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In these days, there has been increased focus on global warming and the exhaustion of resources caused by the heavy con-
sumption of fossil resources. In order to resolve these problems, biomass is increasingly gaining international attention as
a source of renewable energy. Biodiesel fuel produced by the transesterification of vegetable oils and animal fats is expected
to be one of the eco-friendly biomass based alternatives to petrodiesel. This article reviews some of the research for effective

of biodiesel production.
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Table 1. Values for the American Society for Testing and Materials
(ASTM) Standards of Maximum Allowed Quantities in Diesel and
Biodiesel|6]

Property Diesel Biodiesel
Standard ASTM D 975 ASTM D 6751
Composition Hydrocarbon FAME
(Cio - C21) (Ciz - C)
Kin. Viscosity (mm%s) at 40 C 1.9~4.1 1.9~6.0
Specific gravity (g/mL) 0.85 0.88
Flash point (C) 60~80 100~170
Cloud point (C) -15t0 5 -3 to 12
Pour point (C) -35 to -15 -15 to 16
Water (wt%) 0.05 0.05
Carbon (wt%) 87 77
Hydrogen (wt%) 13 12
Oxygen (wt%) 0 11
Sulfur (wt%) 0.05 0.05
Cetane number 40~55 48~60
HFRR® (um) 685 314
BOCLE® scuff (g) 3600 > 7000

*High-frequency reciprocating rig. bBall-on—cylinder lubricity evaluator.
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Table 2. Typical Fatty Acid Compositions of Vegetable Oils and Animal Fats[6,7]

Fatty acid Myristic 14:0° Palmitic 16:0 Palmitoleic 16:1 Stearic 18:0 Oleic 18:1 Linoleic 18:2 Linolenic 18:3
Rapeseed 35 0.9 64.4 223 8.2
Olive 9.2 0.8 34 80.4 45 0.6
Sunflower 6.0 42 18.7 69.3
Safflower 5.2 22 76.3 16.2
Soybean 0.1 10.6 4.8 225 523 8.2
Palm 1.2 479 42 37 9.1 0.3
Corn 1~2 8~12 2~5 20~30 50~60 5~11
Peanut 8~9 2~3 50~65 20~30
Cottonseed 0~2 20~25 1~2 23~35 40~50
Jatropha 14.2 6.9 43.1 34.4
White grease 233 35 11.0 47.1 11 1.0
Poultry fat 222 8.4 5.1 423 193 1.0
Lard 1.7 17.3 1.9 15.6 42.5 9.2 0.4
Tallow 4.8 28.4 14.8 44.6 2.7
Yellow grease 2.7 23.2 3.8 13.0 443 7.0 0.7
Brown grease 1.7 22.8 3.1 12.5 42.4 12.1 0.8
Butter 7~10 24~26 10~13 28~31 1~25 0.2~0.5
*14:0, the alkyl chain contains 14 carbons and zero double bonds.
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Figure 1. Biodiesel manufacturing process|6].
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Figure 2. Homogeneous acid-catalyzed reaction mechanism for the
transesterification of triglycerides: (1) protonation of the carbonyl
group of the acid catalyst; (2) nucleophilic attack of the alcohol,
forming a tetrahedral intermediate; (3) proton migration and break-
down of the intermediate. The sequence is repeated twice[6].
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Figure 3. Simplified acid-catalyzed process. The diagram includes the following: feedstock pretreatment (1), catalyst preparation (2), trans-
esterification and esterification (3), alcohol recycle (4), acid catalyst removal (5), and Biodiesel separation and purification process (6)[6].
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Figure 4. Enzymatic production of Biodiesel.
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Table 3. Yields and Productivities Attained in the Transesterification Reactions of Palm oil with Ethanol Catalyzed by Lipases from Different

Sources Immobilized on POS-PVA Activated with Glutaraldeyde

Lipases immobilize on POS-PVA

Transesterification yield (%)

Productivity (g/(L - h))

Thermomyces lanuginosus (Lipolase)

Pseudomonas fluorescens (Lipase AK)

Burkholderia cepacia (Lipase PS)
Candida antartica B (CALB L)

Penicillium camembertill (Lipase G)

Porcine pancreatic lipase (PPL)

55.00 3.51
91.00 6.40
75.10 4.83
10.10 0.66
7.10 0.47
18.60 1.20

Table 4. Comparison of Various Works on Enzymatic Production of Biodiesel

No Author/year Oil/Enzyme Acyl aceptor Conversion Cost of production
1 Watanabe et al. (2000) Vegetable Novozyme 435 MeOH 90~93 Moderate
2 Samukawa e al. (2000) Soybean, Novozyme 435 MeOH 97 High
3 Ban et al. (2001) Vegetable, R. oryzae MeOH 90 Low
4 Iso et al. (2001) Triolein, P. flourescens BuOH 90 Moderate
5 Shimada et al. (2002) Waste cooking, Novozyme 435 MeOH 90 Low

6 Bako et al. (2002) Sunflower, Novozyme 435 MeOH 97 High
7 Du et al. (2004) Soybean, Novozyme 435 MEOAc 92 High
8 Xu et al. (2004) Soybean, Novozyme 435 MeOH 98 High
9 Li et al. (2006) Rapeseed, Novozyme 435 & Lipozyme TL IM MeOH 95 High
10 Royon et al. (2007) Cotton seed, Novozyme 435 MeOH 97 High
11 Modi et al. (2007) Jatropha, Novozyme 435 EtOAc 91.3 High
12 Hama et al. (2007) Soybean, R. oryzae MeOH 90 Low

Triglyceride

¥

Methyl Esterification |e

Separation
(standing for 30 min.)

upper |

lower

l

Evaporation
of MeOH

Evaporation
of MeOH

k J

Glycerin

Biodiesel

Figure 5. Schematic process of Biodiesel production by supercritical
methanol|[18].
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Figure 6. Effect of molar ratio of alcohol to oil for transesterification
of (a) castor oil and (b) linseed oil at 200 bar for 40 min.
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Figure 7. Kinetics of transesterification reaction for (a) castor oil and
(b) linseed oil at 200 bar and 40:1, alcohol to oil molar ratio.
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Table 5. Conditions and Yield for the Reported Noncatalytic Transesterification[20]

Oil/cosolvent T (C) P (bar) MeOH/TG Reaction time (min)  Yield (%) Research group
Rapeseed 350 450 42 4 95 Saka, S. et al.
Soybean 235 62 6~27 600 85 Papayannakos, NI. e al.
Soybean 120~180 1 3~12 < 1920 < 20 Suppes, G. J. et al.

Soybean/Co," 280 143 24 10 98 Zhang, J. et al.

Soybean/C;Hs” 280 128 24 10 98 Zhang, J. et al.
Canola 420~450 400 11~45 4 100 Taniwaki, K. e al.

Coconut and palm 350 190 42 7 95~96 Ngamprasertsith, S. et al.
Soybean 310 350 40 25 77~96 Zhu, S. et al.
Sunflower 350 200 40 40 96 Kumer, R. et al

Castor and linseed 350 200 40 40 98 Giridhar, M. et al.

Soyben/C;Hgb 288 96 64 10 99 Brignole, E. A. et al.
Soybean 285~290 100~110 10~12 NA 100 Vera, C. R. et al.

Waste o0il/CsHg 280 128 24 17 95 Nisworo, A. P. et al.
Soybean/Co" 350~425 100~250 3~6 2~3 100 George, A. et al.

‘COo/MeOH = 0.1. °C;Hg/MeOH = 0.05.
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B esterification
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Figure 8. Transesterificaion of soybean oil and esterification of #-oc-

tanoic acid with methanol in a flow reactor under atmospheric

pressure. Catalyst = 4 g; (transesterification) flow rate of methanol 4.4

g/h, soybean oil 3 g/h; (esterification) flow rate of methanol 3 g/h;

n-octanoic acid 3 g/h [26].
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