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2005 5 MARPOL73/78 VI

NOx SOx 2005 7

53 MEPC53 MARPOL73/78 VI

VI

IMO
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5

1) NOx IAPP

2) NOx IMO

3)

4)

5)

1) NOx IAPP

NOx MEPC49

MEPC.103(49)

NOx MEPC.103(49) IAPP

IMO

16

4

4 RORO 3

2) NOx IMO

VI NOx

IMO

IMO

3)

IMO

4)

2005 7 MEPC53 MARPOL 73/78 VI

2006 4 BLG10 PM

PM

PM BLG

BLG
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PM

IMO BLG PM

5)

16 BFO

MDO A BFO

2 MDO BFO

NOx Thermal-NOx

CVCC 260mm 100mm
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IMO

3.1 DE48

3.1.1

1

DE47

DE48/13

EC OCIMF ICS INTERTANKO ISO 5 5

DE47/20

ANNEX 2

DE48/13

DE48/13 ANNEX 2 DG

4

EGCS

EGCS

EGCS

ICS

4.5%

NOx SCR DE48/INF.3

DG 2 DG

DE48/13

2 DG

DG 9 5

ISO IACS INTERTANKO EUROMOT IMarEST

DE48/13 ANNEX 2 DG

DE48/WP5
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NOx

Guidelines for exhaust gas cleaning systems – MARPOL ANNEX  regulation 14 4 b

Guidelines for exhaust gas-SOx cleaning systems – MARPOL ANNEX  regulation 14 4 b

A B

a A

100 25% 100 10% SOx 6.0gSOx/kWh

SO2 50ppm SO2 ppm /CO2 %

65 ppm/%

2 4

A

A

b B

SOx SO2 ppm CO2 % SO2 ppm

/CO2 % 6.0gSOx/kWh SO2 ppm /CO2 % 65 ppm/%

6.0gSOx/kWh 6.0gSOx/kWh

SO2 ppm /CO2 % 65 ppm/% S C

SOx CO2 200g/kWh

6.0gSOx/kWh SO2 ppm /CO2 % 65 ppm/%

4.5% 2%

1% 2 4.5% SOx
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14

MEPC53

MEPC53

6.0gSOx/kWh SO2 ppm /CO2 % = 65 ppm/% A

50ppm MEPC53

3

DE DG DE48/WP5

MEPC53

3.2 MEPC53

3.2.1

1 MARPOL VI HSSC

FSI13 MEPC53/4/2 NOx

MEPC53/4/17

FSI13

WG

WG

FSI13

MEPC/Circ.

VI/16 9

VI/16.2 a

WG Splinter Group SG

MEPC

MEPC

2 PSC

INTERTANKO Bunker delivery
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note BDN MEPC53/4/16

IACS IAPP

BDN INTERTANKO

BDN BDN

WG

WG

INTERTANKO Bunker Commercial

documentation INTERTANKO

PSC Detain

2.1.1.8 2.1.4 bis together with a copy of commercial documentation

INTERTANKO “Notification” “Clear

Grounds” “detention”

INTERTANKO 2.1.6.2 2.1.6.7

INTERTANKO BDN 4.5%

4.5% detain 2.3.2

detain

INTERTANKO deficiency

detain

1.5% 1.5% detain

2.3.2.3 fuel oil being used

INTERTANKO 9 3.3

MEPC/Circ. FSI13

MEPC/Circ.

VI PSC MEPC53/4/18 Note

IADC MODU BDN

MEPC53/4/7 MODUs VI

WG WG MEPC53/WP.11

VI BDN

BDN
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3 SOx EGCS-SOx

WG

DE48 EGCS-SOx

MEPC53/4/3

WG

WG Splinter Group

ICCR IACS EUROMOT FOFI

30 EPA Brian Wood-Thomas EGCS-SOx

EGCS-SOx

MEPC53/4/6

130kW

VI 3 a

50ppm 6.0g/kWh IACS

6.0g/kWh ppm

MEPC53/4/10 MEPC53/4/11 MEPC53/4/20 A

B A B

EGCS-SOx DE48/25

a  EGCS-SOx A 2.3.1 b

iv

b  EGCS-SOx 2.3.1 b v

MCR 80%

c EGCS-SOx 2.3.1 b vi

d A 5.2 SOx 1ppm 5ppm
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e A 5.15

5.5 5.10 5.12 5.14 5.5 5.8

5.5→5.9

f 5.5 SO2 ”extracted sample“

”cross-duct or extractive sample system”

g A SOx/kWh SO2/CO2

5.6

h A

pH

6.7

i 6.7 SO2/CO2

6.8

j

6.9

k A B 12

13

7.2

l MARPOL73/78 VI 14

8

m e EGCS-SOx

A 5.2 5.16 9

n  SO2/CO2 2 SO2/CO2

10.2

o  EGCS-SOx pH 11

p UTC GNSS

12.2

q  Scheme A Scheme B 15.2 15.3 15.7 15.8

r  SECA 16.1 16.2 16.3 16.4

s  EGCS-SOx

t  EGCS-SOx

WG WG MEPC53/WP.11

ICS ICCL

DE EGCS-SOx

MEPC MEPC
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WG

4 MARPOL VI NOx NTC IACS UI

MARPOL VI NOx NTC IACS

MEPC53/4/21 WG DE48 MEPC53/4/3

MARPOL VI UI

DE48 VI 13 2 a

MEPC53/4/9

WG

DE48 MARPOL VI NOx UI

FO “International & national” MPC64

VI/9 4 c

UI MPC16

UI

MPC20 “additional engine” VI 13 1 b i

“additional

engine” UI engine

engine 2000 1 1 engine

UI engine

UI UI MPC24

UI VI/16 9

WG VI/16 2 a UI

SG SG UI

UI UI UI

NOx engine

UI 1.2.1 VI

engine 400GT VI

DE48 UI

IACS UI

FO UI MPC64 VI 16 9

VI 16 2 a UI

MPC16 MPC20 MPC24 MPC61 MPC65 MPC67 MPC68 UI

WG
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MEPC

5 VI NTC BLG TOR

2

GHG

100

PM

NOx

NOx g/kWh

13% NOx ppm

NOx

2 4 NOx SOx

PM VOC

MARPOL VI MEPC53/4/4 VOC

NOx SOx

MEPC53/4/12

FOEI MEPC53/4/1

MEPC53/4/8

NOx

MEPC53/4/14 VI NTC

NOx 2000 1 1

SOx

SOx

VI

VI

FOEI
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MEPC53

VI

SCR MEPC53/4/15

DE49 BLG10

NOx NTC 2.2.5 2.3.4 NOx

MEPC53 VI BLG

WG BLG TOR

WG

WG NOx SOx PM VOC

NOx PM

TOR PM NOx SOx

VI

BLG 2007

BLG

VI BLG BLG

TOR BLG

BLG 4

6

2004 66,312

2.7% 2002 2004 2.67%

5 reference value2.7% MEPC53/4 2005 2006

MEPC54 55

WG WG

3.3 MEPC54 BLG10

3 MEPC54 4 BLG10 MARPOL VI NOx Technical Code
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NOx SOx NOx

SCR BLG10/12/1

BLG10/12/2 NOx BLG10/14/8 13%

NOx ppm BLG10/14/10 BLG10/14/11

BLG10
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MP3

MP3

1 2005  6 21 14:00 17:00

(1) 2005 (2) (3)

2 2005 10 17 13:30 17:30

(1) (2)

(3) (4)

3 2006  2  1 13:30 17:00

(1) (2) (3)

(4) MEPC54 BLG10 (5) (6)

2005

115 95 1.

2005 11 14 13:00 17:00 2

2005 12 16 13:00 17:00 3

1. IMO

    2. (MP3)

MP3

    3. NOx SOx CO2

MP3

    4. SCR IMO

MP3 NOx IMO

    5.  4 3 NOx IMO

MP3 NOx IAPP

1

6.  NOx

MP3
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5.1 NOx 1

MP3 17

NOx 1

*

PM/Sampling

*

5.1.1

5.1.1.1

(MARPOL 73/78)

IAPP

PSC

16 NOx

NOx PSC IAPP

17 16 NOx

5.1.1.2

5
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MEPC49/22/Add.1

Excel

NOx

5.1.1.3

1)

2)

17 7 27

 ( )

17 9 13

17 11 16

18 1 20

17 17 9  9

IMO 17 10 10

17 12 7

3)

5.1.1

- 16 -
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5.1.2

5.1.2.1

16 5 1Hz

5.1.2.2

1Hz 10 600

10

3

CPP

50 75 2

NOx(ppm) O2(%) 1Hz

5.1.2.3

5.1.3

5.1.3.1

16

0.5Hz

x 1Hz

Hz 3

F- Z

5.1.3.2

Guide Line

18



Windows Excel Excel

Excel 2003

Excel

F Z ( )

5.1.3.1 5 ( 600)

5.1.3.1 5

5 NOx
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4-1 NO

50 75 5.1.3.2 a 5.1.3.2 b

5.1.3.2 a 5.1.3.2 b

50%

No (ppm)

597.7146667

0.12939772

598

596.4

3.169583883

10.04626199

-0.476890976

-0.138683048

15.2

590

605.2

358628.8

600

(1) 605.2

(1) 590

(95.0%) 0.254128344

75%

No (ppm

736.1566667

0.134254401

735.6

733.2

3.288547775

10.81454647

-1.147715004

0.202752178

14

729.6

743.6

441694

600

(1) 743.6

(1) 729.6

(95.0%) 0.263666535

5.1.3.2 a 5.1.3.2 b

5.1.3.2 a 5.1.3.2 b
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4-2 O2

50 75 5.1.3.3 a 5.1.3.3 b

5.1.3.3 a 5.1.3.3 b

75%

O2 %

11.66185

0.000622224

11.665

11.67

0.015241325

0.000232298

-0.631215899

-0.380640146

0.065

11.625

11.69

6997.11

600

(1) 11.69

(1) 11.625

(95.0%) 0.001222007

50%

O2 %

12.56105

0.000635262

12.56

12.565

0.015560668

0.000242134

0.015380305

0.13567521

0.1

12.51

12.61

7536.63

600

(1) 12.61

(1) 12.51

(95.0%) 0.001247611

5.1.3.3 a 5.1.3.3 b

5.1.3.3 a 5.1.3.3 b
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4-3

50 75 5.1.3.4 a 5.1.3.4 b

5.1.3.4 a 5.1.3.4 b

50%

kw

254.4716667

0.145317551

255

253

3.559538511

12.67031441

-0.163103304

-0.132186066

21

244

265

152683

600

(1) 265

(1) 244

(95.0%) 0.285393812

75%

kw

377.6416667

0.151893615

377

377

3.720618527

13.84300223

-0.351998468

0.358733146

20

369

389

226585

600

(1) 389

(1) 369

(95.0%) 0.298308756

5.1.3.4 a 5.1.3.4 b

5.1.3. a 5.1.3.4 b
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4-4

50 75 5.1.3.5 a 5.1.3.5 b

5.1.3.5 a 5.1.3.5 b

F- Z

50%

(hPa

1014.548333

0.020333771

1015

1015

0.49807364

0.248077351

-1.968653504

-0.194730174

1

1014

1015

608729

600

(1) 1015

(1) 1014

(95.0%) 0.039934147

75%

(hPa

1015.035

0.009176589

1015

1015

0.224779618

0.050525876

15.66824008

2.624737276

2

1014

1016

609021

600

(1) 1016

(1) 1014

(95.0%) 0.018022199

5.1.3.5 a 5.1.3.5 b

5.1.3.5 a 5.1.3.5 b
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 : 

50% 600 608729 1014.548 0.248077351

75% 600 609021 1015.035 0.050525876

P- F

71.0533333 1 71.05333 475.9046572 4.13E-89 3.849232

178.863333 1198 0.149302

249.916667 1199

P- =4.13E-89 0.05

F- =3.849 =475.9

5.1.3.6

5.1.3.7

50% 75%

50% 1

75% 0.05196674 1

memo

5.1.3.7
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5.1.3.8 a

F-  : 2

50% 75%

1014.54833 1015.035

0.24807735 0.050526

600 600

599 599

4.90990693

P(F<=f) 3.2145E-77

F 1.14398816

z-  : 2

50% 75%

1014.54833 1015.035

0.248077 0.050526

600 600

0.5

z -44.228173

P(Z<=z) 0

z 1.64485363

P(Z<=z) 0

z 1.95996398

5.1.3.8 (b)
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4-5

50 75 5.1.3.9 a 5.1.3.9 b

5.1.3.9 a 5.1.3.9 b

50%

20

0

20

20

0

0

#DIV/0!

#DIV/0!

0

20

20

12000

600

(1) 20

(1) 20

(95.0%) 0

75%

19.82666667

0.015466529

20

20

0.378851029

0.143528102

0.997182033

-1.730280094

1

19

20

11896

600

(1) 20

(1) 19

(95.0%) 0.030375213

5.1.3.9 a 5.1.3.9 b

5.1.3.9 a 5.1.3.9 b
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4-6

50 75 5.1.3.10 a 5.1.3.10 b

5.1.3.10 a 5.1.3.10 b

50%

%

25.83206667

0.002867719

25.845

25.845

0.070244473

0.004934286

-0.727004798

0.048434196

0.245

25.72

25.965

15499.24

600

(1) 25.965

(1) 25.72

(95.0%) 0.005632005

75%

%

25.71284167

0.007682102

25.72

25.56

0.1881723

0.035408815

-1.288744484

0.308967544

0.66

25.42

26.08

15427.705

600

(1) 26.08

(1) 25.42

(95.0%) 0.015087127

5.1.3.10 a 5.1.3.10 b

5.1.3.10 a 5.1.3.10 b
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4-7

50 75 5.1.3.11 a 5.1.3.11 b

5.1.3.11 a 5.1.3.11 b

50%

MPa

70.095

0.061595938

70

70

1.508786176

2.276435726

-0.160185333

-0.311209971

8

65

73

42057

600

(1) 73

(1) 65

(95.0%) 0.120970243

75%

MPa

130.3083333

0.068042802

130

130

1.666701446

2.777893712

-0.222424527

0.319908085

9

126

135

78185

600

(1) 135

(1) 126

(95.0%) 0.133631446

5.1.3.11 a 5.1.3.11 b

5.1.3.11 a 5.1.3.11 b
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4-8

50 75 5.1.3.12 a 5.1.3.12 b

5.1.3.12 a 5.1.3.12 b

50%

48.02333333

0.02603844

48

48

0.637808923

0.406800223

-0.533997241

-0.019785513

2

47

49

28814

600

(1) 49

(1) 47

(95.0%) 0.05113773

75%

71.66333333

0.019308679

72

72

0.472964108

0.223695047

-1.524859468

-0.692989578

1

71

72

42998

600

(1) 72

(1) 71

(95.0%) 0.037920935

5.1.3.12 a 5.1.3.12 b

5.1.3.12 a 5.1.3.12 b
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5.1.3.3

5.1.3.2 4-2)

23~24Hz

5.1.3.13 50% 2 3

3

5.1.3.13

5.1.3.4

 Weighting Factor

1

5.1.3.2 4.4) F- Z 50% 75%

20

1Hz

NOx O2 5.1.3.2 4-2)
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5.1.3.5

1Hz

1Hz

5%

1Hz 1Hz

10Hz

5.1.4

5.1.4.1

Direct monitoring Hz

Hz

2

NO x 1

1

Y X Y aX+b Y X a

a ”Y ” ” ”

5.1.4.2

x 6

16

PTR-A11

20sec /100 63%

SK-RFV

3 %( )

3sec 63%

PTB210

0.3 %FS

1sec 99%

SMP-MB

50msec

0Pa
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5.1.4.3

NO

Wet.

NO Max(g/kWh) = Max

NO Min(g/kWh) = Min

x IMO

IMO

NO NO

5.1.4.3 5.1.4.3.1

4 12/9/15:15-45 75%

4 75 x 8.76g/kwh

5.1.4.3.1

( x ) x

g/kwh

(x )

NO

Min Max Min Max NOx(g/kwh) (%)

(kw) 365 381 7.80 8.14 0.0214 15.945 2.1

26.2 26.7 7.97 7.98 0.019 + 7.4703 1.9

(hpa) 1196 1201 7.97 7.97 0

( ) 28 29 8.06 8.11 0.0552x + 6.5093 5.5

NOx ppm 796.4 815.6 7.88 8.08 0.0099x 0.0438 0.99

O2 11.8 12.0 7.91 8.02 0.8608x 2.272 86.1

5.1.4.3.1 5.1.4.3.1.2
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5.1.4.3.1.3 5.1.4.3.1.4

5.1.4.3.1.5 NO 5.1.4.3.1.6 O2

5.1.4.4

4 75 x 8.76g/kwh Max Min

x

x

O2 Hz

Hz

5.1.4.5

x

O x x O2
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5.1.5 nHz NOx

5.1.5.1

5.1.5.2 nHz

0.1 0.01

5.1.5.1

0.1Hz 0.01

5.1.5.1 nHz

5.1.5.3
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5.1.5.4

0.1

5.1.6

5.1.6.1

5.1.6.

5.1.6.3

5.1.6.1

5.1.6.1 x
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5.1.7 NO

5.1.7.1

5.1.7.1

5.1.7.1 x

 36



5.1.7.2

5.1.7.2 5.1.7.3

5.1.7.2

5.1.7.3

5.1.7.3

 37



5.1.7.4

5.1.7.4
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5.1.8

5.1.8.1

MEPC.103(49) Guidelines for On-Board NOx Verification Procedure Direct

Measurement and Monitoring Method ) 1.1.3 .1 Oxides of nitorogen(NOx)

analysis Chemiluminescent Detector (CLD) Heated  Chemiluminescent

Detector (HCLD) type Zirconia (ZnO2)

NOx Zirconia(ZnO2)

5.1.8.2

MEPC 49/22/add.1 annex5 GUIDELINES FOR ON-BOARD NOX VERIFICATION

PROCEDURE-DIRECT MEASUREMENT AND MONITORING METHOD APPENDIX 1. 

Sample point connection flange

5.1.8.1 . appendix1.

5.1.8.1 MEPC 49/22/add.1 annex5

Description Dimension

Outer diameter 160mm

Inner diameter 35mm

Flange thickness 9mm

Bolt circle diameter1 130mm

Bolt circle diameter2 65mm

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

each of the above bolt circle diameters. Holes on the

two bolt circle diameters to be aligned on same radii.

Flange to be slotted, 12mm wide, between inner and

outer bolt circle diameter holes.

Bolts and nuts 4 sets, diameter and length as required

Flange should be of steel and be finished with a flat face. 

5.1.8.1
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5.1.8.1

5.1.8.3

5.1.8.1

5.1.8.2

5.1.8.2

135 150kW 100

180 350kW 125

250 600kW 150

300 700kW 200A

400 750kW 250

650 950kW 300A

1000 1600kW 350

 40



135 150kW 100A

115mm 5.1.8.2

5.1.8.4

135 150kw 100A 115mm 5.1.8.1

5.1.8.2(a).

NOX 10% 90%

10%

. 5.1.8.2(b)

115mm

Exh

20
m

m

115mm

Exh

20
m

m

115mm

Exh

20
m

m

115~300mm

Exh

10~20mm
Approx.10mm

115~300mm

Exh

10~20mm
Approx.10mm

5.1.8.2(a) 5.1.8.2(b)

5.1.8.5

13

15 3 NOx 2

16 NOx

MEPC 49/22/add.1 annex5 GUIDELINES FOR ON-BOARD NOX 

VERIFICATION PROCEDURE-DIRECT MEASUREMENT AND MONITORING METHOD

NOx PSC IAPP

 41



NOX

1 5.1.8.3 75%

NOx

5.1.8.3. 50% 75%

5.1.9 IMO

MEPC49 NOx RESOLUTION

MEPC.103(49) Guidelines for On-Board NOx Verification Procedure Direct

Measurement and Monitoring Method )

NOx

MEPC49/INF.10

5.1.9.1 Hz

MEPC.103(49) Guidelines for On-Board NOx Verification Procedure Direct

Measurement and Monitoring Method )3.4.2 -Hertz minute chart reading

of a stable 10-minute sample interval of each load point should be averaged

-Hertz minute chart reading

5.1.9.2

MEPC 49/22/add.1 annex5 GUIDELINES FOR ON-BOARD NOX VERIFICATION

PROCEDURE-DIRECT MEASUREMENT AND MONITORING METHOD APPENDIX4.

3 1

2000ppm NO 1
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300 500hr 2000ppm NO

4hr 120

CLD

1 1 (

5.1.10

5.1.10.1

NOx NOx

NOx NOx

NOx CLD

NOx

NOx NOx

5.1.10.2

16

1) 5

5 4 1.5g/kWh 16% 4

5

NOx

NOx

  2) CLD

 3) 

5.1.11

2004 NOx

NOx PSC IAPP

(2004 )

NOx

5.1.11.1

2004
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Excel

NOx

NOx

NO

2004 30%

14 NOx 9.95g/kWh

12.5 BTDC

14 11 NOx

g/kWh

NOx g/kWh

NOx

NOx g/kWh

O2 0.1% NOx 0.1g/kWh

65A

200 A

130kW

5.1.11.2 IMO

Hz 2

Hz

Hz 1/10Hz 1/100Hz

IMO

5%
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IMO

NOx

O2

IMO NO

1g/kwh O2 0.1%

0.1g/kwh

1 1 ( )

5.1.12 16

16 5.9.3

5.9.3

5 5.9.1 NO

4 A

300ppm 0.03 NO

( / )

5.9.1 g/kWh

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%

9.37 9.54 9.25 9.41 9.47 9.35 9.55 10.15 7.68 8.11

9.50 9.37 9.36 10.05 8.01

E2 9.95 14 BTDC

E2
8.95 12.5 BTDC

50%:0.23,75%:0.77
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IMO 10.9g/kwh

5.9.1

5.9.4

5.9.4.

5.9.3

NO 7

IMO NO

NOx

5.9.3

14 BTDC

9.95g/kWh 50 10.0 75 11.3

( ) 12.5 BTDC

1.5

NOx

NOx 50

12.5 BTDC 8.95g/kWh
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5.1.13

600

600 2.5%

x

( 3 )

5 IMO

IMO IMO
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84

1 2 3 4 5 6 7 8 9 10 11

3-a 3-b 3-c 3-01 3-02 3-03 3-04 3-05 3-06 3-07 3-08

3

(

)

3

( )

3

( )

3 3 3 3 3 3 3 3

MPa MPa MPa kPa

7 16 00 7:10 246:16:00 8881:37:00 0.218 0.09 0.58 70 71 55 48 311

7 16 01 7:10 246:16:00 8881:37:00 0.217 0.088 0.58 68 71 55 48 311

7 16 02 7:10 246:16:00 8881:37:00 0.215 0.09 0.58 69 71 55 48 311

7 16 03 7:10 246:16:00 8881:37:00 0.215 0.088 0.58 70 71 55 48 311

7 16 04 7:10 246:16:00 8881:37:00 0.217 0.09 0.58 69 71 55 48 311

7 16 05 7:10 246:16:00 8881:37:00 0.216 0.09 0.58 68 71 55 48 311

7 16 06 7:10 246:16:00 8881:37:00 0.216 0.089 0.58 68 71 55 48 311

7 16 07 7:10 246:16:00 8881:37:00 0.215 0.088 0.58 69 71 55 48 311

7 16 08 7:10 246:16:00 8881:37:00 0.214 0.089 0.58 69 71 55 48 311

7 16 09 7:10 246:16:00 8881:37:00 0.214 0.089 0.58 69 71 55 48 311

7 16 10 7:10 246:16:00 8881:37:00 0.216 0.09 0.58 69 71 55 48 311

7 16 11 7:10 246:16:00 8881:37:00 0.216 0.088 0.58 70 71 55 48 311

7 16 12 7:10 246:16:00 8881:37:00 0.217 0.09 0.58 70 71 55 48 311
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CPP

56 57 58 59 60 61 62 63 64 65 66

-01 -02 -03 -04 -05 -06 -07 -08 -09 -10 -11

1 1 1 1

hPa

10 20 1014 26.1 21.0 436 60 237 717 37 19

10 20 1014 26.2 21.0 436 60 238 717 37 19

10 20 1015 26.1 21.0 436 60 241 716 37 19

10 20 1014 26.2 21.0 436 60 241 717 37 19

10 20 1015 26.2 21.0 436 60 237 717 37 19.1

10 20 1014 26.2 21.0 436 60 235 717 37 19

10 20 1015 26.2 21.0 436 60 235 717 37 19

10 20 1014 26.2 21.0 436 60 238 716 37 19

10 20 1014 26.2 21.0 436 60 239 717 37 19

10 20 1014 26.1 21.0 436 60 238 716 37 19

10 20 1014 26.2 21.0 436 60 240 716 37 19

10 20 1014 26.2 21.0 436 60 240 716 37 19
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74 75 76 77 78 79 80 81 82 83 84

-19 -20 -21 -22 -23 -24 -25 -26 -27 -28 -29

/M kt m/s m/s hPa

0 27.6 N34 29.31' E135 11.08' 10.2 4.4 5.9 56.8 0.7 7.5 1013

0 27.6 N34 29.31' E135 11.08' 10.2 4.8 5.9 64.4 0.8 7.6 1013

0 27.6 N34 29.31' E135 11.08' 10.2 3.3 6 52.4 0.8 7.6 1013

0 27.6 N34 29.31' E135 11.08' 10.2 3.5 5.8 61.5 0.6 7.6 1013

0 27.3 N34 29.32' E135 11.08' 10.2 4 5.7 66.6 0.6 7.6 1013

0 27.3 N34 29.32' E135 11.08' 10.2 4.6 5.6 80.2 0.6 7.6 1013

0.1 27.3 N34 29.32' E135 11.08' 10.2 6 5.5 98.6 0.6 7.6 1013

0 27.3 N34 29.32' E135 11.08' 10.2 6.8 5.4 108.9 0.6 7.5 1013

0 27.3 N34 29.32' E135 11.08' 10.2 5.7 5.6 85 0.7 7.6 1013

0.1 27.3 N34 29.34' E135 11.09' 10.2 4.8 5.7 85 0.7 7.6 1013

0.1 27.2 N34 29.34' E135 11.09' 10.2 357.8 5.6 24.9 0.4 7.6 1013

0 27.2 N34 29.34' E135 11.09' 10.2 358.3 5.7 7.8 0.5 7.6 1013
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5.2 NOx 2

MP3 17

NOx 2

NOx

IAPP

66



MARPOL 73/78 VI 17 5 19

NOx

IAPP

PSC

a. (  / 

b. JFE ( )/ )

c.  / 

d. /

5.2.2.1 17

67



“ ” “ ”

“ ”
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NOx E2

NOx

E2 E3
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NOx
(2005 1 11 )

0

2

4

6

8

10

12

14

16

18

20

0 2,000 4,000 6,000 8,000 10,000 12,000

Engine Output (kW)

N
O

x 
(g

/k
W

h
)

On Board Shop E2 Cycle Shop E3 Cycle
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15%

10 11 12 13 14 15 16 17 18
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2rpm

0.5mm 3% NOx
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 81



 82



 83

Adaptor (Long type) Flange

M12 Nut/Bolt

Calibration gas In

Sensor

Teflon 6/4Check valve

Cooling Air In

Terminal Box

Sensor Cable

Adaptor (Long type) Flange

M12 Nut/Bolt

Calibration gas In

Sensor

Teflon 6/4Check valve

Cooling Air In

Terminal Box

Sensor Cable
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5.3 NOx 3

MP3 17

NOx 3

*

, Gr

ME

PM/Sampling

*

5.3.1

(MARPOL 73/78)

IAPP

PSC

16 1&2 NOx RO/RO

NOx PSC IAPP

NO
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PSC EIAPP ( )

1

( )

NO

MP/CONF.3/34Appendix

50 75% Power

Power MEPC49/22/Add.1 %

1-Hertz

5.3.1
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5.3.1

h m s

kW

min-1

MPa

L/min

hPa

hPa

NO ppm /kWh

O2 ppm NO

NOx

MEPC49/22/Add.1

NO
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1 17 4 21

 ( )

17 9 16

17 12 19

4 18 1 27

17 17 8 25

17 8 08

17 12 05
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5.3.2

5.3.2.1

5.3.2.2

2003 1 2053G/T RORO

5.3.2.1

5.3.2.1

 5.3.2.1

RORO

2053 G/T

95.0m 16.0m 11.5/6.35m 5.1m

2003  1

/ 2647kW(3600PS)/240min
-1

5.3.2.1
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5.3.2.3

5.3.2.2 5.3.2.2

5.3.2.2

4

mm

mm

kW

min
-1

m/s

MPa

MPa

5.3.2.2
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5.3.3

5.3.3.1 NOx

16

16 (RR-MP3) NOx

5.1.2

5.3.3.2

NOx 1

16

5.3.3.1 NOx 5.3.3.2

NO O2

5.3.3.1 NOx 5.3.3.2 NOx

16

5.3.1 5.3.1 Hz

5.3.3.3
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NOx O2

IMO MEPC49/22/Add.1

5.3.3.6

5.3.3.4  NOx O2 5.3.3.5  NOx O2

5.3.3.6 NOx O2
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1

5.3.3.7

MEPC49/22/Add.1 1Hz

HD9408T BARO

800 1100hpa

4 20mA

1%F.S.

5.3.3.7

1

5.3.3.8

HD9408T BARO

800 1100hpa

4 20mA

1%F.S.

5.3.3.8

1

1Hz

HD9008TR

40 80

5 98% RH

4 20mA

1

5.3.3.9
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1

5V 5.3.3.2 NOx

5.3.4

5.3.4.1

2002  9 5.3.4.1

5.3.4.1

50 75 85 100

kW 1324 1985 2250 2647

min
-1

190 218 227 240

1
MPa 9.56 11.98 12.78 13.70

1
mm 41.5 52.5 57.0 64.0

MPa 0.072 0.152 0.185 0.220

30 43 44 46

1
294 343 360 393

2
g/kWh 179.7 177.1 177.5 179.0

1
deg. BTDC 5.7

42700kJ/kg

5.3.4.1 /

 2720kW/240min
-1

 2500kW/240min
-1

 2495kW/225min
-1

 2420kW/225min
-1

x

5.3.4.2
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 5.3.4.1

5.3.4.2

25 50 75 100 E3

kW 662 1324 1985 2647

min
-1

151 190 218 240

g/kWh 21.08 16.39 13.44 11.58 13.64

deg. BTDC 5.7

48.6

0 100 200 300mm

50 75 100

5.3.4.3 5.3.4.2 5.3.4.3

5.3.4.4
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5.3.4.3

Do 550A 500A

Di mm 543.0 492.2

A1 cm
2

2316 1903

d mm 60.5 48.6

L

mm

220 0 100 200 300

A2 cm
2

132 0.0 48.6 97.2 145.8

A2/A1 0.057 0.000 0.026 0.051 0.077

5.3.4.2  5.3.4.3

5.3.4.4

(mmAq)

(mm)

0 100 200 300

50 13 13 13 13

75 20 20 20 20

100 30 30 30 30
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5.3.4.2

2003  1 5.3.4.5

5.3.4.5

50 75 85 100

kW 1295 1925 2235 2620

min
-1

190 218 227 240

MPa 10.07 12.08 13.00 13.64

mm 41.8 51.8 57.5 63.5

MPa 0.075 0.140 0.171 0.208

35 40 42 46

284 324 340 372

Kt 13.24 15.78 16.49 17.19

deg. 18.7

5.3.4.3

50

75

1

2005 11 16

100

82 deg.

10 m/sec

2.0 m

50 75

12:41  13:04 13:19  13:36

1013 hPa 1013 hPa

11.0 knot  14.0 knot
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17.2 deg. 17.3 deg.

192 min
-1

220 min
-1

1365 kW 1950 kW

2005 11 17

100

15 deg.

15 m/sec

2.5 m

50 75

12:34  12:54 13:09  13:29

1018 hPa 1017 hPa

12.0 knot  14.5 knot

17.5 deg. 17.5 deg.

190 min
-1

218 min
-1

1325 kW 1930 kW

2005 11 20

2000

195 deg.

10 m/sec

2.0 m

50 75

12:42  13:01 13:16  13:41

1022 hPa 1022 hPa

12.0 knot  14.0 knot

17.3 deg. 17.4 deg.

190 min
-1

220 min
-1

1265 kW 2020 kW

2005 11 21

2000
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235 deg.

7 m/sec

2.0 m

50 75

13:13  13:27 13:42  14:03

1020 hPa 1020 hPa

12.0 knot  14.0 knot

17.4 deg. 17.2 deg.

190 min
-1

218 min
-1

1290 kW 1885 kW

5.3.4.4

5.3.4.5 5.3.4.4

5.3.4.6 NOx

5.3.4.6 5.3.4.5(a) 5.3.4.5(d)

50 11.15 15.96g/kWh 70

16.39g/kWh 68 97 11 16 11 21

75 11.19 15.00g/kWh 75

13.44g/kWh 83 112 50 11 16 11 21

11.19 15.16g/kWh 74 13.64g/kWh

82 111 15.04g/kWh 74 101

( ) IMO

5.3.4.7
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5.3.4.5

11 16 11 17 11 20 11 21

kW 1365 1950 1325 1930 1265 2020 1290 1885

min
-1

192 220 190 218 190 220 190 218

NOx ppm 1178 1225 1458 1360 1356 1350 998 1007

O2 %vol 12.60 12.72 12.69 12.85 12.75 12.89 12.71 12.80

NOx g/kWh 13.25 13.78 15.96 15.00 15.00 14.83 11.15 11.19

NOx g/kWh 13.69 15.16 14.86 11.19

5.3.4.4
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5.3.4.6

11 16 11 17 11 20 11 21

ton 100 100 2000 2000

deg 82 15 195 235

m/sec 10.0 15.0 10.0 7.0

m 2.0 2.5 2.0 2.0

33.7 33.9 30.9 30.9 30.6 30.7 33.1 33.1

hPa 1013 1013 1018 1017 1022 1022 1020 1020

hPa 1015 1015 1020 1019 1024 1024 1023 1022

22 21.2 17.9 18.6 18.8 17.0 18.7 18.5

51.6 73.7 50.1 72.9 47.8 76.3 48.7 71.2

kW 1365 1950 1325 1930 1265 2020 1290 1885

min
-1

192 220 190 218 190 220 190 218

deg. 17.2 17.3 17.5 17.5 17.3 17.4 17.4 17.2

knot 11.0 14.0 12.0 14.5 12.0 14.0 12.0 14.0

mm 40.0 48.5 39.0 48.4 38.7 50.1 38.4 47.8

MPa 0.06 0.12 0.06 0.12 0.06 0.13 0.06 0.12

40 44 39 44 39 44 40 44

322 350 317 347 320 349 322 349

382 402 374 395 377 397 382 400

333 320 327 314 326 314 330 318

min
-1

16400 21400 16000 21300 16000 21300 15900 21000

NOx ppm 1178 1225 1458 1360 1356 1350 998 1007

O2 %vol 12.60 12.72 12.69 12.85 12.75 12.89 12.71 12.80

NOx g/kWh 13.25 13.78 15.96 15.00 15.00 14.83 11.15 11.19

NOx g/kWh 13.69 15.16 14.86 11.19

BTDC 5.70
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5.3.4.5(a) 5.3.4.5(b)

5.3.4.5(c) 5.3.4.5(d)

5.3.4.6
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5.3.4.7 NOx
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5.3.4.5

2003 1 2005 8

2002  9  5

2003  1  9

2003  1 23

2005  8

5,400

 11,000

 15,300

2004  8

2005  8  7

2005  8  7

2005  8  7

2005  8  7

5.3.4.6

110

101

25 30

5.3.7.1
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5.3.4.7

5.3.5

180 mm2/ 5.3.5.1

5.3.5.1

g/cm
3

(15 ) 0.9712

mm
2
/ 163.3

kJ/kg 42,879

kJ/kg 40,610

(m/m) 0.1

(m/m) 2.9

(m/m) 86.9

(m/m) 12.40

(m/m) 0.22

(m/m) 0.6

5.3.6

5.3.6.1
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8 4

4

IMO

IMO 15.04g/kWh 15 17.30g/kWh

3 4

30%

4 2 NOx

O2 1

NO O2

11 17 50% NO

75

11 17

(500A)

75% 30 300mm 20mm

100 30mm

5.3.6.2

NO O NO

(ppm) 8 4

4 30

4 2 1 NOx 1 O2
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5.3.7

RO/RO 1

[ ]

5 IMO
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IMO

1.1

NOx/O2

MEPC49/22/Add.1 ANNEX5 APPENDIX1 10% 90%

2 220 mm 360 mm 3

220 mm

1.1 -01

Adaptor (Short type)
Flange

M12 Nut/Bolt

Sensor

Calibration gas In Check valve Teflon 6/4

Terminal BoxCooling Air In

Sensor Cable

Adaptor (Short type)
Flange

M12 Nut/Bolt

Sensor

Calibration gas In Check valve Teflon 6/4

Terminal BoxCooling Air In

Sensor Cable

1.1 -01

1.1 -01
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NOX O2

NOx

O2
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1) 1

50% 75%

2)

50% 75%

3)

50% 75%

4)

50% 75%
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5)
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6)

2005 11 16
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2005 11 17
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2005 11 20
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2005 11 21
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NOx

NOx - O2Monitoring

NOXO2

NOx - O2Monitoring
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5.4 NOx IMO

5.4.1

IMO MARPOL 73/78 ANNEX VI 2005 5

NOx SCR

IMO DE48 Information Paper

NOx

IMO

BLG 10

5.4.2 IMO

1998 41 IMO MEPC

MARPOL

NOx DE

MEPC NOx MEPC

DE

SOx

SCR NOx

SCR

DE

NOx

Guidelines on representative samples of the fuel delivered for use

on-board ships

Guidelines for on-board NOx monitoring and recording devices

Guidelines on equivalent methods to reduce on-board NOx 

emission

Guidelines on on-board exhaust gas cleaning systems

Guidelines on other technological methods verifiable or 

enforceable to limit SOx emission
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SCHEME B – CONTINOUS MONITORING OF NOx EMISSIONS 

8 GENERAL
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BLG10 SCR

5.4.5

4

5.4.6

2005 5 IMO MARPOL 73/78 ANNEX VI NOx

SCR BLG

5.4.7

1) GUIDELINES FOR EXHAUST GAS-SOx CLEANING SYSTEMS MARPOL ANNEX VI,

REGULATION 14(4)(B), MEPC 53/WP.11 ANNEX 5

2) NOx , 1998 8 ,

3) ISO 8178-1 Reciprocating internal combustion engines – Exhaust emission measurement-
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Part 1 : Test – bed measurement of gaseous and particulate exhaust emissions
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O2 13% NOx(ppm) NOx(g/kWh)

/

- 205 -



INTRODUCTION

NOx

O2 13% NOx(ppm)

SAFETY NOTE 

SCHEME A – WIS TYPE APPROVAL AND CERTIFICATION

1.1 GENERAL

ppm

1 Purpose 

2 Application

3 Definitions

1.2 SURVEY AND CERTIFICATION

1 General

2 Procedures with the certification of a WIS

3 WIS Technical Manual

1.3 EMISSION LIMIT

NOx O2 13% NOx(ppm)

1.4 APPROVAL OF WIS

1 Unit approval

2 Serially manufactured units

3 Product range approval

1.5 EMISSION TESTING

- 206 -



1.6 PROCEDURES FOR DEMONSTRATING COMPLIANCE WITH EMISSION LIMIT ON BOARD 
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5.5

5.5.1

(1) (NOx SOx PM)

MARPOL 73/78 2005 5 19

NOx 2005 7 MEPC53

NOx SOx VOC PM

(

)

2007 BLG( )

TOR( )

GHG

IMO ( )

( ) SIP(

EPA

) (

NOx SOx PM MDO

)
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MEPC 53/24/Add.1 

ANNEX 14 

TERMS OF REFERENCE FOR THE BLG SUB-COMMITTEE ON THE REVISION 

OF MARPOL ANNEX VI AND THE NOX TECHNICAL CODE

1 The BLG Sub-Committee is instructed to: 

.1 examine available and developing techniques for reduction of emission of airpollutants; 

.2 review the relevant technologies and potential for reduction of NOx, and recommend

future limits of NOx emission;

.3 review technology and the need for reduction of SOx, justify and recommend future limits

of SOx emission;

.4 review the technology and potential for reduction of VOC; 

.5 with a view to controlling emissions of particulate matter (PM), study currentemission

levels of PM from marine engines, including their size distribution,quantity, and 

recommend actions to be taken for the reduction of PM from ships.Since reduction of NOx

and SOx emission is expected to also reduce PM emission,estimate the level of PM 

emission reduction through this route; 

.6 consider reducing NOx and PM limits for existing engines; 

.7 consider whether Annex VI emission reductions or limitations should be expandedto 

include diesel engines that use alternative fuels and engine systems/power plants other 

than diesel engines; 

.8 review the texts of Annex VI, NOx Technical Code and related guidelines and recommend 

necessary amendments.

2 The BLG Sub-Committee should complete its work on the above by 2007. 

___________
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(2) (CO2)

IMO MEPC 2005 7 MEPC53

CO2 GHG Index

NOx

ISO14000 GHG

(GHG Index ISO

) ISO TC8 (

) ( 2 ) (

3000 ) GHG CO2 (

)

MARPOL 73/78 VI

5.5.2 IMO

MARPOL 73/78 VI

NOx 10% SOx CO2

NOx ( 13

) IMO (g/kWh) 23%

12% NOx 10%

EPA EEZ

IMO

EPA SIP

SOx IMO (MEPC53/4/1 )

CO2 NOx

(g-fuel/kWh) 1%

SOx CO2
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5.5.1 EPA

( EEZ NOx )

5.5.3

 ( )

DG

MEPC SOx5 NOx3

( )

( g/kWh)

EPA BACT MACT1

SOx ( ) NOx PM

1 MACT(Maximum Achievable Control Technology) EPA
RACT(Reasonable Available Control Technology) BACT(Best Available Control Technology)
MACT
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PM

BLG TOR

SOx ( )

PM

(1) (NOx)

NOx CO2

NOx CO2

NOx

3 NOx

B A

A. 2000 1 1

B. 2000 1 1

C. [2010 1 1 ]

( 2010 )

NOx

2-3 CO2

NOx (g-NOx/kWh) SFC(Be; g-Fuel/kWh)

SFC NOx

DG /

(2) (SOx)

SOx

Cap

EU pH
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5.1.1 EU

(3) (PM)

PM 5.6 PM

PM

( )

PM 10

16

4 MDO(2

) HFO DP 1

7 SOF ( ) 2

PM

Soot

C

DPF

PM10

SOx PM10

PM C Visible Smoke

DG DPF
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5.5.2 PM (4 )

16 ME

5.5.4

(SOx NOx

CO2 ) EU (SOx CO2 NOx ) (

NOx )

IMO MEPC

5.5.5

NOx SOx PM CO2
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(US$/ton-NOx)

PM SOx

NOx PM

GESAMP 3

-219-



5.6 PM

2005 7 MEPC 53 MARPOL 73/78

2006 4 BLG10 PM

PM

PM

BLG BLG

PM

IMO BLG PM

5.6.1. PM

1)

NOx SOx CO

100 m

50 nm

10 m SPM

Suspended Particulate Matter

2.5 m

1)

PM

1 20 nm

0.1 0.3 m

PM

Dry Soot

SOF Soluble Organic Fraction

Sulfate SOx SO3

PM

PM
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2 2 PM

PM

3)

C A

4)

PM

2) PM

5.6.1

5.6.1
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5)

5.6.2
6), 7)

( )

20 nm

SO2 SO3 SO3 SO3
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aggregation aggregation

condensation

condensation

Vapor Monomer & Cluster Small particle Large  particle

: gas : liquid or solid

condensation

condensation

(polymerization)

20nm

aggregation aggregation

condensation

condensation

Vapor Monomer & Cluster Small particle Large  particle

: gas : liquid or solid

condensation

condensation

(polymerization)

20nm

condensation

5.6.2 Formation and Growth of Particle in Aerosol Process
7

5.6.2

PM 5.6.1

PM

NOx
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5.6.1 PM G ; gas S ;solid L ;liquid

PM

PM

NOx SOx Sulfate

or

NOx SOx HC G

HC; Hydro

Carbon

Smoke S

SOF L

Sulfate

5.6.2

HC Smoke S

SOF L

HC SOx Smoke S

SOF L

S P

NOx PM 5.6.3

NOx PM

40 % 2002 NOx

PM

3

NOx PM

5.6.3 NOx PM
8)

PM

PM
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3)

PM

5.6.4

5.6.4

NOx PM

9

10

5.6.2 Diesel Fuel Word-Wide Fuel Charter, 2002

1 2 3 4 JIS

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.

90

kg/m3

ppm

%m/m

45

820

-

-

-

-

860

5000

-

-

50

820

-

-

-

-

850

300

25

340

52

820

-

-

-

-

840

30

15

320

52

820

-

-

-

-

840

5 10

15

320

45

-

-

-

-

-

-

500

-

350

1 /

2

3

4 3 5.6.4
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NOx PM NOx 52 % PM

43 %

5 %

2 %
11)

PM

PM

PM

PM PM

PM

JCAP

UN/ECE-WP29

PM

PM

PM

PM

4)

(1)

1990

modern engine

VGT Variable Geometry Turbocharger

EGR Exhaust Gas Recirculation

NOx PM

- 226 -



PM

SAC

NOx

PM

EGR

a

PM NOx

c

b SAC

a

PM

2 PM

c

4

NOx

PM

a.
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d EGR Exhaust Gas Recirculation

NOx

EGR

PM EGR

PM

SOx PM

e

1 % NOx  %
21

PM

PM

f

E

NOx PM

NOx 13 % PM10 25 %
12)

50 50

13

g

PM PM SOF

SOF

P PM

Ba Ca Mg

PM CR-DPF

14
100 ppm
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Ca CaSO4 CR DPF

DPF CaSO4

PM

SIP Swirl Injection Principle

PM

PM SOF

PM

SOF

(2)

10 ppm

8

a
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diesel fuel kerosene

A

50 100 ppm 10

ppm

2

PM
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A

C

Fuel oil

kerosene

diesel fuel

reduced

vacuumed residue

Diesel fuel

A

C

Fuel oil

kerosene

diesel fuel

reduced

vacuumed residue

Diesel fuel

5.6.5
15)

http://www.idemitsu.co.jp/chibasei/seiyusyo/process.html

PM

40,000

6,400 kL/ 60 2

1.3 ¥/L PEC

200 300

L
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b.

PM

GTL Gas To Liquid DME Dimethyl Ether;

CO

PM

CO H2 CO2

GTL DME

GTL Gas to Liquid

C1 C100

GTL 12 20

L
16)

DME Dimethyl Ether

CH3OCH3 DME

NEDO

7.2~9.2 L
16

GTL

DME LPG LPG

17)

(3)

NOx SOx PM
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NOx PM

SOx SOx

5.6.3

5.6.3

SOx

DPF

CR DPF

DPNR

PM

EP SO3

SCR

SCR HC

NOx

NOx

HC

200~400

HC CO HC

SOxSOx PM

SO3

SOx SO2
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SOx

EGR

SOx

a

SOx

2 DWT IG IGS

SOLAS, 1974

IGS 2

Flue Gas Method FGM

Generator Method GM PSA Pressure Swing Adsorption IG

LNG LPG

FGM GM

IGS 5.6.6 IGS

90 %

5%

SO2 SO3 95 wt% 90 wt%

19)

EU SOx PM

15~25 %
18)

IMO OILPOL 15 ppm

- 234 -



P

PC

P

No.

No.2

P

PC

P

No.

No.2

5.6.6
19)

pp152(‘85)

SOx PM SO2

SO3

1 m

SOF SO2 50

SO3
2

IGS

SOF SS SO3
2

SO3
2

COD
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340

SO3

SO3 SO2

2.5 wt% 140~170

100

100

Ca Mg Na SO

Ca HCO3 2 Ca

Ca(HCO3)2 HSO3 CaSO3 H2O CO2 5.6.1

Ca
2

SO2

S SO2

SO3

SO2 1/2O2 SO3 96.6 kJ/mol (5.6.2)

5.6.7 SO3

logKp 5186.5 /T 0.611 log T 6.7495 T; K

Kp ’73

5.6.7 1 SO3 mol% SO3/(SO3+SO2)

SO3 2~5 % 2
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SO3 2

5 %

5.6.8

5.6.9

G
L

5.6.8
20)

L

G

L

G

G L

G

2 m/sec 1 m sec

5.6.9
20)
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b.

1

m 90 %

PM

c. EP Electrostatic Precipitator

EP

EP 300

200

90 %

20)

1 ppm

SOF

SOF

EP

SO2 SOx SOx
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DPF Diesel Particulate Filter

DPF

500 700

1,000

SiC 2

DPF

PM

CR DPF Continuous Regeneration Diesel Particulate Filter CR

SOx SO2 SOx

DPF 500

DPF

EU . CR DPF

CR-DPF DPF

DPF

350

DPF

DPF

PM

PM

VOC

CO 500
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NOx

NOx NO NO2

NOx

HC NOx

SCR Selective Catalytic Reduction

SCR NOx

PM PM

NOx NO NO NO2

NO2 NO NO2 NO2

NOx NO

SCR

SCR NOx 5.6.10 NO

2 2 2

CO

SCR

2 2

5.6.10 NO

5.6.10

3

SCR

NO
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SCR

SCR SCR

22)

SCR NOx

4NO 4NH3 O2 4N2 6H2O (5.6.3)

NO NO2 2NH3 2N2 3H2O (5.6.4)

NOx NOx

80 90 %

SCR 5.6.11

EP

NH3
N

5.6.11

SCR 300 400 200

EP

300 400 SO3

350 400

23)
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300

NH4HSO4

5 ppm

NH3 SO3 H2O NH4HSO4 (5.6.5)

NH4HSO4 350

350 SO3

400

SCR SCR

5.6.12

SCR

5.6.12 SCR

NOx

NOx 5 ppm

80%

NOx
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NOx NOx NOx SCR

SCR SO2

SCR

(NH2)2CO H2O NH3 CO2 (5.6.6)

150

(NH2)2CO NH3 HNCO (5.6.7)

SCR

350~400

5 ppm

SCR

5)

PM

PM

PM

(1)

PM

PM
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SOF

SOF

PM NOx NOx

NOx SCR

SAC SOF

PM

NOx PM

PM

NOx

NOx PM

NOx PM

NOx PM

PM
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PM

PM

PM

(2)

IMO SOx

PM

4.5 % 1.5 %

SOx NOx PM

PM

PM

GTL DME SOx PM

(3)
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DPF

DPF SOx

PM PM

PM

EU SOx PM

SOx PM

SCR

NOx PM NOx

PM

DPF SCR PM

PM

EP
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PM

NOx SOx PM

NOx

5.6.4 PM 5.6.4

6)

PM

PM PM

PM

PM
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 1. 

17 4 8

 2. 13

 3. 17 4

 4. PEC 10

5.“Emission Formation in Diesel Engines”,http://www.dieselnet.com/tech/diesel_emiform.html

 6. CMC (2001)

 7. ,p27,vol27,12(2005)

 8. JCAP 2-7-1 2002

 9. http://www.autoalliance.org/archives/000090.html

 10. 14

15 3

 11. http://www.mlit.go.jp/kisha/oldmot/kisha00/21koutu/kankyou-s11.htm

 12. Lucy,Sadler ”The air quality impact of Water Diesel Emulsion Fuel and Selective Catalytic

ReductionTechnologies”,http://www.London.gov.uk/gla/publications/environment/scr_wde.pdf

 13. http://www.komatsu-kdl.co.jp/new020725/top.html

 14. JCAP JCAP 2-3-4

14 3

 15. http://www.idemitsu.co.jp/chibasei/seiyusyo/process.html

 16. ,http://www.hepco.co.jp/souken/

 17. JFE No6 pp70-75 (2004)

 18. Entec Uk “Emissions/Assignment,Abatement and Market-based Instruments,” task 2C, final report ,

EC/DGE,Ship Aug.2005

 19. ( 85)

 20. 5 1990

21. “Diesel Emission Control”,http://dieselnet.com/tech/engine_control.html

 22. 2001

 23. No.46 (2002)
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5.6.2. IMO

17 7 53 MEPC PM

PM

PM

PM

18 4

IMO 10 BLG PM

10 BLG

250



�

�

��������	��
����
���

���� �������� ��� ��������� ����� 
�������� ��� ������
� ��� �� ������
� ��� ���� � !���"����� ����

#��
�����#�
���� ���"�����������������������"����
����������$������

����������������

�
�������������	
�����
�	�������������
�

�

�

�
�	

�

�
�

�

�

%&��'())�**++�(,��&�-���.&�!%�

/,!��/%+%�

�	������������

/"��
��������
�

�����	0�
0��

� 12�3�������1		4

� �(��"�������+,���%5

�

����������	
�����


������

������
�������
��
�������

�

���������������������������� ��!�	���!�������!"������	����!���!�! ���#��!�

�

$�%����!"�%&�'�(���

�
�

$)		
�*�
�
���������	
����
���

�
*���� 
�������� ���6�
���  ��#"����
� ������������ ��"��
��"� "�������

���������������� ��� ������������ ������� 78)9� ����� 
������ ��"����� ����

������"� ������� �
���� ��� ���� ������:� ��������� ��
� ���������

��������������8)��
�
������	��	��	�������

�
8���"�����2�

�
�������	��������
��

�
)+8'�2;01
��)+8' 2;01
�/

����)+8'�2;0
0
�

�

�

+� ���,#����"�

�

���� *��� )������ +�6��������� 8���������� '��������� 7)+8'9� ��� ���� ����������
� �������� ����

3����1		2�
���
�
�����������������������6����6��<����)/=8(��/���:�>��������
��"����������

,(:���
�%(:� ����������������������������������������������������78)9���*���'����������"���
�

��������
�������������������*��������=��������������������%� �'����������

�

��1� *��� ������������ ��� ��������� ��6���� ��� 8)� ����� ������� ��"������ �����
��"� ������ ��?��


����� ��������
�$������������������
���)����6����������
��������������������
������
����������������
�

�����������������������������������������������8)�������
� ����������������� �����
��"��������


��������"���� ��������������������:������������������

�

��;� ��� ��� #��<��� ������������ ����� ������ ��� ����� 
���������� ��� �������� ��� ������ ������� ���

��6��������������
��"����������������������8)��

�

-� ������������������������(!���!������	�

�

1��� 8)������������:���:������������
�������������
���$��
�
������������
����������������������

��� ���� ������:� ��:����� ����������?�
�  �� <�
���� ����"��"� ��������� ������������ ��
� ���������

������������8)����������<����
�����
��� ���������%�����������������������8)�������������
������

��"����� ���������
�  �� ������ ��������� ��
� ��������� ����������� ���� �������?�
� ��� *� ��� �����

��� �

������� *� ��� 1� ���<�� ����� ���������������� ��� 8)� ��� �� ����� ���
������ ��
� ����� 
������

6������������������������



�����	0�
0��� ��1���

�

�

��������	��
����
���

1�1� ����������������������<��#������������������������8)����� ����
��������������������������

��������� ����������� ���
� ��
���� ���
� ��������� ��������� ����� ���  �������� 
������ "���������� ��
�


������6��������� �!������������
��� ������������� ����������������������������������������8)����

������"���������
�����������������������
���������������������������������
������
���8)������������

��������� �������� ����  ���� ��"�����
�  ���������  �� ������ <��"��� ���� �:������ "��� 6������� � ���

�����$������� �����6������� ��� �� ����� ���� $������� ����  �� � ���6�
� ��� ����� �:�������

,�6������������������ ��������<������������
��#��<���8)����������6�
����������������������������

�������������
���
� ��
��������"������

�

���������	
���
�

1�;� >��� ��� ���#�� ��� ���� ��� ���� �:���������� ��� 8)� ����� 
������ ��"����� ��
� ��� �������

����"��?�
� ���� ������������������
����"�6��� ��������
�������"��������������%��#�����������������

�������������������������
���� ��$��
�������
�
� ��� �����:������"������ � ������� �����������
� ��� ���#�

���#����
�<��������#��������#����#������������������������ �������������7����9�������"����������

�� <�
�� ���"�� ��� ��������� ��?���� � *���� ��?�� 
����� ������ 
����
�� ��� ����� �:����� ��� ���� ����� ���

��� ������� ������� ��
� ��� ����� ���
�� � @����� <����� ���#�� ��������� ��� �� ��:����� ��� ����� ��
�

�� �������"� ���� ���������� ��� ��� �� ����
� ���
������ ��� ��
��� ���������� ���
�� � ��� ����� ��� �������

��"������������A�����������<���
� ������ ���#����#���

�

1�
� %���� ���������� ��6�� �����
���
� ������ ��"��������� ��� ����� �:����� ��� �������� ���#��

�����������������������������������
�����������������������������
��"��������6��������

�

�
�������������������������������
�

1�2� /������� ����� ��� �:��������� ��� 8)� ��� �:������ "����� ����
�  �� ��������������� ��� ������

�����������?���������8)������������������ ��������������?�
� ���"���� ��� ������������� �8)����������


�6�
�
�������<����A���"�����������
��"���������������������?�B��������������������
������������������

*��� ������� ���������� �����
�� ���"��� ����������� � *����� ���������� ���� ���������� "�������
� ��� ����


��������� �������������������������������� ��������������������
��������������������
������"��


���������� ��
� �� ��$����� �""��"������ ��� ������������ ��������� ����� ��"���� �����
��� ��� �:������

��������������������������������7C���D�9����������
� ���""������������������������� �������������

��
� ������ ����
� ����������� ����������
�  �� �
��������� ��� "����� ��
� ���
��������� ��� 6���������

*���������������
���������������
���� �����:�
�<����%��� ���(�"��������������7%(�9���������

���
����
� ��
����� �����  ��� ���� ����� �����
�� �������� �������
��� ��������� ����� ����� � *���

������������������������8)�6������"�������
����
��"�����������������������

�

1�4� +:������� ��� ���"�� ���������� ���� ������ ���"���"� ��
� ���� ������������ � ��� ���� ����� ���

�:������� ��� ����������������� ���������"��� ����� ���� ���"����
����������������������<���� ����������

��������"�
����������%�����������������������������<���
�
����
�������������
�����:������������

�����������?�����
�����������������������

�

1�E� *����� ���������
�����������������������6������<������������?�������"�������������������������

���
���������������
������������������������*������6���
�������������������������������
� ��� ����

���������������#�����������������������������������������������������
�
����"����������������������

��
����
���� ������������
����
��
������������
�����#�����������

�

1�F� 8����������?��
����� ���������8)���������������"������������<����#��<��� ���������������
�

������<���� �����
����"� ���� ����
���� ����� ���
�� ��� ����
� �������� ������6���� ���"��� ��?�� ��� ����������

�������
� ��� ���������� ������
� ����� ��� ���
� 
������ 6�������� ����"� 
�������
� ��<� �����������������

��� �

������� ��� ��� ��������
� ����� ������ ���� ����� �������"��� ���
�
� ��� ���6�� ���� ��������"�

G��������������H�������������
��������"����������������



� ��;��� �����	0�
0���

�

�

��������	��
����
���

�������	�������

���
�

1�I� *��� 
���������� ��� ������������ ������� ��� ��� ����� 
��������
�  �� ���� �������"� �����
�� ����


������
������������������<���������������������������������
�����������������"�����������*���������

�<�� 
��������� ������������ �����
�� ���� 
������������� ��� ������������ ����B� ���� 
������

������������ �����
� ��
� ���� 
�������� �����
�� � /�� ���� ���� 
������ ������������ �����
��

7��"����%(�I	I49�������������"���??�������������
�
�����������������"������<���
����<���
��<�����

"�����
������#��������������"����
��������8)��������"������<������������
� ���������"������������
�

������ 
����"� ��
� ���
�������"�� ���� ������� ��� <��"���
� ��� 
���6�� ���� ����� ��� ���� ��������
� 8)���

@������������������
��������
�������������
�7��"����%(�F�EF9�<���������������������
������6��������

8)� �������"� ��6��6��� 
��<��"� ��� �:������ "��� ������� ����� ���� 6������J�� �:������ ��������


������"����<�����������
���������"������"���������"���������� �*������������������������������������


��������
� ���
���� ����<��"������8)���������
���� �����������"� �������� � ��� ���� 6����� ���������

����"��� ��� ���� �����
����� ���� �:������ ����"� �� 
��������� ����� ��� �������"� �������� ���� ���
����


��������� ��������� �'�������������"������
���
������������������
���������������� ���������

��������������"��<�����������������
����������� ����������������� ���������
��
�

1��	� ��� �

������� ������ ��� �������� 
���������� ���� ��������"� 8)� ����� ��������� "���� � *���

���������� ��� �� ����� ���� ������������ ����  �� ���
� ��� �������� ���� �������������� ��� "�������

�� ����������,(:���
�%(:�������������"�����5�<�6�������������������������<������������"�8)�

 �������8)�������������������"������������
�����
����������������������������
���������������

"������<���������������������
������������������������� ������������
���� �������
���
������������

������������
�������������8)������6���������
�������:���������������
�
��������
�������������8)�

����:������"�����*���6����������������������8)���
����������������6������������������������"�����

���������������������������������������������������
���������������������� �����
���������������

��#����������
�������������������"��������� �����������������������������
�6���������
���<���������

<���� �������� ���� ��������� ���������� �������
�  �� ���� �����
�� 
����� �
� ��� ���� �������� 1�I� ��
�

�����������������������6����������������
� �����������
�������������������
�

.� ��!������%!������"!�!"���������!�
�

� �������� ������ ��� ����� ������
� ������������ ��
� 
���� �6���� ��� ��� ����� 
����� ������ ���

��� ���
����� �����������������������������������������������������������"�������������<����#��<����

/����
��"���������<��"�������
� ���
�������
������������#��"�����������
���������������
�������

���8)��
�

�� 8)� ��������� ��6��� ����� ������� ��"����B� ��������� ����� ��
� ��� ��� 
����� �������

����������������������
������������������������������������
�������������
�������B�
�

�� '������ �������"� �����
� ��
� ������������ �����
����� ����� ����  �� ���
� ����

��������"�8)�������������
������B���
�
�

�� ��������� ��� 8)� ��������� ��
� ���6��� 
�������� ��� ���������B� ������� �������� ��
�

��6����������������������8)�������
������������
�����������
�

/� '�(��0������!���
�

� 3�����������������������������������������"����������8)�
���������������
� ��
�6�����
�

 ����������������� ����������������<��#�����������������
�

1� 
�������!2�!��!"�����3!�$�%4�������!!�
�

� *���%� �'��������������6���
���������
�������� �6������������
���#�������������������������
�

KKK�



�
�

�
��

	
0�



0�

�
� �

��
��

�
�

��
	

��



��
�
�


�
��








�

�
�

�

�
�

%
 !

�+
5�

��
��

�
3

�
��

��
!�

��
��

��
��

��
�

�
��

��
�

 �
�!

�	
�
��

!�
�6

�
	

7�
��

�
�

�	
�

��
�

!�
�

�!
�!

 �

�

�
!�

�
�

�
!�

��
�(

��
�

�
�

$
�8

!�
��

�

"
��

�
!�

!�
�

�
�
�

(
�
�!

"
��

��



��
�

�(
3

!�
��

�

3
�

 �
4 

��
!�

�
��

9
! 

�

"
��

��
�

�!
�

�
!�

 �
3

��
��

!�
��

�
�

!�
�

�,
��

>
��

� 
��

�%
�

�
#

��
��

>
��

� 
��

��
�

�
#

��
��

��
��

�
��

��
�

��
�

��

��
��

��
��

��
��

��
�

�
��

��
��

�
�

 
�

��
��

�
��

��
/

��
��

�



��
��

��
��

��
�




��

�6
��

��
�

��
�
��

��
��

��
��

�
��

�
�

��
� 

�
��

��
�

��
�
��

�
��

��
��

��
��

��
�

�
��

�
��

�
��

��
��

�:
�

��
��

��

�

��
>

��
� 

��
��

�?
��

�

��
�

��
��

�
��

�


��

��
��

��
��

��
?�

�

�
��

��
��

��
�
��

�

�
D

�
��

�

��
�

��
�#

��
�

�
#

�B
�

�
��

�
��

��
��

 
�
�
�

��
@

�
��

��
��

�
#

�B
�

�
��

�
��

�%
(

�
�

�
��

��
��

��
�

%
�

�
��

�

�
��

��
��

��
�

�
	

	
��

�
��

�
�

��
�6

��
� 

��
�

!
��

��



��
"

��
�
��

�
��

��
��

��
��

��
�

�
�
�

�
��

��
�

��



��
��

��
��

��
��

?�
��

��
��

��
��

�
#

��
��

�
��

"
��

�

�
��

��
��

��
��

��
��

�


�

��
��

�
�

"
�

��
"
��

�



��
�

��

��
��

��
��

�
�
��

�%
�

��
��

�
��

��
��

��
��

��
��

�
��

��
�

��
��

�

��
�

��
��

��
�

��
��

�

�<

��
�

��
�
��

��
�#

��
�

��
�
�

��
�

�
��

��
�
�


��
��

� 
�


��
�

��
�
��

��
��

��
�
��

��
'

�
��

��
�

�
��

��
��

��
��

�



��
��

��
�

��
��

��
��

��

��
�

��
"

��
�

��
��

��
��

��
�

�
��

��
�

��
��

�
��

�
�A

�
��

��
��

��
8

)
��

��
��

�

�

'
�

��
��

�8
��

��
��

��
�

�
��

"
��

��
��

��
��

��
�7

�
�D

�
�C

9�
�

��

��
��

�
�

��
��

��
�

�
 

�
��

��
�

��
��

��
��

��
��

��

�
��

��
��

��
��

�
��

�

��

�
��

�
"

�
�


��
�

��
��

�
�

�

��



��
�

 
��

$
�

��
��

�"
"

��
"

��
��

�
��

��

�
��

��
��

��
��

��
��

��
��

��
��

�
�

��
�

"
��

��

��
��

�



��
��

��
�:

�
��

��
��

�
��

��
��

�
�D

�
�C

�K
�

��
%

�
��



��

��
 

�
�

�

��
,

�
�
�

��
�

 
�

��
� 

��
�

�
��

��
��

��
��
��

�
�

)
��

�
��

��
��

�

�
�
�
��

�

�
��

�
��

	
��

�
��

#
�

�

'
�

��
��

��
��

��
��

��
��

��
��

��
��

��
 

�
�

��
�
	
�D

�
��

��
�

��
�


��
�

��
�6

��
��

��
��

��
��

��
�

�
��

�
��

��
�
��

��
��

��
�

 
��

��
��

��
�

��
��

��
�"

��
�


��
�

��
�
��

��
�
��

��
�

"
��

��

*
�

��
�
��

��
�

��
��

��
��

��
�

�
�


� 
��

�
��

 
��

�
��

��
��

�

��
�


��
��

��
��

"
��

�
�

"
��

�
�

��
��

�
��

�


�



�6

��
�
�
�

��
��

�
��

��
��

�
��

� 
��

�
��

��
��

��

��
%

�
��



��

��
 

�
�

��
��

��
��

�

� 

�
�

��
��

�
�

��
��

��
�

�
 

�
��

��
�

��

�

�
��

��
8

��
��

��
��

�
%

�
��

��
��

�
��

��
��

��
�7

C
��

�D
�

9�
��

��
�


�

 
�

��
"

"
��

�
��

��
��

�
��

��
�

��
�

��
�

�

��
� 

�
�

��
��

��
��

��
��

�



��
��

��
��

�
��



�

�
��

��
��

��
��
��

��
�

�
��

��


� 

�
�

�

��

��
��

�
�

��
��

"
��

��
��

�



�

��
�



��

��
��

�
�
��

��
6

��
�

�
��

��

C
��

�D
�

�K
�

��
%

�
��



��

��
 
�

�
��

��
�

�

��
%

(
�

��
�
��

��
��

'
�

�



��
��



�

�
��

6
�

�

�
�



��

��
� 

�
�
��

��
%

�
��

�
�
��

��
�

�
�
�
�


��

!
��

��
��

�<
��

#
�

�
	

	
��

��
�

�
�	

	
	

��
�

��

#
�

�

��
�"

��
��

��
��
��

��
��

��
�?

��


��

��
��

��
��
��

��

�
��

��
��

��
��

��
�
��

��
�#

��
�

��
�

��
��

��
��

��
�


��
�

��
�

��
��

��
�
��

��
�

"
��

��
�



��

�
�

��
�

��
��

6
��

�"
��

��
�
��

�

��
��

 
��

�



��
��

��
��

��
��

�
��

� 
��

�
��

�
�

��
��

��


��

�
�

��
��

�
��

��
��



��

��
#
��

��
�

�
�

��
�

��
��

�
��

��
�
�

��
��

��
��

��


��

��
�

��
��

�
��

�

��

��
��

��
��



��

�
�

��
��

��
��



��

��
#
��

��
��

�
"

��
��

��
��

��
�<

��
��

�

��
%

�
��

 
��

�(
�"

��
��

��
��

��
��

�
�

7%
(

�
9�

��
��

�"
��

��
��

��
��

��
�
��

��

8
)

��
�



��

�
��

�



��
��

�



��
��

� 
�

�
��



��

�6
�


��
��

�
��

�
��

��
��

��
�



��

��
�

�

��
��

��
"

��
��

��
 

��
��

��
�

"
��

��
��

��
%

�
��

�
�

��
��

��
�


��
�

�

��

��
��

�:
�

��
��

��
��



��

�6
�


��
��

�
�

��
��

�
�

��
��

��
�

��
��

��
��

��
/

��
�

�
�


��
�
�

��
��

��
��

�
"
��

�

��
$

�
��

�

��

�
��

�
��

��
��

�
"

��
�

��
��

�
��

�
��

��
��

��
��

�
��

��
��

��



��
��

��

��
��

��
�
�
��

� K
�

*
�

��
��

��
��

�
�

��
� 

��
��

��
��

��
��

�
�
��

��
��

��
�


��
�

��
��

�7
��

"
��

�1
�2

�D
�

9�
��

��
��

�
��

��
��

"
��

�
��

��
��

��
��

��
��

��
��

��
�



��

�
��

��
�
��

�
��

��
��

��
��

�



�
�

�
��

	
0�



0�

�
�

/
,

,
+

L
�

8
�"

��
1

�

� ��
��

�
�

��
	

��



��
�
�


�
��

�
�

%
 !

�-
5�

��
��

�
3

�
��

��
!�

��
��

��
��

��
�

�
��

��
�

 �
�!

�	
�
��

!�
�6

�
	

7�
��

��
�

9
��

�
�

�
!�

��
�

�
"

��
�3

!�
�$

�
�

��
!�

�

�
!�

�
�

�
!�

��
�(

��
�

�
�

$
�8

!�
��

�"
��

�
!�

!�
�

�
�

�
(

�
�!

"
��

��



��
�

�(
3

!�
��

�

3
�

 �
4 

��
!�

�
��

9
! 

�

"
��

��
�

�!
�

�
!�

 �
3

��
��

!�
��

�
�

!�
�

�,
��

8
)

�
	

�
8

)
�

	
��

��
�

��
��

��
��

��

�
��

��
��

��
��

�
��

�
��

��
�

�
��

�
��

��

<
��

�
��

�

��

�
��

��
��

��
��

��
�

��
��

��
��

�$
�
��

��
�

��
	

�D
�

��

�
��

��
��

��
��

��
�$

�
��

��
�

�

�
	
�D

�
�

�
��

��
��

��
�G

�
��

�
��

�
�

�
��

��
��

��
H�

��
��

��
��

��
�

��
��

��
��

��


��

��
��

��
�

�
��

��
��

��
��

)
��

�
��

��
��

�

�
�
�
��

�

�
��

�
��

	
��

�
��

#
�

�

�
��

��
��

��
��

��
��

��
��

�
��

�
��

��
�
��

��
��

��
�

��
�

<
�

��
�

��
�

��
��

��
��

�
��

��
'

�
��

��
�8

��
��

��
��

��

��
%

�
�

#
��

�
��

��
��

��
��

��
��

��
��

��
��

�
�

�
��

��
��

��
"
��

��
��

�
�


� 
��

�
�

��
�

��

��
��

��
��

��
�

�
��

�
�

��
��

�
��

8
)

�
	
��

�

8
)

1
�2

�
8

)
� 1

�2
��

��
��

�
��

��
��

��
��

��
��

��
��

�
��

��
��

��
��

�
��

�
��

��
�

�
��

�
��

��
<

��
�
��

�



��

�
��

��
��

��
��

��
��

�
��

��
��

�$
�

��
��

�
1

�2
�D

�
��

�

�
��

��
��

��
��

��
�$

�
��

��
�

�

1
�2

�D
�

�

!
�

�
��

��
�


� 
�

�

G�
��

�
�



��

�
��

��
��

��
��

H�

��
��

��
��

��
��

�
��

��
��

�
��

��
��

��
��



��

��
 
�

�
��

!
��

��
��

�<
��

#
��

�
	
	
��

��
�

�
�	

	
	

��
�

��

#
�

�

�
��

��
��

��
��

��
��

��
��

�
��

�
��

��
�
��

��
��

��
�

��
�

<
�

��
�

��
�

��
��

��
��

�
��

��
�

��
��

8
��

��
��

��
��

��
�

��
��

�
��

��
��

��
��

��
�

��
��

��
��

��
"

��
��

��
�

�

� 

��
�

�
��

�
��

��
��

��
��

��
�

�
��

�
�

��
��

�
��

8
)

1
�2
��

�

!
��

��
��

�
��

��
��

��
��

�

�
��

��
��

7!
8

)
9�

��
+

:
�

��
��

�8
��

��
��

��
�

��
��

��


��

��
�

�

��

��
��

6
��

��
��

��

� �

��
%

�
 
��

��
��

�
��

�?
��

�
��

��
��

��
��

�
��

�


��

"
�

�
��

�
�

��
��

��
��

��

��
*

�
��

�
�
��

��
��

�



��

�
��

��
��

��
��

��
�

��
�
��

��
��

��
�

�
��

��
�


�

�
�
��

�	
��

�M
��

	
N

��
��

��
��

��
��

��
!

8
)

�

�
��

��
� 

�
��

��
��

��
��

�

��
��

�



��
��

�
��

��
�
��

�

I
	

�N
��

��
��

��
��

��
��

�
��

��
��

��
�

�
�

 
��

��

�

��
�

�
��

��
�

��


��

�



�

��
$

�
�


��
��

��
��

��
��

�



�

��
��

��
��

�

��

�
��

�

��
��

��
��

��
��

�
�

�B
�

� �
9�

��
�

�"
��

��
��

��
 
�

�
�

7�
�
�
�9

�

1
9�

%
(

�
�

;
9�

%
�

��
�

��
��

�

!
��

��



��
�
��

�
��

��
?�

��
�



�

��
��

��
��

��
��

��
��

�
��

�
��

��
��

��
�

	
��

��
�
�

�
�	

	
	

��
�

��

#
�

�

�
�

�
"

��
��

�
��

�
�
��

��
��

�
��

:
�

�
��

��
��

��
��

#
��

�
��

�
�

�
�

��
��

��
�

�
"

��
��

��
��

�
�?

��


��

�
��

�
�

��
��

��
��

<
��

��
��

�

��

�"
��

��
��

��
�

"
�


��
��



��

"
��

�
�

�:
�

�
��

��
��

�%
�

�
��

��
��

�
��

:
�

�
��

��
��

��
�

�

��
�

��
��

��
��

��
��

�
��

�



��
�

��
��

�
��

�
��

�

��
�

�
��

�
��

�
��

��
��

��
��

��
��

�
��

�
��

��
�

+
:

��
��

 
��

��
�

��
��

�:
��

��
�

"
��

��
��

"
��

��
��



�

��
��

�
��

��
�

�
��

�
��

��
��

��
�
��

�


��

��
�


��

��
'

�
��

��
��

��
�

�
�

�
�

��
��

��
��

8
)

�

��
�

�
��

��
��

��



��
��

��
<

�
�

�

� 

��

��
�

��
��

�!
8

)
J�

��
��

��
�

�
"

�
��

�
��

�
��

��
��

��
��

?�
�


��
��

� 
�

��
�

�
��

�
�

�

�

 
��



��

��
��

�
��

 
��

��
��

��
��

��
��



��

��
��

�
��

��
��

��
��

��
��



��

�



�

��
�

 
�

��
��

�
��

�
��

��
��

� �

O
O
O
O
O
O
O
O
O
O
O
�



INTERNATIONAL MARITIME ORGANIZATION

IMO

E

SUB-COMMITTEE ON BULK LIQUIDS 

AND GASES 

10th session

Agenda item 14 

BLG 10/14/11

 25 January 2006

Original:  ENGLISH

REVIEW OF MARPOL ANNEX VI AND THE NOx TECHNICAL CODE

Submitted by Japan 

SUMMARY

Executive summary:

PM

Action to be taken: Paragraph 5 
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1.1 2005 7 53 MEPC NOx SOx

MARPOL Annex VI
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5  Action requested of the Sub-committee

The Sub-committee is invited to consider the above comment and take action as appropriate.  
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SUMMARY

Executive summary: This document provides the result of Japan’s study on the on-board 

NOx direct measurements and monitoring.  Japan is of the opinion 

that the Guidelines for On-Board NOx Verification Procedure – 

Direct Measurement and Monitoring Method (resolution 

MEPC.103(49)) should be reviewed from the viewpoint of 

implementation. 

Action to be taken: Paragraph 4 

Related documents: MEPC 49/INF.10, MEPC 49/22, paragraph 4.24 and 4.25, 

Resolution 2 of the 1997 MARPOL Conference 

(NOx Technical Code) 

Introduction

1 Guidelines for On-Board NOx Verification Procedure by Direct Measurement and 

Monitoring Method (Resolution MEPC.103(49)) were adopted at MEPC 49.  In order to facilitate 

the development of the Guidelines, Japan submitted document MEPC 49/INF.10, which 

informed on the intermediate results of its study regarding on-board NOx direct measurements 

and monitoring.  Japan continued the study in order to provide further information with a view to 

improve and facilitate the implementation of the Guidelines. 

Result of the study 

2 The result of Japan’s study on the on-board NOx direct measurements and monitoring is 

summarized in the annex to this document.   

3 Japan is of the opinion that the on-board NOx direct measurements and monitoring 

method should be as simple as possible so that crews can operate the recording and monitoring 

device and obtain reliable data for verification purpose.  From the above point of view, the 

following items in the Guidelines should be reviewed and be amended as appropriate: 
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3.1 Zirconia (ZrO2) sensors

 Although section 1.1.3.1 in the Guidelines stipulates the use of a sensor of either the 

ChemiLuminescent detector (CLD) type or Heated ChemiLuminescent  Detector (HCLD) type, 

to analyze oxides of nitrogen (NOx), our test results confirmed that Zirconia (ZrO2) sensors 

would provide the required performance with respect to reliability, accuracy, durability, and 

reusability (see annex).  Therefore, section 1.1.3.1 in the Guidelines should be revised to permit 

the use of Zirconia (ZrO2) sensors for NOx measurement. 

3.2 1-Hertz monitoring

 Although section 3.4.2 in the Guidelines specifies that “1-Hertz minimum chart reading 

of a stable 10-minute sampling interval of each load point should be averaged,” the need for 

1-Hertz minimum chart readings is dubious, as indicated in section 5.2 in the annex to this 

document.  Therefore, section 3.4.2 in the Guidelines should be revised to read as follows: 

“two-point measurements (measurement starting and ending points) or chart readings of a stable 

10-minute sampling interval should be averaged.” 

3.3 Calibration intervals

- According to Table 3 and Table 4 in Appendix 4 (calibration of analysis 

instruments) of the NOx Technical Code, instrument calibration intervals of one to 

six months are specified to ensure the accuracy and permissible deviations for 

measurement instruments used onboard ships. However, calibrating instruments 

for measurements onboard ships imposes technical and costwise problems. 

- Calibration intervals for analytical instruments of the existing NOx Technical 

Code have been developed on the basis of the International Standard ISO 8178-1: 

1996(E). Meanwhile, ISO has revised this standard and deleted fixed calibration 

intervals for analytical instruments by referring to the accuracy requirements, that 

is, “Each analyzer shall be calibrated as often as necessary to fulfil the accuracy 

requirements of this part of ISO 8178”. 

 Based on the above, Japan considers that the calibration interval specifications for 

exhaust gas measuring instruments should be reviewed taking into account the revised 

ISO standard. 

3.4 Ships equipped with engines of the same type

 Amendments should be made so that for ships equipped with two or more engines of the 

same type, compliance with NOx regulations can be confirmed by using direct measurement and 

monitoring for a single such engine and confirming that the engine parameters of other engines 

that affect NOx emissions are identical to those of the first engine inspected by the direct 

measurement and monitoring method. 

Action requested of the Sub-Committee 

4 The Sub-Committee is invited to consider the above comments and take action as 

appropriate.

***
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ANNEX

RESULT OF THE STUDY ON THE ON-BOARD NOx DIRECT MEASUREMENTS 

 AND MONITORING 

1 Preface 

This document summarizes the results of Japan’s study recently performed using three ships, 

following the NOx on-board monitoring tests reported by Japan in MEPC 49/INF.10. 

2 Targets of study 

The recent simulations were undertaken for the following three main purposes.  In particular, the 

first purpose: 1) seeking to verify the feasibility of using zirconia (ZrO2) analyzers as evaluation 

devices (given their attractive cost and ease of maintenance onboard ship), as proposed by Japan. 

.1 Verification of feasibility of zirconia (ZrO2) analyzers based on continuous 

monitoring tests; 

.2 Survey of requests and opinions from the crews of ships involved in the study; and 

.3 Identification of technical and operational problems resulting from 

implementation of regulations. 

3 Outline of the project 

This project is scheduled to be undertaken for a period of three years from 2004, following the 

previous project reported in MEPC 49/INF.10.  For this new project, Japan has selected three 

domestic ships.  For Ship No.1, the test was performed in strict adherence to the 

above-mentioned Guidelines for On-Board NOx Verification Procedure (annex 5 to 

MEPC 49/22/Add.1). For Ship No.2, a long-term verification tests using zirconia analyzers 

identical to the one mounted on Ship No.1 has been conducted.  These tests are still in progress. 

3.1 Introduction of sample ships 

In previous tests reported in MEPC 49/INF.10, we used sample ships equipped with two stroke 

cycle main engines.  In the new project, we chose three domestic ships equipped with four stroke 

cycle engines.  Ship No.1 is a domestic diesel-electric propulsion ship.  Figure 1 shows one of the 

generator engines of Ship No.1. Figure 2 shows the main engine (port side) of Ship No.2. 

Generator engine 530kw 1,200min
-1

 3sets  Main engine 9,900kw 520min
-1

 2sets 

Figure 1      Figure 2 
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3.2 Zirconia analysers 

.1 In previous tests reported in MEPC 49/INF.10, we used air injector system. In the 

new test, we inserted adapter equipped with zirconia (ZrO2) sensor directly into 

exhaust gas pipe. As the mounting base of each exhaust gas pipe, we used the 

sample point connection flange shown in appendix 1 of annex 5 to 

MEPC 49/22/Add.1. 

.2 Adapter 

Figure 3 and Figure 4 illustrate the adapter structure and its mounting configuration. 

   Figure 3      Figure 4 

 Specification of sensor 

Range  :  NOx 0 - 2,500ppm,    O2 0 - 25% 

Repeatability   :  ±1%FS Response time :  0.7sec. 

3.3 Test procedures 

.1 Ship No.1 was an electric propulsion ship, making it possible to perform the test 

in strict adherence to the Guidelines in annex 5 to MEPC 49/22/Add.1.  Thus, 

NOx and O2 were measured only in main generator engine No.3.  Other items 

were measured for all generator engines. 

.2 With Ship No.2, we attempted continuous monitoring for as long as possible 

during the test to verify the durability of zirconia (ZrO2) sensors.  We also 

conducted 10-minute tests, depending on the situation during the continuous 

monitoring period. 

4 Simulation test results 

 .1 NOx and O2 test results 

In accordance with regulations specified in the Guidelines, we performed tests at 

50% and 75% loads.  Before the tests, we calibrated instruments by using NO of 

approximately 1371 ppm/N2 (0.1 MPa) as a span gas for NOx calibration and O2

of approximately 12.75 %vol./O2 (0.1 MPa) as a span gas for O2 calibration.  

Figure 5 shows the output of the generator engine of Ship No.1 and measurements 

of NOx and O2 concentrations. 

Flange
Sensor

Terminal Box 

Cool Air In 

Sensor
Cable

Calibration gas In 
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Figure 5 

.2 Power set point stability (section 3.1.8 in annex 5 to MEPC 49/22/Add.1) 

 The load fluctuations (%C.O.V value) during tests are required to be within 5%.  

The load fluctuations obtained in the five tests performed with Ship No.1 ranged 

from 0.6% to 2.1%, satisfying this requirement. 

.3 Emission volume calculations 

- For Ship No.1, data in 10-minute intervals required for examination was 

extracted from the data indicated in Figure 5, and emission volumes were 

calculated by the universal oxygen balance method. In all five tests, all 

results were within a range of 6.92 to 8.68 g/kWh, compared to the 

maximum limit value of 10.9 g/kWh, thus meeting the requirement.  

Figure 6 shows the results of the tests. 

- For Ship No.2, NOx emission volumes were calculated based on measured 

engine data, fuel oil characteristic analysis data, exhaust gas measurements 

(average of 10-minute data continuously recorded from the beginning of 

engine data collection), and by the universal oxygen balance method.  

Since this ship was not equipped with a shaft horsepower meter, engine 

output was calculated from engine revolutions and pump-rack value on the 

base of the official engine shop test.  Figure 7 gives the results. 

Figure 6      Figure 7 
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The NOx emission measurements obtained in official engine shop test and those 

obtained in actual ship operation are compared below.  The NOx emission 

measurements obtained in official engine shop test were 11.3 g/kWh in the E3-

type test cycle and 10.9 g/kWh in the E2-type test cycle.  In actual ship operations 

using Class-C heavy fuel oil (180 cst), the amount of NOx was 12.3 g/kWh.  

Although this figure is within the ship’s NOx maximum limit value of 

12.88 g/kWh, it is approximately 10% above measurements obtained in the E3-

type test cycle in the official engine shop test. 

5 Analysis and examination 

5.1 1-Hertz data analysis 

 Since Ship No.1 was equipped with high-speed 0.5-Hertz recording equipment for 

meteorological equipment, propulsion equipment, electric generator, and steering system, the 

onboard equipment was used for the 1-Hertz recording of engine parameters.  We added one 

1-Hertz data logger for the recording of the NOx and O2 data from the zirconia (ZrO2) sensor. 

Summarized below are results of tests using measurements obtained at 50% load in the fifth test 

as sample data. 

.1 The electric generator output sensor was of the high-speed response type, enabling 

measurement of load fluctuations.  As shown in Figure 8, the measurement data 

indicates a distribution pattern that implies the test was conducted in a ship sailing 

on calm water.  The basic statistical parameters are as follows: average value ( )

of 254.5 kW, median value of 255.00 kW, mode value of 253.00 kW, and 

standard deviation ( ) of 3.56.  Figure 8 gives the frequency distribution. 

.2 Figure 9 shows the frequency distribution for relative humidity (%) in the engine 

room. Although the data may appear to suggest rapid response, this sensor’s 

response speed was about 5 seconds (to reach 63%).  Therefore, judging from the 

broadening of the base of about 2%, we concluded that the change was within the 

range of acceptable error.  The basic statistical parameters are as follows: average 

value ( ) of 25.83%, median value of 25.85%, mode value of 25.85%, and 

standard deviation ( ) of 0.07.  Figure 9 gives the frequency distribution. 

Figure 8      Figure 9 



BLG 10/14/8 

ANNEX 

Page 5 

I:\BLG\10\14-8.doc 

5.2 Examination of 1-Hertz data 

.1 The temperature and air pressure in the engine room were also measured.  They 

fluctuated within approximately 1% in the same way as the data for engine room 

humidity (Figure 9).  We suspect that these fluctuations resulted from a time delay 

of about 20 seconds resulting from the protective tube provided on the 

temperature sensor, as well as numerically small changes in measurements of air 

pressure in the engine room. 

.2 Temperature, humidity, and air pressure in an engine room cannot fluctuate 

rapidly during a 10-minute time period.  When a test ship is operating in calm 

water, engine-related measurement data should also be stable.  Thus, there is no 

need for 1-Hertz measurement.  For these reasons, we believe that an ordinary 

engine data logger with a sample frequency of about 60 seconds will provide 

sufficient measurement performance. 

.3 The average value of 600 samples of 1-Hertz measurement over a 10-minute 

interval obtained with a slow-response sensor, the value averaged by using the 

time constant of the sensor system, and the value averaged by the data logger were 

virtually identical.  Therefore, a robust, durable and stable measuring system is 

more desirable for long-term measurements than calibrating instruments for 

1-Hertz measurements. 

.4 1-Hertz measurements are usually performed to obtain data on dynamic 

parameters such as flow characteristics. When high-accuracy 1-Hertz 

measurements are necessary, a high-precision, high-response sensor must be used; 

such sensors are very expensive. 

__________
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