 2
The NOx (g¢/kWh) to Equivalent Oz 13% Converted NOx (ppm)

NOx in g'lkWh can be correlated with O, 13% converted NOx in ppm as follows from Appendix 1.

NO[g/ kWh] = —2293 224 147« 1+0.25(b/a) x b, x NOx13
0.21-0.13 1000 12.001+1.00794(b/ a)
where.
2053 22.4
an = x
0.21-0.13 1000
_ 1+0.25(b/a)
12.001+1.00794(b/ a)

b, 1 specific fuel consumption.

%107 : constant

o, : constant

Though having many different physical characteristics. fuel oil mainly consist of hydrocarbons.

e.g. CisHia. And the specific fuel consumption influences on NOx conversion. the correlation
between NOx (g/kWh) and Oz 13% converted NOx (ppm) can be shown as follows due to the
specific consumption level.

(1) b, > 210g/kWh
NOx (g'kWh) = 0.013*NOx13 (ppm)
Therefore. O2 13% converted NOx (ppm) of equivalent to 13(3)(a) can be derived as:
NOx13gec (ppm) = 1/0.013*¥*NOxgec (g/kWh)
(i1) 210 = b, > 190g/kWh
NOx (g'/kWh) = 0.012*NOx13 (ppm)
Therefore. O; 13% converted NOx (ppm) of equivalent to 13(3)(a) can be derived as:
NOx13geg (ppm) = 1/0.012*NOxggg (g/kWh)
(1)  190g’kWh = b,
NOx (g/kWh) = 0.011*NOx13 (ppm)
Therefore. Oz 13% converted NOx (ppm) of equivalent to 13(3)(a) can be derived as:
NOx13rec (ppm) = 1/0.01 1*NOxgec (z/kWh)
where, NOx13 shows O2 13% converted NOx

NOxgrec (g/kWh) : IMO NOx figure
NOx13pgg (ppm) : O, 13% converted NOx (ppm) of equivalent to 13(3)(a).
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Appendix 3
Exhaust Flow Rate and Calculation of the Dry to Wet Correction Factor Ky using FFW
1 Total additional volumme FFW

The stoichiometry of the combustion of fuels containing H. C. S, N and O is described.
The relations of masses of the reaction partners are calculated and the standard volumes for
gaseous compounds. For each combusted element the resulting additional volume (exhaust
volume — air volume) is given. The summation of these additional volumes results in the total
additional volume FFW.

(i) Additional volume by combustion of hydrogen

(2 % MVE 20 — MVO2) /(4 x AWH) = (2% 22.401—22.392) /(4 x1.00794) = 5.5584 [m’/kg H]

(i1) Additional volume by combustion of carbon @
(MVCO:1— MVO2)/ AWC =(22.262 —22.392)/12.011=—0.01083 [m’/kg C] (2)
(ii1)  Additional volume by combustion of sulphur

(MVSO:— MVO:)/ AWS = (21.891—22.392)/32.065 = 0.01562 [m’/kg S] (3)
(iv)  Additional volume by reaction

MVN2/ MWN> = 22.39/28.01 = 0.79936 [m*/ke N] @)
) Additional volume by combustion

MVO:/ MWO: = 22.392/31.9988 = 0.69978 [m’/kg] (5)

(vi)  Total additional volume FFW [m’/kg fuel]

Addition of the additional volumes of (i) to (v) results in the total additional volume
FFW:

FFW =0.05584xa —0.0001083 x #—0.0001562 % ¥+ 0.0079936 x & + 0.0069978 x &

(6)
For the calculation of the exhaust volume flow Feygy- it can be used as follows:
Gexmw =Garw + Gw + Gruer (7
Veaw = Varw + Vv + Gruer <« FFW (8)

where,

V.arw = Intake air volume flow rate on wet basis [m’/h]
V= Supplied water content of the exhaust [m’/h]
Vexer= Exhaust volume flow rate on wet basis [nr'/h]
Gruer = Fuel mass flow rate [kg/h]

Gi-= Supplied water flow rate [kg/h]

Geyuw = Exhaust gas mass flow rate on wet basis [kg/h]
MVH,>O = Molar volume of water [1/mol]

MVCO> = Molar volume of carbon dioxide [1/mol]
MVS0: = Molar volume of sulphur dioxide [I'mol]
MVN; = Molar volume of nitrogen [l/mol]

MVQO; = Molar volume of oxygen [l/mol]
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AWH = Atomic weight of hydrogen o = H content of fuel [%6(m/m)]
AWC = Atomic weight of carbon £ = C content of fuel [%o(m/m)]
AWS = Atomic weight of sulphur ¥ =S content of fuel [%(m/m)]
% 2 z i’[{{oiar w'el_ght oi;mtrogen [&/ m?ll 6 =N content of fuel [%o(m/m)]
2 olar weight of oxygen [g/mol] & = O content of fuel [%(m/m)]

2 Calculation of the dry to wet correction factor Ky-using FFW

The dry to wet correction factor K is used for converting dry measured concentrations to
the wet reference condition. Kps is further the quotient between dry and wet exhaust volume

flow:
_ c(exhaust wet) Ve - VH,O
c(exhaustdry) Vopw | -

©)

Fr

VH>O here has to be interpreted as the water content of the exhaust, which condenses in
the cooling bath of the gas analysis system and which is thus removed from the exhaust before
measurement. FH>O is calculated by adding the water from the intake air and the water injected
to the water formed by combustion and subtracting the rest water, which is still present after the

cooling bath:

. . G H =«MVH,O
VH>O., intake air = —2&2 “ X 27 [m’/h] (10)
1000 < MWH,O
. G, MVH,O
VH>O. supplied water = Sw XL [m’/h] (11)
MWH,0

a x Gepy x MVH,0
1000 % 2= AWH
Presy X H < MVH,O

Py xMWH,O

[m’/h] (12)

VH>0. formed by combustion =

[m’/h] (13)

VH>O, rest after cooling bath= G

where,
Vurp = Intake air volume flow rate on basis [m’/h]
H, = Absolute humidity of the intake air [g/kg]
MWH >0 = Molar weight of water [g/mol]
PresT = Water partial pressure after cooling bath [kPa]
2e = Total barometric pressure [kPa]

Then the dry to wet correction factor can be derived as follows:

GmaxHaxMT’fB’20+ GWXMT'H20+Q‘X Gruer x MVH 20  Gamp X prest x MVH >0
1000x MWH .0 MWH-20 100x2x AWH pex MWH-0O

K, =1—
Gamp % Ha XMPHEO_I_ (Gamp " Gn’me;IO_'_GFm « FEW
1000x MWH20 1293  MWH20
(14)
K oq L2434x Ho+1243.4%(Gyy /G yop )+ 111123 ¥ Gy / G iy )= 12434 % (D ppsr / P3)
"” 773.4+1.2434 % Ha+1243.4%(Gyy /G o )+ (Crumr / G ump )X FFW %1000

(15)

ook
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DRAFT for the approval as a part of diesel engine (Part B)
GUIDELINES FOR WATER INJECTION SYSTEMS —
MARPOL ANNEX VI, REGULATION 13(3)(b)(ii)
INTRODUCTION

Regulation 13(3) of Annex VI to MARPOL 73/78 requires ships to comply with the
NOx limit either by diesel engine itself. an exhaust gas cleaning system or any other equivalent
method to reduce NOx emission. Water injection system (WIS) is one of the equivalent method
and has some method to inject water into the diesel engine: for example, water injection before
compressor inlet of turbocharger. before or after inter cooler., or direct injection into cylinders
through injection nozzles. The WIS with a diesel engine is to be approved by the Administration
taking info account guidelines to be developed by the Organization.

These guidelines have been developed with the intention of being objective and
performance oriented. Introduction of the O, 13% converted NOx (ppm) method would simplify
the monitoring of NOx emission. See Appendix 1 for the rational explaining the use of 02 13%
converted NOx (ppm) as the basis for system monitoring.

These guidelines are recommendatory in nature, however. Administrations are invited to
base their implementation on these guidelines.

SAFETY NOTE

Due aftention is to be given to the safety implications related to the handling and
proximity of exhaust gases. the measurement equipment and the storage and use of cylindered
pure and calibration gases. Sampling positions and access staging should be such that this
monitoring may be performed safely.

SCHEME A — WIS CERTIFICATION

Water Injection System (WIS) is certified with the diesel engine by the Administration
with subsequent in service verification at survey intervals by indirect means use monitoring.

1 GENERAL
1.1 Purpose

The purpose of these Guidelines is to specify the requirements for the testing. survey and
certification of water injection system {(WIS) with the diesel engine to ensure that they comply
with the requirements of regulation 13(3)(b)(ii) of Amnex VI of MARPOL 73/78.
1.2 Application

1.2.1 These Guidelines apply to WIS as fitted to the diesel engine.

1.2.2 These Guidelines cover only the certification. survey. and testing of WIS for compliance
with regulation 13(3)(b)(ii) of Annex VI.
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1.3 Definitions
“ppm” means “parts per million”. It is assumed that ppm is measured by gas analysers on
a molar basis, assuming ideal micro-moles of substance per mole of total amount (punol/mol). but
ppm is used in order to be consistent with units in the NOx Technical Code.
2 SURVEY AND CERTIFICATION
21 General

WIS should be surveyed as a part of the diesel engine at Initial. Annual/Intermediate
Surveys by the Administration.

2.2 Procedures for the certification of a WIS
2.2.1 The diesel engine which uses WIS should be certified including it as meeting the
emission limit of Regulation 13(3)(a) under the restrictions as given by the Technical File on the

Engine as approved by the Administration.

2.2.2 Determination of the emission value should be in accordance with the provisions of these
Guidelines.

23 Technical File on Engine with WIS

2.3.1 If a diesel engine uses WIS to comply with the emission limit of Regulation 13(3)(a),
Technical File on Engine should. as a minimum. contain the following information:

(a) the operating limits, or range of operating values for the engine
These should. as a mininmum, include:

(1) Type of WIS and water injection position;
(ii) maximum and minimum water flow rate:

(ii1)  salinity levels or fresh water elements necessary to provide adequate
neutralizing agents: and

(iv)  other factors in concerning the design and operation of the WIS relevant to
achieving a maximum emission value no higher than Regulation 13(3)(a):

(b) any requirements or restrictions applicable to the WIS or associated equipment
necessary to enable the unit to achieve a maximum emission value no higher than

Regulation 13(3)(a):

(c) maintenance. service or adjustment requirements in order that the WIS can
continue to achieve a maximum emission value no higher than Regulation 13(3)(a):

(d) the effect on water quality:

(e) design requirements of the water injection system.
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2.3.2 Additions. deletions or amendments to the Technical File on WIS should be approved by
the Administration. Where additions. deletions or amendments to the Technical File are separate
to the Technical File as initially approved. they should be retained with the Technical File and
should be considered as part of the Technical File.

2.3.3 In lieu of the maximum emission rate stipulated in 2.3.1(a) (iv) of Regulation 13(3)(a).
O, 13% converted NOx (ppm) of equivalent to 13(3)(a) measured at downstream of engine may
be used. O2 13% converted NOX (ppm) of equivalent to 13(3)(a) is explained in Appendix 2.

3 EMISSION LIMIT

3.1 The diesel engine with WIS should be capable of reducing emissions to no more than
Regulation 13(3)(a) when operated in accordance with the criteria as given within 2.3.1(b) and as
specified in paragraphs 3.2 through 3.3 of these Guidelines.

32 In order to demonstrate performance, the method of emission measurements should be
referred “Guidelines for On-board NOx Verification Procedure — Direct Measurement and
Monitoring Method. MEPC49/22/Add.1. annex 5.

33 Alternatively to the provisions of 3.2. the diesel engine with WIS should be capable of
reducing emissions to no more than O, 13% converted NOx (ppm) of equivalent to 13(3)(a)
when operated in accordance with the criteria as given within 2.3.1(b) and 2.3.2.

4 EMISSION TESTING

4.1 Emission testing should follow the requirements of the NOx Technical Code, chapter 5.
and associated Appendix, and “Guidelines for On-board NOx Verification Procedure — Direct
Measurement and Monitoring Method. MEPC49/22/Add.1. annex 5. except as provided for in
these Guidelines.

42 NOx should be measured on a dry or wet basis using analysers operating on CLD, HCLD
or ZRDO (Zirconia sensor) principles and with additional equipment such as dryers as necessary.
Other systems or analysers may be accepted. subject to the approval of the Administration,
provided they yield equivalent results to those of the equipment referenced above.

43 An exhaust gas sample for NOx should be obtained from a representative sampling point
defined in sections 5.9.3 and 6.3.5 of NOx Technical Code.

44 NOx should be monitored on-line using either cross-duct or extractive sample systems.

4.5 Where NOxX is measured by a cross-duct system. the water content in the exhaust gas
stream at that point is also to be determined in order to correct the reading to a dry basis value.

4.6 Where the exhaust gas mass flow is to be calculated in accordance with the
NOx Technical Code, Appendix 6. the complete combustion case calculations may be used. The
exhaust gas mass flow (Geyw) should be determined in respect of the mass flow from the engine
exhaust outlet. Furthermore, the water injected flow rate should be considered for Exhaust flow
rate and calculation of the dry to wet correction factor Ky by Appendix 3.
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4.7 In applying the NOx Technical Code. equation 15. the dry basis NOx concentration
should be converted to a wet basis value using the dry/wet correction factor applicable to the
exhaust gas from the engine exhaust outlet (NOx Technical Code, equation 11. CO =0).

4.8 The power should be the uncorrected engine brake power.
49 The determined emission value should be equal to. or less than, Regulation 13(3)(a).

4.10 In lieu of the testing procedure laid down in 4.6 to 4.8. compliance may be demonstrated
by continuous monitoring of NOx and O, concentration from the engine exhaust outlet and
demonstrating that the Oz 13% converted NOx (ppm). at each test point is equal to or less than
the equivalent O, 13% converted NOx (ppm) to 13(3)(a).

4.11 Should the O, 13% converted NOx (ppm) method be used:

(a) The conditions stipulated in 4.4 and 4.5 should also apply to the measurement of
O, (%) and it 1s recommended that NOx and O, samples should be obtained at the
same location.

(b) Measurement of O2 should either be carried out above the respective dew points
or on a fully dry basis recognizing that the conditions stipulated in 4.6 to 4.8
should also apply to the measurement of O3 (%0).

(c) Calculation of the O, 13% converted NOx (ppm) as defined in the following
should comply with the requirements of Scheme B. section 8.

0,(21%)-0,(13%)
0,(21%)—0,(Measured by %) |

0, 13% converted NOx(ppm) = NOx(Measured by ppm) x (

\
.

th

PROCEDURES FOR DEMONSTRATING COMPLIANCE WITH EMISSION
LIMIT ON BOARD

5.1 For the engine with WIS, the Technical File on Engine should contain a verification
procedure for use at surveys as required. This procedure should not require specialized
equipment or an in depth knowledge of the system. Where particular devices are required they
should be provided and maintained as part of the system. WIS should be designed in such a way
as to facilitate inspection as required. The basis of this verification procedure is that if all
relevant components and operating values or settings are within those as approved, then the
performance of the diesel engine with WIS system is within that required without the need for
actual exhaust emission measurements. It is also necessary to ensure that the WIS is fitted to a
diesel engine for which it is rated.

52 Included in the verification procedure should be all components and operating values or
settings which may affect the operation of the WIS and its ability to meet the required emission
limit.

53 The verification procedure should be submitted by the diesel engine manufacturer and
approved by the Administration.

54 The verification procedure should cover both a documentation check and a physical check
of the WIS.
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5.5 The Surveyor should verify that each WIS is installed in accordance with the Technical
File on Engine as required.

5.6 The WIS should include means to automatically record when the system is in use. This
should automatically record. as a minimum. injection water and fuel oil flow rate or rate between
injection water flow rate and fuel oil flow rate at the WIS inlet connection. diesel engine load.
and other parameters as considered necessary. The data recording system should comply with
the requirements of Scheme B, sections 9 and 10.

57 If a continuous exhaust gas monitoring system is not fitted, it is recommended that a daily
spot check of the exhaust gas quality in terms of O, 13% converted NOx (ppm). is used to verify
compliance in conjunction with parameter checks stipulated in 5.6. If a continuous exhaust gas
monitoring system is fitted. only daily spot checks of the parameters listed in paragraph 5.6
would be needed to verify proper operation of the WIS.

5.8 It is recommended that continnous exhaust gas monitoring of each diesel engine be used
to assure ship operators of compliance when operating and in the event of port State authority
inspection.

59 A Record Book of the diesel engine should be maintained by the shipowner recording
maintenance and service of the unit. The form of this record should be submitted by the diesel
engine manufacturer and approved by the Administration. This record book should be available
at surveys as required and may be read in conjunction with engine room log-books and other data
as necessary to confirm the correction operation of the WIS. Alternatively. this information is to
be recorded in the wessel’s planned maintenance record system as approved by the
Administration.

SCHEME B — CONTINUOUS MONITORING OF NOx EMISSIONS

Compliance demonstrated in service by continuous exhaust gas monitoring. Monitoring
system should be approved by the Administration and the results of that monitoring available to
the Administration as necessary to demonstrate compliance as required.
6 GENERAL

This Scheme should be used to demonstrate that the emissions from a diesel engine fitted
with a WIS will. with that system in operation. result in an emission value of O2 13% converted
NOx (ppm) below the equivalent O, 13% converted NOx (ppm) to 13(3)(a) and thus compliance
with the requirements of regulation 13(3)(b)(i1) of Annex VI of MARPOL 73/78.
7 EXHAUST GAS MEASUREMENT

Exhaust gas composition. NOx and O, measurement should be at an appropriate position
at engine exhaust outlet and comply with the requirements of 4.2 and 4.9, Scheme A.

8 CALCULATION OF EMISSION RATE

8.1 NOx (ppm) and O: (%) to be continuously monitored and recorded onto a data recording
and processing device at a rate which should not be less than 0.005 Hz.
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32 If more than one analyser is to be used to determine the O> 13% converted, these should
be tuned to have similar sampling and measurement times and the data outputs aligned so that the
0, 13% converted is fully representative of the exhaust gas composition.

9 DATA RECORDING AND PROCESSING DEVICE

9.1 The recording and processing device should be of robust. tamper proof design with read
only capability.

9.2 The recording and processing device should record the data required by section 9.1
against UTC.

9.3 The recording and processing device should be capable of preparing reports over
specified time periods.

9.4 Data should be retained for a period of not less than 18 months from the date of
recording. If the unit is changed over that period. the shipowner should ensure that the required
data is retained onboard and available as required.

9.5 The device should be capable of downloading a copy of the recorded data and reports in a
readily useable format. Such copy of the data and reports should be available to the
Administration or port State authority as requested.

10 ON-BOARD MONITORING MANUAL

An On-board Monitoring Manual (OMM) should be referred “Guidelines for On-board NOx
Verification Procedure — Direct Measurement and Monitoring Method. MEPC49/22/Add.1.
annex 5

11 ENGINE COMPLIANCE

11.1 TUnder Scheme B. the Technical File on Engine should present continuous monitoring
demonstrating that the O» 13% converted NOx (ppm) does not exceed the equivalent O2 13%
converted NOx (ppm) to 13(3)(a). Under Scheme A. this would be demonstrated using daily
recordings.

11.2  Ship construction requirements generally require that each diesel engine should have its
own exhaust gas system venting to the atmosphere. Therefore compliance by the ship may be
demonstrated by each diesel engine meeting the requirements of either Scheme A or Scheme B.

12 DEMONSTRATION OF COMPLIANCE

12.1 The injection water and fuel oil flow rate or rate between injection water flow rate and
fuel oil flow rate at the WIS inlet connection. diesel engine load. and other parameters as
considered necessary. should be monitored and recorded continuously in order to demonstrate
compliance.

12.2 The Technical File on Engine with WIS should refer to the On-board Monitoring Manual
as approved by the Administration.
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Appendix 1
NOx Monitoring Method

[annex to appendix 1 of annex 1]

Appendix 2
The NOx (g/kWh) to Equivalent O, 13% Converted NOx (ppm)

[annex to appendix 2 of annex 1]

Appendix 3
Exhaust Flow Rate and Calculation of the Dry to Wet Correction Factor Ky using FFW

[annex to appendix 3 of annex 1]
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DRAFT for the type approval of system (Part A)

GUIDELINES FOR WATER EMULSIFIED FUEL SYSTEMS —
MARPOL ANNEX VI, REGULATION 13(3)(b)(ii)

INTRODUCTION

Regulation 13(3) of Annex VI to MARPOL 73/78 requires ships to comply with the
NOx limit either by diesel engine itself. an exhaust gas cleaning system or any other equivalent
method to reduce NOx emission. Water emulsified fuel system (WEFS) is one of the equivalent
method. WEFS is defined as a water emulsified fuel supply system into the diesel engine up to
injection pump in these guidelines. The WEFS is to be approved by the Administration taking
into account guidelines to be developed by the Organization.

Similar to an exhaust gas cleaning system (EGCS-S0x). WEFS may be type approved
subject to periodic parameter and emission checks or the system may be equipped with a
continuous emission monitoring system. These guidelines have been developed with the
intention of being objective and performance oriented. Introduction of the O, 13% converted
NOx (ppm) would simplify the monitoring of NOxX emission. See Appendix 1 for the rational
explaining the use of O; 13% converted NOx (ppm) as the basis for system monitoring.

These guidelines are recommendatory in nature. however, Administrations are invited to
base their implementation on these guidelines.

SAFETY NOTE

Due attention is to be given to the safety implications related to the handling and
proximity of exhaust gases. the measurement equipment and the storage and use of cylindered
pure and calibration gases. Sampling positions and access staging should be such that this
monitoring may be performed safely.
SCHEME A —- WEFS TYPE APPROVAL AND CERTIFICATION

Unit certification of water emulsified fuel system (WEFS) by the Administration should
be made with subsequent in service verification at survey intervals by indirect means together
with unit use monitoring.
1 GENERAL
1.1 Purpose

The purpose of these Guidelines is to specify the requirements for the design, testing,
survey and certification of water emulsified fuel system (WEFS) to ensure that they comply with
the requirements of regulation 13(3)(b)(i1) of Annex VI of MARPOL 73/78.
1.2 Application
1.2.1 These Guidelines apply to WEFS as fitted to a diesel engine onboard a ship.

1.2.2 These Guidelines cover only the certification, survey, and testing of WEFS for
compliance with regulation 13(3)(b)(i1) of Annex VI
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1.3 Definitions

“ppm” means “parts per million”. It is assumed that ppm is measured by gas analysers on
a molar basis, assuming ideal micro-moles of substance per mole of total amount (punol/meol). but
ppm is used in order to be consistent with units in the NOx Technical Code.

2 SURVEY AND CERTIFICATION
2.1 General

2.1.1 Prior to use. each WEFS should be issued by the Administration with a NOx Assist
Compliance Certificate (NACC).

2.1.2 WEFS as fitted should be subject to survey on installation and at Initial,
Annmual/Intermediate and Renewals Surveys by the Administration.

2.1.3 The ship’s NACC should be duly endorsed at each survey as required by 2.1.2.
2.1.4 In accordance with regulation 10. WEFS may also be subject to survey by PSC.
22 Procedures for the certification of a WEFS

2.2.1 In order to meet the requirements of 2.1.1 either prior to. or after installation on board.
each WEFS should be certified as meeting the emission limit of Regulation 13(3)(a) under the
restrictions as given by the WEFS Technical Manual (WETM) as approved by the
Administration.

2.2.2 Determination of the emission value should be in accordance with the provisions of these
Guidelines.

2.2.3 'WEFS meeting the requirements of 2.2.1 should be issued by the Administration with a
NACC.

2.2.4 Application for a NACC should be made by the WEFS manufacturer, shipowner or other
party.

2.2.5 Subsequent WEFS of the same design and rating as that certified under 2.2.1 may be
issued with NACC by the Administration without the need for testing in accordance with 2.2.1
subject to section 4.2 of these Guidelines.

2.2.6 WEFS of the same design. but with ratings different from that certified under 2.2.1 may
be accepted by the Administration subject to section 4.3 of these Guidelines.

23 WEEFS Technical Manual

2.3.1 Each WEFS is to be supplied with a WEFS Technical Manual (WETM). This WETM
should, as a minimum. contain the following information:

(a) the identification of the unit (manufacturer, model/type, serial number and other
details as necessary) including a description of the unit and any required ancillary
systems:
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the operating limits, or range of operating values. for which the unit is certified.
These should. as a minimum, include:

(1) Type of WEFS, water inlet position type of emulsifier if used and content
of emulsifier:

(i1) the power, type and other relevant parameters of diesel engine for which
the WEFS i1s to be fitted:

(iii)  maximum and minimum water flow rate, fuel rack position:

(iv)  salinity levels or fresh water elements necessary to provide adequate
neutralizing agents; and

() other factors in concerning the design and operation of the WEFS relevant
to achieving a maximum emission value no higher than

Regulation 13(3)(a);

any requirements or restrictions applicable to the WEFS or associated equipment
necessary to enable the unit to achieve a maximum emission value no higher than
Regulation 13(3)(a):

maintenance. service or adjustment requirements in order that the WEFS
can continue to achieve a maximum emission value no higher than

Regulation 13(3)(a):

the means by which the WEFS is to be surveyed to ensure that its performance is
maintained and that the unit is used as required (see section 6);

the effect on water quality:
design requirements of the water emulsified fuel system: and

the NACC as applicable.

2.3.2 The WETM should be approved by the Administration.

2.3.3 The WETM should be retained onboard the ship onto which the WEFS 1s fitted. The
WETM should be available for surveys as required.

2.3.4 Additions, deletions or amendments to the WETM should be approved by the
Administration. Where additions, deletions or amendments to the WETM are separate to the
WETM as initially approved. they should be retained with the WETM and should be considered
as part of the WETM.

2.3.5 In lieu of the maximum emission rate stipulated in 2.3.1(b) (v) of Regulation 13(3)(a).
0 13% converted NOx (ppm) of equivalent to 13(3)(a) measured at downstream of engine may
be used. O, 13% converted NOx (ppm) of equivalent to 13(3)(a) is explained in Appendix 2.
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3 EMISSION LIMIT

3.1 Each WEFS should be capable of reducing emissions to no more than Regulation 13(3)(a)
when operated in accordance with the criteria as given within 2.3.1(b) and as specified in
paragraphs 3.2 through 3.6 of these Guidelines.

3.2 WEEFS fitted to main propulsion diesel engines should meet the requirements of 3.1 by the
test cycle which is described in the sections 5 and 6 of NOx Technical Code.

33 WEEFS fitted to auxiliary diesel engines should meet the requirements of 3.1 by the test
cycle which is described in the chapters 5 and 6 of NOx Technical Code.

34 WEEFS fitted to diesel engines which supply power for both main propulsion and auxiliary
purposes should meet the requirements of 3.3.

3.5 In order to demonstrate performance, the method of emission measurements should be
referred “Guidelines for On-board NOx Verification Procedure — Direct Measurement and
Monitoring Method. MEPC49/22/Add. 1. annex 5.

3.6 Alternatively to the provisions of 3.2-3.5. each WEFS should be capable of reducing
emissions to no more than O, 13% converted NOx (ppm) of equivalent to 13(3)(a) when
operated in accordance with the criteria as given within 2.3.1(b) and 2.3.4.

4 APPROVAL OF WEFS
4.1 Unit approval

4.1.1 WEFS should be capable of meeting the limit value of Regulation 13(3)(a) or the
equivalent O» 13% converted NOx (ppm) to 13(3)(a) for each mode and for the range of
operating parameters, as listed in 2.3.1(b). for which they are to be approved.

4.1.2 The maximum and, if applicable, minimum fuel oil and water flow rates of the unit
should be stated. The effect of variation of the other parameters defined in 2.3.1(b) should be
justified by the equipment manufacturer. The effect of variations in these factors is to be
assessed by testing or otherwise as appropriate. No variation in these factors. or combination of
variations in these factors. should be such that the emission value of the WEFS would be in
excess of Regulation 13(3)(a) or the equivalent 02 13% converted NOx (ppm) to 13(3)(a) for
each mode.

4.1.3 Data obtained in accordance with this section should be submitted to the Administration
for approval together with the WETM.

4.2 Serially manufactured units

In the case of nominally similar WEFS of the same fuel oil and water flow ratings as that
certified under 4.1. and to avoid the testing in accordance with 2.2.1 each WEFS, the equipment
manufacturer may submit, for acceptance by the Administration. a conformity of production
arrangement. The certification of each WEFS unit under this arrangement should be subject to such
surveys that the Administration may consider necessary as to assure that each WEFS has an
emission value of not more than Regulation 13(3)(a) or the equivalent O, 13% converted NOx (ppm)
to 13(3)(a) for each mode when operated in accordance with the parameters defined in 2.3.1(b).
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4.3 Product range approval

4.3.1 In the case of WEFS of the same design. but of different maximum fuel flow and water
flow capacities, the Administration may accept. in lieu of tests on WEFS of all capacities in
accordance with section 4.1, tests of WEFS systems of three different capacities provided that the
three tests are performed at intervals including the highest., lowest and one intermediate capacity
rating within the range.

4.3.2 Where there are significant differences in the design of WEFS of different capacities, this
procedure should not be applied unless it can be shown. to the satisfaction of the Administration.

that in practice those differences do not materially alter the performance between the various
WEEFES types.

4.3.3 For WEFS of different capacities. the sensitivity to diesel engine to which they are fitted
should be detailed together with sensitivity to the variations in the parameters listed in 2.3.1(b).
This should be on the basis of testing. or other data as appropriate.

4.3.4 The effect of changes of WEFS capacity on water characterization should be detailed.

4.3.5 All supporting data obtained in accordance with this section. together with the WETM for
each capacity unit, should be submitted to the Administration in accordance with 4.1.3.

4.3.6 If there is a data with units of Oz 13% converted NOx (ppm) and g’kWh by the
measurement procedure of NOx Technical Code, O, 13% converted NOx (ppm) may be used for
emission limit value specified in 4.1 to 4.3 above.

5 EMISSION TESTING

5.1 Emission testing should follow the requirements of the NOx Technical Code, chapter 5.
and associated Appendices. and “Guidelines for On-board NOx Verification Procedure — Direct
Measurement and Monitoring Method, MEPC49/22/Add.1. annex 5. except as provided for in
these Guidelines.

52 NOx should be measured on a dry or wet basis using analysers operating on CLD, HCLD
or ZRDO (Zirconia sensor) principles and with additional equipment such as dryers as necessary.
Other systems or analysers may be accepted. subject to the approval of the Administration,
provided they yield equivalent results to those of the equipment referenced above.

5.3 An exhaust gas sample for NOx should be obtained from a representative sampling point
defined in sections 5.9.3 and 6.3.5 of NOx Technical Code.

54 NOx should be monitored on-line using either cross-duct or extractive sample systems.

5.5 Where NOx is measured by a cross-duct system. the water content in the exhaust gas
stream at that point is also to be determined in order to correct the reading to a dry basis value.

5.6 Where the exhaust gas mass flow is to be calculated in accordance with the NOx
Technical Code. Appendix 6. the complete combustion case calculations may be used. The
exhaust gas mass flow (Gryzw) should be determined in respect of the mass flow from the engine
exhaust outlet. Furthermore, the water injected flow rate should be considered for Exhaust flow
rate and calculation of the dry to wet correction factor K by Appendix 3.
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5.7 In applying the NOx Technical Code, equation 15, the dry basis NOx concentration
should be converted to a wet basis value using the dry/wet correction factor applicable to the
exhaust gas from the engine exhaust outlet (NOx Technical Code, equation 11. CO =0).

5.8 The power should be the uncorrected engine brake power.
5.9 The determined emission value should be equal to. or less than, Regulation 13(3)(a).

5.10 In lieu of the testing procedure laid down in 5.6 to 5.7 and 5.8. compliance may be
demonstrated by continuous monitoring of NOx and O» concentration from the engine exhaust
outlet and demonstrating that the O; 13% converted NOx (ppm). at each test point is equal to or
less than the equivalent 02 13% converted NOx (ppm) to 13(3)(a).

5.11 Should the O; 13% converted NOx (ppm) method be used:

(a) The conditions stipulated in 5.4 and 5.5 should also apply to the measurement of
2 (%) and it is recommended that NOx and O» samples should be obtained at the
same location.

(b) Measurement of O, should either be carried out above the respective dew points
or on a fully dry basis recognizing that the conditions stipulated in 5.6 to 5.8
should also apply to the measurement of Oz (%0).

(c) Calculation of the O; 13% converted NOx (ppm) as defined in the following
should comply with the requirements of Scheme B. section 9.

0,(21%)—-0,113%
0, 13% converted NOx(ppm) = NOx(Measured by ppm) { 1(21%) -0, (13%)
| 0,(21%)—0,(Measured by %) |

y,

6 PROCEDURES FOR DEMONSTRATING COMPLIANCE WITH EMISSION
LIMIT ON BOARD

6.1 For each WEFS. the WETM should contain a verification procedure for use at surveys as
required. This procedure should not require specialized equipment or an in depth knowledge of
the system. Where particular devices are required they should be provided and maintained as
part of the system. WEFS should be designed in such a way as to facilitate inspection as
required. The basis of this verification procedure is that if all relevant components and operating
values or settings are within those as approved. then the performance of the WEFS system 1is
within that required without the need for actual exhaust emission measurements. It is also
necessary to ensure that the WEFS is fitted to a diesel engine for which it is rated.

6.2 Included in the verification procedure should be all components and operating values or
settings which may affect the operation of the WEFS and its ability to meet the required emission

limit.

6.3 The verification procedure should be submitted by the WEFS manufacturer and approved
by the Administration.
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6.4 The verification procedure should cover both a documentation check and a physical check
of the WEFS.

6.5 The Surveyor should verify that each WEFS is installed in accordance with the WETM
and has a NACC as required.

6.6 At the discretion of the Administration. the Surveyor should have the option of checking
one or all of the identified components, operating values or seftings. Where there is more than
one WEFS, the Administration may. at its discretion. abbreviate or reduce the extent of the
survey on board however the entire survey should be completed for at least one of each type of
WEFS on board provided that it is expected that the other WEFS perform in the same manner.

6.7 The WEFS should include means to automatically record when the system is in use. This
should automatically record, as a minimum, water and fuel oil flow rate or rate between water
flow rate and fuel oil flow rate at the WEFS inlet connection, water injection pressure and
temperature, diesel engine load. and other parameters as considered necessary. The data
recording system should comply with the requirements of Scheme B. sections 11 and 12.

6.8 If a continuous exhaust gas monitoring system is not fitted. it is recommended that a daily
spot check of the exhaust gas quality in terms of Oz 13% converted NOx (ppm). is used to verify
compliance in conjunction with parameter checks stipulated in 6.7. If a continuous exhaust gas
monitoring system is fitted. only daily spot checks of the parameters listed in paragraph 6.7
would be needed to verify proper operation of the WEFS.

6.9 If the WEFS manufacturer is unable to provide assurance that the WEFS will meet the
limit value of Regulation 13(3)(a) or the equivalent O, 13% converted NOX (ppm) to 13(3)(a) for
each mode between surveys, by means of the verification procedure stipulated in 6.1, or if this
requires specialist equipment or in-depth knowledge. it is recommended that continuous exhaust
gas monitoring of each WEFS be used to assure ship operators of compliance when operating
and in the event of port State authority inspection.

6.10 A WEFS Record Book should be maintained by the shipowner recording maintenance
and service of the unit. The form of this record should be submitted by the WEFS manufacturer
and approved by the Administration. This record book should be available at surveys as required
and may be read in conjunction with engine room log-books and other data as necessary to
confirm the correction operation of the WEFS. Alternatively. this information is to be recorded
in the vessel’s planned maintenance record system as approved by the Administration.

SCHEME B — CONTINUOUS MONITORING OF NOx EMISSIONS

Compliance demonstrated in service by continuous exhaust gas monitoring. Monitoring
system should be approved by the Administration and the results of that monitoring available to
the Administration as necessary to demonstrate compliance as required.

Additionally for all ships which are to use a WEFS in order to comply with the
requirements of regulation 13(3) there should be a NOx Compliance Plan (NCP) for the ship.
approved by the Administration, detailing how:

(a) compliance is to be achieved:

(b) that compliance is to be demonstrated.
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7 GENERAL

This Scheme should be used to demonstrate that the emissions from a diesel engine fitted
with a WEFS will. with that system in operation. result in an emission value of Q2 13%
converted NOx (ppm) below the equivalent O, 13% converted NOx (ppm) to 13(3)(a) and thus
compliance with the requirements of regulation 13(3)(b)(ii) of Annex VI of MARPOL 73/78.

8 EXHAUST GAS MEASUREMENT

Exhaust gas composition. NOx and O, measurement should be at an appropriate position
at engine exhaust outlet and comply with the requirements of 5.2 and 5.9, Scheme A.

9 CALCULATION OF EMISSION RATE

9.1 NOx (ppm) and O, (%) to be continuously monitored and recorded onto a data recording
and processing device at a rate which should not be less than 0.005 Hz.

9.2 If more than one analyser is to be used to determine the O 13% converted, these should
be tuned to have similar sampling and measurement times and the data outputs aligned so that the
0> 13% converted is fully representative of the exhaust gas composition.

10 DATA RECORDING AND PROCESSING DEVICE

10.1 The recording and processing device should be of robust. tamper proof design with read
only capability.

10.2  The recording and processing device should record the data required by section 10.1
against UTC.

10.3 The recording and processing device should be capable of preparing reports over
specified time periods.

10.4 Data should be retained for a period of not less than 18 months from the date of
recording. If the unit is changed over that period. the shipowner should ensure that the required
data is retained onboard and available as required.

10.5 The device should be capable of downloading a copy of the recorded data and reports in a
readily useable format. Such copy of the data and reports should be available to the
Administration or port State authority as requested.

11 ON-BOARD MONITORING MANUAL

An On-board Monitoring Manual (OMM) should be referred “Guidelines for On-board NOx
Verification Procedure — Direct Measurement and Monitoring Method. MEPC49/22/Add.1,
annex 5.

12 NOx COMPLIANCE PLAN (NCP)
For all ships which are to use a WEFS. in order to comply with the requirements of

regulation 13(3) there should be a NOx Compliance Plan (NCP) for the ship. approved by the
Administration.
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13 SHIP COMPLIANCE

13.1 The NCP should list each item of diesel engine which is to meet the requirements for
operating by means of an approved WEFS.

13.2 Under Scheme A. the NCP should present daily recordings demonstrating that the
parameters in paragraph 6.7 are maintained within the manufacturer’s recommended
specifications.

13.3 TUnder Scheme B. the NCP should present continnous monitoring demonstrating that the
O, 13% converted NOx (ppm) does not exceed the equivalent O, 13% converted NOx (ppm)
to 13(3)(a).

13.4  Ship construction requirements generally require that each diesel engine should have its
own exhaust gas system venting to the atmosphere. Therefore compliance by the ship may be
demonstrated by each diesel engine meeting the requirements of either Scheme A or Scheme B.

13.5 If each diesel engine meets the requirements of either regulation 13(3)(a) or 13(3)(b)(ii)
the ship is considered to be in compliance with the requirements.

14 DEMONSTRATION OF COMPLIANCE

14.1 The NCP should refer to. not reproduce. the WETM and Record Book as specified under
that Scheme. Alternatively, this information is to be recorded in the ship's planned Maintenance
Record System, as allowed by the Administration.

14.2 For all diesel engine listed under 13.1. details should be provided demonstrating that the
rating and restrictions for the WEFS as approved. 2.3.1(b). are complied with.

14.3  The water and fuel oil flow rate or rate between injection water flow rate and fuel oil flow
rate at the WEFS inlet connection, water temperature. diesel engine load. and other parameters as
considered necessary, should be monitored and recorded continuously in order to demonstrate
compliance.

144 The NCP should refer to the On-board Monitoring Manual as approved by the
Administration and the input data and resulting reports.
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Appendix 1
NOx Monitoring Method

[annex to appendix 1 of annex 1]

Appendix 2
The NOx (g'kWh) to Equivalent O, 13% Converted NOx (ppm)

[annex to appendix 2 of annex 1]

Appendix 3
Exhaust Flow Rate and Calculation of the Dry to Wet Correction Factor Ky using FFW

[annex to appendix 3 of annex 1]
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DRAFT for the approval as a part of diesel engine (Part B)
GUIDELINES FOR WATER EMULSIFIED FUEL SYSTEMS —
MARPOL ANNEX VI, REGULATION 13(3)(b)(ii)
INTRODUCTION

Regulation 13(3) of Annex VI to MARPOL 73/78 requires ships to comply with the
NOx limit either by diesel engine itself. an exhaust gas cleaning system or any other equivalent
method to reduce NOx emission. Water emulsified fuel system (WEFS) is one of the equivalent
method. The WEFS with a diesel engine is to be approved by the Administration taking into
account guidelines to be developed by the Organization.

These guidelines have been developed with the intention of being objective and
performance oriented. Introduction of the O 13% converted NOx (ppm) would simplify the
monitoring of NOx emission. See Appendix 1 for the rational explaining the use of O, 13%
converted NOx (ppm) as the basis for system monitoring.

These guidelines are recommendatory in nature, however, Administrations are invited to
base their implementation on these guidelines.

SAFETY NOTE

Due aftention is to be given to the safety implications related to the handling and
proximity of exhaust gases. the measurement equipment and the storage and use of cylindered
pure and calibration gases. Sampling positions and access staging should be such that this
monitoring may be performed safely.
SCHEME A — WEFS CERTIFICATION

Water Emulsified Fuel System (WEFS) is certified with the diesel engine by the
Administration with subsequent in service verification at survey intervals by indirect means use
monitoring.
1 GENERAL
1.1 Purpose

The purpose of these Guidelines is to specify the requirements for the testing, survey and
certification of water emulsified fuel system (WEFS) with the diesel engine to ensure that they
comply with the requirements of regulation 13(3)}(b)(ii) of Annex VI of MARPOL 73/78.
1.2 Application
1.2.1 These Guidelines apply to WEFS as fitted to the diesel engine.

1.2.2 These Guidelines cover only the certification. survey. and testing of WEFS for
compliance with regulation 13(3)(b)(ii) of Annex VI.
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1.3 Definitions

“ppm” means “parts per million™. It is assumed that ppm is measured by gas analysers on
a molar basis, assuming ideal micro-moles of substance per mole of total amount (pmol/mol), but
ppm is used in order to be consistent with units in the NOx Technical Code.

2 SURVEY AND CERTIFICATION
2.1 General

WEFS should be surveyed as a part of the diesel engine at Initial, Annual/Intermediate
Surveys by the Administration.

2.2 Procedures for the certification of a WEFS

2.2.1 The diesel engine which uses WEFS should be certified including it as meeting the
emission limit of Regulation 13(3)(a) under the restrictions as given by the Technical File on the
Engine as approved by the Administration.

2.2.2 Determination of the emission value should be in accordance with the provisions of these
Guidelines.

23 Technical File on Engine with WEFS

2.3.1 If a diesel engine uses WEFS to comply with the emission limit of Regulation 13(3)(a),
Technical File on Engine should, as a minimum. contain the following information:

(a) the operating limits, or range of operating values for the engine. These should. as
a minimum. include:

(i) Type of WEFS, water inlet position type of emulsifier if used and content
of emulsifier:

(i) maximum and minimum water flow rate, fuel rack position:

(i)  salinity levels or fresh water elements necessary to provide adequate
neutralizing agents: and

(iv)  other factors in concerning the design and operation of the WEFS relevant
to achieving a maximum emission value mno higher than
Regulation 13(3)(a):

(b) any requirements or restrictions applicable to the WEFS or associated equipment
necessary to enable the unit to achieve a maximum emission value no higher than
Regulation 13(3)(a):

(c) maintenance., service or adjustment requirements in order that the WEFS
can confinue to achieve a maximum emission value no higher than

Regulation 13(3)(a):

(d) the effect on water quality:
INBLG\10M 2-2 doe
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(e) design requirements of the water emulsified fuel system.

2.3.2 Additions. deletions or amendments to the Technical File on WEFS should be approved
by the Administration. Where additions, deletions or amendments to the Technical File are
separate to the Technical File as initially approved. they should be retained with the Technical
File and should be considered as part of the Technical File.

2.3.3 In lien of the maximum emission rate stipulated in 2.3.1(a) (iv) of Regulation 13(3)(a).
0, 13% converted NOx (ppm) of equivalent to 13(3)(a) measured at downstream of engine may
be used. O3 13% converted NOx (ppm) of equivalent to 13(3)(a) is explained in Appendix 2.

3 EMISSION LIMIT

3.1 The diesel engine with WEFS should be capable of reducing emissions to no more than
Regulation 13(3)(a) when operated in accordance with the criteria as given within 2.3.1(b) and as
specified in paragraphs 3.2 through 3.3 of these Guidelines.

32 In order to demonstrate performance, the method of emission measurements should be
referred “Guidelines for On-board NOx Verification Procedure — Direct Measurement and
Monitoring Method. MEPC49/22/Add.1. annex 5.

33 Alternatively to the provisions of 3.2. the diesel engine with WEFS should be capable of
reducing emissions to no more than O, 13% converted NOx (ppm) of equivalent to 13(3)(a)
when operated in accordance with the criteria as given within 2.3.1(b) and 2.3.2.

4 EMISSION TESTING

4.1 Emission testing should follow the requirements of the NOx Technical Code, chapter 5.
and associated Appendix, and “Guidelines for On-board NOx Verification Procedure — Direct
Measurement and Monitoring Method, MEPC49/22/Add. 1. annex 5. except as provided for in

these Guidelines.

4.2 NOx should be measured on a dry or wet basis using analysers operating on CLD. HCLD
or ZRDO (Zirconia sensor) principles and with additional equipment such as dryers as necessary.
Other systems or analysers may be accepted. subject to the approval of the Administration.
provided they yield equivalent results to those of the equipment referenced above.

4.3 An exhaust gas sample for NOx should be obtained from a representative sampling point
defined n sections 5.9.3 and 6.3.5 of NOx Technical Code.

4.4 NOX should be monitored on-line using either cross-duct or extractive sample systems.

4.5 Where NOx is measured by a cross-duct system. the water content in the exhaust gas
stream at that point is also to be determined in order to correct the reading to a dry basis value.

4.6 Where the exhaust gas mass flow is to be calculated in accordance with the NOx
Technical Code, Appendix 6, the complete combustion case calculations may be used. The
exhaust gas mass flow (Ggyy) should be determined in respect of the mass flow from the engine
exhaust outlet. Furthermore, the water injected flow rate should be considered for Exhaust flow
rate and calculation of the dry to wet correction factor Ky by Appendix 3.
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4.7 In applying the NOx Technical Code, equation 15, the dry basis NOx concentration
should be converted to a wet basis value using the dry/wet correction factor applicable to the
exhaust gas from the engine exhaust outlet (NOx Technical Code. equation 11. CO =0).

4.8 The power should be the uncorrected engine brake power.

4.9 The determined emission value should be equal to. or less than, Regulation 13(3)(a).

4,10 In lieu of the testing procedure laid down in 4.6 to 4.8, compliance may be demonstrated
by continuous monitoring of NOx and O> concentration from the engine exhaust outlet and

demonstrating that the O, 13% converted NOx (ppm). at each test point is equal to or less than
the equivalent Oz 13% converted NOx (ppm) to 13(3)(a).

4.11  Should the O, 13% converted NOx (ppm) method be used:
(a) The conditions stipulated in 4.4 and 4.5 should also apply to the measurement of
O (%) and it is recommended that NOx and O2 samples should be obtained at the

same location.

(b) Measurement of O, should either be carried out above the respective dew points
or on a fully dry basis recognizing that the conditions stipulated in 4.6 to 4.8
should also apply to the measurement of O3 (%).

(c) Calculation of the O; 13% converted NOx (ppm) as defined in the following
should comply with the requirements of Scheme B. section 8.

0,(21%)-0,(13%)

0, 13% converted NOx(ppm) = NOx(Measured by ppm) (

',
b,

0,(21%)—0,(Measured by %

5 PROCEDURES FOR DEMONSTRATING COMPLIANCE WITH EMISSION
LIMIT ON BOARD

5.1 For the engine with WEFS, the Technical File on Engine should contain a verification
procedure for use at surveys as required. This procedure should not require specialized
equipment or an in depth knowledge of the system. Where particular devices are required they
should be provided and maintained as part of the system. WEFS should be designed in such a
way as to facilitate inspection as required. The basis of this verification procedure is that if all
relevant components and operating values or settings are within those as approved. then the
performance of the diesel engine with WEFS system is within that required without the need for
actual exhaust emission measurements. It is also necessary to ensure that the WEFS is fitted to a
diesel engine for which it is rated.

5.2 Included in the verification procedure should be all components and operating values or
settings which may affect the operation of the WEFS and its ability to meet the required emission

limit.

5.3 The verification procedure should be submitted by the diesel engine manufacturer and
approved by the Administration.
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54 The verification procedure should cover both a documentation check and a physical check
of the WEFS.

5.5 The Surveyor should verify that each WEFS is installed in accordance with the Technical
File on Engine as required.

5.6 The WEFS should include means to automatically record when the system is in use. This
should automatically record. as a minimum. water and fuel oil flow rate or rate between water
flow rate and fuel oil flow rate at the WEFS inlet connection. diesel engine load. and other
parameters as considered necessary. The data recording system should comply with the
requirements of Scheme B. sections 9 and 10.

5.7 If a continuous exhaust gas monitoring system is not fitted. it is recommended that a daily
spot check of the exhaust gas quality in terms of O; 13% converted NOx (ppm). is used to verify
compliance in conjunction with parameter checks stipulated in 5.6. If a continuous exhaust gas
monitoring system is fitted, only daily spot checks of the parameters listed in paragraph 5.6
would be needed to verify proper operation of the WEFS.

5.8 It is recommended that continuous exhaust gas monitoring of each diesel engine be used
to assure ship operators of compliance when operating and in the event of port State authority
inspection.

59 A Record Book of the diesel engine should be maintained by the shipowner recording
maintenance and service of the unit. The form of this record should be submitted by the diesel
engine manufacturer and approved by the Administration. This record book should be available
at surveys as required and may be read in conjunction with engine room log-books and other data
as necessary to confirm the correction operation of the WEFS. Alternatively. this information is to
be recorded in the vessel’s planned maintenance record system as approved by the Administration.

SCHEME B — CONTINUOUS MONITORING OF NOx EMISSIONS

Compliance demonstrated in service by continuous exhaust gas monitoring. Monitoring
system should be approved by the Administration and the results of that monitoring available to
the Administration as necessary to demonstrate compliance as required.

6 GENERAL

This Scheme should be used to demonstrate that the emissions from a diesel engine fitted
with a WEFS will. with that system in operation. result in an emission value of O, 13%
converted NOx (ppm) below the equivalent O» 13% converted NOx (ppm) to 13(3)(a) and thus
compliance with the requirements of regulation 13(3)(b)(i1) of Annex VI of MARPOL 73/78.

7 EXHAUST GAS MEASUREMENT

Exhaust gas composition. NOx and O> measurement should be at an appropriate position
at engine exhaust outlet and comply with the requirements of 4.2 and 4.9, Scheme A.

8 CALCULATION OF EMISSION RATE

8.1 NOx (ppm) and O3 (%) to be continuously monitored and recorded onto a data recording
and processing device at a rate which should not be less than 0.005 Hz.
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8.2 If more than one analyser is to be used to determine the O. 13% converted. these should
be tuned to have similar sampling and measurement times and the data outputs aligned so that the
0> 13% converted is fully representative of the exhaust gas composition.

9 DATA RECORDING AND PROCESSING DEVICE

9.1 The recording and processing device should be of robust, tamper proof design with read
only capability.

92 The recording and processing device should record the data required by section 9.1
against UTC.

9.3 The recording and processing device should be capable of preparing reports over
specified time periods.

9.4 Data should be retained for a period of not less than 18 months from the date of
recording. If the unit is changed over that period. the shipowner should ensure that the required
data is retained onboard and awvailable as required.

9.5 The device should be capable of downloading a copy of the recorded data and reports in a
readily useable format. Such copy of the data and reports should be available to the
Administration or port State authority as requested.

10 ON-BOARD MONITORING MANUAL

An On-board Monitoring Manmual (OMM) should be referred “Guidelines for On-board NOx
Verification Procedure — Direct Measurement and Monitoring Method, MEPC49/22/Add.1.
annex 5.

11 ENGINE COMPLIANCE

11.1 TUnder Scheme B. the Technical File on Engine should present continuous monitoring
demonstrating that the O2 13% converted NOx (ppm) does not exceed the equivalent O, 13%
converted NOx (ppm) to 13(3)(a). Under Scheme A. this would be demonstrated using daily
recordings.

11.2  Ship construction requirements generally require that each diesel engine should have its
own exhaust gas system venting to the atmosphere. Therefore compliance by the ship may be
demonstrated by each diesel engine meeting the requirements of either Scheme A or Scheme B.

12 DEMONSTRATION OF COMPLIANCE

12.1 The injection water and fuel oil flow rate or rate between injection water flow rate and
fuel oil flow rate at the WEFS inlet connection, diesel engine load, and other parameters as
considered necessary. should be monitored and recorded continuously in order to demonstrate

compliance.

12.2 The Technical File on Engine with WEFS should refer to the On-board Monitoring
Manual as approved by the Administration.
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Appendix 1
NOx Monitoring Method

[annex to appendix 1 of annex 1]

Appendix 2

The NOx (g/kWh) to Equivalent O, 13% Converted NOx (ppm)

[annex to appendix 2 of annex 1]

Appendix 3

Exhaust Flow Rate and Calculation of the Dry to Wet Correction Factor Kp-using FFW

[annex to appendix 3 of annex 1]
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Agenda item 12

GUIDELINES ON EQUIVALENT METHODS TO REDUCE ON-BOARD NOx
EMISSION

Investigation for draft guidelines for MARPOL Annex VI, regulation 13(3)(b)(i)
Marine selective catalytic reduction systems

Submitted by Japan

SUMMARY

Executive summary: This document provides the proposal of the draft guidelines
for marine selective catalytic reduction systems related to
regulation 13(3)(b)(i) of MARPOL Annex VI. Although BLG 10/12.
which is corresponding to DE 48/INF.3 has been already circulated.
Japan submitted this document as the latest version of the guidelines.

Action to be taken: Paragraph 3

Related documents: MEPC 51/4/1, DE 48/INF.3, MEPC 53/4/15, MEPC 53/24, BLG 10/12
and BLG 10/12/2

Background

1 The Marine Environment Protection Committee, at its fifty-third session. considered the
submission by Japan (MEPC 53/4/15) containing a proposal for marine selective catalytic
reduction (SCR) systems and decided that the Japanese proposal should be taken into account by
BLG 10 in its development of the Guidelines on equivalent methods to reduce on-board
NOx emissions.

Purpose

2 The first draft of the Guidelines prepared by Japan was submitted to the
DE Sub-Committee as document DE 48/INF.3 and resubmitted to this Sub-Committee under
cover of document BLG 10/12. Since these draft Guidelines were prepared using the format of
the old draft Guidelines on on-board cleaning systems for SOx (EGCS-SOx). Japan has revised
the draft. taking into account the Guidelines on EGCS-SOx. adopted by MEPC 53, in order to
facilitate the work of the Sub-Committee.

Action requested of the Sub-Committee

3 The Sub-Committee is invited to consider this draft Guidelines for SCR systems attached
as annex to this document and take action as appropriate.

Hkk

For reasons of economy. this document 15 printed in a limited number. Delegates are
kindly asked to bring their copies to meetings and not to request additional copies.
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GUIDELINES FOR MARINE SELECTIVE CATALYTIC SYSTEMS —
MARPOL ANNEX VI, REGULATION 13(3)(b)(i)

INTRODUCTION

Regulation 13(3) of Annex VI to MARPOL 73/78 requires ships to comply with the NOx
limit either by diesel engine itself, an exhaust gas cleaning system or any other equivalent
method to reduce NOx emission. Selective catalytic reduction system (SCRS) is one of the
exhaust gas cleaning systems. The SCRS is to be approved by the Administration taking into
account guidelines to be developed by the Organization.

Similar to an exhaust gas cleaning system (EGCS-SOx). SCRS may be type approved
subject to periodic parameter and emission checks or the system may be equipped with a
continuous emission monitoring system. These guidelines have been developed with the
intention of being objective and performance oriented. Introduction of the O, 13% converted
NOx (ppm) would simiplify the monitoring of NOx emission and facilitate type approval of the
SCRS. See Appendix 1 for the rational explaining the use of O, 13% converted NOx (ppm) as
the basis for system monitoring.

These guidelines are recommendatory in nature, however, Administrations are invited to
base their implementation on these guidelines.

SAFETY NOTE

Due attention is to be given to the safety implications related to the handling and
proximity of exhaust gases. the measurement equipment and the storage and use of cylindered
pure and calibration gases. Sampling positions and access staging should be such that this
monitoring may be performed safely.
SCHEME A — SCRS TYPE APPROVAL AND CERTIFICATION

Unit certification of Selective Catalytic Reduction System (SCRS) by the Administration
should be made with subsequent in service verification at survey intervals by indirect means
together with unit use monitoring.
1 GENERAL
1.1 Purpose

The purpose of these Guidelines is to specify the requirements for the design. testing.
survey and certification of selective catalytic reduction systems (SCRS) to ensure that they
comply with the requirements of regulation 13(3)(b)(i) of Annex VI of MARPOL 73/78.
1.2 Application
1.2.1 These Guidelines apply to SCRS as fitted to a diesel engine installed onboard a ship.

1.2.2 These Guidelines cover only the certification. survey. and testing of SCRS for compliance
with regulation 13(3)}(b)(1) of Ammex VI
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1.3 Definitions

“ppm” means “‘parts per million™. It is assumed that ppm is measured by gas analysers on
a molar basis, assuming ideal micro-moles of substance per mole of total amount {(pumol/mol}. but
ppm is used in order to be consistent with units in the NOx Technical Code.
2 SURVEY AND CERTIFICATION
2.1 General

2.1.1 Prior to use, each SCRS should be issued by the Administration with a NOx Assist
Compliance Certificate (NACC).

2.1.2 SCRS as fitted should be subject to survey on installation and at Initial,
Amnual/Intermediate and Renewals Surveys by the Administration.

2.1.3 The ship’s NACC should be duly endorsed at each survey as required by 2.1.2.
2.1.4 In accordance with regulation 10. SCRS may also be subject to survey by PSC.
2.2 Procedures for the certification of a SCRS

2.2.1 In order to meet the requirements of 2.1.1 either prior to. or after installation on board.
each SCRS should be certified as meeting the emission limit of Regulation 13(3)(a) under the
operating conditions and restrictions as given by the SCRS Technical Manual (STM) as approved
by the Administration.

2.2.2 Determination of the emission value should be in accordance with the provisions of these
Guidelines.

2.2.3 SCRS meeting the requirements of 2.2.1 should be issued by the Administration with a
NACC.

2.2.4 Application for a NACC should be made by the SCRS manufacturer, shipbuilder.
shipowner or other party.

2.2.5 Subsequent SCRS of the same design and rating as that certified under 2.2.1 may be
issued with a NACC by the Administration without the need for testing in accordance with 2.2.1
subject to section 4.2 of these Guidelines.

2.2.6 SCRS of the same design, but with ratings different from that certified under 2.2.1 may be
accepted by the Administration subject to section 4.3 of these Guidelines.

2.3 SCRS Technical Manual

2.3.1 Each SCRS is to be supplied with a SCRS Technical Manual (STM). This STM should,
as a minimum. contain the following information:

(a) the identification of the unit (manufacturer, model/type. serial number and other
details as necessary) including a description of the unit and any required ancillary
systems:
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(b) the operating limits. or range of operating values, for which the unit is certified.
These should. as a minimum, include:
(1) maximum and, if applicable. minimum mass flow rate of exhaust gas:

(11) the power, type and other relevant parameters of the diesel engine for
which the SCRS is to be fitted.

(ii1) maximum and minimum amount of reducing agent type and composition
of reducing agent, concentration of reducing agent;

(iv)  exhaust gas inlet temperature ranges and maximum and minimum exhaust
gas outlet temperature with SCRS in operation:

) back pressure limit operating at MCR. or 80% of power rating whichever is
appropriate; and

(vi)  other factors in concerning the design and operation of the SCRS relevant
to achieving a maximum emission value no higher than Regulation 13(3)(a):

(c) any requirements or restrictions applicable to the SCRS or associated equipment
necessary to enable the unit to achieve a maximum emission value no higher than
Regulation 13(3)(a):

(d) maintenance, service or adjustment requirements in order that the SCRS can
continue to achieve a maximum emission value no higher than Regulation 13(3)(a):

(e) the means by which the SCRS is to be surveyed to ensure that its performance is
maintained and that the unit is used as required (see section 6);

(g) design requirements of the SCRS; and
(h) the NACC as applicable.
2.3.2 The STM should be approved by the Administration.

2.3.3 The STM should be retained onboard the ship onto which the SCRS is fitted. The STM
should be available for surveys as required.

2.3.4 Additions, deletions or amendments to the STM should be approved by the
Administration. Where additions, deletions or amendments to the STM are separate to the STM
as initially approved. they should be retained with the STM and should be considered as part of

the STM.
2.3.5 In lieu of the maximum emission rate stipulated in 2.3.1(b)(vi) of Regulation 13(3)(a),

0, 13% converted NOx (ppm) of equivalent to 13(3)(a) measured at downstream of SCRS may
be used. Oz 13% converted NOx (ppm) of equivalent to 13(3)(a) is explained in Appendix 2.
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3 EMISSION LIMIT

31 Each SCRS should be capable of reducing emissions to no more than Regulation 13(3)(a)
when operated in accordance with the criteria as given within 2.3.1(b) and as specified in
paragraphs 3.2 through 3.3 of these Guidelines.

32 In order to demonstrate performance. the method of emission measurements should be
referred “Guidelines for On-board NOx Verification Procedure — Direct Measurement and
Monitoring Method. MEPC49/22/Add. 1. annex 57,

33 Alternatively to the provisions of 3.2. each SCRS should be capable of reducing
emissions to no more than O, 13% converted NOx (ppm) of equivalent to 13(3)(a) when
operated in accordance with the criteria as given within 2.3.1(b) and 2.3.4.

4 APPROVAL OF SCRS
4.1 Unit approval

4.1.1 SCRS should be capable of meeting the limit value of Regulation 13(3)(a) or the
equivalent Oy 13% converted NOx (ppm) to 13(3)(a) for each mode and for the range of
operating parameters, as listed in 2.3.1(b), for which they are to be approved.

4.1.2 The maximum and, if applicable, minimum exhaust gas mass flow rate of the unit should
be stated. The effect of variation of the other parameters defined in 2.3.1(b) should be justified
by the equipment manufacturer. The effect of variations in these factors is to be assessed by
testing or otherwise as appropriate. No variation in these factors. or combination of variations in
these factors, should be such that the emission value of the SCRS would be in excess of
Regulation 13(3)(a) or the equivalent O, 13% converted NOx (ppm) to 13(3)(a) for each mode .

4.1.3 Data obtained in accordance with this section should be submitted to the Administration
for approval together with the STM.

4.2 Serially manufactured units

In the case of nominally similar SCRS of the same mass flow ratings as that certified
under 4.1, and to avoid the testing in accordance with 2.2.1 each SCRS, the equipment
manufacturer may submit, for acceptance by the Administration. a conformity of production
arrangement. The certification of each SCRS unit under this arrangement should be subject to
such surveys that the Administration may consider necessary as to assure that each SCRS has an
emission value of not more than Regulation 13(3)(a) or the equivalent O; 13% converted NOx
(ppm) to 13(3)(a) for each mode when operated in accordance with the parameters defined
in 2.3.1(b).

4.3 Product range approval

4.3.1 1Inthe case of SCRS of the same design, but of different maximum exhaust gas mass flow
capacities, the Administration may accept. in lieu of tests on SCRS of all capacities in
accordance with section 4.1, tests of SCRS systems of three different capacities provided that the

three tests are performed at intervals including the highest. lowest and one intermediate capacity
rating within the range.
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4.3.2 Where there are significant differences in the design of SCRS of different capacities, this
procedure should not be applied unless it can be shown. to the satisfaction of the Administration.
that in practice those differences do not materially alter the performance between the various
SCRS types.

4.3.3 For SCRS of different capacities, the sensitivity to diesel engine to which they are fitted
should be detailed together with sensitivity to the variations in the parameters listed in 2.3.1(b).
This should be on the basis of testing, or other data as appropriate.

4.3.4 All supporting data obtained in accordance with this section. together with the STM for
each capacity unit, should be submitted to the Administration in accordance with 4.13.

4.3.5 1If there is a data with units of Oz 13% converted NOx (ppm) and g/kWh by the
measurement procedure of NOx Technical Code, O, 13% converted NOx (ppmn1) may be used for
emission limit value specified in 4.1 to 4.3 above.

5 EMISSION TESTING

5.1 Emission testing should follow the requirements of the NOx Technical Code. chapter 5,
and associated Appendices. and “Guidelines for On-board NOx Verification Procedure — Direct
Measurement and Monitoring Method. MEPC49/22/Add.1. annex 5. except as provided for in
these Guidelines.

5.2  NOx should be measured on a dry or wet basis using analysers operating on CLD, HCLD
or ZRDO (Zirconia sensor) principles and with additional equipment such as dryers as necessary.
Other systems or analysers may be accepted. subject to the approval of the Administration,
provided they yield equivalent results to those of the equipment referenced above.

53 An exhaust gas sample for NOx should be obtained from a representative sampling point
downstream of the SCRS.

5.4 NOx should be monitored on-line using either cross-duct or extractive sample systems.

5.5 Where NOx is measured by a cross-duct system, the water content in the exhaust gas
stream at that point is also to be determined in order to correct the reading to a dry basis value.

5.6 Where the exhaust gas mass flow is to be calculated in accordance with the
NOx Technical Code, Appendix 6. the complete combustion case calculations may be used. The
exhaust gas mass flow (Gryzw) should be determined in respect of the mass flow into the SCRS.
57 In applying the NOx Technical Code. equation 15. the dry basis NOx concentration
should be converted to a wet basis value using the dry/wet correction factor applicable to the
exhaust gas at enfry into the SCRS (NOx Technical Code. equation 11. CO =0):

w = 0.002053. u = w/exhaust gas density in g/m’ at 0°C and 101.3 kPa
5.8 The power should be the uncorrected engine brake power.

59 The determined emission value should be equal to. or less than, Regulation 13(3)(a).
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5.10 1In lieu of the testing procedure laid down in 5.6 to 5.7 and 5.8, compliance may be
demonstrated by continuous monitoring of NOx and O» concentration in the exhaust gas down
stream of SCRS and demonstrating that the O, 13% converted NOx (ppm). at each test point is
equal to or less than the equivalent Oz 13% converted NOx (ppm) to 13(3)(a).

5.11 Should the Oz 13% converted NOx (ppm) ratio method be used:

(a) The conditions stipulated in 5.4 and 5.5 should also apply to the measurement of
O (%0) and it is recommended that NOx and O; samples should be obtained at the
same location.

(b) Measurement of O, should either be carried out above the respective dew points
or on a fully dry basis recognizing that the conditions stipulated in 5.6 to 5.8
should also apply to the measurement of O, (%0).

(c) Calculation of the O 13% converted NOx (ppm) as defined in the following
should comply with the requirements of Scheme B. section 9.

0, 13% converted NOx(ppm) = NOx(Measured by ppm) < {

\

0,(21%)—0,(13%)
0,(21%)-0,(Measured by %) |

6 PROCEDURES FOR DEMONSTRATING COMPLIANCE WITH EMISSION
LIMIT ON BOARD

6.1 For each SCRS. the STM should contain a verification procedure for use at surveys as
required. This procedure should not require specialized equipment or an in depth knowledge of
the system. Where particular devices are required they should be provided and maintained as
part of the system. SCRS should be designed in such a way as to facilitate inspection as required.
The basis of this verification procedure is that if all relevant components and operating values or
settings are within those as approved. then the performance of the SCRS system is within that
required without the need for actual exhaust emission measurements. It is also necessary to
ensure that the SCRS is fitted to a diesel engine for which it is rated.

6.2 Included in the verification procedure should be all components and operating values or
settings which may affect the operation of the SCRS and its ability to meet the required emission
limit.

6.3 The verification procedure should be submitted by the SCRS manufacturer and approved
by the Administration.

6.4 The verification procedure should cover both a documentation check and a physical check
of the SCRS.

6.5 The Surveyor should verify that each SCRS is installed in accordance with the STM and
has a NACC as required.

6.6 At the discretion of the Administration. the Surveyor should have the option of checking
one or all of the identified components, operating values or settings. Where there is more than
one SCRS, the Administration may. at its discretion. abbreviate or reduce the extent of the survey
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on board however the entire survey should be completed for at least one of each type of SCRS on
board provided that it is expected that the other SCRS perform in the same manner.

6.7 The SCRS should include means to automatically record when the system is in use. This
should automatically record, as a minimmm, amount of reducing agent and concentration of
reducing agent at the SCRS inlet diesel engine load. and exhaust gas temperature before and after
the SCRS. The data recording system should comply with the requirements of Scheme B.
sections 11 and 12.

6.8 If a continuous exhaust gas monitoring system is not fitted, it is recommended that a daily
spot check of the exhaust gas quality in terms of Oz 13% converted NOx (ppm). is used to verify
compliance in conjunction with parameter checks stipulated in 6.7. If a continuous exhaust gas
monitoring system is fitted, only daily spot checks of the parameters listed in paragraph 6.7
would be needed to verify proper operation of the SCRS.

6.9 If the SCRS manufacturer is unable to provide assurance that the SCRS will meet the
limit value of Regulation 13(3)(a) or the equivalent O, 13% converted NOx (ppm) to 13(3)(a)
for each mode between surveys, by means of the verification procedure stipulated in 6.1. or if
this requires specialist equipment or in-depth knowledge. it is recommended that continuous
exhaust gas monitoring of each SCRS be used to assure ship operators of compliance when
operating and in the event of port State authority inspection.

6.10 A SCRS Record Book should be maintained by the shipowner recording maintenance and
service of the unit. The form of this record should be submitted by the SCRS manufacturer and
approved by the Admunistration. This record book should be available at surveys as required and
may be read in conjunction with engine room log-books and other data as necessary to confirm
the correction operation of the SCRS. Alternatively, this information is to be recorded in the
vessel’s planned maintenance record system as approved by the Administration.

7 SLIP AMMONIA CHECK

Slip ammeonia gas generated in the SCRS system should be checked not to be more than
the target of 10 ppm after the SCRS during at emission testing. The slip ammonia can be
measured by using a detector tube with the approval of the administration. The result should be

added in the PROCEDURES FOR DEMONSTRATING COMPLIANCE WITH EMISSION
LIMIT ON BOARD of chapter 6 in this guideline.

SCHEME B — CONTINUOUS MONITORING OF NOx EMISSIONS

Compliance demonstrated in service by continuous exhaust gas monitoring. Monitoring
system should be approved by the Administration and the results of that monitoring available to
the Administration as necessary to demonstrate compliance as required.

Additionally for all ships which are to use a SCRS in order to comply with the
requirements of regulation 13(3) there should be a NOx Compliance Plan (NCP) for the ship.
approved by the Administration, detailing how:

(a) compliance is to be achieved;

(b) that compliance is to be demonstrated.
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8 GENERAL

This Scheme should be used to demonstrate that the emissions from a diesel engine fitted
with a SCRS will. with that system in operation. result in an emission value of Oz 13% converted
NOx (ppm) below the equivalent O; 13% converted NOx (ppm) to 13(3)(a) and thus compliance
with the requirements of regulation 13(3)(b)(i) of Annex VI of MARPOL 73/78.

9 EXHAUST GAS MEASUREMENT

Exhaust gas composition. NOx and O, measurement should be at an appropriate position
after the SCRS and comply with the requirements of 5.2 and 5.9 Scheme A.

10 CALCULATION OF EMISSION RATE

10.1 NOx (ppm) and O, (%) to be continuously monitored and recorded onto a data recording
and processing device at a rate which should not be less than 0.005 Hz.

10.2 If more than one analyser is to be used to determine the 0> 13% converted, these should
be tuned to have similar sampling and measurement times and the data outputs aligned so that the
0 13% converted is fully representative of the exhaust gas composition.

11 DATA RECORDING AND PROCESSING DEVICE

11.1 The recording and processing device should be of robust, tamper proof design with read
only capability.

11.2 The recording and processing device should record the data required by section 12.1
against UTC.

11.3 The recording and processing device should be capable of preparing reports over
specified time periods.

11.4 Data should be retained for a period of not less than 18 months from the date of
recording. If the unit is changed over that period, the shipowner should ensure that the required
data is retained onboard and available as required.

11.5 The device should be capable of downloading a copy of the recorded data and reports in a
readily useable format. Such copy of the data and reports should be available to the
Administration or port State authority as requested.

12 ON-BOARD MONITORING MANUAL

An On-board Monitoring Manual (OMM) should be referred “Guidelines for On-board
NOx Verification Procedure — Direct Measurement and Monitoring Method, MEPC 49/22/Add. 1.
annex 5.

13 NOx COMPLIANCE PLAN (NCP)
For all ships which are to use a SCRS. in order to comply with the requirements of

regulation 13(3) there should be a NOx Compliance Plan (NCP) for the ship. approved by the
Administration.
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14 SHIP COMPLIANCE

14.1 The NCP should list each item of diesel engine which is to meet the requirements for
operating by means of an approved SCRS.

142 Under Scheme A, the NCP should present daily recordings demonstrating that the
parameters in paragraph 6.7 are maintained within the manufacturer’s recommended
specifications.

14.3 Under Scheme B. the NCP should present continuous monitoring demonstrating that
the O, 13% converted NOx (ppm) does not exceed the equivalent O, 13% converted NOx (ppm)
to 13(3)(a).

14.4  Ship construction requirements generally require that each diesel engine should have its
own exhaust gas system venting to the atmosphere. Therefore compliance by the ship may be
demonstrated by each diesel engine meeting the requirements of either Scheme A or Scheme B.

14.5 If each diesel engine meets the requirements of either regulation 13(3)(a) or 13(3)(b)(1)
the ship is considered to be in compliance with the requirements.

15 DEMONSTRATION OF COMPLIANCE

15.1 The NCP should refer to, not reproduce, the STM and Record Book as specified under
that Scheme. Alternatively. this information is to be recorded in the ship’s planned Maintenance
Record System. as allowed by the Administration.

15.2  For all diesel engine listed under 15.1. details should be provided demonstrating that the
rating and restrictions for the SCRS as approved, 2.3.1(b), are complied with.

15.3 The amount of reducing agent and concentration of reducing agent at the SCRS inlet,
diesel engine load. and exhaust gas temperature before and after the SCRS. and other parameters
as considered necessary, should be monitored and recorded continuously in order to demonstrate
compliance.

15.4 The NCP should refer to the On-board Monitoring Manual as approved by the
Administration and the input data and resulting reports.
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APPENDIX 1
NOx MONITORING METHOD

1 NOx emission in g/kWh and O; 13% converted NOx in ppm can be derived in the following
equations respectively.
Note that the condition of the NOx and O> concentrations is wet basis in this Appendix.
If the NOx and O; are measured on a dry basis. these dry basis data should be converted to
data on a wet basis by dry/wet correction factor.

Grywl kg /1] 1
NOx[g/kWh]=K % NO %107 % 2053[g /m* ¢ X 1
(g 1] = K ppges. * NOx[ ppm] [g/m”] o Tke/nF] 7] (1)
0.21-0.13
NOx13 =K x NO o———— 2
[ ppm] HDIESs [ ppm] 0.21_02_5’# 2)
where:

Krprzs = humidity correction factor

NOx [ppm] =NOx concentration in exhaust gas (wet basis)
2053 [g/m’] = density of NOx

Grygw = exhaust gas mass flow rate (wet basis)

P.., — density of exhaust gas

O: o = concentration of oxygen in exhaust gas (wet basis)
W}, = output

These equations may be expressed by eliminating the common members as follows.

G
NO[g/ kWh] ~2053x107 x ZEE7 13 /s — L 3)
P ALl
0.21-0.13
NOx13 m]r —— 4
[ppm] 021-0, , 4
On the other hand. oxygen consumption rate can be derived as follows.
F, 0 b b, xW, ( by 224
Q. :—fLa—k—Pnlo] =2 X7 La+—Jx [m’ / 1] (5)
M\ 4 ; 4)" 1000
where,

b. = specific fuel consumption [g/kWh]
F¢= fuel oil consumption rate [g/h]

CaHp = molecular formula of fuel oil
M= molecular weight of fuel oil [g/mol]

If fuel oil is composed of carbon and hydrogen. the molecular weight can be expressed as
(12.001a + 1.007945) [g/mol]. Then, formula (5) can be expressed in the following.

[m* /K] (6)

0,

con = +— :bg & F‘P’b
- 12.001a +1.007945 4 \12.‘001—#1.00?94({)5“) ! 1000

Y,

b, xW, b ( 1+0.25(b/a) | 224
[+3) o))"
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NOx emission in g/kWh with equation (1) can be changed by (6) as follows.
| s 31, G, 1
NOA g/ kEWh] =K ;e ¥ NOX[ ppm]=107° x2053[g/m ]x—x;
exh b
} 2053  0.21-0..13 1+0.25(b/ a) 22.4
=K x NOx{ ppm]x107° x x
soizs X NOYLppm] 0.21-0.130.21-0, _, ' 12.001+1.00794(b/a) 1000
_ NOx13x_ 2053 1o, 8 1+0.25(b/ a) 224
0.21-0.13 12.001+1.00794(h/a) 1000
__ 2053 224 . 1+0.25(b/a) < b, % NOXI3
0.21-0.13 1000 12.001+1.00794(b/ a)
(7
o = 2053 224 . 0 ®
0.21-0.13 1000
1+0.25(b/a

2

12.001+1.00794(b/a)

As @, a, are constant, NOx in g/kWh can be correlated with NOx13 in ppm and specific
fuel consumption b..

2 The correlation between NOx [g'lkWh] and NOx13 [ppm] has been examined by using test
bed measurement data and on-board measurement data. The result is shown in the following

figure.
From the figure. the difference between NOx [g/kWh] and NOx13 [ppm] is within almost

+ 15%. Then. NOx13 [ppm] can be used the NOx monitoring method on-board
measurement.
© On board_RM_1 415y
o On board_RM_2 ¥l
4 On board_RM_3 0 SRl Lm-'
25 o On board RM 4 . o gn .
- On board_RM_5 o eEoo Conditions -
X Testbed DM 1 o -
m Testbed DM 2 a8 ) Fuel
> aTestbed DM_3 o= .
= © On board_DM_1 R e o RM, DM
= 219points F.4 4
= 15 e e :
= 9 Test site
>
o A Test bed,
10 <% On-board
*
5 \ Load Factor
) NOx [/ k\Wh]=1.188837E- 02x NOx13 [ppr 25~100%
0 A A s A " A A
500 1000 1500 2000 2500
NOx13 [ppm]
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APPENDIX 2
THE NOx (G'KWH) TO EQUIVALENT O: 13% CONVERTED NOx (PPM)

NOx in g/kWh can be correlated with O, 13% converted NOx in ppm as follows from Appendix 1.

NOx{g/ k] =—2053 224 (5, 1+025(b/a) x b, x NOx13
0.21-0.13 1000 12.001+1.00794(b/ a)
where,
2053 224
ﬂ'l = * =
0.21-0.13 1000

_ 1+0.25(b/a)
12.001+1.00794(b/ a)

b, : specific fuel consumption.

107%: constant

- constant

a,

Though having many different physical characteristics. fuel oil mainly consist of hydrocarbons.
e.g. Ci1sHiz. And the specific fuel consumption influences on NOx conversion. the correlation
between NOx (g/kWh) and Oz 13% converted NOx (ppm) can be shown as follows due to the
specific consumption level.
(1) b, =210g/kWh
NOx (g/kWh) = 0.013*NOx13 (ppm)
Therefore, Oz 13% converted NOx (ppm) of equivalent to 13(3)(a) can be derived as:
NOx13gec (ppm) = 1/0.013*NOxgec (2/kWh)
(i1) 210 = b, > 190g/kWh
NOx (g/kWh) = 0.012*NOx13 (ppm)
Therefore, O, 13% converted NOx (ppm) of equivalent to 13(3)(a) can be derived as:
NOx13ggg (ppm) = 1/0.012¥NOxgeg (2/kWh)
(1) 190g/kWh = b,
NOx (g/kWh) = 0.011*NOx13 (ppm)
Therefore, Oz 13% converted NOx (ppm) of equivalent to 13(3)(a) can be derived as;
NOx13geG (ppm) = 1/0.01 1*NOxgec (/kWh)
where, NOx13 shows O3 13% converted NOx

NOxgreg (g/kWh) : IMO NOx figure
NOx13geg (ppm) : O; 13% converted NOx (ppm) of equivalent to 13(3)(a).
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MEPC 53/24/Add.1
ANNEX 14
TERMS OF REFERENCE FOR THE BLG SUB-COMMITTEE ON THE REVISION
OF MARPOL ANNEX VI AND THE NOx TECHNICAL CODE

The BLG Sub-Committee is instructed to:

examine available and developing techniques for reduction of emission of airpollutants;
review the relevant technologies and potential for reduction of NOx, and recommend
future limits of NOx emission;

review technology and the need for reduction of SOx, justify and recommend future limits
of SOx emission;

review the technology and potential for reduction of VOC;

with a view to controlling emissions of particulate matter (PM), study currentemission
levels of PM from marine engines, including their size distribution,quantity, and
recommend actions to be taken for the reduction of PM from ships.Since reduction of NOx
and SOx emission is expected to also reduce PM emission,estimate the level of PM
emission reduction through this route;

consider reducing NOx and PM limits for existing engines;

consider whether Annex VI emission reductions or limitations should be expandedto
include diesel engines that use alternative fuels and engine systems/power plants other
than diesel engines;

review the texts of Annex VI, NOx Technical Code and related guidelines and recommend
necessary amendments.

The BLG Sub-Committee should complete its work on the above by 2007.
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5.6.2 Formation and Growth of Particle in Aerosol Process’’
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#5.6.1 BHENHEHEECI T D PM AR OFEARME 2 F7 (G gas, S ;solid, L ;liquid)

H1 K Bl et PM i} 5

SUEHEH A PM TV A S EREIPSIne
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(GEBLERY) IR RRIR EFR T EE L
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or ( HC; Hydro | SOF (L) # 5.6.2 ([Z7EH E & Al

By R Carbon) Sulfate K1k
PR bR SR

7 e~

W | B HC Smoke (S) T bV B o | m R
SOF (L) I NOENAINE 3 G i k)
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RIZBITHEHEBHEAT 4 —B Lz P OHITIE, NOxxRA2EHR L, PMEAEICTE L Ro-ifE
DIEFER DD, T4 — LTV NERFEHED 40 % (2002 4F) (ZEL TWHEU T, NOx
ZIMZ HOPMAHIT 2 HikE LTURIETHD, BAFRBRBEA X5 2 & B IEARR R 1L L L CH%
EnTnsy,

FE i FA B B O B O RFHZ BV T H NOx & PM Z 4021 DB O w4 B Ol 4 46 K OWRE ~ 0 28
EDODNT A ERSTHFNEZED TN ZENREELWVWEEFZ D,

1.200
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' D1 NA; Changing Piy. and EGR
H H ! A TC; base, Fin| =50MPa, EGR=0%
1000 p~=-====~-~ ' g Bl | A TC; Changing Pinj. and EGR
! | 2010 0% | : :
! i ' | Bing: -
- 0.800 | : | h
2
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=
oo
0.400
0.200
0.000 - *
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EDRET DR, EEMAEEEE ) A —NED I V== TORAZA I BEND Y |
AN U 2 =PRI A DA A TERER & [AARICRABE T DR I3E < . TETETIIC L D PM AR S
VETH D,
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1 d
 T—
] 000
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B 5.6.4 \ZHXKKDOT 4 —B /L BBV EYET ZABHIEOHERS 278 L7223, B KK 3 B #EERE— K
DENNH D20, BUE ETOBEMELEIZTE 2, 2720, BAROBBIOR AR Z L%, Bk L
72K D IZ NOx HIRE D728 $E0 > 72 PM OBIHIEE | Z ZHT TRMIZEE L < LTWD Z &35
FHHA D o
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7% 5.6.2. Diesel Fuel \ZE53 53k (Word-Wide Fuel Charter, 2002)
HTFIN—1 | BTV =2 BTV —=3 T Y —4]| JIS Hk

IHH HAZ | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. |Min. Max.
& R 45 - 50 - 52 - 52 - 45 | -
R kg/m® | 820 | 860 | 820 | 850 | 820 | 840 | 820 | 840 | - | -
Tt s 5y ppm - 5000 - | 300 - 30 - |5~10 - |500
HEE RAWKE | Y%m/m| - - - 25 - 15 - 15 - -
90 %o it Hi 1 2 C - - - 1340 | - | 320 - | 320 | - 350

BT AV =1 A AHBN R D E VL < 72 < BT Y 2 OIEARR IR A RAET D
DN A S S

B 7 F Y =2 BURO P ZARHN S 2 728 z%&%ﬂ

H7 AV =3 BUROPEE T ZAHEDR S HITEE L < 7222 7255 (S LB Rk

AT AV =4 AT 2V =3 (xS LegRH T A2 S B ﬁb<&ot X 5.6.4 O

ek D B 2 A2E)
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1990 % -26 BEYH /N T ¢ — B L= o O AT HEFIE N OB L0 | Wy iR A LT
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d EGR (Exhaust Gas Recirculation)
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F - BRBE CUTEVR) L. SOF O & 72 5 AlREMEZ FF o T 5, JEAIR X Ome ki kAl &
LT, HHE, WE. PRELEMNRHANLN TN, PMBAERERLZ 0D, HEHEA
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AL S A7 MR EE LS T WREE RS Ao 72 ERIC 2 & 1270 D, JERICFEGE S N2 IR
ERNZIXZOFEFREE LTHREND Z LI PM & LCEITL Z LI 5,
R vV o= sl b B ICHER I E OUGEIL, & LT SOF S OHRICAEZ L ZE 2 D
NTW5H,

(2) BREEEHIE
ABIEAT 4 — B A= DU RBIE & LTI ARRE L OMEN LU TOZ EREZ LR TV,
PREFRRE S OEBAE 10 ppm AT EWI P L7 7 —7 U —73H AR
BEEDO LGS mEe s Ao FEB L RE
RFRTSEA R A RN OBRE SREEHRAKEZ, HEHEBLOT EF L U RBILKFEEE £ 200
B
— WKL TR ERET S, T/ ~v—XE7 TAZ—DERER <, ENREINAIIFE ST
W2, BERREBREBINAN THD & OF—F BHBD TWEY
Z OB TR AEN OPERR RO @M (R ORRE) B X OB IRE ORI

LED &9 RE IR, ER R, R L, BE L. BT o= 50, T b O RITR
FHOBBIEZ IR T SE 0 2 L2220 BREIOREMEMER A WICFRE & 72 5,

—Ji, HEMZzZMEI Y rmr Dl E o T R BEARITISEDOI R L 2R D03, T LSO RIT
WRIETHBEAD L ICRADPRNELE S 2D,

a B CAlhBREL

T4 =BT BB DIRECh S AL, NT 7 4 URRAEKTE (ES#EEFRIEAKIE) . T
7T RIRALKFE BRREIRIRALKSR) . T e~ R (FEE) RILKEOREM TH VY EEHIZ L > TE
DHRIZRRDZND, RT T4V BIOT 77 RS ZEDO TV,
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F 4 =B RELE LTCHRESRA, T 7 4 U RiTe X Ulia @ 508, Myt (RIEREEICS 5,
WICHFFRITE X ME KD 503, RIEBREMEICEND &0 D FEZ R > TV D,

HARD AP DR E LT

THE RS RBCR 2 B H ; TR Z A L, REWEEHE S CRET 2, ( SRR ABUR)

o T, FHIEMETED CTENHEEZITOLERD D,

BRCKAZ L A~UT TR & E DNV, KO diesel fuel X, £TiH (kerosene) %kt & L TW5 =

EMEZVD, AROLEIITFR AT o A0 6 B A T EE R ST EE O3 e 2,

T, BOKIZHR, BARORMITEE & 725,

A AR~ JFIMEAG SR TR 3 3 F R TH 205, AR & A =28 i s < . AKRF RN

K DR D EEHR A E o,

AR A LI R EPH IR & IZIER U Ch 5, Bl LoD EMEA ST A7 7L M
DEBREBAL, LTS, Zolkd, EHEMEETR S & EEINCITNE S R WRER BB & 72
S>TW5H,

JFH R Oy (AW E L TEE) 1IKETIMC LY . L& O 2 fifbksE & LTBRET
%o 1EHE OMREEIXFR A E D 50~100 ppm F2EZ HEE S LTS, BUfE, rv77—71U— (10
ppm LLR) & 5720, L0 EERBMAITONTEY | fEREIC LIRER & S b Tng,

RFBWMBOSIT K0 | ARITEEHE X VRS FbT 205, ZORKSEICETRA LT 0 2 &
FEA) BLOFEBR GBI & LERT 5, AT HITIRFBED D22 WVRIWKFZFE S LT D720,
Al B U CRii - mEZ L L LRy, 2o, ITMTL 0 &R - SEE2 L L3 5 HEEHES
FOEE M OBFUZ LB ER O GH DI Wb D RELRELE 22D,

WX E AR RS & O HER L ER B E L E LN IZEY (REF DDA RALKHEZ B
Wi L. SBICHA R CRE(L Loz Bk & L CTHOW T WD, FIEARRERE L, AKBIRINMZ L 0%
Bt BEBITONEROARIET VU v BIOREE E 725,

FEMIIZND OKBRMBISORBEN TR E 2> TW0D, ZDn, EEMPICIE, RO
WHEERG, T AT 7T RNt 5, BEEMEFAT 256, MEEE 720, B ThE 5
o, HEBESEMUCBRE DS HRM E LTHWSND, 20X 5 REEME, HFEBRNRSVREL L
720 . PM FEAEDRREE B,
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PRI R

J [ AREREE > LPG
> FoY
722 ’l T H L e T‘ > AUy
= SRH U BIREE | SzyhRH
3 :73 T3 A
[Fih %: KT ;i (kerosen T8k = A : =I A3 |
Y Iy P ]
E 823 (diesel fue BR=E |
B2
5&&%/&7}(%1'5 ﬂsi’”&ﬁﬂl\ﬁn:ﬂ:% -
U RIREE o RS :
Diesel fuel
FimKkFRE > .
| \ BB E CEH

A Fuel oil

(vacuumed residue)
a—h— a—9X

565 AER T 0w 20F (HOEREGE4EE) D
(H L H 56 A il http:/www.idemitsu.co.jp/chibasei/seiyusyo/process.html 2 V) )

KRBEVK N E TG THHEHT ALIR L DR M RT U A EBE L, BEHIRIRT A ~DE 3 A T
B, BEMOBENRD LD, o, BORZWEERFEMAZETA L, BEMEZS 53, =
ARAV y ERBHDHZ D, FMERSH EORBL F T, BERHORE(ERNEGEDL LT
I Tnd,

o T, HEMREEZFAT o~ ) YTl 5T PM K EEWGREICHND EEZHNRT
W5,

REBAO X RO 1F1E LT (2 AEAMEREREKEER) . = 2 A R 8 ET o8 % i
WX DUOED B D, 2 AT AL, AL 72T CHEL L7223, 2D I 40,000 X— L v H (K
6,400 KL/ d ) WLEEE(ZxF L, bl 60 fiEH & R LT 5, AUER & & AT % 2 45 L35 2 D & HME)
BCI3YL—8INCHEY T 5, MERBA CHABLIFIA SN TR . EBIZIZZTOEF L 725, PEC
(e L v & —) FER TR IR 21T 2 7286 1E, ABEA ZC 200~300 fE1 & 72> TV
Do
HEERMBLOEEMTOMEZRET H-0120F, L0 EE, SETOMSNAMLELRY A
MIFL 2D EEbhTWas, AR E iTEﬁf(%é FHE M OB OBRERLT ) S HER T 5 &
ML bR LD EEEIND,
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b. TR

T4 =BT U UBREE LT, AR OB, EEIMA DN TWD A, B T~ L 9 IZPM
RAEFERNZZRICZ VT —T5Z L3 LV, 20k, 7 U —UREIBRE ST 528, Rk
PRI CTE D ARENED B 2 DI B IR EN CH HGTL (Gas To Liquid) & DME (Dimethyl Ether;
VAFNTZ—T)V) ThHhDHEFSLILTND, N1 A~ ZBREHICO,MENLERZHEDHTEBY, D
H OREY AR B R OBREHIE S CH OB FEIR(LKFE TH DT DPMIBRICHEE E o T d 23 ik
fo ik OGS IRHIO BN, BRESINTFHATOFHEBZ 5TV D,

¥, ARREHICO, Hyy COZREEIE L, BRBUSIC RV EOND RILKFETHY | KL BRI
HL BB TWD, BB ZARTANLRIRTA (A X)) EF5Z EBIOMBEORFIZL D,
a2 MICHIRBEHIT SN\ Z L THERZED TV 5D,

RIRTTATE, AT T A 2 AT URFEHUZHE SND D, A 7T A ek XATRAL iR o 2
REDIIFFIZEHETHY , MEX—ZXLT2HI2F, DLWV EORHERLETH D, HHED
LA GE LR WHUINTT A B O KRR A & P S lES A 0 . B oMk LS W IR AKFE BT D Gk
MBS, TERETORENMTbNTWD, 2 b DRFENZRMEHA GTL XX DME Th b, K
RAAHIZIZ, AEWETHLhE, K%, DEENTWVDINR, ZNUHZRKERTAHEY FRu N
%, ARBUSEITS, 20D, GRBREHIAMMEZEET, 7 —vZx ¥ —LEbhTEY,
T REREVERHA OKFE R F—DFEHTHLH 5,

¢ GTL (Gas to Liquid)

AR R FEELDS C1~C100 £ TIEWVEIPHIZHE 2 B#fafi{bkFETH Y . ERILEDE LOHEH
EEFERVIMTH D, ZEERICL Y | T, BRBMEYOREIE 252 LN TE D, BHERILKFE
ThHH-OX AMiREmL . T 4 —BUBRELE L TRIANAEETH 5, 7272 L, BB Z Ln=o,
TOEET 4 —BVRELE LTHIAT 2 2 LIXREETH D, BirEm EAIOBISTREHEA S
DEE « YIENNLE L 70D, JRIME S L U CHRCTH D720 BEFOA MG - B7isk - ek
ZOFEFFIHTEDLENI AV Y BB D,

GTLOHIE =2 2 MIBLERAM AL, TEBRR R BER TON T S RED S & T, 12 [~20 1,/
LEVWIERFERSH TS,

A7 7V CIEgElE LTRSS, 70 —BELVHBEIORIRF L L TOEBRH 5,

¢ DME (Dimethyl Ether)

EZERULCH;0CH; & Kb S i, HIRTIHEAETH 0 | JEMEIC L Y B ICHkik & 72 5, DMEILE#EHR
{EEMTHY . EIRICBWTESE LEEVVREITH L LS Tnd (NEDO S 7 Ly & DY), Hil
TA ML, ¥72-92/LEVH LU ThHY | BRSO3 A N THRET S L, GTLE RS0
ZNLLTF &7 D, DMEXWEMEIR & L CIXLPGIZIE W2, LPGDA > 7 T BIARNIZHIH AHETH
Ly LLBBRLZATILTHDLTED, NyFXr T (TL) H~OBEMERH Y, TOF AT
TEARV, £o, BEE LTOMEAERZITRL, T4 — BB e LTORREMKICH D",

(3) PR AT

P b E AR BELLE ) & OHET 2P 37205 NOx, SOx. PM (EH 6 EWNWZITF A ) %A
HIIn] 2« DEEZ AW THEBMESN TS, LLARRE, %5 T2 K 9 ITHRAFLIEE DOV

-232-



EHocslE Tk oic, BiRICBO TR TOR TR Y, REE - BAHEEZEDT1I OOV R
TLELTEZLNTWVD,

ZOFEZNFEROIL, ABET ¢ —BAYET A DBRLEEGIETH D, ALPRIEE O E ST O B %
2B, NOx BRE, PM BRE, RIRKIWKFERELE —RLT20ERH D, —BEEBROHIZ, Fifi
T LD ITREHEIR (B & A & BRBENE, FEREA) B L OB Fr— L &2fT> T\ D,

FEAIIZOWT b, B0 22 %7 MUIZFERROERFHETH 523, HEIHICHSE{HRITH 5,
HEYEH & O R R MESUTREE T 5, 2 A FRLOBREHAR L0 o s, REHEAE S, %
RLFRIN R G 7 RBHC I W B2 2 5 2 L I3#E LV, SOx 7 U — T2 £ LW3, SOx f71E F T % il RE 72
HitZfHMi T2 W) ZEBMEEEZ NS,

BEMA BT ED, vV T 4 — BT DU A DB B FTRE & B 2 s EiT O,
A2 563 ICHICE L7, FEMITERTRARD 2, #ALE D AHMOE AR N B
LZFHETE D,

#5.6.3  PLAVEREAN O A S

FuB=PoE 37/ AR A SOx DffF | XA N | HEHW AMHAL | ALHIREE
1 DIFLE Gk
PM DPF 1 AT R FHERER
CR—DPF AST] WL fECYE AT
DPNR nl WL
EP (FE5XUERELR) SR NEL SOs#& LA 1
NOx SCR (JR3#% - 7€ | #HA | @HA | RE 1A
=T )
SCR (HC %) AH] A AL 200~400 °C it
NOx W e e fif | A7l YA\ WAL gz ko T
HC Wi e o fig | AT A B 21k,
HC (& CO) | HC f&{bsyfig N A VE A | RIES AT
SOx, PM wAk (B 277 WA | R SOx %} 3K @
N—= e IR
A7 /83— WHE | ARE SOs#& AL

1) SOXTFETE F COfMAENH HHE . SOMLIC L DY V7 o — MMERITEAARTE LTS, &
A M., HHE GHEERHIUTE VWA TER) 12X 2MRESLE L ONRAME R 5@ AR AT & LC
WD, —RENARIE T B ERES R IE T & D EIEMEAELT . TEEAE VI E S NS W E A F - T
BY., EER L OBAEMANCHD) 28I XA NOHEEZHEIENNH 5,
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RN

SOX TA1E T G i AT 8 70 e AL BR B I BLIR O @i - EEIVBHT R O ATREME N B 5

%ﬁXﬁﬁ%%%%E&Lﬁw&m@&ﬁ@\mm\i/y/@%ﬁ@hﬁbh&w&%f@

HWADAREME A>TV,

@ SOx DIEMFTE Fi5 L OHEN A ik & T & 5 % ALBRENIZ, REHAE B X 0= o ¥ v A H
TEDEBEHEH R & [F UIRBLT 72 o 728 A D RTREMENR 8 5

kDX o Ths,

)
)

a WKAZ Z 13—k

AT TN—TRBE AR NBRLRNZ LD, SR EIRE L RWEET ARE, BEREICHONOA
TETWDH, A7 T3—KE LTHKE WD TFEIR, EERRE O E BERABERH O SOx BrE L LT
FIHESNTWDHIR® S, Zhid, WAKEFIAL, ~7 2 vn Ok~ 7 220 L) 2RI &
ToHKRZTEEbLEbRL TV,

P AR DU A 7 T 3—13 5 o 1 —DARNIEET ARE S AT LD—H & LT, o h—IT8H
HENTHDHIRHD, 72720, WHHEH AIRA T—PHATHY, T4 —BLZ o DUPEN R
PRSI TWRW, F7o, BREEBEMREEZZRY . 70 VBRI Z TN L2003 fisfia HifEAK 2
7 IN—DREBLELEZD,

2 75 DWT DLEDZ > —i2i3A4F—FH A (IG) AT A (IGS) OEBENRBEITHNLTND
(SOLAS, 1974),

IGS E LTI o XY IC 2 EH 5,

Flue Gas Method (FGM) : R4 T —BRBENT A ZFIHT 5,

Generator Method (GM) : PSA (Pressure Swing Adsorption) 72 &2 & 5 1G OfiE (R DIRA %
B>, 7V, LNG, LPG IZFIH)

FGMIIGMIZ ARG a A FAMEWZ B L O A2 KREBICHET D 2 LN A[RETH DL Z L b,
KIF & > =72 EICHW BN T WS, IGSD 7 1 — XD %K 5.6.6 12571, IGSDJFEEE L Tix
B 90 %Lh L&D ARA T —hTABHNOND, T4 —BLZ o VU ThoTHT 41—
NETABRFIHES NS Z &3y, OB E LT, BAMEORA 7 —HE0 2ADMBILLE L TR
DHD, BRRE SUBUTEZHIRTEDLZEThHL, ZOA, KA Z =0 L LT, AA
T —HEHT A ORI Sr (SO2. SO3) D 95 wt%lh . & X R D 90 wt%lh EDOFREN—KAY & ST
é 19)D

—J . EUD LAR— hTIESOx R & T & LIzl K A 7 7 =07 Hli 21T > TW A 23, PMOHIJEFH
121525 %L ERWVEICB S E > T 5", 27 I A—fokEZTOEEHIRT S &, FHTERERICE A b
AT DR L, WETER E 2D 2D < OMITMEIKE THD THIE L TW 5D, Btk
IZ X DBBEA~DORBIZOWTL, SBBRHNOMNERD D,

IMO@H@LTi%*@@T%E@V&Lflﬂmn%ﬁmbfwéh LS DOHEIZ DN T

X, BIEZFRIT TV,
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JH—Fal—avH
(HIEF)

o [omamr]

|
TYTTAOHR i

(HiltEF+) No.17A7— | éz rn>ﬁﬂa>7«

BE—JAE

—\r NIy

No27 07—

BKRT
kR T

K566 AF—rHTAYRAFLDT7a—X"Y
(& v —MEEZHBE S K o — DR, BWEILEELE ., ppl52(485) L U HkHE)

WK A 2 23— LR 0D R A

O BrREEEDEN

WK A7 73— TEREATREZ2 W EIXSOx & PM (KL 1) ThH D, SOUTH A & LU TRICIIL S D03,
KirIk GEIR) DSO; (Pv7 =— b)) BIORZOMK X, A7 T 3—KEDERZIZLY 2T TR
—KIZHIE (7o/e&%E) shd, 2ok, REWAF (1pmll B) OffifERITEW R, /RT3
K OBUKMEDSOF, 71— 7R R 7 O RITR, 728, SOE SOCLL T OKIZESEM L, AKHFT
SO ITfREET B 72, IAMREEIIRE WA, IEMRESHIN L., WESERIEIC 72 D LIRS IR T 5,
ZDRD, WKA T ZA—=FIHOGE . WKOERFAILS £ 0 BIFFTE 220,

@ BrEZELEFEIHEK

OTHEART=L I, BT = — b LR TORERITIS HREEENKTET 5, 207D, BRED
R @b DI ADETR (2 D ~OBEEBRRKREL 72 D) ZRIALLEND D, Wk 11X
AT IN=HAOT IAZ— (Ix) Ix—F—) THRETLHIZEZN MR TH D, 1GS 1T%H~7
nU—%FffoTEY, 2D, XA MDREDNREZSHDDLZENAREEEZOND,

@ ek

AT F8—KIZIE, YETAHFDOSOF (H153). SS. SO, BERE (RNFVavis, =vir, ik
E) BIRALTEY ., WITMMEL 20, £72S05" HEDECODK & 725, /LT KA Af T ULE
FIREZRFATH R D, BT IR ENLE L 7o D0, BRI E S X 5 RBA0E L7225,
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@ JEEXE

YT =— b (KRR (3K5E OB AR [IRIROKS &b L, ik 725, 340°C
PLETIE, SOs& LTIEEL, ZORIETIE, @B & Db FBMmAiEawn., Y7 -—~ (RIE6EE)
(IR DFE R LA T TEIET 528, MBREESILRBRTF OKSr . SOMREE, SOREE, Z DA A A5y
TRE D, WS 2.5 WA DR A 7 —HeH A TiX, B 140~170°C L7257, Tk, BREL
7o ARE AR T D MEND D,

AT INR—FERERRE, HETTAF I TIA =0 7 ENTHDHN, UL 100CLLFTH D
72D, 100CLL RIZ T LT A = T UITF 2 R EXFHT 0N H 5,

® MWKFOTNLHY

WEAKIZIZT V) L LTCa, Mg, NadMfFAEL TV 528, ZOHTRIL L7280, #@EET 5 DI,
Ca (HCO;) & L THAET D¥fRMECa® Th %,

Ca(HCOs),+HSO; — CaSO;+ 2H,0+ 2CO, T (5.6.1)

A FNR—KERERAA L, #AHOC? 2 2THH LA, 7 =080 A k& L TR
g S D ATREME D B D

- BETK iR 0D 25 )
BB ORiE (S) 13, BRBEIC LV TR (HERIEEH A 5 SO,y 12720 HITRFF(E T TITL
T OAFROS THEAKGEE (=BT ; SO;) MAEKT 2.

SO,+1/20, & SO;3+96.6 kJ/mol (5.6.2)
100.00% f————02 0%
— 1
S
S 10.00% —’%{5 5
a | \-\-\33 110
o 1.00% Y
§ ~ -
K]
> 0.10% R e Ay
3 Rodm
n MMI‘I\.
0.01% ‘ P
800 1000 1200 1400 1600 1800 2000 2200
BECC)

X567 1XUEICET HSOsDIFIELE (FHIHRE)
logKp=5186.5 /T+0.611 Xlog T—6.7495  T;iiJ¥ (K)
VHTER Kp 13 (fh) ERAFU RS  “PREBR”. FE (73) ZfiH

X 5.6.7 1% 1 [JEIZRBT DALFERFARF OSSO FEE . (mol%) (=S05/(S05+S0,)) THh D, B"A T—

HEHN 2P DSOMELELIL, 2~5 %feE LS TWb, RA T—FFRERE L = a )~ A4+ — (2 kR
BEE) ZFFo720, BIROMERKMNA 050 . T —Brm P X0 ERREICIEL 7o TV D,
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T A — BNV AR ORE IR A T — L0 @ Ted, SOs~DUMEBIIARA T —HHTAD 2
~5%L VIRV ETFREIND,

X 5.6.8 \ZHEKAZ T R—DHAR) 7 0 —%R LTz, EEEARL LTINS T b &5
Zbb, EMRBENRAT TN—%K 569 TR LT,

v

IR PEERNL—XF

R FIN— <
L
. G
Per
ALBRIK
T’ —»| KAE —— Bk
Mk —> l
EE: PRI
568 UEKAZ T AR—DIEARY T o —20
f a
S L
G —» v

NG

AT Fes5 ReFa) = A7 T

Txy NRT T N—
BN O T AFHEIL 2 misec LT, | HAFEIX 1 m/ sec EIEFITE | T AOHLIAD ) TR E %54
JETHBIN DI s, BREHRIT | <, BEMKRELSRIEACH | 2, WIEABREZNSEDZ L1

T, Do AU RS ClPsks:: i RN |
HAZRER SE, EE2 LiF24 | FEHONRD VIR EZRET | 8. JIKIEA A& IR HE S
A 7%, HWHNITREREZRE | 25147055, RN VA B 2F 7 R
THEATHH 5, A7 L= LD RIFIHHFTE | 2RV F—HBERITZ LV, EBER
JENHEKZ DT DHECH | 25, LEEOFEMEIIRIT D, | YT ORRNDRFE TH L0, IR
e BAEHREDH S PR TE D,

569 fREHRZ T A—FPY
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o= oAME—REE 2L E, AT TIN—HFRNELTFIAT LB, FEBEX AT LD,
ReF a2 —D LX) BREVEREHDOIENZ A TRENTWNWALEEZ NS,

b. FRXRT T 3—

PEFERRR R O AN T, BATIHBNK A7 73— (AR - AEE) BERTH 8,
KETIHHET A Z 7 MTAHIKRA T Y — (IFAKRHR) #WEEL, AT T 42— I A 7 a2 T
EP@%%EW#é&wowb@é%74%77A%#%w%m1wk0%ﬁfm\ﬁ%ﬁ%vy%
& HANSBERNF P 2T RIEIER 2 N LI SE AR Th T\ D, BIARIEMERIT= 2 b
FMTCHDHT-H, EEMREIEALUBMET ADRE LRI A MEENMTOILTWS, RIA4RAT T
N—u\ﬁﬁm LR TH DD EAMEKE B AT OREH YOI T 2 HlER LOF X M
BT ANE Lo THRERBRED, 74NV E =L LTHA 7 a U B SUINT 7 o V2 —0 A
WHILD, A7 dax by & Eiib a3 MR DFAEFFOD, 1 p mBLUT ORLF-lE
BRI, N T A NZ =31 pm L FOR A ZHE TE D (HEN—ATI % L) 23, 17

SR A IR RELS, RERERBEBZ Y T HRLELRD,

&4%%//ﬁ% ZRIHEN TS Z &b, UM Th o PMIZE L CTHIEH O ATREMIXSH 5

DN BREMERICE LT 2T — Y HRB L OEEAORELZEDTHENLELZ 2 5ND,

c. ®HEXHEEEZ: (EP ; Electrostatic Precipitator)

B T REICLY ., ka2 EE (HH) S8, BEBANCEHE) TR 2T 5 515 TR

AT LR I3 ) CRIBE S B &5, 1@H X, EP ORTEBHIHRL FRREF O A 7 v o X%
Hze (M) B Ix—F—ZEVWHAGDOETHEHN STV,

AARENTIX, JERENDIRNW & BREMERDNEWZ &b I IFREHGOHET ALBRICERH &
NTWz, L LR D, EPNICBWTH A 4% U EARN 300°CHHTThiThbhsd 2 & AVHIH L
Totk. HEdE CUIMEALAKSE) MBIFEE LRV, XU 200°0CLL T (FERAE E 720 &0 )RR A
TOFMMIZIRE SN2, ENTHHEZ K> TWD, A MEEIZ 90 %L | & Fmun,

BN TIXEER T o — B AT R BB & L THREDNED STV 5, Z0BAa O
R LT, LR EFbhTing

O P AR OEACKFIRE, ¥ A A F 2 3 ARE

L%Eﬁi WHFENZE 1 ppm U FiICary be— L Lk, Bll7 o 2 CREISND, ZD
. BERE O FBEARIT DRV BEIMICEB SN RN S 5, HEiEH T o
ﬁ%ﬁ@ﬂ/hmﬁw&ﬁﬁf®@ﬁﬂzﬁ

@ IR 7 (SOF) %}k

SOF (T 27T — Z 1372w, B & O FIBED L 5 MR,
@ Y7 xz—MILHEMEE
Wil O AL EOIRE TOBENLE, = DI X VT ZRE R T O ENZT
L0, IBEE MRS EICEICREFT 2 2 LN ARED 2
WX EMRR O 2 D T AT Z . BB CE D X ICEBLS TAX0ENRH DL, Z OOkl
#km R BN DD, FTo, SOUT AN —T 572, FFESOxD L < 72 o 7= WF, SOxxt R 3% A
FCRELE 2D AR B D
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d. DPF (Diesel Particulate Filter)

¢ DPF #f3

T4 =BT A ZMERO 7 4 L Z—=THI L, 7 4 /L Z =Tl SHTRF- % 500~700°C TH
BEALER L, FAET 5, BRBEILIRIZI VT, IR 1,000C8< £ TEFT 2720, 740X —Fi L
LTSIiC, 2=V 74 hpEDETZIvIPHOLNRTWD, 74 F—a2=y M 2 RIILL LFEE
L., A, BEZUYEZ HZAHBESTXEZ@EE DPF & FEATND,

— . T4V —REIZAHE, XT V20 L7 EOEEERBLAREEZ R L, {KIR TPM A B LER
LT 2k EA SN H S (CR—DPF ; Continuous Regeneration Diesel Particulate Filter) , CRF =R,
SOXfAE T Tl SO,PEMLIZ K 2 H /b7 =— DR, SOxOEBEHEEIC X 2 MIAMEICHERH Y |
IR BB DS FTHE & 72 > TN D

DPF TIEHAERFIZT 4 V& —% 500CLL LIZT 208N H D, MESEE LT —2 I, ~N—F
INEL, BREHRBEIEN e E O FER S D, KRBT 4 —EBLV Ty IO a7y NHELT, E
— A MBS bR L CWb, DPF X7 4 VX —OEEROMERH Y . r—~Li a v 7T
WE Ty I 7 EMORBEIEIT O TS,

EU Cix., 7«4 — B/LHEHHE LT, CR—DPF &=V DETHIE LA DO BREHEE N
BONEFE 2o TR, EMFEREIZRIEE LTERY . P07 AEE MK T 2 (KA TR 2 i
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SUMMARY

Executive summary: This document provides background information regarding general
characteristics of particulate matter (PM) from diesel engines for
sharing common ideas of the complex physical and chemical
properties of PM.

Action to be taken: Paragraph 5
Related documents:  MEPC 53/24, MEPC 53/24 Add.1, MEPC 53/4/4

1 Background

1.1 The Marine Environment Protection Committee (MEPC) at its fifty-third session in
July 2005 decided to start a comprehensive review on MARPOL Annex VI, including not only
NOx and SOx but also other pollutants such as particulate matter (PM). The Committee agreed
to include this item in the Terms of Reference of the BLG Sub-Committee.

1.2 The information on emission levels of PM from marine engines, including their size
distribution and quantity, is limited. Moreover, it is difficult to fully understand the physical and
chemical properties or human health effects of PM emitted from any sources including marine
diesel engine because of its complex characteristics.

1.3 It is known, especially, that there is much difference of effects on human health or
environment according to the properties of PM.

2 Basic Information on Properties of PM

2.1 PM is a complex mixture of solid particles and liquid droplets found in the air. Because
of the complex mixture characterized by widely changing chemical composition and physical
properties, PM is not a well defined substance. Some characteristics of PM from marine diesel
engines classified by their physical and chemical properties are summarized in Table 1.
In addition, Table 2 shows some characteristics of PM in ambient condition and from diesel
vehicle for a reference.

For reasons of economy, this document is printed in a limited number. Delegates are
kindly asked to bring their copies to meetings and not to request additional copies.
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2.2 In the past, research works on characteristics of PM has been done mainly for stationary
emission sources on land and on road emission sources, such as boilers, diesel generators and
diesel vehicles. Despite considerable amount of basic research, neither the formation of PM in
the engine cylinder, nor its physical and chemical properties are fully understood. PM from these
emission sources has been regulated basically by their weight per exhaust gas volume. In
consequence, improvements of ambient air quality can be observed to some extent.
Nevertheless, on the basis of what is already known, PM is perceived as one of the most harmful
emissions produced by diesel engines.

Visible Smoke

2.3 Visible smoke is one of the expressions of PM from diesel engines and is easily
recognized by public in terms of reducing visibility and soiling structures. Smoke is in the form
of particles, either solid or liquid suspended in the exhaust gases. It can be classified to black
smoke and white smoke. Black smoke consists mainly of carbon particles (soot) or coagulates of
a wide range of particle sizes. This size distribution depends to some extent on the type of
combustion system and of fuel used. While white smoke consists of a mixture of fuel and
lubricating oil particles in an unburned condition or under partially load. In case of marine
engines, the major concern would be the black smoke.

2.4 Some countries have introduced local regulations in some extent to control smoke
emission from stationary sources and other emission sources including marine vessels.

Characteristics by Particle Size

2.5 Another possible expression of PM in exhaust gases could be classification of their
particle size, since PM has historically been characterized largely in that manner. PM is often
divided into two major groups according to their particle size; coarse particles and fine particles.
The coarse particles include larger particles. These particles are sometimes generated in the
diesel combustion process as incomplete combustion materials, and they are also formed through
deposition and subsequent aggregation of particulate material from engine cylinder or exhaust
system surface. Fine particles (< 1 um) are formed by agglomeration of primary carbon particles
and other solid materials, accompanied by adsorption of gases and condensation of vapours.
They are composed mainly of solid carbon mixed with Soluble Organic Fraction (SOF) such as
condensed hydrocarbons, but may also include sulphur compounds, metallic ash, etc. The
chemical composition of PM varies greatly depending on the fuel property.

2.6 Exposure to large particles may cause coughing and eye irritation. In the case of
exposure to small particles, they may get into the lungs and cause health effects with illnesses
from lung diseases. Symptom of the health effects would depend on the period of exposure, the
particle sizes and particle composition.

2.7  The ambient residence time of particles varies with their size. In general, coarse particles
tend to settle rapidly from the atmosphere. The travel distance of coarse particle could be about
one to tens of kilometres. By contrast, fine particles remain suspended longer in the atmosphere,
and tend to be transported hundreds to thousands of kilometres.

2.8  Particle size distribution of PM from marine engines is not well known, but it is assumed
that, with considering the residual fuel used, it could contain relatively larger size of particles
compared to particles emitted from on road diesel vehicles using distilled low sulphate-fuel.
In addition, it is concerned that there are some challenges needed to solve for measuring
“fine particles” from marine diesel engines precisely.

[:\BLG\10\14-11.doc
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Measurement Methods

2.9 The definition of particulate matter is in fact determined by its sampling method, the
detailed specification of which is an important part of all diesel emission regulations. There are
two different measurement methods for determination of particulate mass; the direct
measurement method and the dilution method. As for the direct measurement method
(e.g., ISO 9096), the sampling nozzle is inserted directly into the gas flow and to withdraw the
gas under isokinetic sampling condition. PM in the gas flow is collected by sampling filters, and
after drying and conditioning, the filter is weighted to derive the mass of the collected PM.
While another method is the dilution method (e.g., ISO 8178) which, in the case of diesel vehicle,
PM sampling involves drawing an exhaust gas sample from the vehicle’s exhaust system,
diluting it with air, and filtering through sampling filters. The mass of particulate emissions is
determined based on the weight of PM collected on the sampling filter. It is obvious that any
changes in the procedure, for example using a different type of sampling filter, may produce
different results. Common sampling method and measurement procedures are one of the most
important things when results from different laboratories are to be compared.

2.10 In addition, there is another difficulty for measuring PM from emission gas. The
principle of ambient air measurement can be used to measure the concentration of gaseous
substance of NOx and SOx in emission gas. However, that is not the case with measuring PM
because PM has physical configurations, and the difference of measurement conditions such as
gas flow rate, temperature and moisture from them in ambient air need to be considered. For this
reason, the definition of PM in environment do not exactly corresponded to the definition of PM
in exhaust gas. To evaluate the effects of PM reduction in the environment, it is not enough to
collect information on the total emission amount and to estimate the possible reduction amount,
like usually done in the case of gaseous substances. It is necessary to develop a model which can
well reflect the emission particles measured by the methods described in the section 2.9 and
concentration in the environment measured by the methods in this section.

3 Items to be considered in future

Because there is only limited information and data available on mass distribution or
number distribution, characteristics of particulate matter from marine engines are not well-known.

Accordingly, followings should be identified prior to making a recommendation on the reduction
of PM.

- PM emission level from marine engines; particle mass and number distribution,
chemical composition, difference in fuel characteristics and operation mode, etc.;

- Common sampling method and measurement procedures that can be used for
measuring PM from marine diesels; and

- Location of PM emission and travel distance of particles; health effects and
environmental concern of PM emitted offshore and in ports.

4 Japan’s comment

Japan is of the opinion that a common recognition of PM definition should be developed
because it is the basis for future work on this matter.

5 Action requested of the Sub-Committee

The Sub-Committee is invited to consider the above comment and take action as appropriate.
skeksk
[:\BLG\10\14-11.doc
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5 Action requested of the Sub-committee
The Sub-committee is invited to consider the above comment and take action as appropriate.
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5.7 BRIGEECHERABR
57.1 A EE AN —OFAE NOx D ZEDFEH

B2 EERIERRD NOx IE Tk A EMBMEH Sh b, —F TRIIN I —mBER SN EE5F
JENR DD, HeEHERE T, Sy — N N A O BRI E IR D O TR R T, RBEO L
I%. PM - Smoke - AE DEAL L [FIFFIZ NOx IR FICEL Z L b D, & ZAMPMRHMECIX, v
—HOFTR IV ENNOx 2R T &5 r— ARz T o5, X571 1%, SO NOx #E=41
> 7 L7z RR/E301 WFFERERO—FITH D, AT = o7 H T, FEHIEART 960 mm, Hi7) 53300 kW,
9 mpm D2 A e —J#ETHDL, ZHUTLDHE, N —iil (Bunker Fuel Oil) Z#AEHE L7 abfiig
@ On-board Data DIE & A ElE, A EiH (Marine Diesel Oil) % #AKE L 7= Shop Trial Data & Y =< 72
TW5,

572 RAUERBRBELLE 2 > 72 NOx OHIE

¥ 5.7.2 (GE) (R KB ERBBEEEE % 8- 72 EBR» 5, MDO (A Eill) & BFO (/3> 5 —i)
DIAENOx DEZ ROz, T AT IUT, EFHERENES O 27 L L AT — VAR I L -
T, FEITEOWSRUETHELR S NOX 2 ]IET D Z N TE D, PIAIXEERERERETHZ LT
MRIE DR BE I T e, R ZETICT — X 2RI 5 LN TX 5,

#5710 12k AR 3 FE OB 2 L 72, MDO 1Z[E N TR D A EilT& %, BFO-E |% RR/E301

OMIAR D NOx E=% Y 7)) H 3 firdd —nr /3 (Zeebrugge) FEA/N2 1 —lT, &AM TiE Shop
Trial (A EH) XV 20%LL E@EmWNOX 2R L= v 7 v Th b, BFO-A X7 A U I BT D
w7 e AR S ER DN T D,

4 5.7.3 1X, BEGZ BRI PEFE% E L TERER (13%0,#5NOx) #%HL-bDThHD, £
TIVTCURELRGM DL H o TWDIED, P OREMESE D &2 7T H Rl— DM 2 — 3 G5
TW5b, HHLENOxE H—DCLDE Vv a =7 (Zr) TEFRKREI 2V, 22 TEHCLDT —#
ZIEIZ L CRREBET 5,

BFO-E TiZ MDO £ Y NOx 728 14%=< 72> TH Y, RR/E301 TRD BB F12E5E D Fuel NOx ~D
BRI 55% 7 14 KD 9% EiZleoTnd, mEHRNL I —liTh 5 BFO-A T MDO LY 18%&
<IpoTED, 2 Fuel NOx 74 X0 5% Eic/oTnb, T74b b /N 7 —ill T, Thermal
NOx IZBILTH AEMEVZIHEL TWDAREMER D D,

5.7.3 AL FEBREERE A i o 72 K IR E O RIE

NV J7—H2Y A B XY Thermal NOx %% < AT DJRIN & LT KRIBE A OARE)—>F D £<
DAY FARy NOFENRTREND, @IREVIEREDPEY) To % Thermal NOx [ ZBABEIREE IZHUK T, X
PRARBED 200 K DZALIT NOx AR EIZ 10 5O kA b 7263, & LA LY 200K mIRO ARy ks
SIUX, ZI0BIF IHTEWED NOx WRET L Z LT b,

AWFZETIE, ¥ 5.7.4 1R IRABEE 2 2 MERE & AR E O AT L EBREEET  (Bore/Stroke: 190/350
mm) (22 EIEIREAEA L, A Bl E N2 D —l ORI 2 HE Lz, EEEOMBETIE, #RE
3t % 2~3 ROBREHR (% 4~6 M 0) NOMEFINDA, 22T 1 ROBEE @ED) 216
DKRZFEMIBIEE L T\ D, EHE 5.7.2 O RBUERRBELEE O FER & [ U 3 MEZ M Uiz, BB
MELSRE ) IX FERRIC AR 975 110 MPa Th 5,
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MDO & BFO-E # £ TN MDO & BFO-A OEEAER (BREERREZIRFICHIE L7 b D) Hka X 5.7.5 12
R, FEREEIR Lo iR (850 rpm) OEE/ESRIZHA IR L FEREERI T MDO & BFO @
BORARO AT, ZHITEERIEIERE S 400 rpm SRV L B D, T OBGEAROE N
NOx 4RI MIE T 2 JEMEREY S 2 L —2 a U CTHELZE Z A, TOHEF 12%I@ X 7220
277,

3T OIREN > 7V D KRR E /3 AR ik 2 X 5.7.6 (279, BREME ST X BTDC 4°~ATDC 18°
Thd, ZOROIRITRELY 100 K @iRZ /RT3, 2 fifHO BFO k% & H MDO (2 TH 2R
DIENEL 725 TWD, FlxIX, R bBRBEDES & 72D ATDC 12°0 KR EAEIZ L 577 (2400 K LA
) oS0EEED T NT5HE MDO T 29%, BFO-E T 46%., BFO-A T43% Th-o7=, EHIZ
HBIR 2 BED ATDC 20°~24°C 4[] BFO OFRD S MDO LD &< > Tnd, N a—iloZnbso
B, ZBRMEDOES e E D KRNOBERRE SR ORLE)—MERFEWZ itk b0 L lbh s,

FLODH L, BHENSNO0. A%BREOEFEO NI —lTH, FEEETIXA BERLD 4% %<
NOx ZHEH T2 Z L b 5, B 5.7.7 13 NK 23504 L 72 &Alil s Co N0 B — Il O3 % Of) T
&5 (RR/E301), 7 AU AR TILO0. 7%0¥FHHY . ABT A kL7 BFO-A X 0. 8% 4%
TWek T, AEEERONCI—MPZ MBI LR D5, N h—iE A BEHlD NOx
DEFIDICREL DI L THEIND,

574 WREEDTIE

OB THIH (HDWTaEL L—/b) B 2T L2 K D NOX KD ATREME D fF A

SCR #EEME A, AKFMLMEEEH O T 24 T 4 77 EITBECER ORI ZIT H 72 > T
B, EBFEIE (bAWVITZIEL L—L) B AT AEERT AT D3RIV, B
W AT MO b2 (EIER7R) NOx 38 X OV PM IKIGE ) (FRlZipR. WIEHIIT 2408 L 7o AR AT
BT« ) IZOVWTHAET S,

YRR 17 AR & [RIRRIC R E 2R BE 2L 18 & nT B SEBREE B 2 9~ 5 . T 2E [ OBREHE S o 27 L%
Ui L, 78 1w ES, Rate-shaping  (F1H OBRENE S =R 2 FIFREEMII O NOx 212 %) %1T-
T, NOx =R, KK DR R, PMARERIRZH 52 L7z,
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MDO BFO-E BFO-A
(Zeebrugge) | (US West
Coast)

Density (@15°C) kg/m3 843 988 986
Kinematic mm?/s 2.5 350 320
Viscosity (@50°C)
Sulfur wi% 0.4 2.6 1.3
Nitrogen wWit% 0.02 0.38 0.87
Water wit% 0.1 0.1
Ash wi% 0.1 0.05
Residual Carbon wit% 0.1 13 12
Lower MJ/ kg 42.5 40.3 40.8
Calorific Value
CCAI — 850 849
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6. F&O (BROXIE, BETHE)

NOx E=%# VU v 7 OFEfGERT — L Tl 3 LOFHNNE M Sz, 5 1 IS ERAHEEEER 2 o
ERHEE, 552 T 4 YA 2 LB A b ORI T = U — ROV 3 i 4 Y1 7 VKR A o
RORO #MRZIEE L, WTNHIFFIZAMNREREGL Z &N TE, BRAZR TAPP GEEHGEY I = L—
vauflE LTIMO (BLGI0) (25217 7=,

NOX [EIBEEE D H A BT A AERKT— A%, WEFED SCR ASEE DA R A AZH | E e Ty KES
EE, MOFULIEEO A R4 a2 TEmD 52 L IMO (BLGL0) (ZHRET 5 Z Lk,

M B B M RE R A SRR DR R ER TF— A TR L. BB X WiER b & ORE
PR vy a v & CEMERET 2 HMtifEs 2B L. £ oM BMEIZBI L IMO (MEPCS3) T LEBU 7 —
TarvEITHIZENTE, 5% IMO ICBITARESHEELY TR LT,

PRI AR 2 MR OFRAE T — 2 Clk, B2 RicdsiT 2 PM Kl & 2 ORI L~ st
% MR DBLIR 2 5 FR L, ST o0 PM B 00 72 50 D KRS A4 IMO (BLG10) (22t L7-, 4% IMO
IZBIT DFEER LB E 2 T, 2D PM OFERFHUIFIELZ GO T, ~ 7 2 2B AT RER-CXT St 7 &
ZERBEIH ) DR A ISR L T & 720,

PRBESEAERER T — A CIIAAH 2 A b v — 7 BB 24 U 7= ni A b 52 1 % T MDO & BFO @
PRIGE K IVELEE 37 DFE O O FHAI, J2 O Thermal-NOx 2E 5% 5 O FHE A K E A BRIBELE T |2 C FaratBa L,
EEALMREET, 5% & HIEREE S 50 NOx K DWW CHEEIZE LT 2L s LT
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REVIEW OF MARPOL ANNEX VI AND THE NOx TECHNICAL CODE
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SUMMARY

Executive summary: This document provides the result of Japan’s study on the on-board
NOx direct measurements and monitoring. Japan is of the opinion
that the Guidelines for On-Board NOx Verification Procedure —
Direct Measurement and Monitoring Method (resolution
MEPC.103(49)) should be reviewed from the viewpoint of
implementation.

Action to be taken: Paragraph 4

Related documents: ~ MEPC 49/INF.10, MEPC 49/22, paragraph 4.24 and 4.25,
Resolution 2 of the 1997 MARPOL Conference
(NOx Technical Code)

Introduction

1 Guidelines for On-Board NOx Verification Procedure by Direct Measurement and
Monitoring Method (Resolution MEPC.103(49)) were adopted at MEPC 49. In order to facilitate
the development of the Guidelines, Japan submitted document MEPC 49/INF.10, which
informed on the intermediate results of its study regarding on-board NOx direct measurements
and monitoring. Japan continued the study in order to provide further information with a view to
improve and facilitate the implementation of the Guidelines.

Result of the study

2 The result of Japan’s study on the on-board NOx direct measurements and monitoring is
summarized in the annex to this document.

3 Japan is of the opinion that the on-board NOx direct measurements and monitoring
method should be as simple as possible so that crews can operate the recording and monitoring
device and obtain reliable data for verification purpose. From the above point of view, the
following items in the Guidelines should be reviewed and be amended as appropriate:

For reasons of economy, this document is printed in a limited number. Delegates are
kindly asked to bring their copies to meetings and not to request additional copies.
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3.1 Zirconia (ZrQO;) sensors

Although section 1.1.3.1 in the Guidelines stipulates the use of a sensor of either the
ChemiLuminescent detector (CLD) type or Heated ChemiLuminescent Detector (HCLD) type,
to analyze oxides of nitrogen (NOx), our test results confirmed that Zirconia (ZrO;) sensors
would provide the required performance with respect to reliability, accuracy, durability, and
reusability (see annex). Therefore, section 1.1.3.1 in the Guidelines should be revised to permit
the use of Zirconia (ZrO,) sensors for NOx measurement.

3.2 1-Hertz monitoring

Although section 3.4.2 in the Guidelines specifies that “1-Hertz minimum chart reading
of a stable 10-minute sampling interval of each load point should be averaged,” the need for
1-Hertz minimum chart readings is dubious, as indicated in section 5.2 in the annex to this
document. Therefore, section 3.4.2 in the Guidelines should be revised to read as follows:
“two-point measurements (measurement starting and ending points) or chart readings of a stable
10-minute sampling interval should be averaged.”

3.3 Calibration intervals

- According to Table 3 and Table 4 in Appendix 4 (calibration of analysis
instruments) of the NOx Technical Code, instrument calibration intervals of one to
six months are specified to ensure the accuracy and permissible deviations for
measurement instruments used onboard ships. However, calibrating instruments
for measurements onboard ships imposes technical and costwise problems.

- Calibration intervals for analytical instruments of the existing NOx Technical
Code have been developed on the basis of the International Standard ISO 8178-1:
1996(E). Meanwhile, ISO has revised this standard and deleted fixed calibration
intervals for analytical instruments by referring to the accuracy requirements, that
is, “Each analyzer shall be calibrated as often as necessary to fulfil the accuracy
requirements of this part of ISO 8178”.

Based on the above, Japan considers that the calibration interval specifications for
exhaust gas measuring instruments should be reviewed taking into account the revised
ISO standard.

3.4 Ships equipped with engines of the same type

Amendments should be made so that for ships equipped with two or more engines of the
same type, compliance with NOx regulations can be confirmed by using direct measurement and
monitoring for a single such engine and confirming that the engine parameters of other engines

that affect NOx emissions are identical to those of the first engine inspected by the direct
measurement and monitoring method.

Action requested of the Sub-Committee

4 The Sub-Committee is invited to consider the above comments and take action as
appropriate.

ks
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ANNEX

RESULT OF THE STUDY ON THE ON-BOARD NOx DIRECT MEASUREMENTS
AND MONITORING

1 Preface

This document summarizes the results of Japan’s study recently performed using three ships,
following the NOx on-board monitoring tests reported by Japan in MEPC 49/INF.10.

2 Targets of study

The recent simulations were undertaken for the following three main purposes. In particular, the
first purpose: 1) seeking to verify the feasibility of using zirconia (ZrO;) analyzers as evaluation
devices (given their attractive cost and ease of maintenance onboard ship), as proposed by Japan.

A Verification of feasibility of zirconia (ZrO;) analyzers based on continuous
monitoring tests;

2 Survey of requests and opinions from the crews of ships involved in the study; and

3 Identification of technical and operational problems resulting from
implementation of regulations.

3 Outline of the project

This project is scheduled to be undertaken for a period of three years from 2004, following the
previous project reported in MEPC 49/INF.10. For this new project, Japan has selected three
domestic ships. For Ship No.l, the test was performed in strict adherence to the
above-mentioned Guidelines for On-Board NOx Verification Procedure (annex 5 to
MEPC 49/22/Add.1). For Ship No.2, a long-term verification tests using zirconia analyzers
identical to the one mounted on Ship No.1 has been conducted. These tests are still in progress.

3.1 Introduction of sample ships

In previous tests reported in MEPC 49/INF.10, we used sample ships equipped with two stroke
cycle main engines. In the new project, we chose three domestic ships equipped with four stroke
cycle engines. Ship No.1 is a domestic diesel-electric propulsion ship. Figure 1 shows one of the
generator engines of Ship No.1. Figure 2 shows the main engine (port side) of Ship No.2.

;T T

Generator engine 530kw 1,200min'E 3sets Main engine 9,900kw 520min”' 2sets
Figure 1 Figure 2
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3.2 Zirconia analysers

A In previous tests reported in MEPC 49/INF.10, we used air injector system. In the
new test, we inserted adapter equipped with zirconia (ZrO,) sensor directly into
exhaust gas pipe. As the mounting base of each exhaust gas pipe, we used the
sample point connection flange shown in appendix 1 of annex 5 to
MEPC 49/22/Add.1.

2 Adapter

Figure 3 and Figure 4 illustrate the adapter structure and its mounting configuration.

Calibration gas In Flange Sensor

- 21 I Rpep—p—
Cool Airin - =1 1ae1
1t 'E it ;_4
Sensor Q 185
Cable .
Terminal Box
Figure 3 Figure 4
Specification of sensor

Range : NOx 0-2,500ppm, O, 0-25%
Repeatability : £1%FS Response time: 0.7sec.

33 Test procedures

A Ship No.l was an electric propulsion ship, making it possible to perform the test
in strict adherence to the Guidelines in annex 5 to MEPC 49/22/Add.1. Thus,
NOx and O, were measured only in main generator engine No.3. Other items
were measured for all generator engines.

2 With Ship No.2, we attempted continuous monitoring for as long as possible
during the test to verify the durability of zirconia (ZrO;,) sensors. We also
conducted 10-minute tests, depending on the situation during the continuous
monitoring period.

4 Simulation test results
1 NOx and O, test results

In accordance with regulations specified in the Guidelines, we performed tests at
50% and 75% loads. Before the tests, we calibrated instruments by using NO of
approximately 1371 ppm/N, (0.1 MPa) as a span gas for NOx calibration and O,
of approximately 12.75 %vol./O, (0.1 MPa) as a span gas for O, calibration.
Figure 5 shows the output of the generator engine of Ship No.1 and measurements
of NOx and O; concentrations.
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Power set point stability (section 3.1.8 in annex 5 to MEPC 49/22/Add.1)

The load fluctuations (%C.0.V value) during tests are required to be within 5%.
The load fluctuations obtained in the five tests performed with Ship No.l ranged
from 0.6% to 2.1%, satisfying this requirement.

Emission volume calculations

- For Ship No.1, data in 10-minute intervals required for examination was
extracted from the data indicated in Figure 5, and emission volumes were
calculated by the universal oxygen balance method. In all five tests, all
results were within a range of 6.92 to 8.68 g/kWh, compared to the
maximum limit value of 10.9 g/kWh, thus meeting the requirement.
Figure 6 shows the results of the tests.

- For Ship No.2, NOx emission volumes were calculated based on measured
engine data, fuel oil characteristic analysis data, exhaust gas measurements
(average of 10-minute data continuously recorded from the beginning of
engine data collection), and by the universal oxygen balance method.
Since this ship was not equipped with a shaft horsepower meter, engine
output was calculated from engine revolutions and pump-rack value on the
base of the official engine shop test. Figure 7 gives the results.

: . M 1stTest 2nd Test % 3rd Test NOx vs Engine Output
NOx Vs Engne Output
X 4th Test @ 5th Test ‘ ® OnBoard - Shop E2 Cycle —«—Shop E3 Cycle
14.00 16
21200 Foli e — "
= |'_r|". ¢ @ 12} ° °
= I ) T a _ 7/%\.
&0 10.00 ¢ L2 > g 10 |
8.00 F b Ix ::, 8 I
5 (] S 6|
o
Z 6.00 | . =,
4.00 2 |
0.0 25.0 50.0 75.0 100.0 125.0 0
Enghe Load () 0 2,000 4,000 6,000 8,000 10,000 12,000
Engine Output (kW)
Figure 6 Figure 7
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The NOx emission measurements obtained in official engine shop test and those
obtained in actual ship operation are compared below. The NOx emission
measurements obtained in official engine shop test were 11.3 g/kWh in the E3-
type test cycle and 10.9 g/kWh in the E2-type test cycle. In actual ship operations
using Class-C heavy fuel oil (180 cst), the amount of NOx was 12.3 g/kWh.
Although this figure is within the ship’s NOx maximum limit value of
12.88 g/kWh, it is approximately 10% above measurements obtained in the E3-
type test cycle in the official engine shop test.

5 Analysis and examination
5.1 1-Hertz data analysis

Since Ship No.l was equipped with high-speed 0.5-Hertz recording equipment for
meteorological equipment, propulsion equipment, electric generator, and steering system, the
onboard equipment was used for the 1-Hertz recording of engine parameters. We added one
1-Hertz data logger for the recording of the NOx and O, data from the zirconia (ZrO;) sensor.
Summarized below are results of tests using measurements obtained at 50% load in the fifth test
as sample data.

1 The electric generator output sensor was of the high-speed response type, enabling
measurement of load fluctuations. As shown in Figure 8, the measurement data
indicates a distribution pattern that implies the test was conducted in a ship sailing
on calm water. The basic statistical parameters are as follows: average value (1)
of 254.5 kW, median value of 255.00 kW, mode value of 253.00 kW, and
standard deviation ( 0 ) of 3.56. Figure 8 gives the frequency distribution.

2 Figure 9 shows the frequency distribution for relative humidity (%) in the engine
room. Although the data may appear to suggest rapid response, this sensor’s
response speed was about 5 seconds (to reach 63%). Therefore, judging from the
broadening of the base of about 2%, we concluded that the change was within the
range of acceptable error. The basic statistical parameters are as follows: average
value (u ) of 25.83%, median value of 25.85%, mode value of 25.85%, and

standard deviation ( 0 ) of 0.07. Figure 9 gives the frequency distribution.

Standard Devition Standard D eviation
Engie Power 50%) Enghe Power50%)

—
ol
o
s
[l
(e}

Frequency
—_

ol O

(=N - =)
Frequenc
— DN W

S R=R=)

o &3S S
—

230 240 250 260 270 254 25.6 25.8 26 26.2 26.4
Engie Power kw) EngRM R.Hum ddity ¢%)
Figure 8 Figure 9
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5.2 Examination of 1-Hertz data
A The temperature and air pressure in the engine room were also measured. They

fluctuated within approximately £1% in the same way as the data for engine room
humidity (Figure 9). We suspect that these fluctuations resulted from a time delay
of about 20 seconds resulting from the protective tube provided on the
temperature sensor, as well as numerically small changes in measurements of air
pressure in the engine room.

2 Temperature, humidity, and air pressure in an engine room cannot fluctuate
rapidly during a 10-minute time period. When a test ship is operating in calm
water, engine-related measurement data should also be stable. Thus, there is no
need for 1-Hertz measurement. For these reasons, we believe that an ordinary
engine data logger with a sample frequency of about 60 seconds will provide
sufficient measurement performance.

3 The average value of 600 samples of 1-Hertz measurement over a 10-minute
interval obtained with a slow-response sensor, the value averaged by using the
time constant of the sensor system, and the value averaged by the data logger were
virtually identical. Therefore, a robust, durable and stable measuring system is
more desirable for long-term measurements than calibrating instruments for
1-Hertz measurements.

4 1-Hertz measurements are usually performed to obtain data on dynamic
parameters such as flow characteristics. When high-accuracy 1-Hertz
measurements are necessary, a high-precision, high-response sensor must be used;
such sensors are very expensive.
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Hi#2: 0 Grone, et al., NOx Control for Large Marine Diesels, 19th CIMAC, D15, 1991

H#: Wartsilafthans » Soun atenuzton 26-35 dBIR)

| Wartsilatt Compact SCRMD 4l

Compact SCR concept for medium-speed engine installations

SN
; T
NO, measur%ﬁwg.t_«_\

b B
and control UL
T

Aqueous urea

dosage pump
Aqueous urea sy

Gompacl SCR by Wirtsili NSD

* Cambinad silencer and SCR unit
tallored lor Wartsild engines

* Modular design enabling SCR retrofit

+ Minimized size !

o NG, reduction 85-95 %

.



wtER2.

 SCREGFNSEBIEEM . 1B 1R D5

The Silia Symphony and its sister
vessel Silia Serenade is
equipped with one SCR unit

and one DWI plant.

Hi 88 Wartsilatt A%0 4

 SCREIEEEHARSAVEEAE

HARSAUBERER

& B Exhaust Gas Cleaning Systems (EGCS)DHAFSAMERDBENITHNTHY.
BRI ERREEICASTWNE=OT, ZOHARFS54> “GUIDELINE ON-BOARD
EXHAUST GAS CLEANING SYSTEMS"2&KEL T, UTOEZATHEAERSIMNE
BEL-,

vEGCS%SELECTIVE CATALYTIC REDUCTION SYSTEM (SCRS)IZEET A &LEIC,
NOXRESE D BRI A EFIENOXT /= a—Fh b5 ALY,
vEHAIAEEIZ DL TIXISO 8178-1THES BEHMETAl F18 ARRBRUHFIREE
HnE LRERI1LSEIZL=.
v it EEHiEIEIZDULVTIL. "GUIDELINES FOR ON-BOARD NOx VERIFICATION
PROCEDURE-DIRECT MEASUREMENT AND MONITORING
METHOD,DE46/WP.3 ANNEX1"%Z5| L=,
viEE £f-(I ETREBTSLDELE,
VETROEBEEEFERAOBRAEICOVTOREZEMRL .
VI=-ITuESTE P RSN AMBERSEEML:.




AT EH2.

 SCRENEBHIRSAVARE

Principles
SCRIZNOXRHHELE R BT 2-HD—D2DF T arTHAHZE, SCROBEFEE
SNAIOEEELTEHBISNSZEFZ AL,
1 NOx MEASUREMENT
NOXDEHRIAEIZOWT, T/=ANa—FEXRICUTOIEBIZDOWLWTERR L=,
1.1 General
1.2 Test Parameters to be measured and recorded
1.3 Brake Power and fuel consumption
1.4 Test Fuels
1.5 Sampling for Gaseous Emissions
1.6 Permissible Deviation of Instruments for Engine-Related Parameters and
Other
Essential Parameters
1.7 Test Cycles
1.8 Calculation of Gaseous Emissions
1.9 Test Report

SCREIRYEBHAIRSAVAERE

2 Durability of SYSTEM
AEBEZEGLEEBOMAE. EE. ATFURZDONT, UTOEBIZDOWTE
SiY O f
2.1 Caorrosion Effects on Materials
2.2 Backpressure
2.3 Maintenance
3 CERTIFICATION AND COMPLIANCE
NOx#EHHRFIDRELESICOLVTRR LT,
4 PLEDGE
ETHOEBEEEROEBRAEICOVTEZREL:,
5 RESIDUES
TOMEEREEFEZLERL .

.



AT EH2.

 SCREIRYEBHARSAYERE

EROaARERIG
#HEEA BEREHGSR ?ilﬂ«i.k BAERIRS #HEAN BAMAIERES

No

A B

ALFFRICALTS, BEBAHY ELLN, A%IPOF
HOSCRI=y FZEBWL T, ASHOEETIROYURHHE
TLT. NxBLALERICHETELIRICT S LEHH
fHI20ENHALEBNET. SREERTHBS(C(3, MR
FT, oMLV AY Y FEHERTT 5. hofalU—
g?éﬂ;—lﬂbr‘ RipliEzE LRSZ &b TEWIRINE

iE
%amscnﬁﬁﬁiﬂéag%_¥ﬁmzzwbaw I
BTELWEBNET.
CAICDVTIE, RREQEED AT FH I ABICHETY
Egrggolﬁfsca%ﬁﬁ?étmﬁﬁmmambtu
A -

-]

A PO—SOKREZRHDEBERLET &, RBFICSRER
BeadlLld. BEAERRNTRAEVEEZET. it

T, EHFRTENANNZALT, PRAFTETERTSZ &
¥, EAShET. FUE, EAFSZEERTSEES. &
EETOEN{ENLELVOTY S, BITO MR, ST
< E25%AFETIZ, SCRIZL, 50~100% BT TSCRIFE &
ZOEETOBE— FICXANETRTHNIZ, M7zl DNOx
EEETELILLERVET. CORLAEBREAETERITA
IE, 22 FEA—28MICETAREZEUILABNEZRE

FHARSAE2ANO— DB HARCADC EDH Y,
g@gg;ﬁ%ﬁ%&ﬁbnﬁ?mf.ﬁ&@iitbtua
A o

(=3

SCRODIEE, ABICEREEZREIENDHST A E=TU—
SBMHRAENSERETHY., U—LBOLREBTHRH T
ELEIET. AHER. BATEASATOLSDONEE
THHADTIIENWHEBVWET.

TYEZTZE =X RTFAT ElICERITE 28 Ef
BOMNAENH Y EEA. 150 B178-1TIACLDE RS 2§85
DAN—F—%ERTHETEHMNTESZLICE>TNE
TH, M oahhUET. EE. FTIR(fourier
transform infrared). NDUVR (non dispersive ultro violet
resonanse) TEHMZhAELTOWETA, ZZTIE, 5
RESIDUESICIHB #REBL TLWETOT, BEOEEICLENE

ZXET.

 SCREEBH ARSIV ARSE

JA b

o

TSCREMBEERE] (COVWTOFHA K54 »TTOT. BB

OHAXZESAEELTTREMASRELERAET.
(1) ERETHOME. LLEik. AE
2 ERARATAORE

I
1.9 Test reportIZiEBMT 2 ETRELET.

-

Table 1.1 - Engine parameters to be measured and recorded
[CHABENFREZATVLET. COFRT., Tclin: coolant|+

temperature inlet. Tclout: coolant temperature ocutlet& &

YETH, MOoAHBLHIFABTT. @B Cylinder

FENAIBEGCSAA F54 v OABERCLLCLETD
T. SEOFBROPTEMRBALBLLSLBESCHITLE

JacketD T L EHELETH, LUEYIZPara meter%ﬂii:ﬂll

THAMRVWEEAET.

F I M7 LOAFARBLCBYUEEA

.



AT EH2.

| SCRELIEZEEH A5/ B AR (METIREEH)

f SCRS TYPE APP

| o
SCHEME A | SCHEME B
ROVAL AND CERTIFICATION CONTINUOUS MONITORING OF NOx EMISSIONS
| I_I_
GENERAL GENERAL ]
1 Purpose .
2 Aplication HAUST GAS MEASUREMENT
3 Definitions
I ALCULATION OF EMISSION RATE
VEY AND CERTIFICATION |
fga‘? A DATA RECORDING AND |
2 Procedures with the certification of a SCRS PROCESSING DEVICE
3 SCRS Technical Manual
-BOARD MONITORING MANUAL
EMISSION LIMIT ] |
1 li NCP COMPLIANCE PLAN |
APPROVAL OF SCRS
1 Unit approval | =
2 Serially manufactured units | NOx Compliance plan (NCP) |
3 Product range approval T
SHIP COMPLIANCE
EMISSION TESTING ] 1 Scheme A
2 Scheme B
PROCEDURES FOR |
DEMONSTRATING COMPLIANCE |EEMONSTRATION OF COMPLIANCE
WITH EMISSION LIMIT ON BOARD

[
[SLIF AMMONIA CHECK

| APPENDIX 1 NOx Manitoring methad

APPENDIX 2 The NOx (g/kWh) to Equivalent 0,13% Converted NOx (ppm)

SO

VIKIRST, KEZTLIa BEREAMFS( BEARER
vSCREZTHEETE . Kis. KT 2ilarREERTARSI740—

HH. SCREEEEDHAFS/OBRNLEH . MARPOL ANNEX VIOREL
(2200654 8 MBLG10TEHzh 5,

Exhaust

Water (Direct Injection)

INO: Measurement |
Cylinder
|N0: Measurement |
Exhaust r:?—*
T

Intake

Examples of Water Injection Systems

- -

f 4

Waiwd (B~ | | Fuel Injection i
Pump i

B T

--------- becaa= il i |
Water (AIR SATURATION) = _"®'* u et R

Examples of Water Emulsified Fuel Systems

.



wtER2.

S EORE

INTRODUCTION

|
SCHEME A SCHEME 8
WIS(WEFS) CERTIFICATION CONTINUOUS MONITORING OF NOx EMISSIONS
|
GENERAL ENERAL |

1 Purpase
2 Aplication EXHAUST GAS MEASU
|

3 Definitions
| | CALCULATION OF EMISSION RATE |

SURVEY AND CERTIFICATION
1 General REC N
2 Procedures with the certdication of a WIS PROCESSING DEVICE

3 Technical File on Engine with WIS(WEFS)
[ON-BCARD MONITORING MANUAL |
|

EMISSION LIMIT ]
ISSION TESTING | [ ENGINE COMPLIANCE ‘
[
PROCEDURES FOR [DEMONSTRATIC‘N OF COMPLIANCE ‘
DEMONSTRATING COMPLIANCE

WITH EMISSION LIMIT ON BOARD

APPENDIX 1 NOx Monitoring method

APPENDIX 2 The NOx (g/kWh) to Equivalent 0,13% Converted NOx (ppm)

APPENDIX 3 Exhaust flow rate and calculation of the dry to wet correction facter kW
using FFW




wtER2.

T—< b

4 H A9 EHEBEEE 3 E0ERS NOx E=2 VTR
—IMO NDIERIZHANE —



wtER2.

491 7 )N EHREEEIEDER NOXT=F Y /R — IMO \OEREERE —
MP3 NOx =4V U JEICES IAPPEBRRIEDI I alL—a L ER

REERD EI F—LU—5— XA %
(LA ——TP=F ) 79— A )

1. P& R - HEYS
1.1 ¥&
HOREAN S DOARGIEESS 1L 5 MARPOL &4 RBEVISAES AL 0Rsh L.

ENTIE. EL20REERL 0 REEERR U ESEOHICET SRR —MERET 256 &
BLTHfTZN TS,

ZDERKIDERZ Hz> ThL, BHEDHER, 727 =57 71 I ORERR N TAPP SEEDRITERILO
{HRBNRNETH 5.

F/z COHHEMTE ST, HHEOBRIE PSC D35 & 72 0 MERR A DI SR TRIFEI 125 72,
[FIfF Z BIR O BHHARAIC H o> TAL—XILEENWNETH D, MficHiz> TORAOREL HHE
THd. IOWRZEFLUWMEEAZEERBICEEL, BANC I 21— 3 22170 ZEIEEEICEE
Thb.

1. 2 Hf
1) MARPOL & {HREVIOFEMAR
ARBFL FTEO X D REROTIZ 4 91 7)) FHEREENNZ T U0 E U T B OREE,

T ZHAINT 7N DBEHOHERIZEWT, PP IFROERHEEO TR EEGHEN T I a2l —
9 TS,

2) ABRGEROMT
TESR (7 7 I V-T2 2) TO NOx FEH & & BT Nox Bt EICR AN S D0EET 2.
RIFFIZETRIRG R 23T L T MARPOL &%) MIREVIOENE LORMERZAET 5.

3) IM0 ADiERIR (e
NOXEZA TP al— 3 URBEEL TERBROT—F MW T, MARPOL ME#E VI,
NOx 77 =iV — REBXUBEN 1 R 51 > O%E R 24T 5.

1. 3 ZEEoISRAL
DTD3EEII o L— 3 HBOMRE L THHIZEST
E1fh  ERBERD 498t YIANFUH— T B FT4—CIVEKHEN E2
F2k AHAUTIA #R) 19961t RORO 7xV— [Za— HdHDH) EL&E3
3 EFEM P 2,053t RORO ML IZh)  E2&E3

1. 4 HEHR
Fhk 16 4 8 A~FRR 1749 A ({BL. W1 FmR 18 £ 2 A X THTP)

1. 5 HBSEkE
ROBERE THMEL 7. (AR
O ¥ Eifhemsm  RE (8 HAESHS
HABR B R 12—X #EFEH G RERETE &
Yox— () JFE I2=7UF %) R HEEUER
MEC L P=F U FH—FER



AT EH2.

1. 6 NOxODOBRLOAE
Technical Code on Control of Emission of Nitrogen Oxides from Marine
Diesel Engine (EAFNTC ERET)DFENIELD,LLTD 3 HEICL DIREET 5 Z EATRD 51T 5.

@© Engine Parameter Check Method (AT T2 P2NTGA—FF v ZikEEiKT)
NOXREIZFEOH DL PO DEENT A—F 15 BEENEEXNT WD, SEOEETHER
THHET, IBRBROT—¥ 2R IND, BEFRR SN TWAR DBk,

@ Simplified Measurement Method (BAT S aHANEERET)
FRBRECEHIRERICZY T 57 A A N TEBERETV O T CO: RN CO EH#IZ NOXx %
SHEIL. EERC 16 HEDI PV /INTA—Y ZHGET 2 51
HEREZ DEECRIEERIE T 2 UNENH D,

@ Direct Measurement and Monitoring Method (BLF. #1 L7 hEZY ) 7 HEEET)
PATEFICHE I A —Z2ANT, EEIC NOx Z2HIEL. TORRERT ZEITKD. Hiliks
IZEHAIT 2 Z & <BetEOmRE2T O Hik. BIEamall. RETERESIZREEENH 5.

AIalb—aliElBid ELe @F LY MEZS U TEEFAL. —EOERHER:

fTol.
ALY MY D TEORBICEIz> T, £9 MEPC49/22/Add.1 ANNEX 5  Guidelines
for On-Board NOx Verification Procedure — Direct Measurement and Monitoring

Method IZEH L TWHREEBENNETH S LFEFHT, M L TEHATSBEEEZR LY=o 7 IV BER
ZZITTHBERH DA, FHIEBEDAS I 2 b—a B & U TRINICEEL /2.

2. ¥YTalb—aRONE
2. 1 BRHIEEB - 5k
1) FHRPRE

< RATHE>
WA EIR ST T, HEEREERE, RRUE, ZXURHEEACRE, ZERmHIRH RE
PRERHTR, TR, REIEIRE

<FHHEE>
HRIRSUE. HMBIRIEEE. KRSAUE. KUREE. PR NOBE. HEA O E

2) HBGE
MEPC49/22Add.1 ANNEX 5Z51 L7 hEZS ) 2 THEDHA RS54 ABEL TRED
HDDTERDHERITFLRT 5.

@ FEEIN-FHEEBZER LT, LSS TER A 10 HHEHIT 5.

@ HEHAEZRET BT A A Z)UCHE> T, Weighting Factor 7% 0.5 2887 2ETRB%
9. WoTHEI2L—3 BB TIE EYES TA ML 20T 75%E 50% 4 Tikgx
fTofes

E2FANSA 7)) FEETFHEE G —ELESHEESR. CPP AR 08
E3TANSA 7)) [FEsEE RS - #EE0ES
@ EFHANZ 1Hz OfeEE S AWAE,
FBI1MIIHA BSA - TLREB 1Hz sHAIZEEREL =,
F2HRBLVESIINO BER N OBEIZE L Tid 1Hz 3HB. Fofty—~ICEL T,
10 ST RIR R & fik DR Z L L 7=,
@ EFHAIBAMART ETEIC NO BER N O BEEICEIL T3, RIET—4 (Zero&Span) DitHAMAE,

.



wtER2.

2. 2 WIEhik
1) & 5—0i8R

MEPC49/22/Add. 1 1 TETII NOx #3475t & LTl Chemiluminescent Detector (CLD) Z{EM3T 5T
LiZEo TS, HIETORBE, AEZERT 5 & (LD AMERENSAL I—F U540 HZ, 3
2T P TEBHYWNERI DEBEFHAEL /2D, BANORSNAEZAR— Ty E) itz 5
RSB D, Feo AT ABBEREMIMESRD., HEOEMTH S0, Brichi)
SEMRETHEAT IR TH 2. T THEOHENCIIREE,. MAEICEN 327 L7k
BEHRE, 5 ONT HEMKRZ) =T Nox 232V N0x/Os B 2R L
7Es

2) PNa—7Nox oy
RIZHFEFEIIOWTHAT S, sHIESNT K 221 IREN/ZES 20mm, [EAE mm BED
IVAYNTHS,

scale (mm)

B12.21 2)Ia=—7 NOx+t>H

PINAZTERERE TH O AL NOMEICEBBERT S &, FORMBICERERELEY S S
LEBRICEEINSRAET S, MCEERICASLOEE (EBH) FMASELERAA AT A
PRZEBESN. T A2 M THRRBREEMESNS. ZOBROBNERREC AT &
ZRAL T, BRREENHIETES.

FITRTHER DR ENWERAME 2ERT 2 Z &1k D NO IHESRRET N & 02 12BN 3,
LODRREH O ZFERROHETHRIES 5. ZOROERE)L. e SN/~ EIRE - %H0 NOx
DRELHITZ I EME, NOx BEDSHATTRES 125 Z L 2FIA L TWA,

3) MrEBERURCEREE
@ MEPC 49/22/Add. 1 ANNEX5 Appendix 1icfE=7=Nox L ovBTET S o8w%
K222 IR9. F2E2 21 TrULEIIOZT NOx B9 2E0 -1k
2 2.3 IZRT,
@ NOx##rE BLUNOOEEBIIZNEN H2 24 BLUORL L5158
NOx 7#r4Eid, LB L FREBL ORI, EEREEIT NO RN 02 B0 A%
HEHIKIET 268 TH 0. TEEERIZNO & 02 OREREEH 2 2FHEL TS
RoRENAELTWAEBTH S,
@ 1HziEEEZR 2 2 6 1R,
Windows 2000 2 OS &L T. NOxFHAIERICY 7 2 —8sE L Tt Lz,
ACEAEE LTI, 640Mbt TH D, 1 HOESEHAHRTRE,



wtER2.

i = f'll

_ ) i e R
222 NxEABRNIAETS I8 K223 2B

o I__~:-._________

NO,0; FiEGEEE

B2 2.6 1HzacHsk®E

2. 3 HBER

1) FHERER(ET—4 DILE)
MEPC 49/22/Add.1 ZHREL TV 1Hz E=F V) VDR (50%K%INT15%H7) Ok

T—H%EKL3 ] WTRY.  eEIFEEEN kw) & NOx(ppm)EZRT.
FHEE, FF : 5 Th 2.

TAROBERIRET NOX Z5HAIT 2 2 &13. NOx HEAEOBHHBEETE T2 LicB I TED
TEETHD, FMOHENS AL TERICGERLT—F 2K 2.3.2 ITRT.

FCEkd NOx(ppm)& 02 (Vol%) fEZRY, BRI, B : HTH2.

—% BHBOBSHLERRT—F bIUET 2REN D B0 T. RBRbI CldiEz R s
L7z, ZTORKREREL T 50%HIMRETORRT—F 2K 2.3.3 ITRT.
Fifefan, 4/H/BM5TH 5,



SEREHD  (w)

200

SEIE (1/28H07:16~08:06) | _smwwsn  — nox

350

300

250

800
4 750

-—+~-1 700

1 650

1 600

= ‘”"I""'I_'_._‘l'"_;_"" =
1
I
1

1 550

e R

I
U 1 I i
|

T:A6 T8 T:20 722 7:2¢ T:26 T:28 T:30 732 T34 T:36 T:38 T:40 742 744 T:46 T48 750 7:52 7:54 756 7:58 8:00 B:D2 B:Dé B:06

500

¥ A

231 1Hz EZH)J#HER

(ppm)

NOx

EGEGEN NOx & O0:7—%

. '06.4.14~4.15
I:IIG s e
1080 f1 »H 15.00
g e ‘ :
2.3.2 EEFOEGEHEIT—Y
10 ffilatils—4
s = N
, |
1,000 .\ e il
) mwﬂm
i . M
it Ll ¥ | E] .»._._-llqwu-‘J 4 15.00 E
* T [V et
f 7 , e
I. 4 5.00

2005/3/8 21:26 20057176 22:48 2005/1/7 0:00 2005/1/7 1112 2005/1,/7 2:24

0.00
2005/1/7 3:36  2008/1/7 448  2005/1/7 E:00
B

2.3.3  ERRERIT—% (50%Hi 7759

AT EH2.

.



AT EH2.

2) HMHBROFE
RIE L) WRUEGEHAIT—4 2BV THHBOSFEZTIREND S,
tE F 1L Technical Code on Control of Emission of Nitrogen Oxides from
Marine Diesel Engine (LAF NTC EBEINITRENTWVNAHDOT,. TELESBEI0,
SENINOX, 0, D 2 B %5t 0. NIC THRESNTWAERNS Ak GEEEE) IcLDEH
Lo  GEEARIZIIMZ, ZoN—HIVRFENT DA, BRNT AERENH D, #HldE

NZEZHED. )

3) HHE
@ IMO THEENTWSHE
NTC 3.11EIZMaximum Allowable NOx Emission Limits for Marine Diesel

Engines IZHETINTWADT, EFFEZRITRTA, FHldEZSHES.

N<130rpm 17.0 (ghkwh)
130<=N<2000  45%N02 (ghkwh)
N>= 2000rpm 9.8 (g/kwh) N: T2 ER )

@ NOxHBRHER

FMTORBEREER L3 1 TRT.

BT LR 3) OTED SIWBRAFAHIE, THAREMEO TEHRFC I I —
IOP ELTRBRERINTWARHE. B ERBEISEDI I 1L — 3 VR TElL 2
DETH 5.

I2BEHPO B2,E3 13T A M VIV ERT.

#2231 NOx FE#ER(EHE

fekatEr NOx (g/kwh) e
e | BB | mEERE | Hh x EEREE

%168 | 6L &R

%5 EBT—% | 109 8.95 6.92 530kw X 1200min-1
2 E2 109 12V BiEES
R 17T4E1HTH 1288 |E3 113 12.3 9900kw X 520min-1
FE 3k 6L BUERS

F—% BPEh 2,647kw/ x 240min-1

F-EHATONOX HHEZR 2. 3. 4 KUK 2. 3. 5 1277
2 3.41% 2180&HH25 50, 75 RN 100%)BIT 2 THEARBEEHETEL. 50 KU 75%

TOSEOY I 2 b— a VEBRICBIT 5B EAROERZ R (m9a%) TRL.
B2 351 %2 MOFHITOIEHBRRRER 2.3 4 ZFRICRRLL72HDT, EE2,

E3 E L TRUZEA E2, E3 VA1 7IVZBIT B TEHROER TH 5.
SEDY I 2 L— 3 VRIS LEEERZe(On Board) T/RY .

.



NOx vs Engine Load SENSHO 5 Wox Reg Level
13.00 IMO NOx Reg. Level
12.00 o ol 7 E2=109 z/kWh
_ 11.00 ff’_.-\‘ R—-.ﬁ ]
£ 10.00 // et
< P
2 9,00 =
5 8.00 . - 'y
E - ——1EEHE >
700 5 e 2EERER | 3 *
6.00 JEEHEE
- q S AEERE |
: ——5EEHE |
4.00 : : . :
0 20 40 60 80 100 120
Engine Load (%)
234 B HABERE GHE
NOx HHif
[—’—IEEZ’. —=—FEE3 @ On Board
16
14 =
12 o @ |
—~ _\"""-....
% 10 . — N
3 g
5
H 6
* 4
2
0
0 2,000 4,000 6,000 8,000 10,000 12,000

1 B8 H h(kw)

B42.3.5 2 HBER (S

® TOMDFHERTER

AT EH2.

MEPC 49/22/Add.1 T, NOx DIHEBOFHAZITIHE, TV TORBREIRL T

[’)%o

F ZORF ORI /1 BB % 5% FEREL TS,

GEDZ I al— 3 VEROBET. EANCZNZRS BT/
55 10 TR SR B2 O TIRBI T ORHANIA S Td 5 L R IEHE TH D EBEORRIC
REETHERIETH o7, WEHBROBTORBR. AHEIIRK 2 1% THORELHEL TH

;}"',
—

% 2 IR XU 3 HDEE, WRAFARBSNTWRNOT, #IEHAIEI TSR ORER

BHEUR 7T XD EHEHRE LU TER L.
& AR ORI ORI T BHBR - B2 20T, BEA—I—X D HAOBIE ke
AFLT MR =2 7)VZREL T BENH S,

.



wtER2.

3. IAPP fEE(EBASIEABG LS OB
FTORHERERZE £ O TEMREECUIMTHEE IR L TRANCH > THEME2 EElE LT3
ZEERTHNEND B,
NOx IZBH Y 2B HT EREDOWRUIB I EROBD Th 5.

1) BUETHITHT S TREEAERZE EIAPP OFER)

2)  MPICBT2YIERE Nox DAL OBEHMOREEZE0D, 1APP sEE DR
NI A=FFry ik X HEFHERC L RN

3) MAICBIT SERIHRENOx LA DH I IDREESD, IAPP iEEOHEER)
NIA=FFry ik, mElBaHlE X3Y1M L7 bemy ) DBk DRERRE

SGERIOIIal—a il Eidl) SEERT—Y EFE3) Y7L Y RS Iz 5
BT —4 EOHBEITo R, AR 23 3) OITRUIARICHZEOZREEAMR=NTH Y,
MEPC 49/22/Add.1 ANNEX 5ICHESN/- NOxREENTH2 LRI TE-DT. > I2L—
2 a T ah, IAPPIEEZBREL THbo/=,

4. 2 al—i 3 AAABROFTHE
1) IMO Ji{ RS >
MEPC49/22Add.1 ANNEX S5IZHREESNTWBHA ES1 2> T2 al—3 3 & fFo7
R WEBRIHLAMERTIRETHS ZEARIIS . BEOTEFRBRTIIMUARTH 20, ZEBISE
MEBZToTVWHEL T, EEFEEEDF4PESOF T NOx 51 L7 "NEZA ) UV THRIEER
Hiskr= Z SIEBICEEETH -/,

2) IMO il & EHRRRLE
THERABRDO NOx 7% LATRO NOX T2 ICERRON/-. B ITERART—¥1I77IVT oY
ELTOENTHAEEE. BT ORI EyFOREBICE D RBRENN RS54, £<FHEII
25izinofzh, IMO BEEOBEN TH -7,
BERRLEE AR ONEATE A Lo 0 L7 EE 27> TV ARETH A ETHEL TV,
AT, BYEFE/2o7z IMO BRIZTNCHE T 2 T ENELEEN SIMETETNA T &
MREAS N =EEZ TS,

3) #EIZIE. BIMOREDS 1 LI hEZS U U ETEHBEEE TO—EOEENNRT L, BEX
ERLTZEB- TS,

5. IMO~NDRE
R a2l — a s HBRETOIEREUETREIEEDNAEEZRV DT, 5 FRORE UL
IMO IZIRE9 AWM TEWT VWS, LLFICEERBFAZRT.

1) 2haz=7 Nox > -HOAHEMT
MEPC  49/22/Add.1 ANNEX 5 Ti¥., Chemiluminescet Detector(CLD) X |I Heated
Chemiluminescet Detector (HCLD) ZfAL TAIET 2 I LR ENTSA, 250 H1T
FEEREOEEEZZITEH . RESOARICEMIZ EE0H - T, AMETIFEONEEZE L, T2
BICERTRE TR N AT I 2R LER RN 2R L0 T, 5 TOER%
FTEMT 5L D ITRRTSFE.

2) FHRIOEAL
NTC IZHRE SN TV AEHAE 1 Hz SHEERE N, THEBRET 5BICLRO 2 HHEZRHES FH0EN!
Hz.



wTEMN2.

D wrHED BEERRERUESRESEREIND,  FIANRER T HIREEF ORI S
mELldEL <. RELVWMELEZ S,
@ X. BB RCBEROT—Y O AT AEHALIWAS, BT —F IEEDAIRER b DA
LN TV, BIHEROT—F O AT LNREERRS.

PLEDZEMS, 1Hz g% Liz< T, BFEOBRBET—FOH I AT LA TRHIIEL TH 13 NOx D
EEVIFTRETH DD TTORITIRET 5 TE-

3) MR EEHBI = o 7 IVODIER
MEPC 49/22/Add.1 ANNEX 50OBzIcEiUL, #1207 ey U hEkzdb L7-aHRl
a7 IVEfER - B U TREZETEILENHD. OV aTIUISEDI I al—ad
BT, RMERTHZ2MWEGREDII ol —a  dREEL TTOHEEERU .
—75, NO x SHARESRDRIEZ8E 3 ~ 6 # AIZfT 54 MEPC 49/22/Add.1 ANNEX 5231 TW5
L. SHlbEAERL Tl THLENHY, FEBORZMRN D > TOMEEITEMR TE SHRICEHA
RZ_aTIVAIMETH 5.

4) BERORIEAT 57—

NTC izid, FHAEERORIER S 3~ 6 » RICfT IRESNTWAAS AT XidFERIc e Rz
RET2Z 13 OMANTEMRARFOENERTS O L BRICKOREZTS OFEBITL
THRIEE IR T 25 DfNNTI2D EEZ B,

PREHA AT > HEE6 o A DRIEMREEI2->THEY, FEii s 2H5RIEREMERRITESND.

ZNSANOFEERA L THOAMOERRERAIVINO T, FOEH(TR)RERICERT 22 L
ZRETLTETH D,

5) BUHBEIELORER
MAPOL73/78 ANNEX VITIL. HHiEZE gkwh BTREIL TWETH. ZOHE. EA02IX
HEH A EHEEE (RN R & PREHERR) SEnH  2FH L TEHT 208N H 5. Z 0 2FHBEOFHRI
BHANCEEIZERLUZES. BRALZENS 5. FITZO2EBZHIRFICEZMNIBHED
FEEE 72 % 13%EE R IREHAEIN O x B (ppm) TEHE(L L T g/kwh EAHBEA S S Z L2 HEL TREREL T
RELTWVA,

6. SROBRE
1) BREIOZHE MG
GEsiit) MEHROMER IR HECL > TEER (N) 20SWEEHYH 5. THEABRTIE
NOx EAHERIERNTH > Th, NS OREFEER L TEFRICFHIL TA% LRHIEZBA 200t
Hz. TOFRL BEHROERSOEM, RE—T2RBERCES Thermal NOx OEINEUEHH
REDHREBIZLZHEMNTH 5. TR OIEHRRENE,

2) BETENORIG
NOx {EROZADHE E U TKES, KIILY 3 >4 SCR EBE/RRINERALINTWEA
ZOHBA BERZ NOXEOBGIAWETHD. INHOEBEORRBIZBEL TR BROWEZF DL
HBHM, AIUILANTA—FF v 7 EZFAT 2B LERICF = v 7§ N5 A7)t
ENENSDEEIETHR,

3) PEBHRCECRE & D
SEORB T AERIOT—F—OH TIE NOX BREZBINTE 5 T v > RN EN - 72DT,
HBHAOT—F—OHERRER LA BEFZERTRICT Y ZBBEL THETXTHRY
OfREFHZEL.
NOx DFRIICYE/=-oTid, ANROEBZER TE 5T T v >RV ZEERN O RERIET 5 Z L b
BL3-oTL3EEDN 3.



AT EH2.

WITEEE E /2 NOX FHIEBZEHR Lz & LT BB T CRERESEDT— 4 2 RELT 5D T,
WU U AHBSRCEE I I3 — & B EREE W EIT 25 E B S,

—HEDI AT AE L TEHERL THRZEO TTBEND S, WS CIIEREDHRENHENT
WAESTHBH, EANTIITOEIEIIEEN,

4) PERENDFI
WA TEETOMAICENY 1 L7 bEZY ) > VEEFAT S EN S EDN 50, B L
o TEREA. WHEEATREZHET 20IFE L /2> T2 ENTHEENS.
ZOBREBHANCI ALY MCEDZY TB I EAMEITI > TL 5,
SHOMIEEE LT, @5 MEPC 49/22/Add.1 ANNEX 5, Appendix 1ICEC#® 160mm
MDD T T > DEEEEE T 5 Z ENRENEBS,
BINDOEMPT T, 75 D% FERRTHZEHH D LMK,

5) ZEGEERRSRRR A~ OXIG
L CETHEERR DRSS, —RICFRGERESEREREEE NS, ZOBES, FEEE 1 EOaK
HZLTHM LI MDA JETHETISERD OB, NSA—YFryIETHRESINLEE
A5B. TOEFOBIZER 2 BHEROE 2 82T, Tk 18 FEEICE RO TE.

MARPOL &% EE VIOAES H FEHERFI NOx OFFIhE-> /2.
BHEEEOENRIISNSAY— N TIEH S0, BRETIIVWERIE 291 7)UEEEIC X 5 JIAPP EFrEE
BaE 2 al—a VERBRICEE, 4 U1 7)EBBEORE S al—a ilBniE T L. RO by
75 =L UTHBMT SR E L TS,

NO X AEIZHIZ SOx. PM ® VOC OO HREZH>TETHED, SHBIOHEDOEEIIHICHIE
LTHAENHDEER S,

SEID NOx X 2 bL—3r 3 VAABRIAPP AEESERADAMRER, SRS LUMA TEFI L
OB 2R N TH 5.

REIZIZDE LS BHOESHBRAD NOX EETREL R<HBRLUTHEEZELL, SHEHE D
I #1 AAVTSA 20 Zoa—0oDH) kU BiEGEER) Zehl ofREBEOH4ICZ0
BEBEO L TBILELETET,

NOx I al—a  EBEHE —F

Uk

HiE: 55 LIRREREE B2 lfRES, B3mE 1 ~2 SR BEM B1EMP-3 &

.



AtEH2.

T—% 6

NOXFEEICEEEZEZHSIEKRAF



AT EH2.

200511 8148, 128168
MoBEESFREEEEICEI T JDREMF] ERERS B iRmiSES

FT—V6 NOxRHEICEELESZDIEANATF
MP3 PRGEERESHERTF— A —5— NIRE - 8IF 8

INI—BPEERE (N) 50D Fuel NOx N\DER#
PANIPZESR (N) 90 Fuel NOx N\DEGHASR|L ? .« - - 50~60%
(RR/E301 MNOx EZAU T4 RS+ HERDIEoOODIEEIERER )

IN>71—H (BFO) #AEEO'SMNOx YA Bl (MDO) KDZU\EBHD—D
THDD, Fuel NOx DZE NOx PICESHDEISIIDIEL (1 SHEE?),
ijJ\L/ -

XiE e U CE Fuel NOx [EES30) - - - SEEZOEISISIENT D,
S2F/\VH—H N D 0.7~0.8%) DOHIRE - -

Thermal NOx (BIZ(E, ZZRPDN,+0, =2NO- - - RIC K DS REEEREDEND)
(RR/MP3 [ioRBDASUEZIELEEEDIERKICRI T SREMFRD)

INUA=BOFTAY (Fuel NOx /217 T/5<) Thermal NOx 2\ MED
COIERE?
o o« JNUASBNBOIARNE Ty E ARy b (ERED) DB,
(Thermal NOx [JPAERE., WHRBECERL)
(ZITKFDRNGREORIRE « - -)

.



Al (MDO) &/N\VA—iB (BFO) TNOxELEEIESDHL? - -

26 ————r————71 7
o2
~ 24 r On-board Data
= (Bunker Fuel Oil) :> * ‘
g 227 @
&8 20 F ®
=
B \
': 16 Shop Trial Data
g (Marine Diesel Oil)
= l4r
2 ok
I 1 (O | (TN S-S (T N T S (S A - | NI
100 25 50 13 100
Engin Load (%)

AT EH2.

.



Nitrogen % in bunker fuels from various ports
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NOx measuring procedure for CVCC

Sampling
v Filter
cvce F HNO,—NO
Converter @ L\
Hot Hose s
(190°C)
Sampling
Bag '
Analysis

Filter
Sampling [>XF NO,— NO 5
-- Eanveier ol 0 - Vv

. NO, Analyzer || O, Analyzer
(Zirconia)

1L/min 0.5L/min

Test results using CVCC |

< 1300 (BFO-A Q)
5
o 1200
High N
Sample
1100
N—Fuel NOx

Conversion Rate 55% Line

NOx(CVCC)ppm(13%
g 8
=4
)

o 02 04 06 08 1
N %




1300
.E‘ Specifications of running test engine
&'1200 ITEM
=9 ¢ High N Bore mm | 400
o Sample
E 1100 Stroke mm | 1350
= Engine Speed rpm | 178
3) Output kW | 985
g 1000 Pme bar | 19.6
% . Piston Speed m/s 8
% 900 } MDO N—Fuel NOx Max. Cyl. Press. | bar | 182
Conversion Rate 55% Line
00 i 1 1 L 1 i L i |
g 0 0.2 04 0.6 0.8 1
N %

Running test result (Comparison of NOx emission between MDO and BFO at 75% load)

Fuel-NOx (NO,) g/kWh = SFC - N - R - (46/14)

SFC = specific fuel consumption

N = nitrogen %/100 in the fuel

R = N to fuel-NOx conversion rate

Molecular weight of nitrogen is 14 and NO, is 46.

0.4% nitrogen

180 g/kWh of SFC
55% of conversion rate

~Fuel-NOx is about 1.3 g/kWh.

INY A —BRGD S ONOxDASRX DB MBBD—DTHAHD,

| Fuel NOxDENOxPICS5HBEIEFDIEN (1BIFBE?) .

{UDL - - XUHRE L TEFuel NOx[EESELY -« - [FRZDESZIBNT S.
[BEZ/\UN-8 (ND0.7~0.8%) OLIRE * ~ & -
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Thermal NOx (BIZ (& ZERPODN,+0, = 2NO- - - RFEC K DSEIREREIC K DEMD)
2 \WEQ. ZDRAE?

- - (B8 AE—EWNMEE, Thy P ARy ~

(Thermal NOx(Z¥ABLRE. WHEEICER, )

W Cylinder
head

Fuel injection
nozzle

Combustion
chamber

Transparent
piston crown

Reflecting
mirror |

High-speed
CMOS camera

Two stroke cycle, Single cylinder

Bore X Stroke : 180 mm X 350 mm
Engine speed : 400 rpm

Pmi (indicated mean

effective pressure) : 1.5 MPa
Compression ratio : 12.0

Scavenging air

MDO BFO-E BFO-A
(Zeebrugge) (US West Coast)

Density (@15°C) kg/m? 843 988 986
Kinematic mm?/s 2.5 350 320
Viscosity(@50°C)
Sulfur wi% 0.4 2.6 13
Nitrogen wi% 0.02 0.38 0.87
Water wi% 0.1 0.1
Ash wi 0.1 0.05
Residual Carbon wi% 0.1 13 12
Lower MJ/ kg 42.5 40.3 40.8
Cadlorific Value
CCAI = 850 849

Fuel properties
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Soluble Organic Fraction. FHERITIES . KADBRE-OMB M TH
FRENS. Z7O ) ER>TWeED, DP OEFEICTELTWRZ &
W0,

PM10
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Diesel Particulate Filter. 74 —EIBFEHIET D701, HHA
HO72 EICEE X315 Filter. ERIZBNTIX, BEE NOx - PM %I
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Visible Smoke
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NOx ZEUHEH AT BT E2FEA - BE L. BlE 28R
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HEH T 2 %8,
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BRT 4« =N TP 2H MARPOL 73/78 &40 /BEVISE 13 HAID
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MEPC

IMO (EE#EEHEE) @ Marine Environment Protection Committee (FEEEES
BREEES) OWE
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BLG
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FTIR 7 —1) 2 EMIRN ST E Fourier transform infrared

VBRI L 2ERTE=Y - BBEEETATFEE - a2 Fa—Fick 3
BERANRHLEZFTL0MET. FAREDTFITBE LT, RABRERIT
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NDUVR 77t Non dispersive ultra violet resonance
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