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Progress and technology development on hydrogen production
through bioconversion of lignocellulosic biomass
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Abstract: Hydrogen production from lignocellulosic biomass is both sustainable and environmentally friendly, which is garnering
more and more attention across the world, with an expectation to challenge the shortage of fossil fuels supply and climate change as
well. In this article, the update research progress and technology development of biohydrogen production are reviewed, with a focus
on biomass pretreatment, hydrogen-producing microorganisms and process engineering strategies. And in the meantime, a roadmap
for more efficient and economic biohydrogen production is envisioned.
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Fig. 1 Schematic diagram of hydrogen production through bioconversion of lignocellulosic biomass.
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— PSR SR I B o A Kumar S0 PRI A
Wy o3 B — R FRYA AT B Enterobacter clocae
IIT-BTO8, 7ELLHI % WE Miciin, 36°CHI pH 6.0 5%
TR K AR A 1K 29.63 mmol Hy/(g-drycell-h);
ARHTETTIN A g i SR 0 28 1 DR 4203 M 15 R R
BRI T MmO AW B49, Hoim KA R
FIELP= S0 R0 54 32.28 mmol Ha/(g-drycell-h)Fl
2.34 mol Hy/mol #j#j M. MILZ T, KM I
WEEHED A D AT o SR ASORE K g 1) B
AT R AR BRI, R A I SRS TR AT
A )R AR BT 409% , HA K KR
Bl ORI U, A REPAS B i W 2 T AR
P SRR IE S, 25 BE 7T 4RI K A 8 P 4
BT, R A ORI A 7 AR AT 4 T R 25%
Zitio PR, An 2Rk 30 A6 ] i ) Sss A o &
AR A P RO i /K P ) TSR, R A
UTAER, BRI ENTRE ST R 1 — 6 0C T oMl & o
AR D e T O BRSS9,
Kumar %53 8 1 HePEIRE R Enterobacter cloacae
T-BT 08 %A 197 2 HE 19 0.95 mol Hy/mol A
BEO Lo AR M SR 7= SR N 7 43 B 7 k4l
MR, 5 T 7 BRI R AR ERE ), 4R
KR Clostridium butyricum and Klebsiella sp.GEM%
FIFHARE KB4, HAEk CL butyricum CGS5 |
FAARE P SURE ) ey, LR R ™ S U AN L™ S %
4324 212.5 mL/(L-h) and 0.73 mol H,/mol AME;

Kadar 22158 T Caldicellulosiruptor saccharolyticus
XPHIANE . AHE SR SR ERe Sy, HAEARE I
WAL H 2.24 mol Hy/mol AHE, FARME%EN
11.3 mmol/(L-h), HAFHZE LIFE1E%k 2.5 mol Hy/mol
AME, | KPS EF N 10.7 mmol/(L-h), H7E
7 % B R B TR & B L A% 5% 4K % 2.32 mol Hy/mol
JEY, RN 9.2 mmol/(L-h); B Y
AT I 43 B R — R e A ORI P o 2 A e 1
AREIRE T thermosaccharolyticum W16, HAEH]
PR BRSO 2.42 mol Hy/mol 4 b,
KA AN 12.9 mmol/(L-h), HAEAM FIES
FeAb % 2.19 mol Hy/mol AHE, Fe k™ AN
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Table 1 H; yields and production rates reported in xylose fermentation studies
. . Culture Temperature HPR Y
Microorganism Substrate mode (°O) pH (mmol/ L*h) (mol H; /mol substrate) Ref.
Xylose Batch 35 6-7 5.94-8.93 1.92-2.25
Sewage sluge [22]
Xylose Continuous 35 7.1 4.15 0.7
Sewage sludge Xylose Continuous 40 6.5 25.4 0.8 [23]
Clostridium sp. No. 2 Xylose Continuous 25 6.0 21.0 2.36 [24]
Clostridium tyrobutyricum
ATCC 25755 Xylose Batch 37 6.3 8.35 0.77 [25]
Clostridium butyricum CGS5 Xylose Batch 37 7.5 9.64 0.73 [19]
Enterobacter cloacae 11IT-BT 08  Xylose Batch 36 6.0 15.5 0.95 [26]
Microflora Xylose Batch 75 7.3 - 0.54 [27]
Hydrogen-producing sludge Xylose Continuous 50 7.0 5.76 1.4 [28]
Compost Xylose Fed-batch 55 5.0 0.27 1.7 [29]
Xylose 11.3 2.24
Caldicellulosiruptor Mix Batch 70 7.2 9.2 2.32 [20]
saccharolyticus
Glucose 10.7 2.5
Xylose 10.7 2.19
T. thermosaccharolyticum W16 — Mix Batch 60 6.5 11.2-12.7 2.23-2.37 [21]
Glucose 12.9 2.42

HPR: hydrogen production rate; Yy,: yield of hydrogen production based on substrate consumed.

10.7 mmol/(L-h)o AL AN [A] %5 Bl ABE e LR 5
W E AR LR R 2.23~2.37 mol H,/mol JEY,
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butyricum CGSS5 #4174, A7 mMA”
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Table 2 Hydrogen production reported in cellulosic substrates fermentation studies
Microorganism Cellulosic substrate Temperature (°C) Y References
Cellulose MN301 1.7 mol H,/mol glucose
Clostridium cellulolyticum 37
Microcrystalline cellulose 1.6 mol Hy/mol glucose [56]
Cellulose MN301 1.6 mol Hy/mol glucose
Clostridium populeti 37
Microcrystalline cellulose 1.4 mol H,/mol glucose
Clostridium termitidis strain CT1112 a-cellulose 37 7.7 mmol H,/L culture [55]
Microcrystalline cellulose 37 33.7 mmol H,/L culture [51]
Clostridium acetobutylicum X9
Steam-exploded corn straw 8.4 mmol H,/L culture [52]
Clostridium butyricum AS1.209 Steam-exploded corn straw 35 3.0 mmol H,/g SECS [57]
Ruminococcus albus Sweet sorghum 37 2.7 mmol H,/g [58]
Heat-shocked sludge Microcrystalline cellulose 37 3.2 mmol H,/g cellose [59]
Dried distillers grains 1.27 mol H,/mol glulose
Barley hulls 1.24 mol Hy/mol glucose
Clostridium thermocellum Contaminated barley hull 60 1.18 mol Hy/mol gl [0
ATCC 27405 ontaminated barley hulls . ol Hy/mol glucose
Microcrystalline cellulose 0.76 mol H,/ mol glucose
Delignified wood fibers 1.6 mol Hy/ mol glucose [50]

Microcrystalline cellulose
C. thermocellum JN4 Corn stalk powder
Corn cob powder
Sweet sorghum
Sugarcane bagasse
Caldicellulosiruptor saccharolyticus Wheat straw
Maize leaves
Silphium
Anaerobic digested sludge Microcrystalline cellulose

Sludge compost Microcrystalline cellulose

15 mmol H,/L culture
60 9.1 mmol H,/L culture [54]
9.4 mmol H,/L culture
30.17 mL/g raw material
19.21 mL/g raw material
70 44.86 mL/g raw material [53]
38.14 mL/g raw material
8.14 mL/g raw material
55 4.6 mmol Hy/g cellulose [61]
60 2.4 mol Hy/mol glucose [62]

Y,: yield of hydrogen production based on per gram/mol substrate consumed or per liter volume.
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