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 Fatty acid methyl esters (FAMEs) are produced from plant oils and the main 

component of biodiesel, which is widely used as alternative diesel fuel. However, 

FAMEs have some drawbacks such as corrosiveness against rubbers and metals, poor 

oxidation stability and poor cold-flow properties. Poor cold-flow properties especially 

restrict the use of biodiesel in cold climates during the winter season. These problems 

are caused by differences in chemical structure from fossil diesel. Therefore, production 

of hydrocarbon, which is often termed renewable diesel, has been researched worldwide 

by hydrotreatment or catalytic cracking of plant oils in order to solve such 

disadvantages. However, the product yield and selectivity on these conventional 

processes may be low due to the relatively severe reaction condition for converting 

triglycerides into hydrocarbons, which leads to various side reactions. In this 

dissertation, therefore, the prediction of the solid–liquid equilibrium of biodiesel and the 

precipitation behavior of biodiesel in low-temperature were investigated. Besides, to 

solve the drawbacks of conventional biodiesel, renewable diesel production process 

from plant oils was proposed and an appropriate reaction condition was discussed. 

Additionally, the fuel properties of the obtained renewable diesel were evaluated. This 

dissertation consists of 6 chapters. 

 In Chapter 1, the background of this dissertation is summarized, which includes 

the prospects and problems of conventional biodiesel and renewable diesel from plant 

oils. 



 The prediction of the cold-flow properties of biodiesel is of great importance 

for practical application. However, biodiesel generally contains a small amount of 

monoglycerides (MGs) as intermediate compounds, which have high melting points and 

often solidify and clog fuel filters. In Chapter 2, a thermodynamic study was conducted 

for mixtures of monoglycerides and fatty acid methyl esters [1]. Temperatures of the 

solid–liquid equilibrium for the mixtures were measured by differential scanning 

calorimetry and visual observation, while the theoretical values were calculated using 

the modified universal quasi-chemical functional-group activity coefficients (UNIFAC) 

model (Dortmund). The theoretical and experimental results were in good agreement, 

especially for binary mixtures of monoglycerides and FAMEs. The importance of 

monoglycerides on the cold-flow properties of biodiesel was determined, and the effects 

could be well described by the modified UNIFAC model (Dortmund). 

 The low-temperature properties of biodiesel are important for actual use. 

Among the low-temperature properties, the cloud point of biodiesel refers to the 

temperature at which crystallization begins on cooling. However, solidified products are 

often formed at a temperature higher than cloud point during storage. Such products are 

known to consist largely of MGs as intermediate compounds. MGs have high melting 

point, which are crucially detrimental to the cold-flow properties of biodiesel. MGs 

have several polymorphic forms, including α, β′ and β, with different melting points (α 

< β′ < β), and this fact makes the behavior of biodiesel at low-temperature complicated. 

In Chapter 3, the precipitation behavior of MGs in biodiesel is discussed focusing on 

polymorphism using 1-monopalmitin and methyl oleate mixtures as a model biodiesel 

fuel [2]. The cloud points (CP) measured were close to the calculated solid-liquid 

equilibrium curve for α-type 1-monopalmitin. However, precipitates formed at 

temperatures higher than the CP when the mixtures were held at temperatures lower 

than the equilibrium curve of the β′ form. This indicates that the β′ form causes a risk of 

precipitation at temperatures above the CP and that the CP is not a suitable indicator of 

the cold-flow properties of biodiesel. 

To overcome conventional biodiesel drawbacks, hydrocarbon productions from 

plant oils with the hydrotreating and catalytic cracking are being researched worldwide. 

However, the product yield and selectivity on these processes may be low because the 

presence of unstable double bonds in fatty acid moieties and the relatively severe 

reaction condition. In Chapter 4, hydrocarbon (renewable diesel) production from 

rapeseed oil was studied with hydrothermal hydrogenation and subsequent 

decarboxylation in a batch-type reaction vessel [3]. An appropriate reaction condition 

for hydrothermal hydrogenation was found to be 270 ºC/ 5 MPa (H2) with water and a 



Pd/C catalyst for 60 min, under which triglycerides were simultaneously hydrolyzed 

and hydrogenated into saturated fatty acids in a yield of 98.4 mol%. The obtained 

saturated fatty acids were then decarboxylated to hydrocarbons under the condition of 

300 ºC/ 1 MPa (H2) with Pd/C for 120 min in a yield of 91.5 mol% on rapeseed oil. In 

addition, the composition of the obtained hydrocarbons corresponded nearly to that of 

the fatty acid in rapeseed oil. Such a result indicates that the composition of 

hydrocarbons produced in this proposed process can be foreseen from fatty acid 

composition of the feedstock triglycerides. By blending the obtained hydrocarbons from 

rapeseed oil with an adequate amount of fossil diesel, the blended fuel could satisfy the 

specification standard of fossil diesel in Japan. 

 Various plant oils such as rapeseed, soybean, sunflower and olive oils are 

available as a feedstock for renewable diesel. These plant oils are composed mainly of 

C16 (palmitic acid) and C18 (stearic, oleic, linoleic and linolenic acids) fatty acids. 

However, several plant oils, for example, coconut and palm kernel oils, have unique 

fatty acid compositions with shorter carbon chains, such as C10 (capric acid), C12 

(lauric acid) and C14 (myristic acid). The difference in carbon-chain length may affect 

the reaction conditions of the proposed two-step process. The fuel properties of 

hydrocarbons that are produced from coconut and palm kernel oils may differ from 

those that are produced from typical plant oils. In Chapter 5, hydrocarbon production 

from coconut oil for use as a renewable diesel was studied by the two-step process: 

hydrolysis coupled with hydrogenation and subsequent decarboxylation [4]. In the first 

step, coconut oil was treated in subcritical water at 270 °C/5 MPa (H2) with a Pd/C 

catalyst for 60 min, in which triglycerides were hydrolyzed and hydrogenated into 

saturated fatty acids with a yield of 91.2 mol%. In the second step, the obtained 

saturated fatty acids were decarboxylated into hydrocarbons as renewable diesel at 

300 °C/1 MPa (H2) with Pd/C for 360 min. However, its yield was only 53.3 mol% 

based on coconut oil. Although the reaction time for the hydrolysis/hydrogenation of 

coconut oil was the same as that of rapeseed oil that was studied in Chapter 4, the 

complete decarboxylation conversion took three times longer. Such differences in 

reaction time and final hydrocarbon yield are related to the shorter coconut oil chains. 

The obtained renewable diesel was evaluated and their cold-flow properties were 

satisfactory, but the flash point and kinematic viscosity were out of the fossil diesel 

specification standard range in Japan, unlike those from rapeseed oil. The renewable 

diesel properties could be improved by blending an adequate amount of fossil diesel to 

satisfy the specification. 

Finally, concluding remarks of these researches are summarized in Chapter 6 



with the future prospects of this dissertation. 
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