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The advances in bio-hydrogen production by two steps of
dark and photo-fermentation
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Abstract: With the increasing of energy shortage and environmental problems caused by
burning fossil fuels, hydrogen, as a clean and renewable energy has gained special attention.
Compared with thermochemical and electrochemical hydrogen production, bio-hydrogen pro-
duction has a lot of advantages, such as ambient reaction conditions, low consumption and
environmentally friendly. Therefore, it was considered as a promising technology.
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Bio-hydrogen production usually undergoes two stages, i.e., dark fermentation and light fer-
mentation. In dark fermentative stage, waste organic materials can be converted to hydrogen
by bacteria, and leave some by-products, such as organic acids. The photosynthetic bacteria
can decompose organic acids and release hydrogen by using light energy and nitrogenase in a
photo fermentation process. Thus, combining these two kinds of hydrogen production methods
can improve the utilization rate of waste organic material. This review is based on the devel-
opment of dark and photo two-stage fermentation in recent years. It was elaborated mainly
from the following aspects: mechanism of two-stage hydrogen production, main influence
factors, kinds of two steps bio-hydrogen production (sequential dark and photo-fermentation &
combined dark and photo-fermentation), and the facing challenges.

Keywords: Photo fermentation, Dark fermentation, Bio-hydrogen production, Sequential dark and
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photo-fermentation, Combined dark and photo-fermentation, Waste materials re-utilization
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Fig. 1 Metabolic pathways possible for the carbohydrate fermentation
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Fig.3 Bio-hydrogen production from biomass by sequential dark and photo-fermentation
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Table 1 Bio-hydrogen production from different substrates by sequential dark and photo fermentations
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HL#MEL 2 (Fed-batch fermentation) 3 FifE 2,

J 4t X S I A DR AR e 7 U e )z I T2 2,
"B e R RS i R U A R R K T ) R AR
XA AR P A, A O AR oY EE
SLHMTE TR S PL A SO S5 . R R B R Y 32E
Pk A, SR N AR E SRR B
AT DIAS B BT — 30y 7, SR N 527K s B
i 1B (B3R RE L ) B S0 308 S i 7 S o A
T B 2 IR R TR 7 0 2 o X JES 4 DA K )
ARAEME, BRT B LY R R LR
Pt XoT i A T 7 S A A B 3k, H 2 R[] A A
R VFAS FIE SO AR TR 0 ] A SO EIR A -

srittabEl T2 5t E28a T A R
I PLIATE TR BE v, AR T 5 IR e TR B JiG
YR KW= e, B R T AT R W AT

FEHN FHAS R R T 220

KWL A, 77 A L TR i
KW= A, SCHRARGE Y IR K I -l Az I W A vk 7
S — B AE 5.0 mol Hy /mol #iZgHELL |, {HJE
TG & A TR 7 S R g, iR Ak X
PR ORI T b s & W A O, fEELA
WF 52 0 SE A LR ] B oy A= & &,
T — 25 8 o 7 S R ™ S R SR I R - &
i P A5 0 7 SR AT S B T FH I IO 1% e 2 1 o
[]
32 BAEB-AXABARESERTS

5 5 T 4T T R O'E 2 T A0 P T AT [ — 2 i 2%
ER AR FRIAT A, BRI A A
1 VFAs FEgOG K BRI A AR S &, =X Fh™
D075 WS TE A LT R B ), 3 AT AR
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4 HEYRELRE-CABARRSEFTEY
Fig. 4 Bio-hydrogen production from biomass by com-
bined dark and photo-fermentation'

AW VFAs BB X I & T 7= 20 T 118 1 46l
H A IR A 3 5 7 S Ao i > T 9 20 12
FRE, WMARIIR G IR AT RN 4 B

bR -G R e TRR & 55 55 7 S W AA e —
SEa) R, QRO e TR A A R 2 T A4 TR T 75 1) B a s
HARAEANR], St T 20 T 114 T 2 T G 4 T 4
W, IR A A AL R VAR R Y pH %
RS A A A A A A ™ AR 4, BT DA SE
IR GHF AL E M RG22, B
A IWFSE BT XTI A -G A TR P LU B3] . P
MIERE . IRIREE . DR R AL

A SCER X AT AR IR B K T - G T 240 DT T
BT EGAT I, WR 20 T RAT R ITR
FELZH XTI A -6 R A TR A s 9 7 A i TR
ZW5E: (1) #4 Clostridium Butyricum A1 [E &1L 1)
Rhodopseudomonas faecalis RLD-53 JR & 55 5%, JiE
VIR aimE 6 olL), WSRO A0 T L 5] A
1:10, JEHESREE N 8 000 lux, 50 mmol/L iRt 2%
R, LR pH 7.5 B T ARSI R S R
4.134 mol Hy/mol 7 %) 0, e K= #H KN
33.85 mL Hy/(L-h), HrhleEh 2 il vk 2 25

http://journals.im.ac.cn/wswxtbcn

i 7 4 10 e B 2 R & B9 (2) Ethanoligenens
harbinense B49 FiI[if % {k ) Rhodopseudomonas
faecalis RLD-53, [z v #5474 [m] (1) s s K7™ S et Al
PR R 4O 3.10 mol Hy/mol 7 %5 B A
17.2 mmol Hy/(L-h) B™: (3) Clostridium Butyricum
F1 Rhodopseudomonas faecalis RLD-53 HiZiE &

BLFE, WAV SER— RIS T IR A B ) e
ARG L, A5 Y ETE S R G A
1:600 i P& i i K%, Argun 25 R & 1 5
ST REWF5: (1) Clostridium beijerinkii
(DSMZ-791)#1 Rhodobacter sphaeroides-RV &
B3R, PEEAUEYIN 5 g/l IIERAT, HRT 6 d i
P IRN 90 mL Ho/g VERS, A T 35 m 4
5 HRT J7E 5 d KLEPY, (2) S, i, -
SRS DR A R 7R S s, LA
Wy >R T AT Ak B 3 1 R 48075 Y A1 Rhodobacter
sphaeroides-RV, 52 ZBLKI &R LT . Yok 10 Klux
= e o 139 mL Hy/g BEk), Freltias
LT BB S mBE; (3) IR B R 20 TR vk
XA RIS, TERTRIE A 20 g/L i B A
P SRR, (HAE e BN 2.5 g/L g o
TER - SRR, AN 1.1 o/L i EeA F T
P, Ozmihei ZEPURFTE T AMANEL T 2 444
T, kAR EIRA TGRS
Rhodobacter sphaeroides-NRRL R4 55757 4 1Y
SR, WIAREMITER I ) 10 g/L, WEAEE-LA
PR Lo 1:2, JERf sy 80.4 mg JEk/h %
AR BB (3460 mL) . F=4(HE (201 mL Ho/g
TERY) AR (18.1 mL/h) HRIRBIERR, FBIT
T I A TR A TR AR PR S 1 S AR T Y 2 T 24 7
Y 7 N 2 s e — BT ]

ZRAA R OCSCHR AT, I A - 't A 19 240 T TR
B 55 5% 7 SIS LA I A T RO e T 24 T DR A —
FE R LA, A TR T O A e 2 TRV PR FH G
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Table 2 Bio-hydrogen production from different substrates by combined dark and photo fermentations

\ A
E2 L T FEEURY JEUR Stk Yield of dark E= BTN
Inoculum cultures Substrate  Light source  Light intensity fermentation Reference
(mol H, mol/glucose)
Anaerobic sludge and mixed
photosynthetic bacteria
[Rhodobacter sp. (NRRL B-1727), INEZTER 2 )
Rhodobacter sp. (DSMZ-158), (4.1gL) i) 9.5 klux 116 [62]
Rhodopseudomonas palustris
(DSMZz-127), Rhodobacter sp. RV]
Anaerobic sludge and Rhodobacter INZVER & 2
SESS] 270 W/m 1.45 63
sp. RV (43 glL) [63]
Clostridium butyricum and IR LT 8 Klux 413 [56]
Rhodopseudomonas faecalis RLD-53 (6.0 g/L) ” ’
Ethanoligenens harbinense B49 and 2 Dl
Rhodopseudomonas faecalis RLD-53 (6.0 g/L) FRAT & il [57]
Anaerobic sludge and Rhodobacter INZE K .
sp. (NRRL B-1727) (100 g/L) POLNT 4 Klux 1.32 [61]
Clostridium butyricum DSM 10702 Wi
and Rhodobacter sphaeroides BT 135 W/m? 0.86 [64]
DSM 158 (5.09/L)

B A O A BT pH AN 23 B AR R EL A
PPN R R I pH ZEmA A BT
PR IR JGE A S A T AR R
SE, AHSZ A8 T YA A0 X G RE A W5
P I B SR ) e JRE 4% A T Y 9 R Y
W; SRAES T 20 HRT S5 =& i —4
HE M.

4 P B S BRI Pk AR

5 A2 W=Dl e T P o B o] S — IO B S %
WAL HOR, BEA BObH A HUE AL b A
o HARGT B — G A S AL, RIR &
7=y A LA e A o I K - A I A T
A 5977 205 W2 k™ S L B A R AR
B P R A A AU B B TR
A B IR I A WG A e 2 T — B S
R W' R T A R A ) — R 8 A ELAE A A —

ERESR HA ARENERYRAR, s
O™ S M A RE KT R -G R T A vk
IR

H HRE 9 B B ™= S B AR T 52 bR A 7 1 S 41
) A LA, K2 R R T B B = S AR IR LA
T PR ERCREAR, B E 12 mol
Ho/mol i HHAA R K 220E, il MK T=S
oM 7.2 mol Hy/mol #j%#l; Jta dHmZEsK G
HEGR R, AR F= S B R M s R AL,
K201 G (AL LV 73 €A 7/ 0 7A Y als aE Y (3 13
B 58k, FIFHE A o™ SR e, A
W I A 1 5 LA R LT 5 A 1) 4% o A 2 ke
PR B = S A Y= A AN RE (R 52 o ] K2 Asf
THERANFSZ e 42 SO R Gekase, i~ d i
PR U™ SRR R DL I, R, A
W W 9 B S B AR R AT S B N FH i AR 2 0F
R ITAETREF R,
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