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Abstract

Bunker C fuel oil is a high-viscosity oil obtained from petroleum distillation as a residue. The sulfur content of
bunker C fuel oil is limited to 4.0% or even lower to protect the environment. Because bunker C fuel oil is burned
in a furnace or boiler for the generation of heat or used in an engine for the generation of power, carbon dioxide is
emitted as a result of combustion. The objective of this study is to investigate CO, emission characteristics of bun-
ker C fuel oil by sulfur contents. Calorific values and carbon contents of the fuels were measured using the oxygen
bomb calorimeter method and the CHN elemental analysis method, respectively. Sulfur and hydrogen contents,
which were used to calculate the net calorific value, were also measured and then net calorific values and CO, emis-
sion factors were determined. The results showed that hydrogen content increases and carbon content decreases by
reducing sulfur contents for bunker C fuel oil with sulfur contents less than 1.0%. For sulfur contents between
1.0% and 4.0%, carbon content increases as sulfur content decreases but there is no evident variation in hydrogen
content. Net calorific value increases by reducing sulfur contents. CO, emission factor, which is calculated by
dividing carbon content by net calorific value, decreases as sulfur content decreases for bunker C fuel oil with sul-
fur contents less than 1.0% but it showed relatively constant values for sulfur contents between 1.0% and 4.0%.
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Table 1. Description of the bunker C (B-C) fuel oil sam-
ples used in this study.

Sulfur content No. of samples

(Fuel name) 2013 2014 Total
<0.3%(0.3% B-C) 12 11 23
0.3~0.5%(0.5% B-C) 8 11 19
0.5~1.0% (1.0% B-C) 12 1 23
1.0 ~4.0% (4.0% B-C) 10 12 22
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0.3% B-C 0.25~0.30 0.25 0.30 0.27 11.74~13.46 11.74 13.46 12.26
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Fig. 1. Variation of hydrogen content by sulfur content in bunker C fuel oil.
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Fig. 2. Mechanistic pathways (hydrogenolysis and hydrogenation) for the desulfurization of sulfur compounds (Song et

al., 2007).
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Fig. 3. Variation of carbon content by sulfur content in bunker C fuel oil.

Table 2. Comparison of the measured results with the calculated values

Determined value (A) Calculated value (B) Difference (A-B)
Fuel
S (%) C (%) H (%) C (%) H (%) C (%) H (%)
0.3% B-C 0.27 87.31 12.26 88.51 10.92 -1.19 1.34
0.5% B-C 0.44 87.39 12.01 88.36 10.90 -0.97 1.11
1.0% B-C 0.88 88.01 10.90 87.97 10.85 0.04 0.05
4.0% B-C 2.73 86.32 10.65 - - - -

Note 1. S, C, and H refers to sulfur, carbon, and hydrogen, respectively.

Note 2. Determined values are the average of each measured value.

Note 3. Calculated values were obtained on the assumption of the sum of carbon, hydrogen, and sulfur content is constant regardless of sulfur content.
Measured sulfur value was used to calculate carbon and hydrogen values.
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Fig. 4. Variation of hydrogen/carbon ratio by sulfur content in bunker C fuel oil.
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Fig. 5. Variation of net calorific value by sulfur content in bunker C fuel oil.
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Fig. 6. Variation of calculated enthalpy of combustion by sulfur content in bunker C fuel oil.
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0.3% B-C 0.25~0.30 0.25 0.30 0.27 75.35~77.50 75.35 77.50 76.31
0.5% B-C 0.38~049 0.38 049 044 75.59 ~78.58 75.59 78.58 76.93
1.0% B-C 0.71~0.95 0.71 0.95 0.88 77.51~79.85 77.51 79.85 78.94
4.0% B-C 2.16~3.18 2.16 3.18 273 78.02~79.38 78.02 79.38 78.67
Fig. 7. Variation of CO, emission factor by sulfur content in bunker C fuel oil.
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