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CsH,,O, — 2CH,CH,OH + 2CO,
= (2 x1371.3)/2817 x 100 = 97.4 %

77 max
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= (3 x 882.4)/2817 x 100 = 94.0 %

77 max

KR FBE

N o= (4 x285.9)/2817 x 100 H 40.6 %
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KR FHBEE 40.6 10 60 219 |MHEHRE
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Up-to-date Classification proposed by Carl Woese
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SaMEgs
Ancient bacteria
that grow indiigh

Classification of Organisms, Microsoft Encarta_ Encyclopedia 99 methane temperatures
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Section 5. Facultatively anaerobic gram-negative rods

BRI S LRERE

Family |. Enterobacteriaceae iR E
Genus & Species &
Escherichia, E.coli (KGEHE)
Salmonella,

Citrobacter, C. freundii
Klebsiella, K.mobilis
Enterobacter, E. aerogenes

Serratia, ES82005 (19824 (% R)

Hafnia,

Proteus

14
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BENFERLE-EK

Section 13. Endospore-forming gram-positive rods and cocci
NERFERT S LGERELERE

Genus Species

Bacillus
Clostridium (ZAXRM) T4 LE)
C. acetobutylicum
. beijerinckii
. butyricum

C

C

C. pasteuriunum
C. perfringens

C

. thermocellum

HNOO1 — (2004FFITHR) .
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[h] [h™] [ °C ]

o Pseudomanas natriegens 0.16 4.3 37
1IEJ§§.%H Escherichia coli 0.28 25 37

Vibrio marinus
Rhodopseudomonas spheroi

p =)okl .

Nitrobacter agilis U U.U35 2l
Bf  [Saccharomyces cerevisiae 2 0.35 30
#x= |Chlorella ellipsoidea I 0.10 25
EE  |Tabellaria blocculosa 17 0.41 20
BE%  |Anabaena cylindrica 25 0.028 25
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Lk

Glucose

i Ex A 7K 3R AR

C.H,,04 + 2H,0 — 2CH,COOH 2CO,

Mannitol

C.H,,04 + 2H,0 — 2CH,COOH @ 2CO,

Alginic acid

C¢H,,0, + H,0 — 2CH,COOH @ 2CO,

COOH

H O oH
OHHO
HO H
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2ADP D/— 2NAD* R MRS
2ATP > 2NADH
NAD* NADH ! NADH /’}'AD+
SEE | \ ELE B > g e

H-CoA
° N\ H-CoA ~— Fd
i 7 CO > Fan,

/ Y 2H*
7t FI)L-CoA

o
B 7k ATP ADP Pi 2NADC' ?AD*
ABEA ‘ EFER AL | TH/I—IL
C 7+F JL-CoA
| H-CoA
7+ 7tEFIL-CoA

4ANADH 4NAD* H,0 + H-CoA

T7EFIL-CoA EFEk
N » JR/—)L
Vi 420 < 2NADH
Co, 2NAD+-
CADP P ADP: Adenosin Diphosphate
vy *ATP ATP: Adenosin Triphosphate
R B NAD: Nicotinamide Adenine DinLicéeotide

NADH: NAD reduced form
FAD: Flavin Adenine Dinycleotite




IPHE (International Partnership for the Hydrogen Economy) TH &

REMKREBEED—E

gEE" oH B HE | wE? PR L]

d [-] [°C] [mol/mol] | [mmol/L-h]| [mmol/gh]
Clostridium sp. No 2 B 6 36 glucose 2 24 = 1994 Taguchi et aI.Z)
C. paraputrificum M-21 B = 37 GlcNAc 2.5 31 = 2000 Evvyernie et al?
Mesophilic bacterium HNOO1 B 6 47 glucose 2.4 147 44 2006 Nishiyama et al®
C. butyricum LMG1213tl C 5.8 36 glucose 1.5 22 = 1986 Heindrichx et al.s)
Clostridium sp. No 2 C 6 36 glucose 24 21 = 1990 Taguchi et al.ﬁ)
C. pasteurianum C 6.6 40 sucrose 1.6 612 17 2006 Shu-Yii Wu et al.”
BEASEHE
Enterobacter acrogenes E.82005 B 6 38 glucose 1 21 17 1987 Tanisho et al.¥
E. cloacae IIT-BT 08 B - 36 sucrose 3 35 29 2000 Kumar et al.”
E aerogenes E.2005 c 6 38 molasses 0.7 36 17 1993 Tanisho et al.'”
E aerogenes HU-101 m AY-2 C - 37 glucose 1.1 58 — 1998 Rachman et al.'”
EEME
Thermotoga maritima B = 80 glucose 4 10 = 1994 Schroéder et a|.12)
Thermotoga elfii B 7.4 65 glucose 3.3 3 5 2002 van Niel et al.'?
Caldicellulosiruptor

saccharolyticus B 7 70 sucrose 3.3 8 12 ibid.m
Clostridium thermocellum B - 60 cellobiose 1 7 14 2006 Islam et al.'”
Thermococcus

kodakaraensis KOD1 C 6.8 85 pyruvate 2.2 9 59 2004 Kanai et al.'”
sludge compost C 6.8 60 waste water 2.5 8 = 1996 Ueno et al.m)
C. butyricum IFO13949 +

E. aerogenes HO-39 C 5.2 36 starch 2.6 53 = 1998 Yokoi et al.'”
sewage sludge C 5.7 35 glucose 1.7 30 = 1999 Lin et al.'®
fermented soybean meal C 6 35 glucose 1.4 8 = 2000 Mizuno et aI.‘g)
sewage sludge C - 35 sucrose 1.5 298 — 2004 Lee et al.?”
*1) B: batch, C: continuous *2)[mol/mol-monosaccharide]
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2001/024EHAMERE | K-3UfE | D-ZUfE | O-JfE | M-ElE
T 1,608 2.415 3,257 7,049 |ton/yr
EENIES 5 8 11 13 [ton/d
SR 40 45 36 37 |%
D INEES 8 9 8 8 |times
FEEwAtE 43 72 87 108 [m3/d
M 15 5% B B 2 2 2 2 [hr
REEKE 4 7 8 9 [m3
KZ=NZE(D JLO—X) 2.5 25 2.5 2.5 |mol/mol
PAFLE TN E(42%) 1.5 1.5 1.5 1.5 [kWh/m3-H2
BREEEN 10 10 10 10 |kWh/m3-tank
YAE ik 38 38 38 38 |¥/m3-H2
7t I (1R 25 25 25 25 [¥/kWh
iEEJ=E 300 300 300 300 [day
KFEEE= 198,606 | 341,556 [ 365,392 | 463,566 [m3/yr
XE= 297,909 | 512,334 | 548,088 | 695,348 |kWh/yr
HEN 12,000 21,000 24,000 27,000 [kWh/d
St A HE= 285,009 | 491,334 | 524,088 | 668,348 [kWh/yr
FTERA 7,148 | 12,283 13,102 | 16,709 [k¥/yr
B E(10m3EB) 3,600 3,600 3,600 3,600 |K¥/yr
RSEE (3%) 1,080 1,080 1,080 1,080 [k¥/yr
TSN NHBE 3,000 3,000 3,000 3,000 |k¥/yr
B H 7,680 7,680 7,680 7,680 |k¥/yr
CO28IE E 263 453 484 614 [ton—-C0O2/yr
LIy RIRA 395 679 726 921 [k¥/yr
FlZE BEIESZET) 3,462 8,882 9,748 13,550 [k¥/yr
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7o MARIY/KWh] K-BfE | D-5lE | O-&lfE | M-SUfE
20 2,033 6,426 1,128 10,208 |Kk¥/yr
25 3,462 8,882 9,748 13,550 |Kk¥/yr
30 4892 11,339 12,369 16,892 |k¥/yr
FEZESTHAS 2412 3623 4,886 6,074 [k¥/yr
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CAta D £ E %

Y4 BEH BER HEEE HEBHH TFIHCOGR maxCGR
[t/ha/yr] [ d ] [g/m/d] [g/m/d]
2L°79° 32 7°IhMY3 85.9 365 23.5
VAR & N4 67.3 365 18.4 :
UMD h(RIFET) HUIAAZT 46.6 210 22.2 -
7% L B3R 22.9 175 13..1 28
h71hZ7 42 .4 290 14.6 -
117 Y2 - - = 31
Fron” AR D, 3 41.0 365 11.2 -
hOEODY 1597 34.0 140 24 .3
18 R 26.5 128 20.7 ﬁ
1& [ = - - 99
MI4VZT = - = 52
Ta-3-9 - = - 52
A7 M7 h71hZ7 3 29.7 250 14 .1 =
1% 749E° Y C3 20.0 125 16.0 99
= 19.7 161 12.2
1% = = = 36
N L4Y3 MT7AAZT C3 22.0 - - 37
Ne=A3Lwmk A C T4-2k3107 (4 21 7 117 18 5 =
MESB. EMOEEMSE. TN\AFTRXIEEEEH (L) SA/KREH/. FEHMRtE252—(1981). p.20
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FrETTSR ZJI)LkYa C4 85.9
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JILH L H)ITAIL=T C4 46.6
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rYEQOY B 5 C4 BRETRINIE
FrugN Sx c3 10fEE W FETE
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IKRTSUb, BEIIEOREFIETE

avJ

SRS SNy TFFHEEE

ETOHE

RS LS A R EZERBEND3%ELTA F. I-1-UB A& (LT ELELY,
I TR e 10 100 t/d A7 0GE BRKORD)| INERRE | NELHE
FEEREBE(0t/d) 30,000 | 119,432 |k¥ e 00 100 100 [ton—algae/d
Bifk. PR BT 2,000 7,962 |ky TUZR—)LEE 8 8 12 |%-mannitol
PR¥} R 5t (60kW) 4,000 15,924 |k¥ FILXURREER 7 7 7 [%-alginate
BERE 36,000 | 143,319 |k¥ 7K Z X Z (Mannitol 2.5 3.8 3.8 [mol/mol
ZEB % 3 300~ KR UXFE (Alginate) 0.7 1.0 1.5 [mol/mol
1E£D%(105E) 00| 14,332 [ky/ AR A 7] 1.7 1.7 1.7 [kWh/m3-H2
EREOBMIEERRENOUD D0EIILETZ] [BEXBEBN /7~ 10N 10 10 [kWh/ton-algae]
K FE A& [ 51| \ 51 51 [¥/m3-H2
— 5t m m e \ 3]/ 30 30 [¥/kWh
BERIEORE SERAK N200 300 300 |day
Foh—-0—7 KEEES 925,552 | 1,389,734 | 2,084,601 [m3/yr
O—J R 5 REE 1,573,439 | 2,362,548 | 3,543,822 [kWh/yr
O—J#ER  L~—"57100] HEPN 1,000 1,000 1,000 [kWh/d
7oh—0—7 ( 700 o LI 3, 2,062,548 | 3,243,822 [kWh/yr
BENE (108F) 70 [k¥/bs AN 38,203\ 61,876 97,315 |k¥/yr
BREES QYD 600 [ton/ha RS E (3%) 4,300 4,300 4,300 |K¥/yr
BEEES(THN ton/ha TSN HBE 6,000} 6,000 6,000 [k¥/yr
BELEES (Z0D1 g <Rl 1,000 1,500 2,000 [¥/ton
VHEHIEEE %: 50 BEEAE 0 45,000 60,000 [k¥/yr
EE R : X H 40,300 55,300 70,300 [k¥/yr
i oad i 45,000 K3 CO2H o = . 2,087 3,130 [ton—CO2/yr
BEREMmE HLSIRIA 2,085 3,130 4,696 |K¥/yr
(BRI T—2%5EICLI: FEfE5% _EFl i -12 9,707 31,711 |k¥/yr

R BENHALHICHE T !

foTe)




L FIZE [ k¥/yr ]

J@FE [ k¥/yr ]

4F [

1B &Y OEELERIREEFEDRE R

20,000

40,000

30,000

20,000

10,000

—-10,000

— IR & - YR FE K ZE (Man 14%, Alg 7%, Man 3.8, Alg 1.5)
I

TSUANGE
[ ] ~
— IR ZE (Man 8%, Alg 7%, Man 3.8, Alg 1.5) W$7 l/“{“/ "j&?@
Sp =R 4
— BRDEE (Man 8% Alg 7% Man 2.5, Alg 0.7) ﬂ%fﬁi % E g | 1§ )] E FEﬁ *IJ H

BL. ZEEHMEILEZFLRL

INERE/NITVT TOIE
BE A {fi#% 1500 /ton

N BEYTITTORX

100

HBEAIES [ ton/day ]

B A {fi#% 1000 /ton
150

200
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