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Scale-up of an enzymatic biodiesel production system
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Hideo Noda'?* (Bio-energy Corporation, Research and Development Laboratory, 2-9-7
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Science and Engineering, Graduate School of Engineering, Kobe University, 1-1 Rokkodai,
Nada, Kobe, Hyogo, Japan 657-85017) Seibutsu-kogaku 92: 262-269, 2014.

An enzymatic packed-bed reactor (PBR) integrated with a glycerol-separating system was used for
batch methanolysis of waste cooking oil, which was further applied to continuous flow- and circulating
reaction systems for scale-up. In a batch reaction system, methyl ester content in the effluent and amount
of removed glycerol in the glycerol-separating tank increased with increasing cycle number of the reac-
tion mixture, yielding 94% and 104 g (based on 1000 g of waste cooking oil), respectively. The PBR was
successfully operated over 30 batches realizing both a high methyl ester content and an efficient glycerol
removal. In a continuous flow reaction system, where ten PBRs were connected in series, 5.4 L/h of the
effluent with a methyl ester content of 95.7% was obtained from waste cooking oil with the reduced vis-
cosity. After glycerol adsorption and methanol evaporation, the resulting product (B5) met the standards
specified in the act on the quality control of gasoline and other fuels. In a circulating reaction system,
where the effluent is continuously fed into the material tank, reaction rate of the PBR was lower than that
in a flow system; however, the results show that the circulating reaction unit possessing one PBR is ap-

plicable to the production of biodiesel at 200 L/day.
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Fig. 1. Schematic of a packed-bed reactor integrated with a
glycerol-separating system.
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Fig. 2. (a) Schematic of reactor configuration in a continuous flow system: (1) reservoir tank (200 L); (2) pressure gauge; (3)
reaction column; (4) glycerol-separating tank; (5) reaction mixture-feeding pump; (6) methanol-feeding pump; (7) glycerol-
adsorption column; (8) product; and (9) methanol tank. (b) Schematic of reactor configuration in a circulating flow system: (1)
reservoir tank (250 L); (2) methanol tank; (3) reaction column; (4) glycerol-separating tank (40 L); (5) glycerol-adsorption column;
(6) buffer tank; (7) product tank; (8) reaction mixture-feeding pump; (9) methanol-feeding pump; (10) heat exchanger; (11)
condenser; (12) methanol-recovery tank; (13) vacuum pump; and (14) filter.
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Fig. 3. Methanolysis in a packed-bed reactor integrated with a
glycerol-separating system. The effluent and removed glycerol
were collected after each cycle number. Symbols: (@) methyl
ester content in the effluent; (O) viscosity of the effluent; and
(£ ) methanol content in the effluent. Data show averages and
standard deviations of five independent experiments.
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Fig. 4. Glycerol amount removed in glycerol-separating tank.
The amount of removed glycerol was measured at each cycle
number and expressed as an integrated amount. Data show
averages and standard deviations of five independent
experiments.
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packed within 11th and 12th columns. Data show averages and standard deviations of six experiments.
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Table 1. Fuel properties of biodiesel obtained from enzymatic PBR.

Property Unit Result Standard (JIS K2390)  Analytical method
Density (15°C) g/cm? 0.8875 0.860-0.900 JISK 2249.5
Viscosity (40°C) mm?/s 4.623 3.50-5.00 JISK 2283
Flash point °C 164 =120 JIS K 2265-3
Sulfur content % mass < 0.0005 =0.0010 JIS K 2541-7
Cetane number — 51.5 =51.0 JIS 2250
Sulfated ash content % mass <0.005 =0.02 JISK 2272.5
Water content mg/kg 178 =500 JISK 2272.5
Total contamination mg/kg 1 =24 EN 12662
Methanol content % mass 0.04 =0.20 EN 14110
Monoglyceride content % mass 0.34 =0.80 EN 14105
Diglyceride content % mass 0.19 =0.20 EN 14105
Triglyceride content % mass 0.10 =0.20 EN 14105
Free glycerine % mass 0 =0.02 EN 14105
Total glycerine % mass 0.13 =0.25 EN 14105
Metal (Na) mg/kg <1 (Na+tK) =5 EN 14108
Metal (K) mg/kg <1 EN 14109
Metal (Ca) mg/kg <1 (CatMg)=<5 EN 14538
Metal (Mg) mg/kg <1 EN 14538
Phosphorus content mg/kg <1 =10.0 EN 14107
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