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ABSTRACT This study evaluated the potential use of blended biofuel oil (BFO) as an alternative to low-sulfur fuel oil (LSFO) for
marine applications, focusing primarily on its emissions and fuel consumption characteristics. Experiments were conducted using a
medium-speed four-stroke marine diesel engine (Tier II) operating on LSFO and blends containing 15% and 30% BFO by volume.
The results showed that PM emissions decreased with increasing BFO content due to the oxygen-rich nature of biofuels, which
enhances combustion efficiency. However, NOx emissions increased slightly. This was probably due to the higher fuel density and
oxygen content, which increased the combustion temperature and reduced the atomization quality. Increasing the BFO ratio increased
the brake-specific fuel consumption because the heating value decreased. Overall, the blended BFOs showed favorable PM reduction
performance compared to LSFO, which confirmed their potential as environmentally friendly marine fuels. However, the increases in
NOx and fuel consumption highlight the need for further optimization and engine-specific evaluations.
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Table 1. E3 test mode

Mode number 1 2 3 4
Speed (%) 100 91 80 63
Power (load, %) 100 75 50 25
Weighting number 0.2 0.5 0.15 0.15

Table 2. Accuracy of emission devices

[tems Ranges Accuracy
CcO 0 ~ 1,000 ppm +2.0% (reading)
THC 0 ~ 1,000 ppm +2.0% (reading)
NOx 0 ~ 2,000 ppm +2.0% (reading)
PM 20 ~ 80 L/min +5.1% (full scale) T3 QA Tkt BE A7) 2ol AuA 7| To
Table 3. Specification of a Test engine Z2HE d5s ol S4 9] AT FA4dS 2R
Model 6H21/32P <4 A% 9] =8 A Y- Table 31} Zom AFA
Combustion cycle 4 stroke of Ax|H Mz Fig, 19 YeRH Tt o= B HA}A]
Out—put an MCR 1,200 kW / 900 rpm 7} AZFE o] 9111 EGR A AEL AL 5|x] oottt =4 2
Bore X stroke I[mmxlmm] 210% 320 Tho] AL RSl 93 A= 9A|7E oA} o5t
Compression ratio 17:1 = A]/\E“o] Hﬁ] oLtz /\]?QOﬂ/\ﬂ HHZ7} JETIN
Idle speed 450 rpm T ol=ET e = =
NOx emission Tier II 2 Pt
Mean Effective pressure 241 bar
Max. Cylinder pressure 181 + 5 bar 22 A3 oE U EM
Aspiration Turbocharger
Exhaust gas recirculation without Table 4= A AHGE ARE A% Ao}, A8t
ok vave|0P%" bIDC 45 deg & qleo] ohah 34 F87121S0 82170 4 275 2
Close bBDC 23 deg T, A% o]Qof YAEA ulo]|QEA THF =28 27}
s i glzzz :fi’gg ig j:i HAPT) Bk, Ak S0] QIARA Al 7lHuiekam
Table 4. Properties of test fuels
ltems LSFO Blend (15%) Blend (30%) Bio—Fuel Oil Test method
Density (15°C, kg/mS) 942.5 944 .2 945,2 950.6 KS M ISO 12185
Kinematic viscosity (50°C, mm?/s) 126.6 102.7 88.61 49,07 KS M ISO 3104
CCAI 816 820 823 836 -
Flash point (°C) 103 117.0 117.5 186 KS M ISO 2719
Sulfur content (wt%) 0.49 0.39 0.33 less than 0,03 KS M ISO 8754
TAN (mg KOH/g) 1.47 0.25 0.45 0.65 ASTM D664
Na (mg/kg) 1.4 3 6 25.8
Si+Al+Fe (mg/kg) 12 4 5 less than 1 ASTM D7111
V (mg/kg) 14 9 8 less than 1
Net heating value (kcal/kg) 9,954 9,723 9,570 8,750 ASTM D240
C 86.68 85.95 83.37 76.54 ASTM D5291
Elementary Analysis H 12.26 11,76 11.84 11,74
(wt%) 0 0.29 2.17 4.18 11.50 Elemental Analyzer
N 0.13 0.10 0.09 0.04 ASTM D5291
Bio—Carbon (%) 0.00 18,00 29.00 98.00 ASTM D6866—24(B)
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