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Abstract : A survey of published papers was carried out to evaluate the technology applied to biodiesel fuel (BDF) in diesel
engines. The paper describes the findings and the development of this research field. The analysis of 44 papers in Japanese
and English established the following points as important with many related studies: (1) the differences in the combustion
characteristics of BDF and ordinary diesel fuel, (2) relations among different feedstock for BDF (FAME composition), the
fuel properties, and combustion characteristics, (3) studies of BDF made from waste edible oil, (4) the spray characteristics
and the mechanisms of the spray combustion, (5) studies of oxidation deterioration of BDF, (6) improvements of low
temperature fluidity for palm oil methyl esters, (7) applications to modern diesel engines, (8) improvements of combustion
characteristics by mixing with volatile fuels or by water emulsification. For the future, the following research themes can be
suggested: development of special engines fueled with BDF, and application of unused feedstock, especially for non edible

oils.
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I
H- c COOR; Catalyst RiCOOCH; ~ H-C-OH
H-C-COOR; + 8CH;0H —> RyCOOCH; + H- c OH

i
H—(P-COORg Methana] R3COOCH3 H- (IJ OH

H Biodiesel H
Vegetable oil (FAME) Glycerol
(Triglyceride)

Ry, Ry, and R; represent the hydrocarbon chain of fatty acid

FTHORMLHOFMNR E 2> T2, —J), KW
% L ZHiAIRE L T 3 bosEICE WTIE, FERh BDF FAME production scheme
DEFEMABEENTE Y [3], HIAAEP NPO A Z b Al
Table 1 Worldwide vegetable oil production [4], production efficiency of oil crops [5], and the fuel properties after transesterification
[6] (O good, /\ average, * poor)
: 3
oil Production  [x10 ton] Yield Iodine value Oxidation I_JOUI;C Low temp.
oH pomt fluidi
2007/08 [tonvhal] *] stability uidity
2005/06 200
/ 6/07 (Prospects) (FAME)
Palm 36,024 37,400 41,727 4 50-55 O 14 X
Soy bean 34,923 36,688 38,612 0.3~0.5 124-139 X -10 O
Rapeseed 18,181 18,443 19,122 0.5~1.1 94-126 A -10 O
Sunflower 10,987 11,258 9,872 04~1.1 120-141 X -12 O
Palm karnel 4214 4,363 4815 0.4~0.5 14-22 @) -5 A
Coconut 3,218 3,067 3,282 0.3~0.5 7-11 O -5 A
Jatropha — — — 1.8~28 95-106 A 2.5 A
*1 Quoted values from JAS standards.
Table 2  Fatty acid composition of feedstock [8]
Fatty acid Beef
tall Linseed Sunflower Soy bean Rapeseed *3 Palm Coconut
Kind C:N*2 ow
Caprylic 8:0 6~10
Capric 10:0 4~12
Lauric 12:0 45~52
Myristic 14:0 2~8 1~3 15~22
Palmitic 16:0 24~35 4~9 3~8 5~12 43 35~48 4~10
Palmitoleic 16 : 1 1~3 0~1 0.1
Stearic 18:0 14~30 2~5 2~5 2~17 1.9 3~7 1~5
Oleic 18:1 30~50 20~35 15~35 20~35 59.7 37~50 2~10
Linoleic 18:2 1~5 5~20 50~75 50~57 21.7 7~11 1~3
Linolenic 18:3 30~58 0~1 3~8 9.4

*2 C: Carbon number, N: Double bond number
*3 Reference: Nihon-yukagakkai, Kijun-yushibunseki-shikenhou (1996) 1146-1151 (in Japanese)
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Table 3 Biodiesel standards of Japan (JIS) and other countries [6]

USA EU Australia Brazil Japan
Number of standards R EN14214 ANP255 JIS K 2390
Density @15°C kg/m® —_ 0.86-0.9 0.86-0.89 near gas oil 0.86-0.9
Kinematic viscosity @40°C mm’/s 1.9-6.0 3.5-5.0 3.5-5.0 3.5-5.0 3.5-5.0
95% distillation temperature C <360 — <360 <360 -
Flash point C >130 >120 >120 >120 >120
Cold filter plugging point C — <5/<-5/<-15 suspension — *4
Pour Point C — <0 — near gas oil *4
Sulfur content mg/kg <15/<500 <10 <50/<10 <10 <10
Carbon residue (Conradson) mass % <0.05 — <0.05 <0.05 —
10% carbon residue mass % - <0.3 <0.30 <0.30 <03
Sulfated ash content mass % <0.02 <0.02 <0.02 <0.02 <0.02
Water content mg/kg <0.05[vol. %] <500 <0.05[vol. %] — <500
Total contamination mg/kg — <24 <24 — <24
Copper band corrosion No.3 Class-1 No.3 No.1 below 1
Cetane number >47 >51 >51 >45 >51
Acid value mg KOH/g <0.80 <0.5 <0.80 <0.80 <0.5
Methanol content mass % —_ <0.2 <0.2 <0.5 <0.2
Ester content mass % —_ >96.5 >96.5 — >96.5
Monoglyceride content mass % — <0.80 — <1.0 <0.80
Diglyceride content mass % — <0.2 — <0.25 <0.2
Triglyceride content mass % — <0.2 —_ <0.25 <0.2
Free Glycerol mass % <0.02 <0.02 <0.02 <0.02 <0.02
Total Glycerol mass % <0.24 <0.25 <0.25 <0.38 <0.25
lodine value — <120 — must be reported <120
Linolenic Acid Methylester mass % —_ <12 — — <12
Polyunsaturated Methylester mass % — <1 — —
Phosphorus content mg/kg <10 <10 <10 <10 <10
Na+K mg/kg — <5 <5 <10 <5
Ca+Mg mg/kg — <5 <5 — <5
Oxidation stability hr. — <6 <6 <6 *4

*4 established by agreement
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Fig.2 Average emission impact of biodiesel fuels in CI engines [11]
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Fig.3 Changes in peroxide value [27]
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Fig.4 Changes in total acid value [27]
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