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Continuous Ethanol Fermentation Using Starchy Raw Material
in Pilot Scale Multi-stage CSTR

Nam, Ki-Du*, In-Ki Lee, Hoon-Ho Cho, Myung-Ho Choi and Woon-Sik Kim
Laboratory, I San Trading Co. Ltd, Pusan 608-044, Korea

Abstract — In order to develop more economic processes, continuous ethanol fermentation from
starchy raw materials in a pilot scale multi-stage CSTR was investigated. Ethanol fermentation
could be successfully operated for 30 days with naked barley and 60 days with cassava, respectively.
Starchy raw materials used for this study were ground and passed through a 20-mesh sieve for
low temperature cooking. Under the optimized conditions, the overall productivity of cassava was
1.27g/l-h with an ethanol concentration of 9.51% (v/v), which was higher about 2 times than that
obtained from a conventional batch system in industrial scale
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Table 1. Analytical data of naked barley and cassava

used in this study (unit= %)
Analytical item  Naked barley Cassava
Starch wvalue 66.33 74.50
Fiber — Max. 5.00
Sand/silica — Max. 3.00
Total nitrogen 1.44 0.60
Moisture 10.00 | 11.00

!
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Fig. 1. Schematic diagram for continuous ethanol fer-
mentation.

1: Slurry vessel; 2: Cooker; 3: Saccharification vessel;
4: Yeast culturing vessel; 5~10: Fermentors; 11: Pre-
cooker; 12: Condenser for cooling; 13: Product vessel;

SE: Saccharification enzyme; H: 1N-sulfuric acd, M:
Moter
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Table 2. Operation parameters optimized for conti-
nuous ethanol fermentation using starchy raw materials
with multi-stage CSTR system

Naked barley Cassava

for cooking

Pre-cooking 60C/54 min  Not necessary
Post-cooking 95C/60 min  93C/60 min
For saccharification

Agitation{rpm) 225 150

Temp. and holding  60/8 60/8
time(C/hr)
Fermentor agitation(rpm)

From Vs to V; 225 150

From Vi to Vi, 150 100
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Fig. 2. Profiles of saccharification ratio and ethanol

concentration in continunous fermentation using naked
barley. (Feeding rate=1/2 I/h)
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Fig. 4. Variation of fermentation ratie versus total sugar
concentration in batch fermentation using naked barley.

Table 3. Ethanol losses in exhaust gas generated from
fermentors (Vs, Vs and V,) during continuous ethanol
fermentation with multi-stage CSTRs

Running time(days)

Fig. 3. Profiles of saccharification ratio and ethanol
concentration in continuous fermentation using cassava.
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Table 4. Comparison of kinetic data obtained from multi-stage CSTRs(MS-CSTR) after eperatmn for 28 and
60 days and batch fermentation (BF) depending upon raw materials

y—rreerr p—
——. - m—rruter

I Naked barley Cassava
tem -
MS-CSTRY BF MS-CSTR? BF
Total sugar(%) 17.47 18.26 17.37 17.80
Saccharification ratio(%) 74.06 - 83.11 —
Ethanol(%) 8.92 0,22 951 9.58
Residual sugar(%) 2.04 2.00 0.90 0.89
Fermentation ratio(%) 79.30 78.42 85.03 83.58
Yield(EtOH !/ton)* 390.20 385.90 469.90 461.90
Productivity(EtOH g/I-h) 1.19 0.61 1.27 0.70
DMean figures after running for 28 days using naked barley
OMean figures after running for 60 days using cassava
?Yield was calculated as follows:
Y(O5% EtOH [/ton, raw materials)=starch value(%) X 10X 0.7154 X FR X 0.985/0.95
where, 0.985 1s distillation efficiency.
FR(Fermentation ratic)=actual alcohol conc./theoretical alcohol conc. X100
o o H
NS O|ENE WE ol .
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Fig. 5. Profiles of ethanol concentration and producti-
vity in batch fermentation using cassava.
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