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Abstract

First, we selected feasible mutants, which made WO; blue-coloured under aerobic
condition.

Next, we conducted the hydrogen fermentation experiments using artificial
culture medium. We investigated the effects of some kinds of metal-ion on the rates
of hydrogen production. As a result, we found that hydrogen production rates increase
extremely by adding Fe* ions. On occurring the behavior mentioned above, we found
that the density of bacterium and the metabolism materials change simultaneously.

We conducted the hydrogen fermentation experiments for actual waste-molasses.
From the systematic experiments, we obtained that 2-times hydrogen production rates
by adding Fe* ions compared with the previous data. We achieved the goal of our project.
Furthermore, we clarified that bacteria became more active under the moderate
dispersed condition than under the condensed condition. Through these basic
experiments, we obtained the useful know-how concerning to stable hydrogen
production.

We visited the three sugar companies in the Nansei Islands, and got the
important information about use of waste-molasses. On the basis of the information,

we carried out the feasibility studies on hydrogen production plants.
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5.2.3(5)

Aerobic and Anaerobic Digestion
2ADP 2NAD*
2are <
| 2CH,COCOOH | _
( aerobic ) (‘anaerobic)

ADP _— 2NAD?

8NAD*

e = aNADH | TP 2NADH
6H,0 QZFAD aNAD+ <]

¢ 2FADH, VS

A

Products
Electron 10NAD

34ADP —— SlONAD N
Transport ADP: Adenosin Diphosphate
UATP < =

. ATP: Adenosin Triphosphate
Chain  N_ SR

NAD: Nicotinamide Adenine Dinucleotide
NADH: NAD reduced form
60, [12H,0

FAD: Flavin Adenine Dinycleotite
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Significant problem to get much NADH in the TCA cycle

NAD*

Glycolysis

NADH

CoASH

AG' = -33.5 kJ/mol

CO2 CO2

Acetyl-CoA

TCA cycle

CoASH AG' =-32.2 kd/mol

AG'’ = +29.7 kJ/mol AG' = 0.0 kJ/mol

K’ =6.22x10'6

AG’=0.0 kJ/mol

High barrier for TCA
cycle working

CoASH

Cco2 AG' =-29.7 kJ/mol

AG' = -33.5 kJ/mol
GTP GDP+Pi

Reduction-oxidation potentials of various compound

Redox compound E, [mV]
0,/H,0 818
NO3-/NO* 433
Ubiquinon 113
Fumarate/succinate 33
Oxaloacetate/malate -172
FAD/FADH, -220
NAD/NADH -320
H*/H, -414
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Redox potentia vs. pH
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Strategy to circulate the TCA cycle while evolving H, through

34

NADH pathway
TCA cycle Electron Transport
Chain
NADH-+H* Eo=-0.32V
Rotenone
NADH Amytal
dehydrogenase <———| Catechin
complex Lauril Gallate
Chlormercuri
=-0.22V | FADH H( Ubiquinone ) E, = +0.05v
+0.03V (dehSuc(j:u nate ) ( R ?/tocrolme
rogenase c1 complex )
bALEY L Indicate electron flow :
Cytocrome
+0.43V NO, oxidase
complex

E,=+0.82V



Expected yield of H, under aerobic condition by
the inhibition of NADH dehydrogenase complex

CsH;,0s 10NAD* 2FAD +4ADP  6H,0
~ 10NADH 10H* 2FADH, 6CO,+4ATP

2FADH, O,+4ADP - 2FAD 2H,0 +4ATP

10NADH 10H* - 10NAD* 10H,

CH,0; +8ADP O, 4H,0 - |10H,| 6CO,+8ATP
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(E aerogenes) 2.5
10 25
pH
( )
Abstract

First, we conducted a research work of new high-temperatures bacterium in
Hawaii and Okinawa, and discovered an efficient bacterium‘ Meso Philic’ by screening
tests for many bacterium sampled in both islands. The bacterium ‘* Meso Philic’ gives
2.5-times yields, 10-times production rates, and resulted in 25 times hydrogen
production ability compared with the previous data of Enterobacter derogenes.

Next, we investigated glycerin as feed material, and clarified that glycerin
concentration of 1wt% and pH of 6 were optimum condition for hydrogen production.
Furthermore, we did the gene-manipulation with more challenge, and then succeeded
in injection of plasmid into bacterium.

We proposed a new hydrogen fermentation process. The facility is composed of
one fermentation vessel and one high-temperature reactor in which cavitating jets
are used. Best cavitating condition was found to be 5MPa of injection pressure in
destroying agglomerated material and not giving damage to bacterium cell.
Overflowing bubbling behavior did not occur when cavitating jets were injected to
waste-molasses. Next, we showed clearly that cavitating jets were efficient to
liquidization of fermentation sludge bacterium. Furthermore, we conducted
computational fluid analysis, and proposed a new fermentation vessel from the

analytical results. In a new vessel, hydrogen bubbles swirl many times not being sunk

38



to high temperature reactor, and move to fermentation surface.
Last, on the basis of the results above, we carried out the feasibility studies

on hydrogen production plants.
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1 Waimanalo 2004/11/7 X
2 Waimanalo 200471177 X
3
4 Kaelepulu pond 2004/11/7 X
5 Kaelepulu pond 200471177 X
6 Kaelepulu pond 2004/1177 X
7 Kaelepulu pond 200471177 o
[} Oneawa bridge 200471177 X
9 Oneawa bridge 2004/1177 X
10 Hoomaluhia reservoir 200471177 o
11 Hoomaluhia reservoir 200471177 o
——— 12 Hoomaluhia reservoir A00ANT[7 X
31  Naalehu Prmmary scnool 2004/1175 X
32  Naalehu Primary School 2004/1175 X
33 Punaluu Golf- Pond 2004/11/5 X
34 Punaluu Golf- Pond 2004/11/5 X
35 Punaluu Golf- Pond 2004/1175 X
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h mmol/L h mmol/g h

49

A.
1 4 24h
Oscillatoria Sp. Miami BG7 0.4 0.4
Anabaena cylindrica 25h 1.2 1.3
2. 2.2 9h
Rhodopseudomonas capsul ata 53 53
Rhodospirillum rubrum 3 25
Rhodobacter sphaeroides 8703 104
B. 0.16 2h
1.
Clostridium butyricum 18
Clostridium beijerinckii AM21B 17 25
MesoPhilic |—> 119 26
2.
Citrobacter intermedius 10 11 9.5
Enterobacter aerogenes E.82005 ) 0.25h L 11 17
Enterobacter aerogenes HU-101 m AY-2 ( 58
Enterobactor aerogenes E.82005
( )
Meso Philic 10
Enterobactor aerogenes HU-101mAY-2 (HU
Hiroshima University ) Meso Philic
5.1.4
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1000 ton/yr (

5.3

Crude Palm QOil 10,000
:I Glycerine 92
Glycerine 1,000
Ethanol 46
Ethanol 500
H, 2
H 240 Mm® CO, 44
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Electron Transport
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(E
aerogenes) 2.5 13 32
HNO0O01 19 44

mmol-Hz2/h

Abstract

We tried to get high hydrogen yielding mesophilic bacteria at everywhere we
visited and every opportunity. By these efforts, we found many good bacteria. One of
them, such as strain HNOO1, showed 2.5 times higher hydrogen yield and 13 times
faster hydrogen production rate than the famous hydrogen producing bacterium E.
aerogenes. This means that HNOOL has 32 times higher hydrogen producing ability
than E. aerogenes. The bacterium also showed a very high hydrogen production rate
per unit dry cell weight at 44 mmol-Hz g-dry cell-l h-1, We also tried gene
manipulation on E. aerogens to get high yield bacterium but not yet obtained good
bacteria.

We constructed a microbial electric cell to prove the yield promoting theorem by
gene manipulation. The electric cell affected on the productivity of cell mass and

hydrogen production like aerobic and/or anaerobic cultivation.
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/ NADH

ATP Adenosine Tri-phosphate
5.11

NAD ATP

NAD NADH

NADH + H* - NAD*+ H2

NADH

el
FRMEHRTONADH 4 memmle (L)

C4H 0,
1ADP INAD'
2ATP SHADH
| 2CH,COCO0H |
{ aerobc ) A e
2ADP s gNAD" HIADH
2ATP f TCA SNADH : H
AT n
6HO o), e I AD .
5 fi_f_:‘l'.'_l'? e et IFADH, Products

ADP: Adenosin Diphosphate

34ADP yorgan®  ATP:Adenosin Triphosphate
Trangpodt !
JMATP ! | —— ZFADH, NAD: Nicotinamide Adenine Dinucleotide
Chan
IFAD NADH: NAD reduced form
60, [ 12H,0 FAD: Flavin Adenine Dinyclectite
51.1
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511

TCA Tri-Carboxylic Acid
6 NAD Nicotinamaide Adenine Dinucleotide FAD
Flavin Adenine Dinucleotide 8 NADH 2 FADH:
2 NADH TCA 10 NADH
FADH2 Electron Transport Chain
TCA 36
ATP NADH
NADH
Glycolysis

CsH1206 + 2NAD* (+ 2ADP)
—>» 2CH3COCOOH + 2NADH + 2H+ (+ 2ATP)

TCA cycle
2CH3COCOOH + 8NAD* + 2FAD + 6H20 (+ 2ADP)
—>» 6CO2 + BNADH + 8H* + 2FADH: (+ 2ATP)

Electron Transport Chain
10NADH + 10H* + 2FADH: + 602 (+ 34ADP)
—>» 10NAD* + 2FAD + 12H20 (+ 34ATP)

Total CeH1206 + 602 (+ 38ADP) —» 6CO2+ 6H20 (+ 38ATP)
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NADH TCA
TCA
FAD - FADH Go' = 49kJ/mol
TCA
FADH: FADH>
NADH
NADH
5.1.2 NADH
I FADH:
I
TCA

0.32Vv TCA cycle
3| 0.22v
e rogenase
AE=04 08V
AE=1.0V
|_'t 0.2 0.6V Mediator
AE=0.6 1.0V
0.8V(pH 7.0)
—> | 1.2V(pH 0.0)

51.2
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Escherichiacoli nuoG

Enterobacter aerogenes NADH
Fusion PCR
E. aerogenes
E. coli

0

—_ _ —>

E. aerogenes  40pl
DN 2~3ul* 1.8kV 1pulse

YNUB 1ml 30~60

* %

E. aerogens

514
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24 mol

CsH1206 + 6H20 = 6CO2 + 24H* + 24e (1)
ATP
Proteus
vulgaris thionin
CO: 1
60%
30 60%
100%
(2)
100% 8 mol/mol-glucose
33%
CeH1206 + 2H20 - 2CH3COOH+ 2CO2 + 4H:> (2)
NADH
NADH

E. aerogenes

E. aerogenes

E. aerogenes
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Enterobacter aecrogenes NBRC12012 E. aerogenes NBRC702 pH7.0
30 1
5.2.1 52.1 500 ml 4% (vIVv)
1.0% 300 ml
CMV
0.5M pH7.0 300ml
2mM  thionin GF-20
Ag/AgCI
Ag/AgCI
HAB-151 Ag/AgClI +0.2V
30
pH pH
MP-Z 30 50 ml/min
300 ml/min
|
3 o 4 i
i ﬁ HE
el 4
Q. JI ’
g -
|
5.2.1
A, ; B, ; C, ; D, , E,
K ; G, » H, o
3, ; K, pH ;L ' M, ' N, ; O,
' P, ; Q, 'R, ;S
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1 Gas —#—H2 ——CO2

—#- Clucose - Ethanol Lactate —— Formate)

a) b) —8-13-PD - Acetate ——23-BD
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531

53.2

500ml L
531 No.l1  No.2
HNOO1
3.34 L-H2 L-cuture-! h-1 149 mmol-Hz2 L-cuture-1 h-1 2.0

L-H2 L-cuture-1 h-1 160 mmol-H2 L-cuture-t h-1

2.0 L-H2 L-cuture-1 h-1 90 mmol-H2 L-cuture-! h-1

15
3.61
53.2

531 53.2
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H Max rate

1111 %) [LL?h™ |[IL-H/L-sub]
1] 6.00 47 2.0 [YNU +FeCl3(0.19/L) 361 218
2] 6.00 47 1.5 [YNU +FeCl3(0.19/L) 3.34 225
3] 6.00 48 15 [YNU +FeCI3(0.1g/L) 2.94 231
4] 6.00 48 15 [YNU +FeCI3(0.1g/L) 2.93 281
5| 6.00 48 15 [YNU +FeCI3(0.1g/L) 2.92 2.35
6] 6.00 48 15 [YNU +FeCI3(0.1g/L) 2.87 231
7] 6.00 48 15 [YNU +FeCI3(0.1g/L) 2.77 2.66
8| 6.00 50 1.5 |YNU 2.77 1.96
9] 6.00 50 15 [YNU Fecl3(0.1/L) 2.65 2.49
10 [ 6.00 48 1.5 [YNU +FeCI3(0.19/L) 2.64 2.20
11| 6.00 48 1.5 |[YNU +FeCI3(0.19/L) 250 1.77
12| 6.00 50 15 [YNU Fecl3(0.1/L) 243 1.85
13| 6.00 48 15 [YNU +FeCI3(0.1g/L) 2.37 2.00
14 | 6.00 48 15 [YNU +FeCI3(0.1g/L) 2.36 2.05
15| 6.00 48 1.5 [YNU +FeCl3(0.19/L) 2.32 1.04
16 [ 6.00 47 1.5 [YNU Fecl3(0.1/L) 230 212
17 | 6.00 55 1.5 |YNU Fecl3(0.1/L) 2.26 2.17
18 | 6.00 40 15 [YNU Fecl3(0.1/L) 2.24 2.30
19 [ 6.00 49 1.5 [YNU 2.22 2.94
20| 6.00 50 15 [YNU Fecl3(0.1/1) 2.12 2.36
21| 6.00 50 15 [YNU Fecl3(0.1/L) 212 2.64
22| 6.00 48 15 [YNU +FeCI3(0.1g/L) 1.98 2.69
23| 6.00 49 15 [YNU 1.96 257
24| 6.00 48 15 [YNU +FeCI3(0.1g/L) 1.93 2.18
25| 6.00 48 15 [YNU +FeCI3(0.1g/L) 1.91 2.39
26 | 6.00 48 15 [YNU +FeCI3(0.1g/L) 1.85 0.99
27 | 6.00 48 1.5 |YNU Fecl3 0.1/L) 1.85 1.79
28| 6.00 48 15 [GAM 1.78 1.96
29 | 6.00 50 15 [YNU Fecl3(0.1/1) 1.76 1.75
30 | 6.00 48 15 [YNU +FeCI3(0.1g/L) 175 253
31| 6.00 48 1.5 |[YNU +FeCl3(0.19/L) 173 1.98
32| 6.00 49 1.5 |YNU 1.65 257
33| 6.00 48 15 [YNU +FeCl3(0.1g/L) 151 2.60
34| 6.00 49 15 |YNU 151 2.68
35| 6.00 49 15 [ynu 1.49 2.65
36 | 6.00 49 1.5 |YNU 1.46 251
37| 6.00 49 1.5 [YNU 1.45 271
38| 6.00 50 1.5 |YNU Fecl3(0.1/L) 1.43 174
39 | 6.00 50 15 [YNU Fecl3(0.1/L) 143 231
40 | 6.00 49 1.5 |YNU 1.42 250
41 | 6.00 48 15 [YNU +FeCI3(0.1g/L) 1.32 166
42 | 6.00 49 1.5 |YNU 132 2.34
43 | 6.00 48 15 [YNU +FeCI3(0.1g/L) 1.27 252
44 | 6.00 49 1.5 |YNU 1.27 299
45| 6.00 49 1.5 |YNU 123 213
46 | 6.00 47 1.5 [YNU Fecl3(0.1/L) 122 252
47 | 6.00 48 1.5 |YNU Fecl3(0.1/L) 121 1.35
48 | 6.00 48 15 [YNU Fecl3(0.1/L) 1.20 2.00
49 | 6.00 55 1.5 |YNU Fecl3(0.1/L) 1.18 175
50 | 6.00 49 15 [ynU 118 1.90
51| 6.00 48 1.5 |ABCM 117 1.36
52| 6.00 48 15 [YNU +FeCI3(0.1g/L) 112 2.26
53| 6.00 49 1.5 |YNU 1.10 227
54| 6.00 48 15 [YNU +FeCI3(0.1g/L) 1.10 164
55| 6.00 50 1.5 |YNU Fecl3(0.1/L) 1.07 2.49
56 | 6.00 50 15 [YNU Fecl3(0.1/L) 1.06 2.25
57| 6.00 55 15 [YNU Fecl3(0.1/L) 1.06 0.67
58 | 6.00 50 1.5 [YNU Fecl3(0.1/L) 1.06 0.73
59 | 6.00 55 15 [YNU Fecl3(0.1/1) 1.04 1.25
60 | 6.00 49 15 [ynU 1.02 250
61| 6.00 48 15 [YNU +FeCl3(0.1g/L) 1.01 2.16
62| 6.00 47 0.3 |[YNU 1.00 348
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5.3.2 NEDO

Mesophilic bacterium HNO0O1 strict anaerobe
thermophile Thermotoga maritima 80
4.0 mol-Hz2/mol-glucose 100
B C B C
C B HNO0O01
5.3.2

List of microorganisms 1

Table. Hydrogen yields and production rates by microorganisms as reported in the literature.

culture| pH Temp. | substrate vield? Auther
[-1] [x] [mol/mol]

Clostridium sp. no 2 B 6.0 36 glucose 2.0 24 [1992 Taguchi et al.
C. paraputrificum M-21 B - 37 GIcNAc 25 31 |2000 Evwvyemnie et al.
C. butyricum LMG1213tl C 5.8 36 glucose 15 1986 Heindrichx et al
Clostridium sp. no 2 C 6.0 36 glucose 24 1990 Taguchi et al.
Mesophilic bacterium HNOO1 B 6.0 47 glucose 2.3 _2004 Nishiyama et al.
Thermotoga maritima B - 80 glucose 4.0 10 1994 Schroder et al.
Thermotoga elfii B 7.4 65 glucose 3.3 3 (2002 van Niel et al.
Caldicellulosiruptor o
saccharolvticus B 7.0 70 sucrose 33 8 |ibid.
E. aerogene E.82005 B 6.0 38 glucose 1.0 21 11983 Tanisho et al.
E. cloacae IIT-BT 08 wt B - 36 glucose 3.0 35 [2000 Kumar et al.
E. aerogenes E.2005 C 6.0 38 molasses 0.7 36 |1993 Tanisho et al.
E. aerogenes HU-101 m AY-2 C - 37 glucose 1.1 58 11998 Rachman et al.
€. bntyzcmn [ onsnsy c |52 | 3 | starch 26 53 |1998 Yokoi et al.
E.. aerogenes HO-39
-sludge compost C 6.8 60 waste water 25 8 (1996 Ueno et al.
-sewage sludge C 5.7 35 glucose 17 30 1999 Lin et al.
-fermented soybean meal Cc 6.0 85 glucose 14 8 (2000 Mizuno et al.

* Vrije & Claassen, "Dark hydrogen Fermentation", in Bio-methane & Bio-hydrogen, ed. Reith et al. (2003), ISBN:90-9017165-7
|1) [mol/mol-monosacch.] ’
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HNOO01

YNU
pH
37
pH 6.5 6.0
pH 6.0
5.3.3
1kg
0.5 320L 5.0 150L
0.5 15 2
1.5L L-cultuer-! h-1
1.5

400 25
5 30 ¢ 37 pH60 | = 20 * 37 pH60
300 X <
& * \ S
2250 [ P =15 F &
= < *
= 200 & ® 7 L 2

100 | 05 |

50 |

0 0.0
0 10 20 30 40 50 60 0 1 2 3 4 5 6
[o/L ] [%]
5.3.3
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NHO001

5.34

L-culture-t h-1

5.34

22L 0.3L-H2 L-culture-t h-1

5.34

80L

1kg

1.2 L-H2
25

100g/L 37

80 100 120 0

[o/L]

90%

80%
70%
60%
50%
40%
30%
20%

10%
0%

0 25 50 75
(g-wet/L-culture)
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20 40

M Lactate
EFormate
W Ethanol
H Butyrate
O Acetate

60

80 100 120

[o/L]




FS

10 80
541
10 10 1kg-wet 60L
20
10 35L

CO2

IN NaOH CO2

Fed-batch
h
100+50g-wet/1L -culture 200+50g-wet/1L -culture
120 50
b
100 | 50
g 80 % 40
o <
= 6 T30 r ’
40 | 20 |
20 10
0 2
’ 0 1; 2; 3vo 4;' 50 0 10 20 30 40 50 60
[h] thl
54.1
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5.4.2

73

52 L-H2/kg-wet

o a
o o
54.1 1kg 50L 54.2
1 2
50 100ms3
54.1

1
or mol-H2/d*D m3-H2/d*D m3-H2/d*2
1,000 250 | o/ 556 13 13
5,000 250 2,778 67 63
10,000 250 5,556 134 125
10,000 33| o/ 733 18 17
50,000 16 1,778 43 40
100,000 14 3,111 75 70
10,000 29 | of 644 15 15
50,000 25 2,778 67 63
100,000 23 5,111 123 115
2000 t/ 10 % 60,882,801 1,453,040
20 121,765,601 2,906,080
142 t/ 10 % 4,322,679 103,166
20 8,645,358 206,332
3470 ton 105,632 2,521
*3) 2490 75,799 1,809
1 20%
2 1kg 50L

7 3 p.79 p.82
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10 0.2h-1
Enterobacter aerogenes 38 pH6.0 55.1
400 1L L-cuture-! h-1
900

2L L-cuture-1 h-1
55.2

E. aerogenes 43

25 2,000
Feed rate: 200mL/L h
H: 6.0
2.0 1,600
= <
-
S15 1200 =
10 | 800
05 400
00 €5 0
0 100 200 300 400 500 600 700 800 900 1000 1100
[h]
55.1
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Ims3

Ims3

1kg

1kg

1ms3

1,000

2L-H2 L-cuture-1 h-1

362g/mol 2
= 1/0.0224 = 44.6 mol-Hz/m3
=1/0.342 = 2.92 mol-sucrose/kg
=30%=0.3
= (kg X(

)

= (1m3

= (44.6 mol/m3)/( 2.92 mol/kg)/(

2,000

1mol-Hz/mol-glucose

1ms3

= (2.92 mol/kg)x(

= (1m3

2003

19

551 1m?3

) [mol-H2/kg]

)I( 1kg

)
X(

1,500
551

)

)/(0.3)

) [kg/m?]

HNOO1

=44.6[mol/m3]/2.92[mol/kg]/

[ /]/0.3/1000

qluc suc i [ /Nmd]

[mol/mol] | [mol/mol] [ka] 1500 /t | 2000 /t
1 2 255 38.2 509

2 4 127 191 25.5

3 6 8.5 12.7 17.0

4 8 6.4 85 12.7

5 10 5.1 6.4 10.2

10 20 2.5 3.2 51

* 30
1,500 /t 2003.2
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88.3L 15.01
11.47 NEDO
04002742-0 76
55.2
1 13.5 1 mol-H2/mol-glucose
1
= (1000)x(0.135)/(0.342)x(2) = 789 [mol-H2/t-cane]
= 17.7 [m3/t-cane]
= (17.7)/(11.47) = 0.649 [$/m3]
=77.8[¥/m3] 120 /
25 324 /m3

10

5.5.2

[mol/mol-gluc] | [mol/t-cane] | [m*/t-cane] | [US$/m®] | [¥/m?]

1 789 17.7 0.649 77.8
2 1,579 354| 0324| 389 IEOL Wit
3 2,368 53.1 0.216| 259
4 3,158 70.7 0.162| 195 11.47 US$/t-cane
5 3,947 88.4 0.130 15.6
6 4737 106.1 0.108| 13.0
7 5,526 123.8 0.093| 111 88.3 L/t-cane
8 6,316 1415 0.081 9.7
9 7,105 159.2 0.072 8.6

10 7,895 176.8 0.065 7.8
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15

2.5

1

6

1,500 /ton

3,500 ton/
325,000m3
80 /m?3
2600 /
525 /
6,000
25
553

175

600
50

NaOH CO2/H2
Fe?
([ ]
50 /m3
3,000
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795
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HNOO1

HNO0O01
2
50
531
6.1
h mmol/L h mmol/g h
A.
1. 4 24h
Oscillatoria Sp. Miami BG7 04 0.4
Anabaena cylindrica 25h 1.2 1.3
2. 2.2 9h
Rhodopseudomonas capsulata 5.3 5.3
Rhodospirillum rubrum 3 2.5
Rhodobacter sphaeroides 8703 104
B. 0.16 2h
1.
Clostridium butyricum 18
Clostridium beijerinckii AM21B 9 L_> 17 25
160 44
2 13
Citrobacter intermedius 11 9.5
Enterobacter aerogenes E.82005 0.25h 11 17
C ) 36
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3.6 L-H,/L-h 47
2.1L-H,/L-h 37

: 2.6 mol-H,/mol-glucose
60 L-H,/kg-wet

50 46% 44%
37 5% 26%

37 10 80%

: 0.1 kg- wet/L-culture

: 1.4 L-H,/L-h at 37

: 55 ~ 60 L-H,/kg-wet

: Ethanol 13% , Acetate 38% and Butyrate 24%

e 43 E. aerogenes

2.1 L-H,/L-h at 37
1,200 L-H,/L-
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