The Society for Bioscience and Bi oengi neering, Japan

19915F 55 Tra—-LEEOX VA VEIE 355
(B T4k #69% H5% 355-362. 1991)

BRI T A BERETFH LT L2 — L
BEDOF v A vHlE

P

EA - fFHELS - it 1ERE

K BAERE A B FERT
7663 PEE M4 EHTERET4-9

(PR32 A218%M FH3E6 A108XHE)

On-line estimation of ethanol concentration in continuous fermentation using a mass-flow

*

meter. Kazuo MATSUURA,

Masato Hirorsune, Fujio Nakapa, and Masaaki

HamacH1 (General Research Institute, Ozeki Co., Ltd., 4-9 Imazu Dezaike-cho, Nishinomiya-
shi, Hyogo 663) Hakkokogaku 69: 355-362, 1991.

A method for the estimation of ethanol concentration using a mass-flow meter to detect

the CO, evolved from a continuous fermentor was developed. In a single-stage reactor, an
estimating equation was theoretically constructed from a differential equation of mass
balance for ethanol production. It was:

t t !
P=exp(— fDdt){ J‘ exp ( fDdt)K Veoy/ Vdt+ Py} .
10 10 10

Here, if the dilution rate, D, and CO, gas flow rate, Vco,, from time {; to ¢ were given, the
ethanol concentration could be determined. The constant, K, defined as the amount of
ethanol produced (g) per liter of evolved CO,, was affected by the temperature in the con-
tinuous fermentor. A learning method to identify the constant in the running reactor is pro-
posed. By this method, when about 10 ethanol measurements were obtained by gas
chromatography, the constant was identified with near accuracy, and differences between the

measured and calculated values were very narrow.
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Fig. 1. Schematic diagram of gas-liquid separator.
Fermented sake consisting of liquid and gas from the
continuous fermentor enter compartment A; the li-
quid phase of the sake flows down to compartment
C, through the tube B. On the other hand, the gas
phase exiting from compartment A is sent to a flask
of 60% H,SO, and a mass-flow meter.

EALLWET D7 A%60% B KERE Y BB
SRDHT LRI DAKRSHER . e REHFEEE S &
URIEBRAET 2 7 AEERBECE . T A
Ji#i KOFLOC #H U EEM B THIE L. k&
BORTHEMIT 20°C, 1 SEC KT AEE LTH
&R, A DavA_A—2%HLTavea.—2rR
hhi, BRET -4, BREEL L LERELL.

BRI UER

T a—LREHTER

1. BEISREEE ESRBCRTATLa—-LR
EORRBIZII D0 DB|EN D B2, EELN K
DRI VRIEBTRETH - EBE LTV 3. AR
B3I B 7 A 2 — LVERIICEET 2 REEFRRIL,

dP/dt=vX (1)

THY, TZT, t 3BM, PR7Ara—LVBE, X
REGRE, vIHEREETHS. Tr=z—A4ER
EFE BRI CO, £ & BB H 2 & LT,
(DRI KRDI>TEZHLOND.

dP/dt=K Vo)l V @

T, Veo ik CO, REHEE, KIZEKTHY, &,

100,

[ ]
o
T

(223
o

P (g-ethanol/l)
)

N
o

A Il 1

0 1
0 10 20 30 40 50
S VeoudtiV
(l-gas/I-broth)

Fig. 2. Relationship between evolved CO, gas volume
and produced ethanol in batch fermentation at room
temperature. The arrow indicates the turning point
of the slope. Two mass-flow meters were employed,;
O and @.
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Fig. 3. Relationship between evolved CO; gas volume

and produced ethanol in the pre-fermentor operated
by the repeated fed-batch method. Symbols are the
results of different experiments; O, @, and O.
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Fig. 4. Simulation analysis of continuous fermentation
with immobilized yeast cells according to Eq. (7).
Lines were calculated from the dilution rate (feed
rate divided by broth volume) and gas flow rate.
Symbols are measured values. Conversion con-
stants, K,, were decided at various temperatures by
the shooting method, i.e. iteration until the square
sums of differences of the simulated and measured
values were minimum. P, ethanol conc.; F, feed
rate; Vco,, CO, flow rate every 10 minutes.
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Fig. 5. Effect of temperature on conversion constant in
continuous fermentor.
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Fig. 6.
the pre-ferementor operated by the repeated fed-
batch method.

Symbols: O, 10°C; @, 15°C; O, 20°C; m, 25°C.
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Fig. 7. On-line estimation of ethanol concentration in continuous fermentation with the pre-fermentor operated by
the repeated fed-batch method. Solid lines are calculated results according to Egs. (4), (8) and (11). Broken lines
express the dilution by added saccharified solution. Symbols are measured values: O, pre-fermentor; ®, con-
tinuous fermentor. Temperatures in A indicate the pre-fermentor; temperatures in B indicate the continuous
fermentor.
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the continuous fermentor without agitation. Lines

and symbols are the same as in Fig. 6.
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c =2

: dilution rate, D=F/V, 1/h

F  :feed rate of medium, //h

o

K :conversion constant in batch fermentor, g-
ethanol/l-gas

K, :conversion constant in pre-fermentor, g-ethanol//-
gas

K, :conversion constant in continuous fermentor, g-
ethanol/[-gas

K;, K, : constant

P . ethanol concentration, g/!
t : time, h
tp :initial time, h

T :temperature, °C

V' :volume of broth, !/
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Veo, : CO, flow rate, //h $k— : BB, 80, 553-558 (1985).
X :cell concentration of immobilized yeast and free 4) ’ﬁﬁ?’%—’ E\g W, ZEFR, TRE=, EE
i ik, HR W : B, 81, 810-814 (1986).
yeast, & 5) MHER—, ZBFER, HHRE, EBNE &R
v :specific ethanol production rate, g-ethanol/g-cell/h # : BEfD, 83, 416-419 (1988).
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