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Abstract

This study conducted a comparative combustion test by applying MGO to a marine heavy fuel oil
boilers for ships using HFO to respond to the increasingly strengthened exhaust emission regulations by
the International Maritime Organization (IMO). As a result of applying the standard test method under the
same surrounding environment and external conditions, the actually measured nitrogen oxide decreased by
approximately 51.06% from 122.08 ppm for HFO to 59.75 ppm for MGO, and sulfur oxide decreased by
approximately 88.08% from 110.53 ppm for HFO to 13.17 ppm for MGO. Referring to the actual
measured oxygen content suggested in the previous study, nitrogen oxide calculated with 4% based on the
standard oxygen concentration decreased by approximately 49.7% from 140.83 ppm for HFO to 70.78 ppm
for MGO, and sulfur oxide decreased by approximately 89.3% from 127.28 ppm for HFO to 13.65 ppm
for MGO. This means that although even simple switching between marine fuel oils that satisty ISO-8217
is effective in reducing exhaust emissions, there are limits to responding to the increasingly strengthened
emission regulations by IMO, and therefore it is necessary to actively utilize the introduction of various
eco-friendly alternative fuel technologies in the future to address them.
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<Table 1> Comparison of fuel oil properties

Specification

List HFO MGO Unit
Density 917.1 840.8 kg/m’
Flash point 172.0 67.5 (¢
Kinematic 60.61 3.011 cSt
viscosity
Sulfur 0.2800 0.0008 %
Color Dark brown Red -

e

[Fig. 1] Comparison of samples of marine fuel.
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<Table 3> Standard measurement method

List Specification Unit Standard )
Parameter Range  Unit
Model VWH-600 ; measurement method
O ES 01314. 1b 0~25 %
Type Z-boiler (water tube) - 2 .
CcO ES 01304. 2¢c 0~1000  ppm
Evaporation 600 kg/h CO, Same O, 0-25 %
Calorific value 323,300 kcal/h NOx ES 01308. 1b 0~1000 ppm
Used fuel oil Bunker-A or C - SOx ES 01307. 1b 0~1000
_ (only SO,) ' bpm
Fuel consumption 39.0 ke/h Temperature Same O, -40~1200 T
Pressure 20.0 kg/em’ Remark: The results is the average of the 3
Burner Type Atomizing nozzle i consecutive measurements taken over 5 minutes.
Forced draft fan 10.9 m’/min W7 EE 24S o sha B gx=
Electric capacity 6.8 kw HeA st o]l Q1 AFEQA Testo-3400= A7H
Control On/Off . SF O W(NIER, 2012), A% AFk-S <Table 4>l
Weight 2,140(dry) ke Hepdigith 54 @uS datag 8l dakskd
2, o|atElR A, HAAshE ksl wir1rt
Water capacity 290 kg

Source: Lee et al, 2021

AAE e Z2H EFios KBRS
| ol w717k 28 FA
=740l 7hsetes 4478k t(Testo, 2010).



<Table 4> Specification of gas analyzer

Parameter Range Resolution  Unit
0, 0~25 0.01 %
CcO 0~10000 1.00 ppm
CO, 0~CO,max 0.10 %
NOx 0~4000 1.00 ppm
SOx

0~5000 1.00
(Only SO,) bpm
Temperature -40~1200 0.10 T
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[Fig. 2] Result of exhaust gas temperature(C).
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[Fig. 4] Result of nitrogen oxides(ppm).
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[Fig. 5] Result of sulfur oxides(ppm).
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<Table 5> Summary of experimental results
Test 1 Test 2 Test 3 Average SD Variation
Parameter
HFO MGO HFO MGO HFO MGO HFO MGO HFO MGo (%)
0; 663 659 609 665 608 669 627 665 028 005  +0.38
co 4899 2653 4888 2325 3801 2454 4529 2478 589 234  -4528
Co; 10.81 1063 1121 1058 1122 1056 11.08 1059 021 004  -0.49
NOx 11574 5860 123.67 59.73 12684 6093 12208 5975 534 107  -51.06
SOx 89.58 1295 11536 11.66 12665 998 11053 1153 1658 152  -88.08
NOx (4%)  136.88 69.17 141.03 7029 14457 7238 140.83 7078 3.14 131  -49.7
SOx (4%) 10595 1528 13154 13.82 14435 1186 12728 1365 1597 140  -89.3
H, 261 280 300 385 230 433 264 366 053 080 +27.86
Temperatre 3024 2668 3203 2812 3281 2929 3169 2803 1224 1146  -11.46
Air ratio 146 146 141 146 141 147 143 146 003 001  -0.02
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