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Production of Hydrogen and Related Raw Fuels

REICIDKRERFRMOBIREFTTR

The Present State and The Future Technology of Hydrogen Production by

Fermentation

BE BB

Shigeharu Tanisho

Abstract: This paper summarized on the fermentative hydrogen production in regard to the paper title. Since the

hydrogen production from biomass is strongly expected from the point of global warming, this paper listed suitable

biomasses for the fermentative production, yields and rates of production from the biomasses, and estimated the effi-

ciency of energy conversion from biomass to hydrogen, production potentials from kelp, and referred to representative

values on the production rate, yield and cultural temperature.
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Fig.1 Main pathways of fermentative hydrogen production.
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Table 1 Utility of carbohydrates for hydrogen production by Enterobacter aerogenes.?
Cell mass Hydrogen  Specific Yield
Material Fomula wrggilt Production evolved rate® Yizss Yizss
[mg] [mmol] [—] [mol/mol]  [mmol/g]

Trioses

Glyceraldehyde * 0.5 * 0.1 1.2

C3HgO4 90.1

Dihydroxyacetone * 0.72 * 0.2 1.9
Pentoses

D-Arabinose 8.7 0.31 0.2 0.1 0.5

L-Arabinose C.H,O 150.1 16. 1 1.54 0.6 0.7 4.7

D-Xylose 15.9 0.95 0.4 0.4 2.7

D-Ribose * 0.55 * 0.2 1.3
Hexoses and related compaounds

Glucose 24.5 (7.0) 1.88 1 1.0 5.7

Galactose 12.3(9.3) 1.80 0.8 1.0 5.6

D-Fructose CeH,206 180.2 26.7 (8.0) 2.15 0.9 1.2 6.8

D-Mannose 253 (7.8) 2.19 1.0 1.2 6.9

L-Sorbose 7.9 0.06 — — —

Mannitol 43.8 (7.0) 2.79 1.2 1.6 8.9

, CeH,406 182.2

D-Sorbitol 22.5(7.0) 2.78 1.2 1.6 8.9

Gluconic acid CeH,,0, 196.2 33.2 (8.5) 1.38 14 0.9 4.6
Saccharides

Sucrose 22.7 (9.9) 2.33 1.0 2.5 7.4

Maltose Cy2H,504, 342.3 23.3(8.5) 2.56 0.9 2.9 8.6

Lactose 9.2 0.4 0.1 0.3 0.9
Polysaccharides and structural polysaccharide

Amylose * 0.19 — — 0.1

Glycogen (CeH, 05 & — * 0.22 — — 0.4

Starch 12.1 0.19 — — 0.1

a) Estimated as the specific rate to the rate of glucose fermentation (11mmol-H,/L h)
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Fig.2 Structure of D-glucose.”
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Fig.3 Structure of D-Galactose.”
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Fig.5 Structure of starch. (a) Amylose, a linear polymer
of D-glucose in a[1—4] linkage. (b) Amylopectin,
structure of a branch point from a[1— 4] linkage
to another a[1 — 4] linkage by a[1— 6] linkage of
D-glucose.
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Fig.6 Hydrogen production rate of Mesophilic bacterium
HNOO1 from glucose and starch.
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Fig. 7 Structure of cellulose. A linear polymer of D-glu-
cose in B[1—4] linkage.
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Fig.8 Structure of elemental carbohydrates making kelp.
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Table 2 Comparison of productivity between kelp and sugarcane.

Kelp Sucrose
Unit

H2 yield 15 11 2.3 10

Yield of product 291 100 [ton/ha]
Yield of product 29,000 10,000 [ton/km?]
Hexose 2,320 1,500 [ton/km?]
H2 produced 392376 2,877,423 429333 1,866,667 [Nm’/km?]
Gasolin 392 2,877 429 1,867 [KL/km®]

1) The crop of kelp was estimated at 14.5kg/m”.

2) Harvesting of kelp is assumed to be twice a year.

3) The amount of mannitol was estimated at 8% of the wet weight of kelp.
4) Running efficiency assumed to be 1m3-H2 equals to 1 L-gasolin.
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Table 3 Representative bacteria that can produce hydrogen by fermentation.

Stri bic b ) Culn.? pH Temp. Sub. Yield” Production rate
trict anaerobic bacteria
[—] [°c] [mol/mol] | [mmol/Lh] | [mmol/g-h]
Clostridium sp. No 2% B 6.0 36 glucose 20 24 -
C. paraputrificum M-21% B — 37 GlcNAc 25 31 —
Mesophilic bacterium HN001® B 6.0 47 glucose 24 160 44
C. butyricum LMG1213t” C 5.8 36 glucose 1.5 22 —
Clostridium sp. No 29 C 6.0 36 glucose 24 21 -
C. pasteurianum® C 6.6 40 sucrose 1.6 612 17
Facultative anaerobic bacteria
Enterobact:
reronacter aemgzngzso 051 B 6.0 38 | glucose 10 21 17
E. cloacae IT-BT 08'" B — 36 sucrose 3.0 35 29
E. aerogenes E.2005'? (¢} 6.0 38 molasses 0.7 36 17
E. aerogenes HU-101 m AY-2"¥ o] — 37 glucose 1.1 58 -
Thermofilic bacteria
Thermotoga maritima'? — 80 glucose 4.0 10 -
Thermotoga elfii '* 74 65 glucose 3.3 3 5
Caldicellulosirupt:
aldice uos,rug::charo/yticus15) B 70 70 sucrose 3.3 8 12
Clostridium thermocellum'® B - 60 | cellobiose 1.0 7 14
Th kodak 1
ermococcus foda araens}gD | 6.8 85 | pyruvate 2.2 9 59
Co—culture
t
sludge compost'® C 6.8 60 waste 25 8 -
water
C. butyricum IFO13949 +
E. acrogenes HO-39"® C 52 36 starch 26 53 -
sewage sludgezm (¢} 5.7 35 glucose 1.7 30 —
fermented soybean meal?” (6] 6.0 35 glucose 14 8 —
sewage sludgem C — 35 sucrose 15 298 —

a) B: batch cultivation, C: continuous cultivation b)
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