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Abstract : Recently, the global weather change phenomenon is appearing as abnormal climate changes all
over the world. These changes in global temperature are reported by researchers as the effect of global
warming. Such weather changes will occur frequently and continue to occur in countries around the
world, including Korea, so national policy support is needed. In addition, international cooperation is
actively needed although there are differences in policy depending on the interests of each country; and
cooperation must be strengthened to avoid disaster caused by ecological destruction. Globally,
low-carbon, green growth is being promoted against climate change in accordance with the carbon tax
agreement. Bio fuels that can be used directly for transportation are also being researched in Korea, but
it is reported that they are being used more abroad. Bio fuel is a renewable resource such as vegetable
oil or animal fat, which is environmentally beneficial, decomposes safely by microorganisms, is
reproducible, and has less air pollution than fossil fuels. Various studies are being attempted on the use
of bio fuel because it can be applied to the existing system without modification or modification of the
existing diesel engine, has fewer pollutants, and can be produced anywhere in the world. Unlike many
bio diesel fuel (BDF) studies on automobile engines or on land, there are relatively few studies on bio
diesel fuel for marine engines. This study uses marine gas oil (MGO), bio diesel fuel, and pure bio fuel
for marine diesel engines used in ships in actual operation according to fuel type and load. The purpose
is to measure the exhaust gas and air pollutants emitted during operation in real time to operate the

engine efficiently and eco-friendly with the optimum engine load and fuel oil mixing ratio.

Key Words - Exhaust gas, Nitrogen oxide (NOx), Carbon dioxide (CO,), Carbon monoxide (CO), Bio
diesel fuel (BDF)
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Table 1 Specification of Test Engine

HOITIO| H5H B7|7kA S4B

Yanmar Diesel Co.,

Engine Manufacturer Ltd

Engine Model 6HAL2-DTN

Date of Engine Build February, 2001

Serial Number 1708

Vertical Single
Acting 4 - Cycle
Diesel Engine

Engine Type

=

Table 2 Test Condition of Exhaust Gas Emission of
Test Engine

Engine test cycle D2

Rated speed (rpm) 1200

Rated power (kW) 200

D2 mode (g/kWh) 9.49
Heavy Fuel Oil (0.865 @

Fuel type 20C)

Table 3 Result of Exhaust Gas Emission Test on

Firing Order 1-4-2-6-3-5-1

Fig. 1 Photo of Test Engine
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Fig. 2 Schematic Diagram of Test Engine
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Number of Cylinder 6 Technical File
Cylinder BorexStroke (mm) 130x165
Total Stroke Volume (£) 13.14 D2 Mode 1 2 3 4 5
Mean Piston Speed (m/s) 6.60 Power (%) 100 | 75 | 50 | 25 10
Rated Output (PS) (271) Speed (%) 100 | 100 | 100 | 100 | 100
Rated Revolution min™! 1200 Fuel 1?0/\;1/ rate | 400 | 312 | 211 | 120 | 66
Mean Effective Pressure (15.47) : (kg/h)
(kgf/cm) Alr ﬂoyﬁ a1 | 9204 | 7111 | 5444 | 4714
Dry Mass(Approx.)(kg) 1420 (kg/h)
Fuel Oil Marine Diesel Oil Exhaust gas flow

rate (ke/h) 11773 | 960.3 | 737.2 | 559.2 | 4769

Exhaust gas | o051 4195 | 3683 | 2857 | 1987
temperature (C)
concentration, |1 1e4 5911144 35| 940,13 | 491.84 | 247.77
dry (ppm)
CO concentration,| 5, 0> | 50p | 5002 | 122.52 | 23131
dry (ppm)
CO,
concentration, dry| 7.80 | 725 | 633 | 468 | 295
(%)
emission value
9.49
(g/kWh)

Table 32> AZ A ZAFANA A F3F Technical
File 49| wi&7t2 15 AlE AFo|th. dats)
E(NOx) &3kl 9.49 gkWhZ T Az H=x
FAe] FxAEE H1E7]EQ 109 gkWh ©]3)
Z BE3e e 4 AT

B A= viE7t2 Y Co, CO,E =A 3}

7] ) MR EHor Z4 Aol w1

I Ae A 2FHEHS o] 8T HIE4HE S
A EAH(Non-Dispersive Infrared Gas Analysis
Method)& 283t om, d44tstE 545 sl
HAAAAME o] 83k AA3}s)t Al A H (Electrochemical
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Table 4 Specifications of Exhaust Gas Analyzer Table 59} 62 Ao AR vyl AHF 2 nf
Method °ole Ame EAS YERITH
Measure- Resolu
measure-| Range . Accuracy
ment gas -tion
ment AlS] HiEH
o | D |0-3:000[ 7003 ppm 2.3 A= &H
ppm |~ PP™or +3% reading B A AY A9 B FA%E
) . +0.5% . Bl 1no o
CO; | NDIR | 0..40% [0.01%| = 50" ding 1,200 rpmell w3l F3F 10%(20 kW), 25%(50
0..3000 +0.5% kW), 50%(100 kW)2] 37}A] F3lellA A-f9} v}
NOx EcSM | 7 1 ppm o .
ppm or +3% reading ol AR EFFMIE AHF 100%t vlol A

2(0%)= B0, A(80%)9 HlolL AF(20%)=
Sensor Method, EcSM)& A& T} Table 4= 11 B20, 7A-7(50%)2F HFol & A F(50%)= B50, HFo]
5 k2 22482 MRUAL Vario Plus®] 2 Al & AE(100%)= B1002] 47H4] %2 ZHA0=

Yol % 12 modeE EATNIL, A} viol A5
e A7 |MixenE ©]8F ¢AF A8E A
2.2 A EX[Q A= &t WiEE = w7t E SASAT
Fig. 32 7|34 5% Ao A== Yephdt)
Table 5 Properties of Marine Gas Oil <+ A AF AZ(Test Engine)e] el T3
Aol Az Eal ewmi elsisitt.
Net Calorific Value 42.8
! Ml/kg
. o 0.822-
Density g/em®* @ 15C 0.834
.o 0.40
Acidity Total mgKOH/g Max
. . Ash mass wt% 0.02 NO.1 DIG ENGINE NO2DIG ENGINE HIG ENGINE
Specification Max - = =
Romsbottom Carbon, 10% | 0.15
residue mass% wt% Max
CAL. Cetane 48.0
Index(D4737) Min
Viscos. Kin, @40C mn?/S | 1.9-5.5
Flash PoinC 45-67
Sulfur wt (ppm) 3.6-6
Table 6 Properties of Bio Fuel
Net Calorific Value 372 i )
MJ/kg : J d HARBOR SERERATIR No2 GOERATOR Yol GENERATOR
Density glen? @ 15C glen? | 0.92 = -
Acidity Total mgKOH/g | 15.0 - ’ pat
Ash mass wt% 0.10
. . Max
Specification
Ash Content ppm 460
Nitrogen ppm 500
Viscos. Kin, @50C mn?/S | 26.89
Flash PoinC 132.0 e
Sulfur wt ppm 260

Fig. 4 Load of Test Engine
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Fig. 5 Configuration of Exhaust Gas Measurement
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Table 7 Operation Condition of Test Engine

Power Bio Qperation Measurgment
Fuel | interval duration
Unit kW % min min
mode 1 20 BO 10 3
mode 2 50 BO 10 3
mode 3 | 100 | BO 10 3
mode 4 | 20 | B20 10 3
mode 5 50 | B20 10 3
mode 6 | 100 | B20 10 3
mode 7 20 | B50 10 3
mode 8 50 | B50 10 3
mode 9 | 100 | B50 10 3
mode 10 | 20 | B100 10 3
mode 11 | 50 | B100 10 3
mode 12 | 100 | B100 10 3
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File A+2] w77}~ EAZS
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g Ao 3 9 vloje HA AR £F
HI& Table 79 AA#ES & FF3192, 48 &
Aoz 713 ex9} ety e Zhz7) 3o°c9} 1 bar2
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Fig. 6 Characteristics of Exhaust Gas of NOx

Technical File
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Fig. 9 Characteristics of CO Emission
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Table 8 Condition of Operation Test

Unit 10% 25% 50%
(20kW) | (50kW) |(100kW)
Fuel flow | o | 66 12 | 211
rate

Exhaust gas

oS B8\ kgh | 477 559 737

NOx g/kWh 7.96 7.83 8.29

CO g/kWh 4.27 1.39 2.16

CO, % 3.5 5.4 7.0
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