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ABSTRACT

To develop an attrition coupled enzyme reactor with high efficiency-low energy consumption for saccharifica-
tion of insoluble biomass, a 5L horizontal paddle type bioreactor was constructed and its performance was
evaluated. The optimal condition for saccharification of 50g @ -cellulose / L was found to be 200rpm with
500g of 3mm glass bead. Especially, the horizontal paddle type bioreactor was very effective for saccharifica-
tion of high concentration of insoluble cellulose, in which around 72% of @ -cellulose was saccharified for
75g @ -cellulose /L, and even up to 70% for 100g of @ -cellulose /L after 24hours. Under the optimal
condition, the power consumption was measured to be around 1.7watth/g. Horizontal paddle type bioreactor
seems to have an appropriated structural feature for industrial scale operation and to be an effective and energy

saving attrition coupled enzyme reactor.
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Fig. 1. The shape and dimension of heorizontal
paddle type bioreactor (dimension; mm).
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Fig. 2. Hydrolysis of cellulose with and without
glass bead; 5%(w/v) slurry concentration,
500g glass bead/L, 200rpm, 55°C.
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Fig. 3. Effect of agitation intensity on enzymatic
hydrolysis of cellulose in a horizontal
paddle type bioreactor; 5% (w/V) slurry
concentration, 500g glass bead/L, 55°C.
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Fig. 4. Effect of the amount of glass bead

charged on enzymatic hydrolysis of
cellulose in a horizontal paddle type
bioreactor; 5% (w/v) slurry concentra-
tion, 200rpm, 55°C.
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Fig. 5. Effect of different milling media of the
same volume on enzymatic hydrolysis
of a-cellulose in a horizontal paddie
type bioreactor; 5% (w/v) slurry concen-
tration, 200rpm, 55°C.
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Table 1. The Comparison of Energy Consumption Required for Half Saccharification and 1g

Reducing Sugar Production.

Power Ty* EC ECG
(watt/L) (hr) (watt-h/L) (watt*h/g)
Agitation Speed
100rpm 5 8.2 41 1.49
300rpm 16 4.4 70.4 2.56
Amount of Glass Bead
300g/L 7 10 70 2.55
400g/L 8 7 56 2.03
600g/L 11 5 55 2.0
700g/L 13 6.2 80.6 2.93
800g/L 15 6.2 93 3.38
Different Milling Media
6mm Glass Bead 16 10 160 5.82
Cellulose Conc.
75g/L 10 6 60 1.54
100g/L 9 5.4 48.6 0.88
Bioreactor Type
ABTB 4.33 10 43.3 2.62
TDTB 11.12 4 44 .48 1.63
Standard** 9 5.2 46.8 1.7

* T% ; Half Saccharification Time (hr)

EC ; Energy Consumption Required for Half Saccharification
ECG ; Energy Consumption Required for 1g Reducing Sugar Production

ABTB ; Agitated Bead Type Bioreactor
TDTB ; Tumbling Drum Type Bioreactor

**Standard hydrolysis condition; 5% (w/v) slurry concentration, 200rpm, 500g glass bead/L, 55°C.
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