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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Study of the Diesel Combustion Characteristics of Coconut Oil Biodiesel Fuel
Name: Akira Itakura

With the objective of improving the effectiveness of biodiesel fuel (BDF) manufactured from coconut oil for the
cold flow properties and life cycle CO2 emissions, experimental studies were conducted by manufacturing
coconut oil ester fuels with various types of alcohol including Bio-butanol. Experimental studies were then
conducted to analyze their fuel properties, diesel combustion and emission characteristics. In order to further
improve combustion, the effects of blending manufactured coconut oil BDF with bio-butanol were experimentally
considered.

In Chapter 1, this paper also sets forth the current state of global warming, a worldwide environmental problem
that forms the backdrop for this study, and also states potential future countermeasures in relation to Japan's
energy situation. The paper also states the possible benefits and feasibility of renewable energy sources like
Bio-Diesel Fuel (BDF) as one potential countermeasure. Moreover, I have also consolidated potential issues and
considerations based on reviewing BDF literature and have summarized the superiority of alcohol-blended fuels.

Chapter 2 describes the experimental apparatus, procedures and analysis.

Chapter 3 discusses experiments in improving the cold flow properties of coconut oil BDF and in reducing the
lifecycle CO2 emission by using bio-alcohol at BDF manufacturing, varying the types of alcohol used at
transesterification. Coconut oil ester fuels were made from 4 alcohols (ethanol, 1-propanol, 1-butanol, iso-butanol)
which do not have more than 4 carbons.The fuel properties of coconut oil ester fuels were measured and the
combustion and exhaust gas characteristics were investigated using a direct injection diesel engine. These results
were compared with JIS No.2 diesel fuel (gas oil) and coconut oil methyl ester (CME) made from methanol. This
result shows that the more carbons and side chain properties increased the branching of the molecular structure,
the more pour point lowered. Of the 5 considered coconut oil ester fuels, the pour point of coconut oil butyl ester
(CBE) made with 1-butanol was -10 “C, the pour point of coconut oil isobutyl ester (CiBE) made with iso-butanol
was the lowest at -12.5 °C, which means it improved 7.5 °C compared to CME and approached to -15 °C which is
fuel diesel pour point, In addition to that, the more number of carbons and sidechains of Alcohol increased, the a
little bit more HC, CO and Smoke in exhaust gas, but it lowered than gas oil. We found that CiBE was the most
effective as alternative diesel fuel of the 5 coconut oil ester fuels tested in our experiments. From a cold flow
perspective, the ease of converting CiBE, ester showed that CBE was most promising.

In Chapter 4, to reduce smoke emission from coconut oil methyl ester (CME), the fuel properties were measured
compared to coconut oil methyl ester (CME), mixed 40mass% 1-butanol as bioalcohol, and compared these to
CME and JIS No.2 diesel fuel about exhaust gas characteristics after experiment using a direct injection diesel
engine. In addition to that, we compared also difference of base fuel, when we use 1-butanol 40mass% blend fuels
based on JIS No.2 diesel fuel, rapeseed oil methyl ester (RME) and Palm oil methyl ester (PME). As a result, the
blend fuels based on CME had its pour point at -12.5 °C and we found that it improved 7.5 °C than CME, and that



it could work constant engine speed stable operation with all loads, then thermal efficiency was same level with
CME and diesel fuel, though ignition was delayed than CME. Furthermore, compared to the blend fuels based on
PME and RME, the blend fuel based on CME delayed ignition and increased HC, CO with lower load than PME
or RME with 40mass% 1-butanol, but smoke decreased most in the test fuels due to the high oxygen percentage
content, it was shown that butanol mixture was most effective with CME.

In Chapter 5, to improve the cold flow properties and decrease smoke from exhaust gas as mentioned in Chapter
3, we considered a blended use of bio-butanol. Here, while measuring the fuel characteristics of CBE mixed with
1-butanol at 10-40%mass, as to diesel combustion and exhaust gas, we experimented on the effect of 1-butanol
blend ratio, and then compared and considered situations using CME, CBE JIS No.2 diesel fuel. As a result, the
more mixed ratio of 1-butanol increased, the more pour point of CBE lowered. In the case of 1-butanol mixed
CBE, HC and CO density in exhaust gas increased, while in the case of less than 30mass% mixed butanol, the
density was not more than gas oil level. In the case of 1-butanol 30mass% mixed CBE and 1-butanol 30mass%
mixed CME, there were not obvious difference. Regarding of smoke density under high load, the more mixed rate
of 1-butanol increased, the more this density decreased. On the other hand, NOx density didn’t changed, even
mixed rate of 1-butanol rate increased. When we comprehensively considered about pour point, thermal efficiency
and properties of combustion and exhaust gas, we found that most suitable mixed rate of 1-butanol is 20-30mass%.
From the above results, pour point and smoke in exhaust gas could be improved by mixing 1-butanol and CBE,
manufactured with 1-butanol, and this combined fuel would be efficient as diesel alternative fuel. Even when
mixing isobutano with CiBE, it can be estimated that the obtained qualitative result would be the same.

Chapter 6 shows the conclusion of this study.
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