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Abstract — This study dealt with the measurement of exhausted gas concentration, the estimation of a combustion
efficiency, and the review of IMO indexing. We concentrated on establishing the basic data to take a counterplan
coping with CQO, regulations. The average combustion efficiency was 98% in shop test of new engines and
96.5% in sea trial test of new ships, respectively. It would become lower for the old engine or/and ship. High
combustion efficiency results in high CO, emission and low combustion efficiency results in high emission of
incomplete combustion products. The efficient method reducing CO, emission without an increase in noxious
air pollutants would be the development of a substitute fuel and the fuel-efficient and economical engine, and
the fair play among shipping agencies in a ship speed. In reviewing of IMO indexing, it is necessary to begin
by analyzing the carbon content of a marine fuel for a precise estimates.
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Table 1. Theoretical CO; emission

ype of Fue i cojirue
Diesel/Gasoline 0.875 3.21
0.865 3.17
Light Fuel Oil (LFO) 0.86 3.15
Heavy Fuel Oil (HFO) 0.85 3.1
Residual Fuel Oil (RFO) 0.84 3.08
Liquid Petrol Gas (LPG) 0.81 2.97
Natural Gas 0.80 293
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Table 2. Fuel oil specification of low speed 2 stroke diesel engine in
MAN B&W

Designation unit Guideline
Density at 15°C kg/m? <1010’
Kinematic Viscosity at 100°C cSt <55

at 50°C [mm?sec] <700
Flash point °C <60
Pour point °C <30
Carbon residue Y%m/m <22
Ash %m/m <0.15
Total sediment after ageing Y%om/m <0.1
Water %VIV <1.0
Sulphur %m/m <5.0
Vanadium mg/kg <600
Aluminium + Silicon mg/kg <80

Equal to ISO 8217/CIMAC - H55
*Provided automatic clarifiers are installed

a9 AdEE ARSI Hiedl AE SEEE BY, MFO-30/40/
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Table 3. Elementary analysis of marine oil used in this test

A4l

(a) MEXA 9100F

W
(b) PG-250

Fig. 1. Test equipments

TAT PG-250S o835t AR = Fig. 13 Lt
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Analytical method unit Crude oil tank Container
Shop test Sea trial Shop test Sea trial
Density at 15°C ISO 3675 kg/m’ 907.9 966.6 906.9 967.3
Kinematic Viscosity at 40°C I1SO 3104 cSt 9.40 12.40 .
at 50°C 334.2 383.6
Carbon residue 1SO 10370 %m/m 1.60 11.1 1.90 10.4
Water I1SO 3733 %V/V 0.01 0.13 0.01 0.26
Sulphur ISO 8754 %m/m 0.25 3.14 0.24 3.08
Ccarbon %m/m 87.40 84.61 87.39 84.52
Hydrogen Elementary Y%om/m 11.84 11.24 11.86 11.31
Nitrogen Analysis %m/m 0.08 0.27 0.09 0.28
Oxygen %m/m 0.41 0.72 0.40 0.79
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Table 4. Measurement of the exhausted gas concentration
(a) Shop Test
- Engine of Crude Oil Tank ship
Test No. 1 2 3 4
Engine Power % 100 75 50 25
Engine Speed rpm 97.0 88.2 77.0 61.1
Gaseous Emission Data
CO(D) ppm 112.5 97.5 147.5 155.0
COy«D) % 4.31 3.83 3.79 3.76
HC(W) ppmC 72.5 69.5 75.5 87.5
0OyD) % 15.26 1595 15.95 15.97
NOx(D) ppm 976 980 900 990
- Engine of Container ship
Test No. 1 2 3 4
Engine Power % 100 75 50 25
Engine Speed rpm 102.0 92.7 81.0 64.3
Gaseous Emission Data
CO(D) ppm 68.5 50.0 59.0 65.5
COy«(D) % 5.01 4.60 4.82 5.95
HC(W) ppmC 215.5 2475 270.0 227.5
0D) % 14.50 15.00 14.78 14.48
NOx(D) ppm 1136 1410 1550 1678
(b) Sea trial test
- Crude oil tank ship
Test No. 1 2 3 4 5 6 7 8
Engine Power % 50 85 100 Speed Speed Speed Speed Endurance
(78.3%,R1) (78.3%,R2) (90%,R1) (90%,R2) 100%
Engine Speed rpm 79.5 - 100.0 90.6 90.9 95.6 95.7 100.0
Gaseous Emission Data
CO(D) ppm 3434 2225 175.3 2593 241.3 161.8 168.9 150.5
COy(D) % 3.76 4.04 441 3.78 3.57 3.42 3.23 3.45
HC(W) ppmC - - - - - - - -
0D) % 15.46 15.04 14.48 15.40 15.76 16.02 16.29 16.15
NOx(D) ppm 625.9 679.7 787.0 865.0 862.0 661.0 660.0 607.0
- Container ship
Test No. 1 2 3 4 5
Engine Power % 50 75 Speed(85%,R1) Speed(85%,R2) Endurance(89%)
Engine Speed rpm 88.5 101.0 105.0 105.0 105.0
Gaseous Emission Data
CO(D) ppm 82.9 72.5 70.6 71.9 73.9
COy(D) % 4.79 4.64 495 4.93 4.80
HC(W) ppmC - - - - -
0xD) % 14.26 14.46 14.17 14.06 14.21
NOx(D) ppm 1179.0 1101.3 1162.4 1108.3 11333
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Table 5. Comparison between a theoretical value by IMO method and an estimate by Carbon/Oxygen balance method

.. IMO/MEPC Carbon/Qxygen balance
Condition Fuel type -
C content (m/m) Index (tCO./tFuel) Measured C content (m/m)  Estimated Index (tCO»/tFuel)
Sea trial test HFO 0.85 3.1 0.846 + 0.002 2.98+0.03
Shop test MDO 0.865 3.17 0.873 £ 0.002 3.13+£0.05
Table 6. CO, emission from fuel-C
Condition Measured C content Theoretical study Carbon/Oxygen balance
(Yom/m) Index (tCO»/tFuel) CO; Emission (ton/hr) CO, Emission (ton/hr)
Shop test 0.873 3.20 9.051 8.899
Sea trial test 0.846 3.10 13.581 13.101
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