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MP/CONF.3/34 Appendix II

E2 100%Speed 1,200min-1 50 75%Power
5.1.1.1.1
Power MEPC49/22/Add.1 + %
1-Hertz
5.1.1.1.1
h m s
kW
min-1
MPa
L/min
hPa
_______________ hPa
___________________ NO | ppm  |gkWh
02 ppm NO
5.1.1.2
57m 10m 4.5m 3.71m
498
12 Kt
()



5.1.13

5.1.1.2.1

4 L
6N165L-EN
530 kW

6

165 mm
232 mm
928 m/
1.78 MPa

NTAKL-VE

490 kW

445 V 3

60 Hz 1,200min-1

5.1.13.2

10

5.1.1.3.1



5.1.2 NOx

NOx NOX

MEPC49/22/Add.1 1

5121 NOx

MEPC49/22/Add.1 1 NOx

NOx
5.12.1.1

MARPOL VI 5 19
MEPC49

MEPC49/22/Add.1 1

Chemiluminescent Detector (CLD)
CLD

NOx/02
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5.1.2.1.1 NOx

NOx 0 2000ppm A 1
0, 0 25vol%
NOx 0 5000 ppm 1ppm #iHH ppm
0, 0.00 50.00 vol% 0.01vol%
i ## vol %
ZrO2
800
CVVS  2sg-6¢
MVVSO0.5sq-2¢
CVVS 2sq
- D6/D4
1
D6/D4
0.2 0.9MPa
SPAN NO  1500ppm/N2 (0.1MPa)
SPAN ( ) O, 13%vol/N2  (0.1MPa)
DCO 5V 2 (NOx,02 )
DC0/24V
( )
50kg
30kg 20kg
Skg
100 V£10% 0.5kVA
5.1.2.1.1 20mm

5.12.1.1
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5.123

5.123.1
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MEPC49/22/Add.1 ANNEXS APPENDIX1
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5.123.1 B
5.1.2.3.1
220 mm 100 mm 200 mm 02m 24m
360 mm 100 mm 200 mm 1.5m 25m

5124

NR-1000 KEYENCE

NOx 0-5V/0-2000 ppm

02 0-5V/0-25vol %
1H
5.12.5
700
kPa 10 L/min
5.1.2.5.1
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200~ 300kPa
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5.12.64 NO

NOx 3

5.1.2.6.5
700Kpa

700Kpa

NOx

NOx

5127
5.12.7.1

5.1.2.7.1
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5.13
5.1.3.1

NOx

5.13.1.1

5.13.1.1

5132

5.1.32.1

5.132.1

KW

min-1

CYL

CYL

CYL

CYL

KPa

CYL

TC 1

TC 4

TC
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0.1L/min

5.14

70mm

350mmH,0

250A

48p mm 60.5

40 mm

250A SGP
¢254.2 mm

350mmH,0

@60mm

20mmH,0

40mmH,0

5.14.1

20
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NOx
350mmH,0O
10
40mm 5
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JIS K 65AFF MEPC49/22/Add.1
JIS K 65A 10S

3 5.14.2
5.142

5.142
5.1.5
5.1.5.1
5.15.1.1
5.1.5.1.1
KW | € )

NOx
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5.15.12

51.5.12 [*1]
50 0.8 93.9
1.0 94.8
75 0.8 94.5
1.0 95.6
51.5.13 5.1.5.1.1 51.5.12
/ 100 (5.1.5.1.1)
(kVA) 3 (5.15.12)
51513 *
kW
A o) kVA % 33
50 445 403 250 311 0.8 93.9
(51)
75 445 550 370 424 0.87 94.9
(75.5)
51.5.12
50% 94.8% 75% 95.6%
5.1.5.13 50% 93.9% 75%
94.9 %
MEPC49/22/Add.1 NOx +5%
50% 75% 93.9 94.9
5152
NOx

5.1521
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5.1.5.2.1 [ 3]
(%) (kW) (%) kW) (kw) (%) (g/kWh) (L/h)
50 214 93.9 228 228 43.0 246 63.4 14
213 227 227 42.8 61.4 14
75 325 94.9 342 342 64.5 220 85.7 16
310 327 327 61.7 79.7 16
90 385 94.9 406 406 76.6 216 98.6 17
385 406 406 76.6 98.6 17
100 416 94.0 443 443 83.6 214.8 106.0 18.5
416 443 443 83.6 106.2 18.5
110 458 94.0 487 487 91.9 212 116.5 19.25
460 489 489 923 113.7 19.25
A 0.8430
5.1.6
EIAPP
5
5.1.6.1 1
N34 54.40" E136 41.66'
17
1,023 hPa
336 Deg
6 m/s
05 m
GCO 165Deg
0.9 0.9Deg/min
11.8kt
F1.7m 3.2m
NOx
12 8 12 00 12 10
12 8 12 18 12 28
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5.1.6.2 2

NOx

5.1.63 3

NOx

N34 2375 EI36 56.86'

16.6

1,022 hPa
345 Deg
2.1 m/s

0.5m
GCO 184Deg

0.5 0.5Deg/min
F 3.0m A 39m

12 9 15 15 15 25

12 9 15 35 15 45

N34 4097 E136 4538

13
1,023hPa
343Deg
3. 7m/s

GCO 341Deg
0.5 0.5Deg/min
F2.lm A3.3m

12 10 12 04 12 14

12 10 12 20 12 30
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5.1.6.4 4

NOx

5.1.6.5 5

NOx

5.1.7

74Deg
4m/s

0.5m

NE
m/s
0.3m
GCO 030Deg
F 2.58m
1 28 20
1 28 48
14
14
14
3,000
6,700
8,000

25

A 32m

14 32

15 00

A 3.68m

30

58

22
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4 7 1
15 11 23
17 11 10
15 11 23
17 01 10
15 11 23
17 01 10
15 11 25
5.1.8
MEPC49/22/Add.1 NOx
Table-1
Table-1 5.1.8.1
IMO
6.
5.1.8.1 Table-1
Symbole Parameter Dimension
nd Engine Speed min-1 min-1
Pbe Charge Air Pressure at kPa kPa
Intake Manifold
P Brake Power kW kW
Paux Auxiliary Power KW kW
Tsc Charge Air temperature at K
Receiver
Tcaclin Charge Air Cooler Coolant K
Inlet Temperature
Tcaclout | Charge Air Cooler Coolant K
Outlet Temperature
Tsea K
GFUEL kg/h L/min
Table-2
Table-2 5.1.8.2
Table-
5.1.8.2 Table-2
Symbole Parameter Dimension
Ha Absolute Humidity g/kg g/kg
Pb Total Barometer Pressure kPa kPa
Ta Temperature at Air Inlet K

26




Power Set Point Stability MEPC49/22/Add.1 Annex 5 3.1.8
MEPC49/22/Add.1 Appendix 3
+5% 5.1.83
5.1.8.3
Power Set Point Stability
Ave kW S.D. %C.0.V(%)
50% 1 242.5 2.5 1.0
2 241.6 5.0 2.1
3 254.7 4.1 1.6
4 2374 3.6 1.5
5 254.5 3.6 1.4
75% 1 362.3 23 0.6
2 372.8 2.6 0.7
3 379.4 4.6 1.2
4 377.0 29 0.8
5 377.6 3.7 1.0
MEPC49/22/Add.1 Annex 5 3.3
1
5
3. 5
DATA Evaluation MEPC49/22/Add.1 Annex 5 4
5.1.84 NOx
Data Evaluation
Data
4.1 | Fuel Composition | Default Value Diesel oil 86.2%
Carbon
4.2 | Exhaust Gas Default Value 1.293kg/m3
Density
43 | Dry/Wet Nox  Technical
Correction Code
44 | NOx correction Nox  Technical
For Humidity | Code
and temperature
4.5 | Exhaust Gas flow
Rate

27




5.19 NOx
5.19.1
NOx

()

5.19.2
NOx

5.193

0.03

366010A-3
14 7
FO 14

IAPP

45 xn"? g/kWhx 1.10 = 10.09 x 1.10 g/kWh
n: min-1

10.9g/kWh

(EIAPP )
(NOx IAPP

(NOx IAPP
NOx

NOx NOx

5.193.1 NOx

NOx

28
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5.1.93.1 g/kWh
1 2 3 4 5
2004.12.8 2004.12.9 2004.12.10 2005.1.6 2005.1.28
NOx 10.9
50% 75% 50% 75% 50% 75% 50% 75% 50% 75%
8.01 8.14 791 8.06 7.98 7.90 8.24 8.76 6.55 6.99
8.13 8.03 791 8.68 6.92
E2 9.95 14°BTDC
E2 8.95
12.5°BTDC
50%: 0.23  75%: 0.77
NOx vs Engine Load SENSHO
IMO NOx Reg Level
E2 109x1.1 / Wh
14.00
¥ |
13.00 MO NOx Reg Level
12.00 P T X2 109 / Wh
. .-i' "-~
il s e
11.00 - = e
< 1000 | . e TSR o+
2 ¢ s
> 9.00 \
5 800 > .
=z ——1
X
6.00 | 3 ( )
4
500 [ 5
4.00
0 20 40 60 80 100 120
Engine Load
5.19.3.1
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5194

5.1.94.1

5.193

IMO

NOx

5.194.1.1

75 11.3

1.5°

50
8.95g/kWh

5 NOx
20
NOx
14°BTDC 9.95g/kWh 50 10.0
) 12.5°BTDC
1
NOx NOx
12.5°BTDC
1g/kWh
3,000
8,000
NOx

30



5.194.1.1

61 62 64 71 72 73 74 75 77 90 114 144 145
0308 0309 | 0311 ] 0323 0328 0329 0330 0331 0333 0409 0611 0660
(Gen) NOx
kPa min-1 hPa g/kwh] kg/h Jg/kWh
12:00 12:10f 585 |[710 [41.2 |307.1 |380.2 |370.0 |340.8 [1196.3 |24.0 (2425 | 240 |1024.1 [324 55.26 | 8.01
1515 152s| 977 | 710 [44.6 |311.1 (386.5 |379.0 (349.7 | 11946 |27.0 |241.6 | 26.0 [1027.0 |25.9 55.05 | 7.91
12:04 12:14| 610 [71.0 [408 |317.8 |392.8 |383.8 |354.5 11958 |28.0 (2547 | 27.9 | 1023.0 (401 58.05 | 7.98
1422 14:32 57.9 710 |36.7 |303.2 |361.2 |379.3 |3355 |1196.3 |18.0 | 2374 |18.0 |1021.3 |26.5 54.10 | 8.24
0720 o07:30] 701 [71.1 |48.0 [322.6 (3803 |401.4 |347.3 | 11957 [22.0 (2545 |20.0 | 10145 [258 58.00 | 6.55
61.1 |71.0 |42.3 |[312.4 |380.2 |382.7 |[345.5 [1195.7 |23.8 |246.1 |23.2 [1022.0 |30.1 56.09 | 7.72
B 60.0 |74.0 |38.0 |303.0 [350.0 |360.0 |345.0 1200 28.0 | 2450 | 22.0 228
A-B 1.1 -3.0 4.3 9.4 30.2 22.7 0.5 -4.3 -4.2 1.1 1.2
8.95
1218 12-2g|109.8 | 72.0 [61.6 |358.2 (442.8 |428.0 (3744 | 11949 |26.0 |356.6 | 24.0 [1024.0 |30.9 76.53 | 8.14
1535 1545|1174 |72.0 [65.0 |369.0 (453.2 |439.3 |382.7 11943 |280 |372.8 |26.4 10266 |26.4 80.00 | 8.06
1220 12:30 1178 [72.0 [57.7 |370.2 | 4515 |439.0 |380.7 [1195.0 [29.2 (3794 | 28.0 | 10228 (391 81.42 | 7.90
1450 1500f 1194 | 720 [58.1 |363.9 (4258 |450.2 |371.7 11976 |200 [377.3 |18.0 (1021.0 [26.4 81.04 | 8.76
07.48 o07:58] 1303 [72.0 | 71.7 |380.3 (4395 |463.8 |377.4 |1194.7 230 (3776 |19.8 | 10150 [257 81.11 | 6.99
118.9 |72.0 |62.8 |[368.3 |442.6 |444.0 [377.4 |1195.3 |25.2 |372.8 |23.2 |1021.9 |29.7 80.02 | 7.99
B 108.0 | 74.0 [45.0 | 345.3 [415.0 |420.0 |370.0 1200 26.0 |367.5 | 24.0 215
A-B 10.9 -2.0 |17.8 | 23.0 27.6 24.0 7.4 -4.7 -0.8 5.3 -0.8
8.95
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5.1942

5.193.1 5.194.1.1
NOx
NOx
1 3 50ppm 4
+2
NOx
NOx
NOx
5.1.9.5 Nox
NOx
4
5
NOx
NOx

Res.103(49) -3.4.1
NOx NTC Appendix 3

NOx

32

NOx
75

NTC Appendix 4

100ppm

NOx

180ppm

MEPC



5.1.10 IAPP

Technical File
Engine Record Book
NOx Monitoring Data

5.1.10.1
PSC
5.1.10.2
5.1.10.2.1
5.1.10.2.1
5.1.10.2.1 1 8h

33
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5.1.10.2.1

0.1
(75% 50% )
0.5 x2
NOx
0.5
2. 1.0
5.1.10.3
MO NOx Engine Record Data NOx
Monitoring Data 3
NOx Monitoring Data 2. 4.
5.1.11
5.1.11.1
512
NOx NOx
NOx,0, 2 NTC
NOx CO ppm
NOx 20%
5.1.11.2
Sampling Point Connection Flange
499t
254.2mmeo IMO

34

160mme

35mme




130kw

16.8L

0.1L/min

15.8
6%

17.8L

EIAPP

NOx

530kwx75% 215g/kWh
10 IL 0.1L/min 10min
6%
5

35

NO

10

50%

02

16.8L



5.1.12

Monitoring Method
NTC

IMO

NOx

NOx

5 IMO

MEPC49/22/Add.1

NOx

Direct Measurement

[APP

514

Distance Piece

36

06 2.1

5.193.1

IMO

5.194.1

5.193

5.1.10.2.1

And
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17 12
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2. PSC

IMO NOX
14 7 1
16 o o
MP/CONF.3/34 Regulation 13
16 12 26
OQOOO
OO0
D) (min-1)
530 1,200 3 A
T 1,80 | |

Direct Measuring and Monitoring

16

50

75
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1500 15.00
~1000 10.00
g— 5 nox
< 50 | 500 £
o) 8 —02
Z 0 0.00
646 6.48 6:51 6:54 657 7.00 7.03 06
-500 -5.00
time
NOx/02 monitoring data( )
50%
2000 20.00
= 1500 1 15.00 ~
E_ _S NOx
<1000 1 1000 &
3 8 |—02
Z 500 | {500 ©
0 0.00
7:16 7:17 7:19 7:20 7:22 7:23 7:24 7:26 727 7:29
time
NOx/02 monitoring data(
75%
2000 20.00
—~ 1500 4 15.00
g § NOx
£ 1000 11000 £
3 N — 02
> o)
500 4 5.00
0 0.00
7:43 7:45 7:46 7:48 7.49 7:50 7:52 7.53 7:55 7:56
time
1500 7 15.00
. 1000 [ 1 10.00
é § nox
x 500 150 £ 02
o)
< 0 : : 0.00
8:p9 8:12 8:15 8:18 8:21 8:24 8:26 8:29
-500 -5.00
time
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75

50

1 28 0716 0806

5

200

716 7:18 7:20 7:22 7:24 7:26 7:28 7:30 7:32 7:34 7:36 7:38 7:40 7:42 744 7:46 7:48 7:50 7:52 7:54 7:56 7:58 8.00 8:.02 8:04 8:06
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5 50 ( )

61 62 63 | 64 65 66 67 68 69 70 71 | 72 73 74 | 75 | 77 | 80 90 95 | 113 | 114 | 144 | 145 = s

0308 | 0309 | 0310 | 0311 | 0316 | 0317 | 0318 | 0319 | 0320 | 0321 | 0323 | 0328 | 0329 | 0330 | 0331 | 0333 | 0337 | 0409 | 0414 | 0610 | 0611 | 0660 & R

kPa min-1 hPa
7 20 00 67 71 55 47 309 325 328 307 325 329 320 378 399 346 1196 22 63 249 60 10 20 1014 26.0 594.0 12.6
7 20 01 67 71 55 47 309 325 329 307 325 329 321 378 400 346 1196 22 63 248 60 10 20 1015 26.0 594.0 12.6
7 20 02 67 71 55 48 309 325 328 307 325 329 321 378 400 346 1196 22 63 250 60 10 20 1015 26.0 593.2 12.6
7 20 03 67 71 55 47 309 325 329 307 325 329 321 378 399 346 1196 22 63 250 60 9 20 1014 25.9 592.8 12.6
7 20 04 67 71 55 47 309 325 328 307 325 329 320 378 399 346 1196 22 63 248 60 9 20 1015 25.9 593.2 12.6
7 20 05 67 71 55 47 309 325 328 307 325 329 320 378 399 346 1196 22 63 248 60 10 20 1015 26.0 593.6 12.6
7 20 06 67 71 55 47 309 325 328 307 325 329 321 378 399 346 1196 22 63 250 60 9 20 1015 26.0 594.0 12.6
7 20 07 67 71 55 47 309 325 328 307 325 329 321 378 399 346 1196 22 63 251 60 10 20 1014 26.0 593.6 12.6
7 20 08 68 71 55 47 309 325 329 307 325 329 321 378 399 346 1196 22 63 252 60 10 20 1015 25.9 593.6 12.6
7 20 09 69 71 55 47 309 325 328 307 325 329 320 378 399 346 1196 22 63 249 60 10 20 1014 26.0 594.0 12.6
7 20 10 68 71 55 47 309 325 328 307 325 329 320 378 399 346 1196 22 63 248 60 10 20 1014 26.0 594.0 12.6
7 20 11 68 71 55 47 309 325 328 307 325 329 321 378 398 346 1196 22 63 252 60 10 20 1015 26.0 592.8 12.6
7 20 12 69 71 55 47 309 325 328 307 325 329 321 378 398 346 1196 22 63 252 60 10 20 1014 25.9 593.2 12.6
7 20 13 68 71 55 47 309 325 328 307 325 329 321 378 399 346 1196 22 63 251 60 10 20 1015 26.0 593.2 12.6
7 20 14 68 71 55 47 309 325 328 307 325 330 321 378 399 346 1196 22 63 251 60 9 20 1015 26.0 594.0 12.6
7 20 15 67 71 55 47 309 325 328 307 325 330 321 378 399 346 1196 22 63 248 60 9 20 1014 26.0 593.6 12.6
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5 75 (

61 62 63 | 64 65 66 67 68 69 70 71 72 | 73 | 74 | 75 | 77 80 | 90 | 95 | 113 | 114 | 144 | 145 @ e

0308 | 0309 | 0310 | 0311 | 0316 | 0317 | 0318 | 0319 | 0320 | 0321 | 0323 | 0328 | 0329 | 0330 | 0331 | 0333 | 0337 | 0409 | 0414 | 0610 | 0611 | 0660 & e

kPa min-1 hPa
7 48 00 134 72 54 72 367 38 390 368 387 382 380 439 464 377 1194 23 66 383 60 9 20 1014 26.C 732.4 11.7
7 48 01 132 72 54 72 367 386 390 368 387 383 380 439 464 378 1194 23 66 377 60 9 20 1015 26.0 733.2 11.7
7 48 02 130 72 54 72 367 385 389 368 387 383 380 439 464 378 1194 23 66 378 60 9 20 1015 26.0 733.2 11.7
7 48 03 132 72 54 72 367 38 390 368 388 383 380 439 464 378 1193 23 66 382 60 10 20 1015 26.1 733.6 11.7
7 48 04 132 T2 54 72 367 38 389 368 387 383 380 439 464 377 1195 23 66 380 60 10 20 1015 26.0 734.4 11.7
7 48 05 132 72 5 71 367 385 390 368 388 383 380 439 464 378 1193 23 66 381 60 9 20 1015 26.0 735.2 11.6
7 48 06 132 72 5 71 367 385 390 368 388 383 380 439 464 377 1195 23 66 380 60 9 20 1015 26.1 733.6 11.6
7 48 07 133 72 55 72 367 38 390 368 388 383 380 440 464 377 1195 23 66 384 60 9 20 1015 26.1 733.2 11.7
7 48 08 133 72 54 71 367 38 390 368 388 383 380 440 464 377 1192 23 66 385 60 9 20 1015 26.0 732.0 11.7
7 48 09 134 72 54 72 367 386 390 368 388 383 380 439 464 377 1194 23 66 382 60 9 20 1015 26.1 732.4 11.7
7 48 10 132 72 54 72 367 386 390 368 388 383 380 440 464 378 1196 23 66 375 60 9 20 1015 26.1 733.2 11.7
7 48 11 130 72 55 72 367 386 390 368 388 383 380 440 464 377 1194 23 66 377 60 10 20 1015 26.1 735.2 11.7
7 48 12 132 T2 55 72 367 38 390 368 388 383 380 440 464 378 1194 23 66 381 60 10 20 1015 26.0 732.0 11.7
7 48 13 131 72 54 72 367 386 390 368 388 383 381 440 464 377 1194 23 66 379 60 9 20 1015 26.0 732.0 11.7
7 48 14 130 72 55 72 367 386 390 368 388 383 380 440 464 377 1195 23 66 374 60 9 20 1015 26.1 731.6 11.7
7 48 15 130 72 55 72 367 38 390 368 388 383 380 440 464 377 1195 23 66 375 60 9 20 1015 26.1 732.4 11.7



Foltl 0308 | 0309 | 0RO | 0311 | 0316 | OM7 | 0H8 | O35 | 0990 | 03 | 0393 | 0328 | 0300 | 0330 | 0331 | 0333 | 0337 | 0409 | 044 | OB10 | 0611 | 0660 | HD | « *k
FouF Rl Ne.3 | MNo.d | Moo | Noo3 | Need | Mo.3 | Nood | Ned | Nood | Nee3 | Noo3 | Ne.3 | Ne3 | Mood | Nood | Neod | Neo3 | Noo3 | B | Bk |WEEZ| #B |48z
wEo | A R RS | BRO| BR | RO BR | HR | BE | A7 | Buf | BRE | RGN | &8 | BRE | WE) EEH ARh| RE | BB EA | IR we | B
Fh | @&k | XD | AO | 8% | BE | BE | BE | BE | AE | ¥0 | AD | A0 | 20 | mEHR | AD | S-3 | N 5E NOx | Q2 | o %Ef' MO
B0 | BE | 2E | 1oV | 2ovL | 3cYL | 40vL | SOV | BOYL | R4 | EE | BE | 2B 25 | AD T EE
BE BE | 1~3 | 46 2E | BE
iy kPa i 15 i€ & 19 15 i & iE 19 15 i i€ min-1 i 15 i HZ iE 19 hfa % | opom | % | e/kih kg/h g/kWh
1EE 1k 12_;0251210 585 | M0 | 360 | 412 2082 |99 | 2196 | 2999 3045 | 378 [ 3070 |3602 | G700 | 3408 | 11863 | 240 | 630 | 2425 | 600 | 133 [240 | 10241 | 324 (6885 | 128 05.26 | 801
2EB T8 1 5.:5251225 517\ M0 | SR8 | 448 2871 | 5T | 3227 | 3007 | 305 | M9 [ N0 3665 | G700 | 3487 | 11946 | 270 | 640 | 2416 | 600 | 170 260 | 10270 | 238 |6704 | 12D 55.00 | 79
OB g 1;0%3;4 610 | M0 | 525 | 408 | 3005 | 3240 | 3205 | 3071 | 3168 | 3061 | 3178 |3028 | 3%3% | 3545 | 11898 | 280 | 630 | 2547 | 600 | 134 (27§ | 10230 | 401 |6535 | 128 58.05 | 798
%’%ﬁ 4OBF5(E 14_2121164 3 9| M0 | 360 | 36T | 2032 | H20 | 3111 | 206 | 2837 | 342 | 3032|3612 | 3793 | 3303 | 1M19G3 | 180 | 625 | 2374 (600 | 117 180 | 10213 |263 |7921 | 128 9410 | 824
& | sEATHE 07;04%? 3 01 | 70|90 | 480 | 3112 | 5262 | 3300 | 2002 | 3267 | 3310 | 3226 |3603 | 4014 | 3473 | 1827 | 220 | 630 | 2343 | 600 | 983 (200 | 10145 |208 |3877 | 126 98.00 | 699
1[OE~5EE0 YA | 611 |10 | 551 | 423 3001 3179 (3227 3003 |311.4 (3217 | H24 |3802 3827 3455 (11957 | 238 |63.2 | 2461 |60.0 | 134 |232 |1022.0 |30.1 6687 [12.8 56.09 | 172
$ET-2(E) 600 | 740 | 560 | 380 | 2060 | 3080 | 3010 | 2990 | 3030 | 3130 | 3030 |3500 | 3600 | 3450 | 1200 | 280 | 600 | 2430 | 600 | 220 |220 2219
HiT - EAD) 11 -300| <08 | 43 | 4 [ N8| AT 1) | 84 | 8T B4 | 302 | 227 |05 | 43 |42 |32 | 11 |00 |[-86 |12
1B T8 12':8%512 % 1098 | 720 | 340 | 616 | 3441 | 9689 | 3730 | 3464 | 3930 | 3634 | 3082 | 4428 | 4280 | 3744 | 1845 | 260 | 630 | 366 | 600 | 147 (240 | 10240 |309 (8131 | 11D 7653 | 801
2EBFE 15;5251245 174 | 720 | 350 | 650 | 3356 | 9784 | 3822 | 3588 | 3676 3713 | 3600|4002 | 4190 | 3827 | 11843 | 280 | 660 | 3728 | 600 | 170 [264 | 10265 | 264 (8052 | 11D 80.00 | 806
3B FE 1 2125132930 178 | 720 | 540 | 577 | 3548 | 980 | 3817 | 3600 | 3697 (a731 | 3702 4515 | 4300 | 3807 | 11930 | 202 | 640 | 9784 | 600 | 132 (280 | 10228 | 391 (7545 | 11D 8142 | 790
_g%ﬁ 4DBFo1E 14.510116500 194 | 720 | 540 | 581 | 3534 | 9757 | 3720 | 3540 | 3600 (3678 | 3630|4098 | 4902 | 317 | 11976 | 200 | 630 | 9773 600 | 113 [180 | 10210 | 264 (9165 | 11D 8104 | 876
& | sORTHE O?JB/N? 5 1903 | 720 | 344 | M7 | 665 | 9860 | 3901 | 3630 | 3874 321 | 3903 [4393 | 4638 | V74 | 1847 | 230 | 660 | 9776 600 | 91 (188 | 10130 | 237 (7362 |17 8111 | 699
1[OE~5EBEDFYE(A) | 1188 | 720 | 543 | 62.8 |395.0 (3782 (3798 3975 (3676 |371.6 | 683 |4426 |4440 3774 (11953 | 252 654 |372.8 |60.0 | 135 |232 (10219 |29.7 (8096 (118 8002 | 799
diET - 42(E) 1080 | 740 | 560 | 450 | 3350 | 3480 | 3460 | 3430 | 3430 | 3490 | 3433 | 4150 | 4200 | 3700 | 1200 | 280 |620 | 3675 | 600 | 230 |240 2146
T -DEND 109 [ =20 | <17 [ 178 | 200 | 202 | 388 | 85 | 208 | 206 | 230 | 276 | 240 | 74 | <47 | -08 | 34 | 53 |00 | -8 |08
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Manufacturer
Engine Type 6N165L-EN 2004-12-8 2005-1-28
Mode D2(E2)
1 2 3 4 5
12/8/12:00-28 12/9/15:15-45 12/10/12:04-30 1/6 14:22-15:00 1/28:0720-58 5
ITEM d/w 75% 50% 75% 50% 75% 50% 75% 50% 75% 50% 75% 50%
) 1194.9 1196.3 1194.3 1194.6 1195.0 1195.8 1197.6 1196.3 1195.7 1194.7 1195.7 1195.3
KW) 356.6 2425 372.8 2416 3794 254.7 377.3 2374 377.6 2545 372.8 246.1
Ta(_) 26.0 24.0 28.0 27.0 29.2 28.0 20.0 18.0 23.0 20.0 25.2 238
Pb(kPa) 102.4 102.4 102.7 102.7 102.3 102.3 102.1 102.1 1015 101.5 102.2 101.5
Ra( ) 309 324 26.4 25.9 39.1 40.1 25.7 26.5 25.7 25.8 29.7 30.1
(kg/h) 76.53 55.26 80.00 55.05 81.42 58.05 81.04 54.10 81.11 58.00 80.08 56.09
CO2(%)
CO(ppm)
HC(ppm)
NOx(ppm) dry 815.1 689.5 805.2 670.4 7545 653.9 916.9 732.1 736.2 597.7 805.6 668.7
02(%) dry 11.9 12.8 119 12.9 119 12.8 119 12.9 117 12.6 119 12.8
Tsc( ) 61.6 412 65.0 446 57.7 40.8 58.1 36.7 717 48 62.8 42.3
Tsc-ref( ) 61.6 41.2 65.0 44.6 57.7 40.8 58.1 36.7 71.7 48 62.8 42.3
Pc(kPA) 212 161 219 161 220 163 221 160 232 172 221 163
C (%m/m) 86.4
H (%m/m) 13.4
S (%m/m) 0.09
N (%m/m) 0.01
(0] (%m/m) 0
Pa(kPa) 3.361 2.983 3.779 3.565 4.052 3.779 2.338 2.063 2.809 2.338 3.205 2.948
Psc(kPa) 21.455 7.860 25.031 0.387 17.899 7.696 18.239 6.173 33,579 11.162 22.664 8.329
Ha(g/kq) 6.373 5.927 6.102 5.643 9.784 9.353 3.681 3.349 4.455 3.718 5.848 5.485
Hsc(g/kg) 70.04 31.93 80.27 38.51 55.09 30.82 55.95 24.96 105.26 43.17 71.07 3349
EXHDENS 1.296 1.297 1.297 1.297 1.289 1.290 1.301 1.302 1.300 1.301 1.297 1.298
Kw,r 0.932 0.938 0.932 0.939 0.927 0.933 0.936 0.942 0.933 0.940 0.933 0.939
VEXHW(m3/h)
GEXHW(kg/h) 2531 2011 2645 2026 2691 2111 2681 1992 2628 2063 2648 2041
KHDIES 0.953 0.943 0.955 0.948 1.000 0.992 0.911 0.903 0.925 0.911 0.945 0.938
Gas mass(g/h) 2902 1942 3003 1912 2998 2033 3306 1957 2640 1666 2977 1901
Wi 0.77 0.23 0.77 0.23 0.77 0.23 0.77 0.23 0.77 0.23 0.77 0.23
Mass Wi(g) 22344 446.6 2312.3 439.8 2308.3 467.6 25455 450.0 2032.7 383.2 2292.3 437.2
NOx _ (g/kWh) 8.14 8.01 8.06 7.91 7.90 7.98 8.76 8.24 6.99 6.55 7.99 7.72
NOXx (9/kWh) 10.9
NOX 8.12 8.03 7.91 | 8.68 | 6.92 7.94
*6
*1 75% 7.97 7.99 10.03
*2 NOx,02 50% 7.74 7.72 11.31
*3 7.93 7.94 9.95
*4 NOX (1999-11-05)
*5 MEPC49/22 Annex1" NOx
*6 NOX NOX (1999-11-05)
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*1

*2
*2

*3

*4

*5



5.2 NOx 2
52.1
52.1.1
MARPOL 73/78 VI 17 5 19
IAPP
PSC
IAPP
NOx
52.1.2
1) /
2) JFE /
3)
4) NOx
52.1.3
5.2.1.3.1 16
16 2004
4 5 6 7 8 9 10 11 12 2
1 NOx
1
Nox

16 8 2

16 8 18 1

16 11 2

17 2
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522

5221
1)
2) Ro-Ro
3) 170.00 24.00 17.90 6.00
4) 19,961
5) 5,988
6) JFE 18PC2-6V 2

MCR 9,900 kW / 520 RPM

NOR 8,415 kW /493 RPM
7 CPP
5222
52.2.2.1 NOx

MARPOL VI 5 19 NOx
NOx MEPC49
NOx
MEPC49/22/Add.1 1
MEPC49/22/Add.1 1
)
MEPC49/22/Add.1 1 NOx Chemiluminescent Detector (CLD)
CLD
NOx NOx/O2

522.2.1.1
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2)

522211 NOx/O2

NOx 0 2000 ppm A 1
0, 0 25 vol

NOx 0 5000 ppm 1 ppm HHH ppm
o, 0.00 50.00 vol% 0.01vol%
vol %

HHHE

ZrO2
800

CWVS 2sg-6¢
MVVS0.5sg-2¢
CWVS 2sq

- P6/P4
1
D6/ P4

02 09MPa
SPAN NO  1500ppm/N2 (0.1MPa)
SPAN ( ) O,  13%vol/N2 (0.1MPa)

DCO 5V 2 (NO,,02 )
DCO0/24V

( )

50 kg
30kg 20kg

5k g

100 V=10%  0.5kVA

5222.1.1 20mm
522212
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3 20 10 9

scale (mm)

52.2.2.1.1 NOx
NO N2 02
02 NOx
NOx
2 2 2
/p0
] /p2

I 2 2

S Attt

522212
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3)

4)

S¢g
5; a0 i +20 {40}
1 o) o 1 a £
=
% DI] D d—dlz E
- ﬁ TERR N |
| ¥
: | Il
— alis
o 2= =
= i
S ——
ﬂ—_ﬂ"l-f?
= apo (500 50 200 {50}
522213
522214
NOx/02

MEPC49/22/Add.1 ANNEX5 APPENDIX1
220 mm 360 mm

522212

2

360 mm
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5)

700 kPa
20 L/min
pepope e @
CAL DUTLET JZ
GC-1 R F ¥ =1 -t A1
SHOP AR
200~ 900kPa \\,
-2 \ AR DUTLET
(A}
522215
6)

NR-1000 KEYENCE

NOXx 0-5 Vv /0-2000 ppm

02 0-5V/0-25 vol %

1H
7)
o) 1 NOx/02
6 2 1
8)
A-Bank
NOx 533
850mm 130mm
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[ ]
 —
NOx
( 130mm

5222.1.6

52.221.7 NOx 522218
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522219 NOx

52222
1)
JRCS JMC-SMS-22
CTA SMS-U500
SMS-U20F
SMS-U650A
2)
+ hPa 950 1-20hPa
523
5.2.3.1
1130 — 1700
2300 — 0600
5232
52321
NOx

53

52.22.1.10 NOx

5.5
7.0



52322

NOx
52323
16 12 3
1) NOx
50% 1
75% 1
2)
NW
5233
5.2.33.1 NOx
NOx
12/17
Full
200
52332
5234
52.3.4.1

100, 75, 50, 25%
50%  75% 2

17 1 7 8 1

7 0000 0015
8 2330 2400

34-5IN  129-26E
4 5 BC

5000ppm

Slow->Half->Full

380 400

NOx

NOx
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2

75%

:F5.65m AS5.65m

NOx

Full 5000ppm
10L/min Air
Air 20L/min
10

10



1,400

1,200 /

1000 V T “wwm ”wa ]
g; 800 ]
1 2500
x
S 600
= ‘L 1 20.00
=
02:] B
400 r ,dn«\ﬁ*--—--v--yw«».._.._ 1 15.00

N
1 1000 ©
200 |
1 500
0 0.00

2005/1/6 21:36 2005/1/6 22:48 2005/1/7 0:.00 2005/1/7 1:12 2005/1/7 224 2005/1/7 3:36 2005/1/7 4:48 2005/1/7 6.00

5234.1.1 50% NOx 02
NOx
1,400 ‘
‘ 75% |
1,200 [
1,000 | i
E 800
o
1 2500
x
S 600 f
= 1 20,00
%
00 - 11500 3
11000 §
200 -
1 5.00
0 0.00

2005/1/8 19:12 2005/1/8 20:24  2005/1/8 21:36 2005/1/8 22:48 2005/1/9 0.00 2005/1/9 1:12 2005/1/9 224

523412 75% NOx 02
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5234.1.1

% 50 75 25 50 75 100 25 50 75 100

RPM 434 485 520 520 520 521 327 417 475 521

kW 5734 7,493 2,501 4,958 7,425 9,956 2,482 4,964 7,426 9,956

NOXx ppm | 1,080 960 1015 | 1010 | 1126 | 1009 | 1879 | 1319 | 1253 [ 1009

02 volp | 121 132 14.3 133 133 128 99 114 127 128

NOX g/kwh] 1260 | 1225 | 1264 | 1033 | 1126 | 1013 | 1403 | 1078 | 1170 | 1013
NOx

E2 = E3 @ On Board

——

= 12 kQ.:./—k

g 10 \I
2

o N B O

0 2000 4000 6000 8000 10,000 12,000
(kw)

523413 NOx
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NOXx

‘—0— E2 = E3 @ On Board

2000
1800
1600 r
51400 \.;’\.\
£ 1200
1000 | — —
=< 800
S 600
400
200 r
0
0 2,000 4,000 6,000 8,000 10,000 12,000
(kw)
523414 NOx
5234.1.2 1
On Board
A IF-180
15 g/cm3 0.8676 0.9712
40 mm2/s (cSt) 3.751
50 mm2/s (cSt) 163.3
-15.0 -10.0
PM) 95 116
%(m/m) 0.01 0.01
%(m/m) 0.05 105
%(m/m) <0.01 0.01
%(m/m) 0.08 2.90
%(m/m) - 4.33
( ) J/q 45380 42879
( ) J/q 42560 40539
CCAl 819 841
C %(m/m) 87.37% 86.20%
H %(m/m) 12.50% 12.40%
N %(m/m) 0.04% 0.20%
0 %(m/m) 0.01% 0.60%
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52342

NOx

E2
NOx

NOx E2 E3

52343
NOx

10.9g/kWh C
NOx 12.88g/kWh

10%

NOx

113gkWh E2
NOx 12.3g/kWh

E3

524

524.1 NOx
1 NOx

NOx NOx

5242
1) NOx

2)
50% 75%
10

5243
NOx Fuel NOx

5244 IAPP
IAPP
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53 SCR IMO
53.1
IMO MARPOL 73/78/97 ANNEX VI 2005 5

NOx SCR
17 2
IMO DE48 Information Paper IMO
532 IMO
1998 41 IMO MEPC
MARPOL VI
1 Guidelines on representative samples of the fuel delivered for use on-board ships
2 Guidelines for on-board NOx monitoring and recording devices
3 Guidelines on equivalent methods to reduce on-board NOx emission
4 Guidelines on on-board exhaust gas cleaning systems
5 Guidelines on other technological methods verifiable or enforceable to limit SOx emission
1 2 NOx
DE
2002 3 47 MEPC
NOx 2003 7 49 MEPC
4 DE
SOx
SCR 3 NOx
1 SCR 2005
2 48 DE
533
SCR
1)
SCR
2)
MO ISO NOx
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3) IMO

DEA48
5.3.3.1
53.3.1 SCR MO
16 (2004)
—
—
O
/DE48 Information =
Paper
= ]
[
- >
|
MHI

534
IMO DE Correspondence Group  Exhaust Gas Cleaning Systems(EGCS)

“GUIDELINE ON-BOARD EXHAUST GAS CLEANING SYSTEMS”

EGCS SELECTIVE CATALYTIC REDUCTION SYSTEM (SCRS) NOx
NOx D
ISO 8178-1
2)
“GUIDELINES FOR ON-BOARD NOx VERIFICATION
PROCEDURE-DIRECT MEASUREMENT AND MONITORING METHOD,DE46/WP.3 ANNEX1”
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RESIDUES

EGCS 1.

Principles
SCR  NOx SCR

1. NOx MEASUREMENT
NOx
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

2. Durability of SYSTEM

2.1
22
23

Corrosion Effects on Materials
Backpressure

Maintenance

3.  CERTIFICATION AND COMPLIANCE

NOx

4. PLEDGE

5. RESIDUES

535

534
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5.3.6

SCR

537
1)

2) ISO 8178-1 Reciprocating internal combustion engines — Exhaust emission measurement-

Part 1 : Test — bed measurement of gaseous and particulate exhaust emissions

2005

5

IMO MARPOL 73/78/97 ANNEX VI

NOx

62

, 1998
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NOx

b



H16.8.26/9.13/9.17/10.1/11.5

Guidelines for Selective Catalitic Reduction System

Guidelines for Marine Exhaust Gas Cleaning system Guidelines for Selective Catalitic Reduction System (
Principles Principles Principles
1]SOx Measurement NOx Measurement NOx Measurement
1.1]General General General
111 ECGS SOx NOx 131
112 ECGS SCR
113 ECGS SCR
02,HC,CO,CO2 ECGS 02,HC,CO,CO2 SCR 02HC,CO,CO2 [5.9.33
114 SCR
SO NOx NK
115 ) (
116 19 19 6.31.5
1.2|Test parameters to be measured and recorded Test parameters to be measured and recorded 'rr:cs;rz::jameters to be measured and
121 6.3.2 table6
122
1.2.3]JECGS
124
1.25 234,
1.2.6
1.3]|Brake power and fuel consumption Brake power and fuel consumption Brake power and fuel consumption
6.3.1.3
131
1311
13.1.2 6.3.3.1, 6.3.3.2
13.1.3 -
The fuel flow (actual consumption rate) should be determined . . . The fuel flow (actual consumption rate)
132 by; The fuel flow (actual consumption rate) should be determined by; should be determined by:
1.3.2.1]Direct measurement, or by: Direct measurement, or by:
13.2.2 6314
1.4]Test fuels Test fuels Test fuels 5.3
141 53.1
142 45 45 DM-grade 532 6.34.1
143 S 45%) S 45%) RM-grade 6.3.4.2
0 0
1431 4.5% S So 45% S _
4.5% S S
1432 -
144 SECA SECA 143 6.342
145 144 5.3.3
1.5|Sampling for gaseous emissions Sampling for gaseous emissions Sampling for gaseous emissions 5.9.
151
15.1.1]Sox__SO2 NOx_NO2 131,312
1512 59.2.2
1513 EGCS SCR 234 5931
1514 EGCS 6.35.2
1.5.2]S0O2 analyser specification NOXx analyser specification NOx analyser specification
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H16.8.26/9.13/9.17/10.1/11.5

Guidelines for Selective Catalitic Reduction System

/
Guidelines for Marine Exhaust Gas Cleaning system Guidelines for Selective Catalitic Reduction System ( )
15 15 312
1522 15 15
1.5.2.3]EMC EMC 313
15.2.4 314
10 10 25 3 141
15241 2 25
15242 0 30 0 0 30 0 3 142
15.2.4.3 0 0 3 143
15244 30 30 3144
1525 3 15
15.2.6 3 16
1527 3 17
1528 3 18
1529 3 19
15210 3 2 5922
1.5.2.11 NDUV) NDUV) NDIR PMD, ZRDO ECS CLD NDIR PMD, ZRDO ECS CLD
HCLD ZzrO2 HFID 33 HCLD ZrO2 HFID 33
153
1531 16 16
1532 80 100 80 100 80 46.1
154
1541 59.32
1542 10 90 10 90
15.4.3
15.4.4
15.4.5 1544
1546 1545
155
1551
1552 5.9.4
15.5.3 5.9.5
1554 59.7
1555 5.9.8
15.5.6 59.9
L . . ) L . . . Permissible deviation of instruments for
L T e " o 1071 PTSMELEs e, rlated paamters a ot
P P p essential parameters
1.6.1 58 4 11
1.6.2 __ 412
1.6.3 413, 132, table34
164 4 2
1.64.1 S02  99.5% SO2  99.5% N2 02 H2+He 4 21
16.4.2 4 22
16421] N2 so2 N2  SO2 CO+N2 NOx+N2 02+N2 CO2+N2 NO2 NO 5% 4221
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Guidelines for Selective Catalitic Reduction System

H16.8.26/9.13/9.17/10.1/11.5 /
Guidelines for Marine Exhaust Gas Cleaning system Guidelines for Selective Catalitic Reduction System
164.2.2 +2% 4 222
16423 N2 N2 24 4 223
165 4 3
16.6 4 4
16.6.1 4 41
1.6.6.2 0.5% 0.5% 4 42
1663 0 0 4 43
16.7 4 5
16.7.1 4 51
16.7.2 4 52
1.6.7.3]NDUV NDUV NDIR HFID 4 53
16.74 4 54
16.74.1 4 541
1.6.7.4.2 S02 S02 C0,CO2,NOx 02 4 542
1.6.7.4.3 4 543
16.74.4 0 4 544
16.75 4 55
16.75.1 4 551
16.751.1 5 5 4 5511
1.6.7.5.1.2 4 5512
16.75.13 420 +=1% 4 5513
16.7514 4 5514
16.75.2 4 552
0 10 50 0 10 50
167521 10 10 4 5521
1.6.7.5.2.2 4 5522
16.752.3 +4% +1% 4 5523
16.753 4 553
16.8 4 6
16.9 NOx 4 7
16.9.1 4 71
1.6.9.2 4 72
1.6.9.3 4 73
1694 4 74
1694.1 4 741
16942 4 742
16.95 4 75
16.9.6 4 76
1.6.9.7 4 77
1.6.9.8 4 78
1.6.99 4 79
1.6.9.10 4 7.10
1.6.10 4 8
1.6.10.1 CO 4 81
16.10.2|nox  NDUV NOx NDUV NOX 4 82
1.6.10.2.1 4 821
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H16.8.26/9.13/9.17/10.1/11.5

Guidelines for Selective Catalitic Reduction System

Guidelines for Marine Exhaust Gas Cleaning system

16.102.1.1

Guidelines for Selective Catalitic Reduction System

16.10.2.1.2

16.102.13

16.10.2.2

1610221

1.6.102.2.2

16.102.23

16.10.3

16.103.1

16.10.32

16.10.33

1693

1611

HC

16111

16112

161121

16.11.22

16.12

17

Test cycles

Test cycles

Test cycles

171

172

173

E3

E3

E3 E3

174

175

E2/E3/D2

0.5

E2/E3/D2
0.5

176

C1

C1

177

1.0

1.0

178

I+

I+

179

Ccov

10

10
cov

1.7.10

C1

C1

18
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INTERNATIONAL MARITIME ORGANIZATION

E

SUB-COMMITTEE ON SHIP DESIGN AND DE 48/INF.3
EQUIPMENT 7 November 2004
48th session ENGLISH ONLY

Agenda item 13
GUIDELINES ON ON-BOARD EXHAUST GAS CLEANING SYSTEMS

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 information on investigation for drafl
Guidelines for marine selective catalytic reduction systems related to
regulation 13(3)b)(i) of MARPOL Annex VI. This work has been
included in the future work programme of the DE Sub-Committee but
the work has not wvet been initiated at the Sub-Committee.
Considering that many vessels with SCR system are already running,
we should establish the guidelines for the SCR system as soon as
possible.  This paper should be used as draft SCR guidelines to be
developed by the Sub-Committee to speed up the work

Action to be taken: *aragraph 6
Related document: MEPC 51/4/1
Background
l At present, SCR NOx reducing system is widely used in the land based 4-stroke cycle

power generating diesel plant. It is also used in marine application recently. The developing
work of the SCR guidelines is listed as future work programme of the DE Sub-Committee but not
vet mitiated.

Purpose

2 Japan started to mvestigate for draft Guidelines for marine selective catalytic reduction
systems related to regulation 13(3)(b)(i) of MARPOL Annex VI (SCR NOx reducing system).

3 To speed up the issue of work at the Sub-Committee, Japan has drafted the guidelines on
the SCR NOx reducing system for the review of interested countries before starting the official
drafting work. This draft is basically arranged using the Guidelines on on-board exhaust gas
cleaning systems (EGCS) that is under drafting work at the Sub-Committee. 1t is highly
appreciated to receive many comments from parties interested to brush up the draft at any time.

For reasons of economy, this document 1s printed in a lumited number. Delegates are
kindly asked to bring their copies to meetings and not to request additional copies

[FDEARINF-3 doc
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4 Japan intends to develop the drafts of the water injection system and emulsified fuel
system as NOx reduction devices in the same manner as the next step.

3 The Sub-Committee is invited to consider these draft Guidelines for SCR NOx reducing

system attached as annex to this document. when discussing the i1ssue on reduction of NOx
emission at further sessions.

Action requested of the Sub-Committee
6 The Sub-Committee is invited to take note of the information provided in the annex and

take action as appropriate.

E
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GUIDELINES FOR MARPOL ANNEX VI, REGULATION 13(3)(b)(i):
MARINE SELECTIVE CATALYTIC REDUCTION SYSTEMS

PRINCIPLES

These Guidelines are intended as an objective. performance-based document. These Guidelines
are recommendatory in nature.  However. national administrations are invited to base their
implementation on these guidelines. The use of a Selective Catalytic Reduction System (SCRS)
is one of options to meet the NOx emission limits as required by regulation 13 (3) of Annex VL

The NOx emission standard of’ Regulation 13 (3) should be achieved based on the emissions
from each engine. For the purpose of this standard, NOx refers to the each weight of the
Nitrogen dioxides emission from the engine. However, no other pollutant should be increased as
the consequence of a SCRS. either in the exhaust.

The SCRS should be considered an integral part of the ship’s power plant. Therefore. the SCRS
should be certified with using the engines that it will be connected to on board the ship or to on
test bed of the shop. This is important because a SCRS may not achieve the same emission
results regardless of the engine on which it is installed. The ability of a SCRS to reduce NOx is
dependent on engine and operation characteristics that are not constant across all marine diesel
engines. Factors that may aftect the performance of'a SCRS are load of the engine. exhaust flow
rates. exhaust temperature.  Certification of’ a SCRS independent of an engine may not ensure
attainment of the standards n use.

1 NOx MEASUREMENT

1.1 General

1.1.1  This section specifies the measurement and calceulation methods for NOx exhaust
emissions (calculated as the weighted emission of NOsz) downstream of a selective catalytic
reduction system (SCRS) from engines. under steady-state conditions, necessary for determining

the average weighted value for the NOx exhaust gas emission.

1.1.2 These measurement procedures are intended for testing a SCRS while installed on-board
a vessel. This procedure can also be used for testing a SCRS at test bed measurement.

1.1.3 The measurement procedure shall capture emissions from the engines that are covered by
the SCRS. These engines include propulsion and auxiliary diesel engines.

.14 Measurements for O, HC, CO, and CO; used for carbon balance calculations shall be
made downstream of the SCRS using the procedures specified in the NOx Technical Code.

1.1.5  In principle, exhaust pipes of two or more engines are not to be connected together. But
it the pipes have to be led to a common silencer. effective means are to be arranged to prevent the
return of exhaust gases to the cyvlinders of non-operating engines.

1.1.6 Except as otherwise specified, all results of measurements. test data. or calculations
required by this section shall be recorded in the SCRS’s test report in accordance with

section 1.9,

[DEYS8\INF-3.doc
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1.2 Test parameters to be measured and recorded

[.2.1  Table 1.1 lists the ambient conditions and test parameters that shall be measured. or
caleulated. and recorded at each mode point during on-board NOx measurement.

Table 1.1 — Engine parameters to be measured and recorded

Symbol Parameter Dimension

by i specific fuel consumption (if possible) (at the i"™ mode during the evele) | ke/kW h

H, absolute humidity (mass of engine intake air water content related to o/'kg
mass of dry air)

Hgi engine speed (at the i mode during the cvele) min""

Muh i turbocharger speed (1f applicable) (at the i"™ mode during the ¢y cle) min

P total barometric pressure (in ISO 3046-1. 1995: p, = Px = site ambient kPa
total pressure)

DPhe i air pressure after the charge air cooler (at the i™ mode during the cyele) kPa

Pi brake power (at the i" mode during the ¢ cle) kW

I Auxiliary power (if relevant) kW

i fuel rack position (of each cylinder. if applicable) (at the i" mode during
the cvele)

fir temperature at air inlet (in ISO 3046-1, 1995: Ty = TTx = site ambient I
thermodynamic air temperature)

Tha air temperature after the charge air cooler (il applicable) (at the " mode | K
during the evele)

Tetin coolant temperature inlet K

Telout coolant temperature outlet K

Treahi exhaust gas temperature at the sampling point (at the i"™ mode during the | K
cvele)

T Fuet fuel oil temperature before the engine K

Isc charge air temperature at receiver (if applicable) K

{ cactin Charge air cooler inlet coolant temperature (if applicable) 0

T caclot Charge air cooler coolant outlet temperature (if applicable) K

T e seg-water temperature I

T oil ouriin lubricating oil temperature, outlet/inlet |04

G Fuel tflow (as specitied below) Ke/h

[.2.2 Other engine settings necessary to define engine operating conditions. e.g. wastegate,

charge air bypass. turbocharger status, should be determined and recorded.

1.2.3

.24

operated in a mode according to the specified test eyeles (see section 1.7).

1.2.5

The settings and operating conditions of the SCRS should be determined and recorded.

The engine power and speed should be measured to determine whether the engine

The engine performance and ambient condition monitoring equipment should be installed

and maintained in accordance with manufacturers” recommendations such that requirements of
paragraph 1.6 of this appendix. tables 1.2 and 1.3 are met in respect of the permissible deviations.

[FDEGRINI
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1.2.6  Electrical equipment should be constructed of durable. flame-retardant, moisture resistant

materials. which are not subject to deterioration in the installed environment and at the

temperatures to which the equipment 1s likely to be exposed. This equipment should be designed

such that the current carrving parts with potential to earth are protected against accidental
contact.

1.3 Bralke power and fuel consumption

1.3.1 It s difficult to measure power directly. uncorrected brake power may be estimated by
any other means approved by the Administration. Possible methods to determine brake power
include but are not limited to:

1.3.1.1 Directly measuring the engine torque and engine speed. For directly coupled gearboxes.
the uncorrected brake power should be readily obtainable through direct measurement such as
using strain gages. The permissible deviations of instruments for measurement of engine-related
parameters for on-board verification purposes are specified in section 1.6.

1.3.1.2 Indirect determination of engine torque and engine speed using manufacturer data. The
engines. as may be presented on-board. could. in many applications. be arranged such that the
measurements of torque (as obtained from a specially installed strain gauge) may not be possible
due to the absence of a clear shaft. Principal in this group would be generators. but engines may
also be coupled to pumps. hydraulic units, compressors, ete. The engines driving such machinery
would typically have been tested against a water brake at the manufacture stage prior to the
permanent connection of the power-consuming unit when installed on-board. For generators this
should not pose a problem to use voltage and amperage measurements together with a
manufacturer’s declared generator efficiency. For propeller-law-governed equipment. a declared
speed—power curve may be applied together with ensured capability to measure engine speed.
either from the free end or by ratio of. for example. the camshaft speed.

1.3.2 The fuel flow (actual consumption rate) should be determined by:
1.3.2.1 Direct measurement. or by:
1.3.2.2 Test bed data: In practical cases, it is often impossible to measure the fuel consumption

once an engine has been installed on-board a ship. To simplify the procedure on-board. the
results of the measurement of the fuel consumption from an engine’s pre-certification test-bed
testing may be accepted. In such cases. especially concerning heavy fuel operation, estimation
with a corresponding estimated error shall be made.  Since the oil fuel flow rate used in the
calculation (Ggper) must relate to the oil fuel composition determined in respect of the fuel
sample drawn during the test. the measurement of Gryer from the test-bed testing shall be
corrected for any difference n net calorific values between the test-bed and test o1l fuels. The
consequences of such an error on the final emissions shall be calculated and reported with the
results of the emission measurement.

1.4 Test fuels
1.4.1 Fuel characteristics may influence the engine exhaust gas emission.  Therefore, the

characteristics of the fuel used for the test shall be determined and recorded. Where reference
fuels are used. the reference code or specifications and the analysis of the fuel shall be provided.
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1.4.2 The selection of the fuel for the test depends on the purpose of the test. Unless otherwise
agreed by the Administration and when a suitable reference fuel is not available, a DM-grade
marine fuel specified in IS0 8217, 1996, with properties suitable for the engine type. shall be
used.

1.4.3  To avoid an unacceptable burden to the shipowner, the measurements for confirmation
tests or re-surveys may, based on the recommendation of the engine manufacturer and the
approval of the Administration. be allowed with an engine running on the heavy fuel oil of an
ISO 8217, 1996, RM-grade. In such a case the fuel bound nitrogen and the ignition quality of the
fuel may have an influence on the NOx emissions of the engine.

144 The fuel temperature shall be in accordance with the manufacturer’s recommendations.
The fuel temperature shall be measured at the inlet to the fuel injection pump or as specified by
the manufacturer, and the temperature and location of measurement recorded.

—
n

Sampling for gaseous emissions
1.5.1 General

1.5.1.1 NOx shall be calculated as the total weighted emission of NO,;. NOx Emissions means
the total emission of nitrogen oxides. calculated as the total weighted emission of NO» and
determined using the relevant test cycles and measurement methods as specified in the
NOx Technical Code.

1.5.1.2 For the raw exhaust gas, the sample for all components may be taken with one sampling
probe or with two sampling probes located in close proximity and internally split to the ditferent
analysers. Care must be taken that no condensation of the exhaust components (including water
and sulphuric acid) oceurs at any point of the analytic system.

1.5.1.3 The sampling probes for the gaseous emissions shall be fitted at least (.5 m or 3 times
the diameter of the exhaust pipe — whichever is the larger — upstream of the exit of the exhaust
gas system. as far as practicable, but sufficiently close to the engine so as to ensure an exhaust
gas temperature of at least 343K (70°C) at the probe to prevent condensation.

1.5.1.4 The installation on-board of all engines and SCRS shall be such that these tests may be
performed safely and with minimal interference to the engine. Adequate arrangements for the
sampling of the exhaust gas and the ability to obtain the required data shall be provided on-board
a ship. The uptakes of all engines shall be fitted with an accessible standard sampling point.

1.5.

=]

NOx analyser specifications

1.5.2.1 The analysers shall have a measuring range appropriate for the accuracy required to
measure the concentrations of the exhaust gas components (see 1.5.2.5). All analysers shall be
capable of continuous measurement from the gas stream and provide a continuous output
response capable of being recorded. It i1s recommended that the analyser range should be
operated such that the measured concentration falls between 15% and 100% of full scale.

1.5.2.2 If read-out systems (computers, data loggers. ete.) that provide suflicient accuracy and
resolution below 13% of full scale are used. concentrations below 15% of full scale may also be
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=

acceptable.  In this case. additional calibrations shall be made to ensure the accuracy of the
calibration curves (see 1.6.7.5.2).

1.5.2.3 The electromagnetic compatibility (EMC) of the equipment shall be on a level to
minimize additional errors.

1.5.2.4 Definitions

1.5.2.4.1 The repeatability ol an analyser is defined as 2.5 times the standard deviation of
10 repetitive responses to a given calibration or span gas.

1.52.4.2  The zero response of an analvser is defined as the mean response. including noise, to
a zero gas during a 30 seconds time interval.

1.5.2.4.3  Span is defined as the difference between the span response and the zero response.

1.5.2.4.4 The span response is defined as the mean response. including noise. to a span gas
during a 30 seconds time interval.

1.5.2.5 Measurement error

The total measurement error of an analyser. including the cross sensitivity to other gases
.

(see 1.6.10), shall not exceed +3% of the reading or +3.5% of full scale. whichever is smaller.
For concentrations of less than 100 ppm. the measurement error shall not exceed +4 ppm.

1.5.2.6 Repeatability

The repeatability of an analyser shall be no greater than+1% of full scale concentration for each
range used above 155 ppm (or ppm C) or £2% of cach range used below 155 ppm (or ppm C).

1.5.2.7 Noise

The analyser peak-to-peak response to zero and calibration or span gases over any 10 seconds
period shall not exceed 2% of full scale on all ranges used.

1.5.2.8 Zero drift

The zero drift during a one hour period shall be less than 2% of full scale on the lowest range
used.

1.5.2.9 Span drift

The span drift during a one hour period shall be less than 2% of {ull scale on the lowest range
used.

1.5.2.10  Gas drving

The optional gas drying device shall have a minimal effect on the concentration of the measured
pases. Chemical drvers are not an acceptable method of removing water from the sample.

[N DEWEINE-3 doc
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1.5.2.11

Analyser

The gases to be measured shall be analysed with the following instruments.  For non-linear
analysers, the use of linearising circuits is permitted.

tad

Carbon monoxide (CO) analysis
The carbon monoxide analyser shall be of the Non-Dispersive InfraRed (NDIR)
absorption type.

Carbon dioxide (COa2) analvsis
The carbon dioxide analyser shall be of the Non-Dispersive InfraRed (NDIR)
absorption type.

Oxygen (Og) analysis
Oxygen analysers shall be of the ParaMagnetic Detector (PMD). ZiReconium
DiOxide (ZRDO) or ElectroChemical Sensor (ECS) type.

Note: Electrochemical sensors shall be compensated for CO2 and NOx
mterterence.

Oxides of nitrogen (NOx) analysis

The oxides of nitrogen analyser shall be of the Chemil.uminescent Detector
(CLD) or Heated Chemiluminescent Detector (HCLD) type with a NOy/NO
converter. if measured on a dry basis. If measured on a wet basis. an HCLD with
converter maintained above 333K (60°C) shall be used. provided the water quench
check (see 1.6.10.2.2) 1s satistied.

Zirconia (Zr0;) sensors analyzer can also be vused for the nitrogen oxides at site
measurement.

Hydrocarbon (HC) Analysis

The hydrocarbon analyzer shall be of the heated flame ionization detector (HFID)
type with detector, valves. pipework. ete. heated so as to maintain a gas
temperature of 463 K +10K (190 C + 10°C)

Pure and calibration gases

1.5.3.1 Pure and calibration gases. as required should comply with Section 1.6. Declared
concentrations should be traceable to national and/or international standards. Calibration gases
should be in accordance with the analysing equipment manufacturer’s recommendations.

1.5.3.2 Analyser span gases should be more than 80% of full scale of the measuring range.

1.5.4

Gias sampling and transfer system

1.5.4.1 The exhaust gas sample should be representative of the average exhaust emission
downstream of the SCRS. The gas sampling system should comply with paragraph 1.5.1.3 of
these guidelines.

1.5.4.2 The exhaust gas sample should be drawn from a zone between 10% and 90% of the
exhaust pipe diameter.
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1.5.4.3 A sampling point connection flange is required to facilitate the installation of the
sampling probe. The flange should be fitted to an insulated stub pipe of a suitable gauge material
aligned with the exhaust pipe diameter. The stub pipe should be no longer than that necessary to
project beyond the exhaust duet cladding sufficient to enable access to the far side of the flange
and should terminate at an accessible position free from nearby obstructions which would
mterfere with the location or mounting of a sample probe and associated fittings. When not in
use, the sub pipe should be closed with a steel blank flange and a gasket of suitable heat resisting
material. The sampling flange. and closing blank tlange. when not in use should be covered with
a readily removable and suitable heat resistant material which protects against accidental contact.

1.5.4.4 The gas sampling system should be capable of being verified to be free ol ingress
leakage in accordance with analysing equipment manufacturer’s recommendations.

1.5.4.5 An additional sample point adjacent to that used should be provided to facilitate gquality
control checks on the system.

1.5

L

Analyser in-service performance
1.5.5.1 Analysing equipment should be operated in accordance with  manufacturer’s
recommendations

1.5.5.2 Prior to measurement. zero and span values should be checked and the analyser should
be adjusted as necessary.

1.5.5.3 Test eycles

All engines shall be tested in accordance with the test cyveles as defined section 1.7, This takes
into account the variations in engine application.

1.5.5.4 Analyser response

The output of the analysers shall be recorded. both during the test and during all response checks
{(zero and span). on a strip chart recorder or measured with an equivalent data acquisition system
with the exhaust gas flowing through the analysers at least during the last ten minutes of each
mode.

1.5.5.5 Engine conditions

The engine speed and load. intake air temperature and fuel flow shall be measured at cach mode
once the engine has been stabilised. The exhaust gas flow shall be measured or calculated and
recorded.

1.5.5.6 Re-checking the analvsers

After the emission test. the calibration of the analysers shall be rechecked. using a zero gas and

the same span gas as used prior to the measurements.  The test shall be considered acceptable if
the difference between the two calibration results is less than 2%.
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1.6 Permissible deviation engine-related parameters and other

essential parameters

[.6.1 Each analyser used for the measurement of an engine’s parameters. as discussed in
appendix 3 of the NOx Technical Code. shall be calibrated as often as necessary as set out in
appendix 4 of this code.

[.6.2  Except as otherwise specified. all results of measurements, test data or calculations
required by the appendix 4 of the NOx Technical Code shall be recorded in the SCRS’s test
report in accordance with section 5.10 of the NOx Technical Code.

[.6.3  Accuracy of analvtical instruments

The calibration of all measuring instruments shall comply with the requirements as set out In
tables 1.2 and 1.3 and shall be traceable to national or international standards.

Table 1.2 — Permissible deviation of instruments for engine-related parameters for measurements
on-board a ship

No. ltem Permissible deviation (=% Calibration
vilues based on engine’s intervals (months)
maximum values)

| enging speed 2% 3

2 torque 5% 3

3 power 3% not applicable
4 fuel consumption 4%/ 6% diesel/residual 6

5 specific fuel consumption not applicable not applicable
0 alr consumption 3% 6

7 exhaust gas flow 5% calculated ]

Table 1.3 — Permissible deviations of instruments for other essential parameters for
measurements on-board a ship
No. ltem Permissible deviation Calibration intervals
i+ absolute values or “of (months)
reading™)
| coolant temperature 2K 3
2 lubricating oil 2K 3
temperature

3 exhaust gas pressure 3% ol maximum 3

4 inlet manitold depression 5% of maximum 3

5 exhaust gas temperature 15K 3

] air inlet temperature 2K 3

{combustion air)
7 atmospheric pressure ().5% of reading 3
8 intake air humidity 3% |
irelative)
9 fuel temperature 2K 3
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1.6.4  Calibration gases

The shelf lite of all calibration gases as recommended by the manufacturer shall not be exceeded.
The expiration date of the calibration gases stated by the manufacturer shall be recorded.
= -

1.6.4.1 Pure gases

The required purity of the gases is defined by the contamination limits given below. The
following gases shall be available for operation of bed measurement procedures:

=

N purified nitrogen (contamination =1 ppmC. =1 ppmCO. =400 ppmCO;,
=0.1 ppmNOj:

2 purified oxygen (purity =99.5%volume Oz):

3 hydrogen-helium  mixture (40£2%hydrogen. balance helium), (contamination
=1 ppmC. =400 ppmCO); and

A4 purified synthetic air(contamination =1 ppmC. =1 ppmCO. =400 ppmCOa,.

=(0.1 ppmNO). {oxygen content between 18-21% volume).
1.6.4.2 Calibration and span gases

1.6.4.2.1  Mixtures of gases having the following chemical compositions shall be available.

1 CO and purified nitrogen:
2 NOy and purified nitrogen (the amount of NO; contained in this calibration gas

must not exceed 3% of the NO content):

Lid

0, and purified nitrogen: and

A COs and purified nitrogen.
Note:  Other gas combinations are allowed provided the gases do not react with one another.
1.6.4.2.2  The true concentration of a calibration and span gas shall be within 2% of the
nominal value. All concentrations of calibration gas shall be given on a volume basis (volume
percent or volume ppm).
1.6.4.2.3  The gases used for calibration and span may also be obtained by means of a gas
divider. diluting with purified N2 or with purified svnthetic air. The accuracy of the mixing
device shall be such that the concentration of the diluted calibration gases may be determined to
within +2%.
1.6.5  Operating procedure for analysers and sampling system
The operating procedure for analvsers shall follow the start-up and operating instructions
specified by the instrument manufacturer. The minimum requirements given in sections 4 to 9 of

the appendix 4 of the NOy Technical Code shall be included.
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1.6.6  Leakage test

1.6.6.1 A system leakage test shall be performed. The probe shall be disconnected from the
exhaust system and the end plugged. The analyser pump shall be switched on. After an initial
stabilisation period. all flow meters shall read zero: it not, the sampling lines shall be checked
and the fault corrected.

1.6.6.2 The maximum allowable leakage rate on the vacuum side shall be 0.5% of the in-use
flow rate for the portion of the system being checked. The analyser flows and bypass tlows may
be used to estimate the in-use flow rates.

1.6.6.3 Another method that may be used is the introduction of a concentration step change at
the beginning of the sampling line by switching from zero to span gas. After an adequate period
of time. the reading should show a lower concentration compared to the introduced
concentration: this points to calibration or leakage problems.

1.6.7  Calibration procedure

1.6.7.1 Instrument assembly

The instrument assembly shall be calibrated and the calibration curves checked against standard
gases. The same gas flow rates shall be used as when sampling exhaust.

1.6.7.2 Warming-up time

The warming-up time shall be according to the recommendations of the analyser’s manufacturer.
[ not specified. a minimum of two hours is recommended for warming up the analysers.

1.6.7.3 NDIR and HFID analyser

The WDIR analyser shall be tuned. as necessary.

1.6.7.4 Calibration

1.6.7.4.1  Each normally used operating range shall be calibrated.

1.6.7.4.2  Using purified synthetic air (or nitrogen). the CO, COz. NOx and O analyser shall be
set at zero.

1.6.7.4.3  The appropriate calibration gases shall be introduced to the analyser. the wvalue
recorded. and the calibration curve established according to paragraph 1.6.7.5.

1.6.7.4.4  The zero setting shall be rechecked and the calibration procedure repeated. 1if
NECessary.
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1.6.7.5 Establishment of the calibration curve
1.6.7.5.1  General guidelines

1.6.7.5.1.1 The analyser calibration curve shall be established by at least five calibration points
{excluding zero) spaced as uniformly as possible. The highest nominal concentration shall be
greater than or equal to 90% of full scale.

1.6.7.5.1.2 The calibration curve is caleulated by the method of least squares. 1t the resulting
polynomial degree is greater than 3. the number of calibration points (zero included) shall be at
least equal to this polynomial degree plus 2.

1.6.7.5.1.3 The calibration curve shall not differ by more than +2% from the nominal value of
each calibration point and by more than 1% of full scale at zero.

1.6.7.5.1.4 From the calibration curve and the calibration points. it is possible to verifyv that the
calibration has been carried out correctly. The different characteristic parameters of the analvser
shall be indicated. particularly:

. the measuring range.
2 the sensitivity, and
3 the date of carrvingout the calibration.

1.6.7.5.2  Calibration below 3% of full scale

1.6.7.5.2.1 The analyser calibration curve shall be established by at least 10 calibration points
(excluding zero) spaced so that 50% of the calibration points are below 10% of tull scale.

1.6.7.5.2.2 The calibration curve shall be calculated by the method of least squares.

1.6.7.5.2.3 The calibration curve shall not differ by more thant 4% from the nommal value of
each calibration point and by more than 1% of full scale at zero.

1.6.7.5.5  Alternative methods

If 1t can be shown that alternative technology (e.g.. computer. electronically controlled range
switch. ete.) provides equivalent accuracy. then these alternatives may be used.

1.6.8  Vertfication of the calibration

Each normally used operating range shall be checked prior to each analysis in accordance with
the following procedure:

. The calibration shall be checked by using a zero gas and a span gas whose
nominal value shall be more than 80% of full scale of the measuring range: and

2 if. for the two points considered. the value found does not differ by more than
E4% of full scale from the declared reference value. the adjustment parameters
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may be modified. It this is not the case. a new calibration curve shall be
established in accordance with section 1.6.7.5 of this appendix.

1.6.9 Efficiency test of the NOx converter(Text from NOx Technical Code Appendix 4,
paragraph 7)

The efficiency of the converter used for the conversion of NO; shall be tested as given in 1.6.9.1
to 1.6.9.8 below.

1.6.9.1 Test set-up

Using the test set-up (see figure | of appendix 4 and also 3.4 of appendix 3 of the NOx Technical
Code) and the procedure below. the efficiency of converters shall be tested by means of an
ozonator.

1.6.9.2 Calibration

The CLD and the HCLID shall be calibrated in the most common operating range following the
manufacturer’s specifications using zero and span gas (the NO content of which should amount
to about 80% of the operating range and the NO; concentration of the gas mixture to less than 3%
of the NO concentration). The NOx analyser must be in the NO mode so that the span gas does
not pass through the converter. The indicated concentration shall be recorded.

1.6.9.3 Calculation

The efficiency of the NOx converter shall be caleulated as follows:

I’.I1'Lcic11c3.'(‘!«i.[= I fu-h),-"(c-]i} - 100 (1)
Where:

a = NOy concentration according to 1.6.9.6 below

b = NOx concentration according to 1.6.9.7 below

¢ = NO concentration according to 1.6.9.4 below

d = NO concentration according to 1.6.9.5 below

1.6.9.4 Adding of oxvgen

1.6.9.4.1  Via a T-fitting. oxygen or zero air shall be added continuously to the gas flow until
the concentration indicated is about 20% less than the indicated calibration concentration given
in 1.6.9.2 above (the analyser must be in the NO mode).

1.6.9.4.2  The indicated concentration ™
deactivated throughout the process.

¢ shall be recorded. The ozonator must be kept

1.6.9.5 Activation of the ozonator
The ozonator shall now be activated to generate enough ozone to bring the NO concentration

down to about 20% (minimum 10%) of the calibration concentration given in 1.6.9.2 above. The
indicated concentration (d) shall be recorded (the analyser must be in the NO mode).
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1.6.9.6 NOx mode

The NO analyser shall then be awitched to the NOyx mode so that the gas mixture (consisting of
NO. NOs. O and Na) now passes through the converter. The indicated concentration “a™ shall be
recorded (the analyser must be in the NOx mode).

1.6.9.7 Deactivation of the ozonator

The ozonator shall now be deactivated. The mixture of gases described in 1.6.9.6 above passes
through the converter into detector. The indicated concentration *b™ shall be recorded (the
analyser must be in the NOx mode).

1.6.9.8 NO mode

Switched to NO mode with the ozonator deactivated, the flow of oxygen or synthetic air shall
also be shut off. The NOy reading of the analyser shall not deviate by more than +5% from the
value measured according to 1.6.9.2 above (the analyser must be in the NOyx mode).

1.6.9.9 Test interval

The efficiency of the converter shall be tested prior to each calibration of the NOy analyser.

1.6.9.10  Efficiency requirement

The efficiency of the converter shall not be less than 90%. but a higher efficiency of 93% is
strongly recommended.

Note: I, with the analyser in the most common range. the NOy converter cannot give a reduction
from 80% to 20% according to 1.6.9.2 above. then the highest range which will give the
reduction shall be used.
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Figure 1. Schematic of NO, converter efficiency device

1.6.10 Interference effects with CO. CO2, NOx and O» analysers A (Text from NOx Technical
Code. Appendix 4. paragraph 8)

Giases present in the exhaust other than the one being analysed may interfere with the reading in
several ways.  Positive interference may occur in NDIR and PMD instruments where the
interfering gas gives the same effect as the gas being measured. but to a lesser degree. Negative
interference may occur in NDIR instruments by the interfering gas broadening the absorption
band of the measured gas, and in CLD instruments by the interfering gas quenching the radiation.
The interference checks in 1.6.10.1 and 1.6.10.2 below shall be performed prior to an analvser’s
initial use and after major service intervals.

1.6.10.1  CO analyser interference check

Water and CO»> may interfere with the CO analvzer performance. Therefore. a COq span gas
having a concentration of 80 to 100% of full scale of the maximum operating rage used during
testing shall be bubbled through water at room temperature and the analyser response recorded.
The analyser shall not be more than 1% of full scale for ranges greater than or equal to 300 ppm
or more than 3 ppm for ranges below 300 ppm.

1.6.10.2  NOx analyser quench checks

The two gases of concern for CLD (and HCLD) analysers are CO, and water vapour. Quench
responses to these gases are proportional to their concentrations, and therefore require test
techniques to determine the guench at the highest expected concentrations experienced during

testing.

DDEAEINE-3 doc

84



DE 48/INF.3
ANNEX

Page 15

1.6.10.2.1 COs quench check

1.6.10.2.1.1 A CO2 span gas having a concentration of 80 to 100% of full scale of the
maximum operating range shall be passed through the NDIR analyser and the COz value
recorded as A. It shall then be diluted approximately 50% with NO span gas and passed through
the WDIR and (IDCLD. with the CO; and NO values recorded as B and C. respectively. The
CO5 shall then be shut oft and only the NO span gas shall be passed through the (IHCLD and the
NO value recorded as D.

1.6.10.2.1.2  The quench shall be calculated as follows:

| ]
—

%oQuench = [—f[.":". V(D A)-(D-B)} ] 100 {

and shall not be greater than 3% of full scale.

Where:
A = Undiluted CO; concentration measured with NDIR %
B = Diluted COz concentration measured with NDIR %o
C = Diluted NO concentration measured with (1HCLD ppm
D = Undiluted NO concentration measured with (IHCLD ppm

1.6.10.2.1.3  Alternative methods of diluting and quantifying of COz and NO span gas values,
such as dynamic mixing/blending. may be used.

1.6.10.2.2 Water quench check

1.6.10.2.2.1  This check applies to wet gas concentration measurements only. The calculation
of water quench shall take into consideration the dilution of the NO span gas with water vapour
and scaling of water vapour concentration of the mixture to that expected during testing.

1.6.10.2.2.2 A NO span gas having a concentration of 80 to 100% of full scale of the normal
operating range shall be passed through the (IH)CLD and the NO value recorded as D. The NO
span gas shall then be bubbled through water at room temperature and passed through the
(IHCLD and the NO value recorded as €. The analyser’s absolute operating pressure and the
water temperature shall be determined and recorded as E and F. respectively.  The mixture’s
saturation vapour pressure that corresponds to the bubbled water temperature (F) shall be
determined and recorded as . The water vapour concentration (in %) of the mixture shall be
calculated as follows:

Lad
—

Ho= 100 [GE] %

and recorded as . The expected diluted NO span gas (in water vapour) concentration shall be
calculated as follows:

De= D- [I—{II.-"I{]"[}}] (4)

and recorded as De. Por diesel exhaust. the maximum exhaust water vapour concentration (in %)
expected during testing shall be estimated. under the assumption ot a fuel atom hydrogen/carbon
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(H/C) ratio of 1.8/1. form the undiluted €O, span gas concentration (A, as measured in 1.6.10.2.1
above) as tollows:

Hm = 0.9-A (5)
and recorded as Hm.
1.6.10.2.2.3 The water quench shall be caleulated as follows:

YoQuench = l()(){ (I)L:-(').-'"Iﬁh:] 0 [ Him/l I] (6)

and shall not be greater than 3%.

where:
De = Expected diluted NO concentration ppm
C = Diluted NO coneentration ppm
Hm = Maximum water vapour concentration Yo
[T = Actual water vapour concentration Yo

Note: It is important that the NO span gas contains minimal NO» concentration for this check.
since absorption of NOz in water has not been accounted for in the quench caleulations.

1.6.10.3 Oz analvser interference

[.6.10.3.1 Instrument response of a PMD analyser caused by gases other than oxygen is
comparatively slight. The oxygen equivalents of the common exhaust gas constituents are shown
in table 1.4.

Table 1.4, Oxygen equivalents

100% gas concentration Equivalent %o O
carbon dioxide. CO» -(1.623
carbon monoxide, CO) -0.354
nitric oxide, NO 444
nitrogen dioxide, N, +28.7
water, 11,0 -(1.381

1.6.10.3.2 The observed oxygen concentration shall be corrected by the following formula if
high precision measurements are to be done:

Interference = (Equivalent®0, « Observed Concentration) / 100

[.6.10.3.3 For ZRDO and ECS analysers. instrument interference caused by gases other than
oxyegen shall be compensated for in accordance with the instrument supplier’s instructions.

[.6.11 HC analyzer and sample handling system

L6111 A heated filter and sampling line shall be provided between the sampling probe and
the HC analyser. The filter shall extract any solid particles from the gas sample before the
analyzer. The filter shall be changed as necessary.
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The temperature of the heated filter and the wall temperature of the heated line shall be
463K+10K (190°C+10°C)

1.6.11.2  Adjustment of the HFID
L.6.11.2.1 Optimization of the detector response

The FID must be adjusted as specified by the instrument manufacturer. A propane-in-air span
oas should be used to optimize the response on the most common operating range. With the tuel
and air flow rates set at the manufacturer’s recommendations, a 350 ppmC +75 ppmC span gas
shall be introduced into the analyzer. The response at a given fuel flow shall be determined from
the difference between the span gas response and the zero gas response. The fuel flow shall be
incrementally adjusted above and below the manufacturer’s specification.  The span and zero
response at these fuel tlows shall be recorded. The difference between the span and zero
response shall be plotted and the fuel flow adjusted to the rich side of the curve.

1.6.11.2.2 Hydrocarbon response factors

The analvzer shall be calibrated using propane-in-air and purified synthetic air, according to 1.6.7.
Response factors shall be determined when introducing an analyser into service and sfter major
service intervals. The response factor (Ry) for a particular hydrocarbon species is the ratio of the
FID C1 reading to the gas concentration in the cyvlinder expressed by ppmCl1.

The concentration of the test gas must be at a level sufficient to give a response of approximately
80% of full scale. The concentration must be known to an accuracy of £ 2% in reference to a
gravimetric standard expressed in volume. In addition, the gas cylinder must be preconditioned

for 24 hours at a temperature of 298K + 5K (25°C+ 5°C).

The test gases to be used and the recommended relative response factor ranges are as follows:

Methane and purified synthetic air 14+Rg1.15
Propylene and purified synthetic air 0.9-Ret1.11
Toluene and puritied synthetic air 0L9+ReE1.1

These values are relative to a Reot' 1 for propane and puritied synthetic air.
1.6.12 Calibration intervals

-

The analysers shall be calibrated according to paragraph 1.6.7 at least every 3 months or
whenever a system repair or change 1s made that could influence calibration.

1.7 Test cyveles

1.7.1  Test cycles used on-board shall conform to the applicable test cveles specified in
Chapter 3, Section 3.2, NOx Technical Code.

1.7.2  Engine operation on-board under a specified test cyvele may not always be possible, but
the test procedure. as approved by the Administration. should be as close as possible to the

procedure defined in Chapter 3. Section 3.2, NOx Technical Code. Therefore, values measured
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in this case may not be directly comparable with test bed results because measured values are
very much dependent on the test cyceles.

1.7.3  Regarding the E3 test cyele. if the actual propeller curve differs from the E3 curve, the
load point vsed should be set using the engine speed. or the corresponding mean effective
pressure (MEP) or mean indicated pressure (MIP). given for the relevant mode of that cvele.

1.7.4 If the number of measuring points on-board 1s different from those on the test bed. the
number of measurement points and the weighting factors should be approved by the
Administration.

1.7.5  Regarding the E2/E3/D2 test cyeles a minimum of load points should be used of which
the combined nominal weighting factor is greater than 0.50. as given in Chapter 3. Section 3.2,
NOx Technical Code.

1.7.6 Regarding the C1 test eycele a minimum number of one load point should be used from
each of the rated. intermediate, and idle speed sections.

1.7.7 I the number of measuring points on-board is different from those on the test bed. the
nominal weighting factors at each load point should be increased proportionally in order to sum
to unity (1.0).

1.7.8  The actual load points used to demonstrate compliance should be within +3% of the rated
power at the modal point except in the case of 100% load where the range should be +0 to -10%.
For example, at the 73% load point the acceptable range should be 70%-80% of rated power.

1.7.9 At each selected load point. except idle, and after the initial transition period (it
applicable). the engine power should be maintained at the load set point within a 3% coetficient

of variance (%oC.0.V) over a 10-minute interval.

1.7.10 Regarding the C1 test cyele the idle speed tolerance should be declared. subject to the
approval of the Administration.

1.8 Calculation of saseous emissions

The caleulation procedure specified in chapter 5 of the NOy Technical Code shall be applied.
taking into account the special requirements of this simplified measurement procedure. The final
results for the test report shall be determined by following the steps in 1.8.3 to 1.8.6.

1.8.1 Test conditions

Data under any prevailing ambient condition should be acceptable.

1.8.2  Data for emission calculation

1.8.2.1 The output of the analysers should be recorded. both during the test and during all
response checks (zero and span). on a strip chart recorder or measured with an equivalent data

acquisition system with the exhauvst gas flow through the analysers at least during the last ten
minutes of each mode.
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1.8.2.2 For the evaluation of the gaseous emissions, the chart reading of the last 60 seconds of

each mode shall be averaged. and the average concentrations (conc) of CO. CO, HC, NOx and

0> during each mode shall be determined from the average chart readings and the corresponding
calibration data.

1.8.2.3 The engine speed and load, intake air temperature and fuel flow shall be measured at each

mode once the engine has been stabilized. The exhaust gas flow shall be measured or calculated

and recorded.

1.8.2.4 As a minimum. emission concentrations. engine performance and ambient condition data
should be recorded over the aforementioned 10-minute period.

1.8.3  Determination of the exhaust gas flow

The exhaust gas ow rate (Gexpw. Vexpw. or Vexup) shall be determined for each mode in
accordance with one of the methods described in 1.8.3.1 to 1.8.3.3.

1.8.3.1 Direct measurement method

This method involves the direct measurement of the exhaust flow by flow nozzle or equivalent
metering system and shall be in accordance with a recognized international standard.

Nate:  Direct gaseous flow measurement is a difficult task. Precautions should be taken to avoid
measurement errors which will impact emission value errors.

1.8.3.2 Air and fuel measurement method

1.8.3.2.1 The method for determining exhaust emission flow using the air and fuel
measurement method shall be conducted in accordance with a recognized international standard.

1.8.3.2.2  Air flowmeters and fuel flowmeters with an accuracy defined in 1.3.1 of appendix 4
of the NOyx Technical Code shall be used.

1.8.3.2.3  The exhaust gas tlow shall be calculated as follows:

Gexpw = Oamw T Grue {for wet exhaust mass)
or

VeExn = Vamp + Fro * Gruew (tor dry exhaust volume)
or

Vierw = Varw + Frw  * Grue (for wet exhaust volume)

Notes: Values for Frp and Frw vary with the fuel tvpe (see Table | of appendix 6 of the
NOx Technical Code).
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1.8.3.3 Carbon-balance method

This method involves exhaust gas mass flow calculation from fuel consumption and exhaust gas
concentrations using the carbon and oxygen balance method as specified in Appendix 6 of the
NOx Technical Code.

1.8.4  Dry/wet correction (Text from NOx Technical Code 5.12.2)

When applying Gexuw or Vexaw, the measured concentration. if not already measured on a wet
basis. shall be converted to a wet basis according to the following formulae.

Conc{wet) = Ky + cone (dry) (7

1.8.4.1 For the raw exhaust gas:

Kw,e = | 1=V Gruer/ Gamp |—Kws (8)

Kw: = 1.608 = I, /| 1000+ 1.608 * T, )| (9)

I, = 6220+ Ry -+ Py/ (PB—Pa- Ry, - 107) (1)
with:

Ha Hg = g water per kg dry air

R, = relative humidity of the intake air, %o

P, = saturation vapour pressure of the intake air, kPa

Pg = total barometric pressure, kPa

Note: Formulae using Fgy are simplified versions of those quoted in section 3.7 of appendix 6
of the NOx Technical Code (formulae (2-44) & (2-45)) which when applied give comparable
results to those expected from the full formulae.
1.8.4.2 Alternatively:

Kw,r = | I/{ IHHrerar = 0,005 « (%CO(dry)+%COAdry )| —Kwa  (11)
1.8.4.3 For the intake air:

Kwa = 1—Kw (12)

1.8.4.4 Formula(8) shall be accepted as the definition of the fuel specific factor Fpu.  Defined
this way. Fra 1s a value for the water content of the exhaust in relationship to the fuel to air ratio.
1.8.4.5 Typical values for Fpg may be found in table 1 of appendix 6 of the NOx Technical Code.
Table 1 of appendix 6 of the NOx Technical Code contains a list of Feg values for different fuels.
Fen does not only depend on the fuel specifications. but also, to a lesser degree. on the fuel to air
ratio of the engine.
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1.8.4.6 Section 3.9 of appendix 6 of the NOy Technical Code contains formulae for caleulating
Fen trom the hydrogen content of the fuel and the fuel to air ratio.

1.8.4.7 Formula (8) considers the water from the combustion and from the intake air to be
independent from each other and to be additive. Formula (2-45) in section 3.7 of appendix 6 of
the NOx Technical Code shows that the two water terms are not additive. Formula (2-43) 1s the
correct version but it 13 very complicated and. therefore. the more practical formulae (8)&(11)
shall be used.

1.8.5  NOx correction for humidity and temperature (Text from NOx Technical Code 5.12.3)

1.8.5.1 As the NOx emission depends on ambient air conditions. the NOx concentration shall be
corrected for ambient air temperature and humidity by multiplyving with the factors given in
tormulae (13} and (14).

1.8.5.2 The standard value of 10.71g/kg at the standard reference temperature of 25°C shall be
used for all caleulations involving humidity correction throughout the NOy Technical Code.
Other reference values for humidity instead of 10.71g/kg must not be used.

1.8.5.3 Other correction formulae may be used 1t they can be justified or wvalidated upon
agreement of the parties involved and it approved by the Administration.

1.8.5.4 Water or steam injected into the air charger (air humidification) i1s considered an
emission control device and shall therefore not be taken into account for humidity correction.
Water that condensates in the charge cooler may change the humidity of the charge air and shall
theretore be taken into account for humidity correction.
1.8.5.5 Diesel engines in general
For diesel engines in general. the following formula for calculating Kupies shall be used:

Kupies = /[ 1HA « (H,— 10.71)+ B - (T,—298)] (13)

where

A= 0309 Gryer Garp —0.0266

B = -0.209 (-]F[:EL-"I. (II.URD_UUU()F“-I

T, temperature of the air in K

H, humidity of the mtake air. g water per kg dry air (as determined by formula (10))

1.8.5.6 Diesel engines with intermediate air coolers

For diesel engines with intermediate air coolers, the following alternative formula (14) shall be
used:

.1 To take the humiditv in the charge air into account. the following consideration is
o = =
added.
Hse = humidity of the charging air. & water per ke dry air in which:
. E=] = = o] -
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Hse = 6220« Psc = 100/ (PC—Psc)
where:
Psc = saturation vapour pressure of the charging air, kPa
PC = charging air pressure. kPa
2 If 1Ta = Hse then Hse shall be used in place of Ha in formula(14). In this case,

Gexgw 10 1.8.3.2.4 shall be corrected as follows:
Gexnw Corrected = Opxnw (18324 * (1 —(Ha—Hsc) / 1000)

It Ha < Hse. then Ha in formula ( 14) shall be used as 1t 1s.

el

Kupes=1/] 1-0.012-(Ha-10.71)-0.00275(T,-298)-0.00285 - ( Tse-Tscrer)]  (14)
where:
Tse = Temperature of the intercooled air
Tserer = Reference temperature of the intercooled air corresponding to a
seawater temperature of 25°C. The Tgp per to be specified by
the manufacturer.
Note: Foran explanation of the other variables, see formula (13).

[.8.6  Calculation of the emission mass flow rates

[.8.6.1 The emission mass tflow rates for each mode shall be calculated as follows (for the raw
exhaust gas):

Gias mass = u - cone - Gexpw (15)
or

Gias mass = v - cone + Vexup (16)
or

Gias mass = w - cone - Vexaw (17

[.8.6.2 The coeflicients u - wet .v-dry and w - wet shall be used as specified below:

Gas u v W cone
NOx 0.001587 0.002053 0.002053 ppm
CO 0.000966 0.00125 0.00125 ppm
1O 0.000479 - 0.000619 ppm
0, [5.19 19.64 19.64 percent
() 11.05 14.29 14.29 percent

Note: The coefficients for u given in above are correct values for an exhaust density of 1.293

only: for exhaust density = 1.293, w = w/density.

[DEWSINF-3.doc

92




DE 48/INF.3
ANNEX
Page 23
1.8.7  Calculation of the specific emissions

1.8.7.1 The emission shall be caleulated for all individual components in the following way:

Z Maasi * Wr
GAS, = (18)
P Wg

where:
Pi=Pamit Pauxa (19)

1.8.7.2 The weighting factors and the number of modes (n) used in the above calculation are
according to the provisions of Chapter 3. Section 3.2. NOx Technical Code.

1.8.7.3 The resulting average weighted WOy emission value for the engine as determined by
formula (18) shall then be compared to figure 1 in 3.1 of the NOx Technical Code to determine
if the engine is in compliance with regulation 13 of Annex VI

1.9 Test report

1.9.1  For every SCRS tested for pre-certification or for initial certification on board without
pre-certification. the SCRS manufacturer shall prepare a test report which shall contain, as a
minimum, NOx emission results and the data as set out in Appendix 5 of the NOx Technical
Code. The original of the test report shall be maintained on file with the SCRS manufacturer and

a certified true copy shall be maintained on file by the Administration.

1.9.2 The test report. either an original or certified true copy. shall be attached as a permanent
part of an engine’s technical file.

2 DURABILITY OF SYSTEM

2.1 Corrosion effects on materials

Materials used for all components should be suitable for very corrosive environments where salt.
sulphuric acid. moisture. and high temperatures are present: components should have a measure
of corrosion allowance.

2.2 Backpressure

2.2.1  The SCRS shall be designed such that any exhaust backpressure created by the system is
within the limits specitied by the engine manufacturer at all engine operating conditions.

2,22 The SCRS should include a monitoring system to ensure that the exhaust does not
become congested leading to backpressures above those specified by the engine manufacturers.

2.3 Maintenance

2.3.1  The SCRS manufacturer should specify any regular maintenance required to maintain the
performance of the SCRS in-use.
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2.3.2 It is the shipowner’s responsibility to mamtain the SCRS wsing manufacturer specitied

maintenance instructions.

3 CERTIFICATION AND COMPLIANCE

The SCRS. when installed on the engine. must be recognized as an essential component of the
engine and its presence will be recorded in the engine’s Technical File. To receive an EIAPP
Certificate for this assembly, the engine. including the SCRS. as installed. must be confirmed to
show compliance with the NOx emission limits. The SCRS shall be included on the EIAPP
Certificate together with all other records requested by the Administration.  The engine’s
Technical File shall also contain on-board NOx verification procedures for the SCRS to ensure 1t
is operating correctly.  However, depending on the technical possibilities of the deviee used.
subject to the approval of the Administration. other relevant parameters could be monitored.
Require on board certification of the entire system (both for new installs and retrofits)

- {is there any reason for a test bed precertification?)

- In the case of multiple ships with identical engines/SCRS. first certification could
be used as a sort of pre-certification

- {(parameter checks for subsequent installations?)

- (how many situations would we allow this? (i.e. if same SCRS used on engine
combinations with lower exhaust gas flow rates)

Require a survey every five vears, either:
a) on-board survey with periodic testing: or

b) on-board NOx verification procedures for the SCRS to ensure it is operating
correctly

Recordbook would have to include:

- (are there any adjustable parameters that need to be specified for SCRSs?)

- maintenance

- when and where system is turned on and oft

- where. for the purpose of achieving NOx compliance, an additional substance is
introduced. such as ammonia. urea, ete.. a means of monitoring the consumption
of such substance shall be provided. The Technical File shall provide sufficient
information to allow a ready means of demonstrating that the consumption of such

additional substances is consistent with achieving compliance with the applicable
NOx limit.

D DEE8INE-3 doc
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DE 48/INF.3
ANNEX

94 PLEDGE

A record for reasonable use at the time of service of the device must be kept by the following
methods:

- NOx monitor of a SCRS exit
- A record of usage of a device and a quantity of used reducing agent

- A record, approved by the Administration, that can prove a SCRS used at the time
of service appropriately.

L

RESIDUES

- Consideration of what discharges should be treated (e.g.. coolant water not in contact with
the exhaust stream may not need to be treated).

- Define pollutants of concern in residues from SCRS (e.g. NOx. nitrates, sulphates.
hvdrocarbons, metals. others?).  Pollutants generated in the exhaust system. such as
ammonia gas. yellow smoke should not be dumped overboard unless it can be clearly
demonstrated that this will not have a negative eflect on the ecosystems involved.
Harmtul components should be disposed of properly.

- Proper documentation of disposal by shipowner

12 DE8INF-3 doc
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16 11 12

IMO DE Correspondence Group  Exhaust Gas Cleaning Systems(EGCS)

SCR IMO

(RR — MP3) SCR

IMO IMO DEA4S8

EGCS

“GUIDELINE ON-BOARD EXHAUST GAS CLEANING SYSTEMS”

EGCS  SELECTIVE CATALYTIC REDUCTION SYSTEM (SCRS) NOx
NOx

ISO 8178-1

"GUIDELINES FOR ON-BOARD NOx VERIFICATION

PROCEDURE-DIRECT MEASUREMENT AND MONITORING METHOD,DE46/WP.3 ANNEX1”

RESIDUES

Principles

SCR  NOx SCR
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6. NOx MEASUREMENT
NOx
6.1 General
6.2 Test Parameters to be measured and recorded
6.3 Brake Power and fuel consumption
6.4 Test Fuels
6.5 Sampling for Gaseous Emissions
6.6 Permissible Deviation of Instruments for Engine-Related Parameters and Other Essential Parameters
6.7 Test Cycles
6.8 Calculation of Gaseous Emissions

6.9 Test Report

7. Durability of SYSTEM

7.1 Corrosion Effects on Materials
7.2 Backpressure
7.3 Maintenance

8. CERTIFICATION AND COMPLIANCE

NOx
9. PLEDGE
10. RESIDUES

97



SCR SCR
NOX
SCR
NOX
2 SCR
NOX IMO
25 SCR 50 100 SCR
E3 NOX NOX
2 SCR
1SO 8178-1 CLD
SCR

resonanse)
RESIDUES

FTIR(fourier

transform infrared) NDUVR(non dispersive ultro violet

5.
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SCR

@
®

1.9 Test report

Table 1.1 — Engine parameters to be measured and recorded
Tclin; coolant

temperature inlet, Tclout: coolant temperature outlet

Jacket

Parameter

Cylinder
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54
54.1 NOx SOx CO2
54.1.1 NOx SOx CO2

5.4.1.1.1
IMO MARPOL73/78 VI 2004 4 21
1
NOx 2005 5 19
NOx SOx
NOx SOx CO
NOx
950ppm(  13%0,) :
3
4 13 SR803
(H
( 10 8 11 )
2002 4 (
)
! MARPOL 73/78
2
950ppm
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)

50

12

12

20

48

2
(10,000 dwt)

NOx

101

2
5,000 dwt

(
54.1.1.1.1

( 54.1.1.12

11



54.1.1.1.1

(M

@

(M

@

(1

2

(M

()

2)
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54.1.1.1.1.2

48

49

50
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54.1.1.2

0.2%
SOx NOx
IMO
( Green Award )
Green Award
EU
NOx
SR803
(1) EU
2002 11

EU (Council Directive 1999/32/EC)

EU15 2010
NOx 40% SOx 44%
%
MO 1.5% 0.5% (2002
) SOx (COM/2002/0595 final amendment) EU

(COM/2002/0595 final Volume II Article 4)

4a VI ( )
1.5%
EU 12
( )
4b EU (gas oil)
(1) EU 6 0.2% (
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2004 6 28 EU
2002 11
4a
7 2006 5
4b
1
4a
12
CcO2
11 EU

IMO

EPA
2004

(2)2008 1

(gas oil)

SOx

1.5%

EU

4b

NOx

Tier 2

EU

EU

CSR

0.1%
EU
SO2
SO2

2007 2006 5
1
1.5% 2007

0.2% 2008 0.1% 2

EU 2010 1 0.1%
2010
12
2
EU 2010
2006
EU
NOx
VOC
VOC
Green Award
Nera
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2003

9 10
SO2 NOx
EU

2020 EU

EU 2003 Nera

¥
Nera
1
SCR
Nera
2005
Clean air for Europe Cafe
EU
2005 2 28
3
20056 2 9 2013
2013
EU
( MO ) UNFCCC
EU (
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) 2010

2
1998 1 1 (fairway due)
(gross tonnage) (volume)
2
NOx >
NOx
2002 NOx SOx 1997 25% (75% )
SMA Annual Report 2001 NOx
50,000 (12%) SOx 27,000 (18%)
SOx
SOx 10 $/t NOx 158/t
1996 25
1043 0.5% 1%
0.9 SEK/GRT( / 10 / )
NOx
2001 12 25 1043
IMO NOx , NOx
SCR
NOx and S discount
7.00
6.00 0.9 Kr/GT
5.00 o
f/ - ] [
3.00 —— 19%
2.00 Low sulphur:
R
0'002 P e g A e 14 0% restitution
gNOx/kWh
54.1.1.2.1

> http://www.imprint-eu.org/public/Papers/IMPRINT Swahn_sea.pdf
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54.1.1.2.1

NOx

2g-NOx/kWh 3.7 SEK/GRT

2g-NOx/kWh 12g-NOx/kWh
Y(SEK/GRT)=0.16 X(g-NOx/kWh) 3.38

12g-NOx/kWh 5.3 SEK/GRT

2g-NOx/kWh 3.4 SEK/GRT

2g-NOx/kWh 12g-NOx/kWh
Y(SEK/GRT)=0.16 X(g-NOx/kWh) 3.08

12g-NOx/kWh 5.0 SEK/GRT

NOx
75%

0.5wt% -0.9 SEK/GRT

1.0wt% -0.9 SEK/GRT

SEK(
GRT

3)

“4)

6%

) 11.6 13 12 4

(gross tonnage)

2000 1 1 (tonnage tax)

( 10 25

NOXx SOx

CO2

2001 7 1 (green shipping)

2003 6 1
Green Award
NOx
(12% Fee 50DM )

1SO140018
(port fee)
TBT

® International Conference on Incentives for Environmentally Sound Maritime Transport. (2000) The Norwegian

approach(Norwegian Ministry of the Environment).

" Air Pollution and Climate Series No.11/T  E report 99/7. (1999):Economic instruments for reducing emissions

from sea transport

8
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3500

)

(6)

Green Award

41
12

(3.0%

54.1.13

TBT 12%
(EU ) 2003 2 20 2008 7 1
9 NOx SOx
(Aland) (Mariehamn) NOXx (10g-NOx/kWh
1% NOx (1g-NOx/kWh ) 8%
(0.5 ) 4% 0.1 ) 8%
10
1 20,000DWT
(Green Award) 8
3 7 ( )

Green Award Seacare for Operation

NOx SOx MARPOL

1.5%)

(NSPS New Source Performance Standards)

9

http://thh.hamburg.de/stadt/Aktuell/pressemeldungen/2003/mai/14/pressemeldung-2003-05-14-bug-01.html

10 EU

2002 2

http://europa.eu.int/comm/environment/air/consultation_responses/finland_response.pdf

i 1994

http://www.greenaward.org/

12

Fee
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MACT"

IMO
(1) (40 CFR PART 94)
EPA 1999 1 30 ( 1
2) MO
2002 5 29 30
3 )
2003 2 28 40
CFRPART 94
SIP(State Implementation Plans) (Clean Air Act)
1 (Tier 1) NOx MARPOL 2004 1 1
( ) 2 (Tier 2)
2004 NOx
MARPOL 30% Tierl 1 2
Tier2 54.1.1.3.1 1
2004 2007 2 2007
(Blue Sky Series)
MARPOL 80%
80% 3
3 Tier2 2007
4 27 EPA 3 PM
NOx+THC( NOx HC ) CO
SCR
1 2
30%
1 2 ( 80% )
1,000 10,000
Tier2
B MACT(Maximum Achievable Control Technology) EPA

RACT(Reasonable Available Control Technology) BACT(Best Available Control Technology) MACT
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NOx+HC

10

(Air

2004 NMHC+NOx: 4g/kW/hr CO: 50g/kW/hr
2002 11 (40 CFR Part 91)
)
(Diesel Fuel.)
(AQMD)'* 15
NOx 2000 3% 2010 5% 2020 9% (
NOx
54.1.1.3.1 EPA (40CFR PART 94 )
NOx+HC CO PM
I/ (g/kWh) | (g/kWh) | (g/kWh)
1 37kW 2005 7.5 5.0 0.4
<0.9 ( 2007)
0.9 .<1.2 2004 7.2 5.0 0.3
( 2006)
1.2 <2.5 2004 7.2 5.0 0.2
( 20006)
2.5 <5.0 2007 7.2 5.0 0.2
( 2009)
2 5.0 <15 2007 7.8 5.0 0.27
15 <20 2007 8.7 5.0 0.5
<3300
kW
15 <20 2007 9.8 5.0 0.5
3300
kW
20 <25 2007 9.8 5.0 0.5
25 <30 2007 11.0 5.0 0.5
3 30 2007 4 27 NOx+HC CO
14
Management District)
13 75 500ppm

10%
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® 37kW

o 100 6 100 1
o 3
ABT(Averaging, Banking, Trading)
1.5
3)

( ) 2004 6 21

(cold ironing)
( )
2 NOx 4,000
China Shipping
1 NOx 3

350

2001 (NRDC) (Coalition for Clean Air)
2
China Shipping
Dzintra Janavs
5,000
350
(Port Community Advisory Committee)
NRDC Gail Ruderman Feuer China Shipping

1 6,000
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1,000



20 3
(policy director) Todd Campbell

http://www.nrdc.org/media/#062 1 port

54.1.14
NOx  40%
SOx 44% 10%
SO 30%
IMO
IMO NOx 5
IMO 30% 80%
9.8g/kWh
NOx SOx
NOx
IMO NOx
(
) EPA
1 2
A
EU
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NOx

5.4.12 NOx SOx CO2
5.4.12.1
EPA IMO 20%
C
2020 4%
1 2 5.4.12.1.1
2030 12%
Entec EU
2000 NOx 360 SO2 260
1 5,700 IMO 2030 10%
18%

1600

1400
[F]]
|§ 1200
_5?1000- —— ——Baseline
. 800 -=- MARPOL
3
]ED 600 —* EPA Controls
&8 400
=

200

0 1 1 1 1
2000 2010 2020 2030
54.12.1.1
( 250mile )EPA,2002
NOx NOXx

NOXx
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A C
15% RR-EO1
RR-76 IMO
10% C
NOx
54.12.1.1 SR224 NOx
20% NOx 10%
IMO NOx10% SOx CO2
2001 1
2030 8%
A
1.5% 0.1%
NOXx PM
NOx 2
PM 5
54.1.2.1.2 PM
54.1.2.1.1 NOx

(g/kWh)
(SR224) | 17-12% 3 2
Lloyd’s Register 17 -28% 8 2
9.8 522% 4 4
SO X 17-25% 1 2
15-21% 2 2
9.8-519% 2 4
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54.1.2.1.2 IMO

NOx SOx CcO2 PM
IMO 10% ( 0 0
2030 8% 4.5% (NOx (NOx
A3 3% )
C )
) )
50% 40%
(
( 3) 20%
)
A 20% 80% ( 50%
( ) ( (PM
30% )
)
8%
20% 95% (
0.1% ) ) (
75%
)
EU
13%
99% 99% 50% ( 99%
10% 10% Cco2
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54.13 NOx SOx CO2

CcOo2
CcO2
NOx
MO NOx SOx CO2
High Sea
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54.13.1

IMO o o
(
)
(NOx SOx
PM
SOx )
( =< o
) (
EU
(SOx NOx
PM
(DME LNG > >
( (
) LNG
DME )

(NOx SOx PM
CO2
CcO2
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o o o (D/G
(IMO  NOx ( (
Cco2
)
(@] (@]
(NOx IMO «C )
SOx
)
o o (D/G
( ( (
)
(@]
( NOx (NOx  IMO «C )
)
)
> > (
R J— (@]
(CO2
SCR ><(
( (
)
>
© NOx © NOx (CO2

CcO2

5%
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542 NOx

54.2.1 NOx
A Marine Diesel Oil MDO C Bunker Fuel Oil BFO
NOx BFO NOx
54.2.1.1 RR-E301 2
MDO BFO NOx BFO
NOx BFO MDO +20%
N Fuel-NOx
BFO N 03 04 Fuel-NOx
N Fuel-NOx NOx 10
542.1.1 BFO MDO 10
3UEC37/88H 2 370 Wartsila
460 4 BFO NOx MDO
54212 Lloyd 4 BFO NOx
NOx CCAI
BFO BFO NOx BFO
NOx
NOx
2 MDO BFO

54213 BFO

BFO 2
4 2
54214 200 4 BFO 2
NOx 13 O
3 BTDC 11< w002 BTDC 6=
5< BFO No315 BTDC3< 8< BFO No.218 BTDC1°< 10=
BFO
BFO No.218
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Ship ‘A’

26 —————+71—+————1—+—————— Type of vessel : Container carrier
£ 241 |:|I> .‘; Engine-output / Speed : 53,300 kW/94 rpm -
< i On-board Data (2-stroke)
22 . S
e (Bunker Fuel Oil)
201
§ 18-
< l6r- Shop Trial Data
§ 14+ (Marine Diesel Oil)
O 12+
Z
10 L P P T T W N
0 25 50 75
Engine Load %
54.2.1.1 NOx MDO BFO
2000
1800
1600
1400
1200
& 3000 /
e !
2 800 ,' / Exhaust gas emissions from a slow
'l / speed diesel engine burning different
quality fuel
b | 4 CCAl
Iy A
400 / R
o/ o ———
885
J
0 20 4 60 80 100
Engine ioad (%)
54.2.1.2 NOx BFO 4
Marine Exhaust Emissions Research Program Lloyds Register 1990
100 5
[=2]
g S 30
> N
@ 80 —sBro| | T2 =——BFO |
& _60 A MDo| | § 20 MDO|—
Sa IJ\ @
8240 2 b
= / 5 10
— 20 12
g ©
[ 0 f\"& :?:') N
-20 -10 O 10 20 30 40 -20 -10 0 10 20 30 40
Crank Angle (deg) Crank Angle (deg)
54.2.1.3 MDO BFO 2 RR-E301

121



NOx W002 620 ppm 100 BFO No.315 87
BFO
NOx
NOx NOx
4
200 850 rpm
NOx
BFO
BFO MDO NOx BFO
BFO
NOx BFO
5422
NOx Zeldovich
54.2.2.1 542.14 3
54221 A 542.1.4
NOx WO002 100
No.218 57
54221 B
NOx 6
54.2.3 17
NOx
17
BFO MDO
BFO
200 K 10 NOx
17
350 mm 2
2
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BFO No.218 54
1 2<
NOx
NOx
2
NOx
NOx
BFO No.315 85 BFO
BFO
BFO No.315
NOx
BFO MDO
MDO BFO
BFO NOx
190 mm
MDO BFO



MAN-6L20/27

200 mm 270 mm
NOx 13%02
No.W002 620 ppm 100%
< BFO No.315 540 ppm  87%
% BFO No.218 333 ppm  54%
1000} = .
= '“‘ 850 rpm Pme=8.7 bar
B Yy L.~
5005 | mro_AlLXTZEN
% mw S1OTH218 e
B W00~ =
0 .y s e
-40 -20 0 20 40 60 80 100
FHYIESIEFER - BTDC 11° S5 BE (deg.CA)
54.2.14 BFO 4
Lo, MPUt Fuel NOXx NOx
14 F No.W0O02 620 ppm (100%) [996 ppm (100%)
§ 12 L BFO No0.315 540 ppm_ (87%) |851 ppm_(85%)
T LI BFO No.218 333 ppm (54%) |570 ppm (57%)
) \
X os |
% 06
o oal ——WO002
© o2t 315
0 1 1 1 1 Sreeve oy TPTPEr TS T —— 218
-10 (6] 10 20 30 40 50 60 70 80 90 100
deg.ATDC
input
16 Fuel NOx
14 No.WO02 | 996 ppm (100%)
§ 1o BFO No0.315 1058 ppm (106%)
T BFO No.218 861 ppm (86%)
Q 08
% 0.6
> oa ——WO002
T oo ——315
0 O ,|— 218
-10 (6] 10 20 30 40 50 60 70 80 90 100
deg.ATDC
54.22.1
A 542.14 B 54214
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IAPP
SCR

IMO

NOx

IMO
IMO

MEPC
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