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Abstract — Biological hydrogen production processes are more environment-friendly and less energy intensive than thermo-
chemical and electrochemical processes. The biological process can be divided into two categories: photosynthetic hydrogen
production and hydrogen production by dark fermentation. Photosynthetic process produces hydrogen mainly from water and
reduces CO, simultaneously. Dark fermentation is a dark and anaerobic process that produces hydrogen by fermentative bac-
teria from organic carbon. The article presents a survey of biological hydrogen production processes.
Key words: Biological Hydrogen Production, Photosynthetic Hydrogen Production, Dark Fermentation
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Microbial Hydrogen Production Methods
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Fig. 1. Biological hydrogen production methods by various microorganisms.
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3-1. Green algae
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Fig. 2. Direct biophotolysis of water by Green algae.
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Fig. 3. Indirect biophotolysis of water by Cyanobacteria.
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3-3. Photosynthetic bacteria
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1. Pyruvate: formate lyase (PFL) system:
(Pyruvate + CoA) — acetyl-CoA + formate

2. Pyruvate: ferredoxin oxido reductase (PFOR) system:
Pyruvate + CoA + 2Fd(ox) — acetyl-CoA + CO, + 2Fd(red)

Enterobacteria®} 22 373 713 v|AE2 5= PFL system®]|
93] pyruvateZF-E] formate”} A3d%¥ & FHLol| 2J3l] 48} ©]
Akslek g FafEc.

FHL
HCOOH (formate) — H, + CO,
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¥ pyruvate 3] metabolism % PFOR systemol] 2]3]] $-1% 2]
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o] 3t o] Z2 <l 4 mol?] 4% ]| 7FA] metabolite(lactic acid,
succinic acid, butyric acid, ethanol, butanediol, etc)’} AHE]= W
ko 2 Z1 %= metabolic fluxel] 2J3)] ] W2 &8 RN
3t o]& tARMFEES UFA] metabolic patternol] F3ES- s}, w}
g $0] A 2282 =o]7] s ZH u|AE2] metabolic
pattern®]] thet 7% F @ &hrt. thAMEES- wiA|e] 243, pH, 1=
ol 9 v wiel o& ol W metabolic pattern 17+
7} Asolo B Zolnl AHH cAREES) ol oIF B
7 Atelojof & Zlolrt. o] ylell ] W] ra ek v
2] 447 patterndl] GG o] v AR H3} 42 AALS A3
s17] ool &0l T o X“/}[36] ol ke AalE vrEh

m o]= Ao A7V dFAS o & dS vepdich w4
s AsllE #e)7] 28l HH°¥71 o] FaE AAshs Wil #
3 A7) 2 g—s}ur o= T4 M-S B3 asE wijok Al o] 2
AE o1 Zlo= ePd7] whiel] RkEA] sfdsliol & Aol
). o] yiol| &2 fé Al717] Hoﬂfﬂ ikl H#s), axkesh,
A ESH] W 55 ol 838ks A7t T Qlek vk 7

Z}+9] fermentative bacter1a°ﬂ o3l 01‘5 A7}
2 WA} g

YL JY=AE

4-1. Strict anaerobe
Ao} 719 @l &% S
ol gk FelA=

A

A= = Clostridium sp.
/\

& olg3hu ek el ol kel
o S5 Asje) A5 Aeskabis slo] Easich we ol
9130 ) el SIS RolEek. Ar) W)Y #EE olg et

2R 7o) FoJshi= A A= hydrogenase|th. ©] A

Azl WS- WZEE] o] Akiele] ol ghi= v B714
ZANTE FAE I o Tl A SR FEE F

3 F71 el Qg Zn) AdNbA o R 1 golr] o] B4 FE
o B 7t} 18P 2 sewage sludge o EOFO ZHE] 9 o
FE Y 7|0l R #5F Bl At S et
A7) &= a1 QUH8, 37, 38]. 7FF Htoll F2l® Clostridium
butyricum CGSS¥= pH 5.5} 20 g COD/I®] 21914 2.91 mol Hy/mol
sucrose®] Hol| &2 AU pH 5.59F 20 g COD/L] =70l
= 209 ml/i/he] HlA 825 (volumetric H, production rate)E
Vel A3E Barskith38]. ©] vl C. acetobutylicum]3912-
1.97 mol Hymol glucose®] 8- RIS C. thermolacticums
1.5 mol H,/mol glucose®] <&} 2.58 mmol/l/h®] H, productivity
E WS40 T3, O 0l AEHQ AR Q8 g
wiekolut A3 143 B A gAEE SRS B skl Q) o)
o} 3| Al o E4-0] 570l thgt olal7} Fesk] Wil a4E
Az gho 2 Felale] 45738 Telslel A7t X8 ol

4-2. Facultative anaerobe
B4 @714 @l A8 St AT
2 olgale] S
wztsto] wijA] wjell ar7ke] 2
o] B4 whdlod scale-uphl <=

rir

T2 Enterobacter sp.
ATt A 7 d50) AL Akl &

i=

B9 Yol & W} Sl 5 ¥4
Arke W8 5 5 glon B

siskast Ml44H 1S 200641 28

O
O:

|

it

2= A A7 g5l vlal] A Ak o] witks S = 5
ATk TR e AR 52 —r_-_*ﬁ’&#EQ‘r 3749 w3
o7 Qg AR Yal de] AR-E AL AT, 16, 35, 41, 42].
ol2fgt B/ A7V T oA e nlel o] PEL systeme] 2]
3l formateZ YHE31 FHLo 9J8l] 49} o|4kslglavF A )
o]} 8| glycolysisZHgell A’d%¥ NADHE reoxidationd}o] 44~
E XKk NADH pathway B3+ EA)stclar A2 FTi10, 35].
Enterobacter cloacae NT-BT<-, 2.2 mol H,/mol glucose«] —,—1;1]-
35.62 mmol Hy//h9] 424k 57} 131 ¥]QQrh43). o] ule]
Enterobacter aerogens E820035+= Ar gas purgings 53] 1.58 mo]/Hz/mol
molasses®] TIE 50| X1 FQ 0 ™[35] Enterobacter aerogens
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4-3. Thermophilic bacteria
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