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Influence of Substrate Concentration and Hydraulic Retention Time on the
Hydrogen Production Using Anaerobic Microflora

In-Beom Ko' - HangSik Shin - YongDoo Lee*

Department of Civil and Environmental Engineering, KAIST - *Major of Civil and Environmental Engineering, Cheju National University

ABSTRACT : The influence of substrate concentration and hydraulic retention time(HRT) on the hydrogen production by anaerobic micro-
flora was investigated by conducting three series of continuous experiments the individual influences of substrate concentration and HRT. In
series I, substrate concentration was increased from 3 to 27 g-glucose/L keeping HRT at 8 hr. Series II and III carried out same condition
with series I at HRT of 16 hr and 24 hr, respectively. The effects of HRT and substrate concentration on the hydrogen production yield
were analyzed by quadratic model. The maximum hydrogen production yield of 2.05 mol Hy/mol glucose was found at the HRT of 9.6 hr
and the substrate concentration of 154 g/L.. The relationship between HRT and substrate concentration on hydrogen production yield as dis-
played a saddle shape in the response surface plot. Optimum HRT and substrate concentration are observed at in the range of S and 14
hr, at between 13 and 17 g/L, respectively, for the hydrogen production yield being 2 mol Hay/mol glucose. The concentrations of organic acids

increased with the increase of the amount of glucose consumption. Acetic acid and butyric acid were the main by-products from the glucose
degradation.

Key Words : Anaerobic Microflora, Hydrogen Production, HRT, Organic Acid
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Fig. 1. Schematic diagram of experimental set-up used for
the hydrogen production by anaerobic hydrogen pro-
ducing microflora. (A : Agitator, C1 : pH controller, C2:
Water level controller, E : Effluent, G: Gas counter, P:
Pump, S : Substrate, T : Temperature controller)
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Table 1. Characteristics of hydrogen production in each experiment conditions

HRT Concentration of H: production H: production yield Cell Removal rate of
glucose(g/L) rate(mL/L/d) (mol Hy/mol glucose) (mg protein/L) Glucose(%)
3.0 0.39 0.35 257 100.0
4.5 2.69 1.60 410 100.0
- 6.8 4.38 1.74 556 100.0
T 9.0 6.65 1.98 775 100.0
(series I)
13.5 10.13 2,01 996 100.0
18.0 10.48 1.56 925 95.4
27.0 11.29 1.12 939 73.1
3.0 0.10 0.17 244 100.0
4.5 1.26 1.50 364 100.0
6.8 2.12 1.68 493 100.0
16 hr
. 9.0 3.23 1.92 666 100.0
(series 1I)
13.5 4.99 1.98 988 100.0
18.0 6.12 1.82 1021 100.0
27.0 6.55 1.30 994 90.9
4.5 0.76 1.36 279 100.0
24 hr
(series TIT) 9.0 2.02 1.80 476 100.0
18.0 3.14 1.40 582 91.1
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Fig. 2. Contour lines of hydrogen production yield(mol Hy/
mol glucose) as a function of HRT and substrate con-
centration. Dotted lines(---) and dashed lines(--) indi-
cate the optimum conditions and accepted conditions,
respectively.
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Table 2. COD mass balance of each series experiment

COD(%)
Series Glucose(g/L) Glucose Ha Ace.tic Propi.onic But).lric Lac.tic Cell Unknown
acid acid acid acid
3.0 - 2.1 322 0.1 42.8 0.9 13.0 8.9
4.5 - 10.5 214 0.4 46.9 0.3 13.0 7.5
6.8 - 12.4 18.7 0.1 45.9 0.2 12.9 9.8
I 9.0 - 14.7 17.9 0.3 49.2 0.1 12.8 5.0
13.5 - 15.5 16.9 0.1 49.4 0.2 12.1 5.8
18.0 4.2 122 11.0 0.1 40.9 16.2 9.8 5.6
27.0 256 9.0 79 0.2 32.1 12.1 6.3 6.8
3.0 - 1.0 30.1 0.1 48.3 0 11.5 9.0
4.5 - 10.0 22,6 0.2 42.6 0 11.9 12.7
6.8 - 12.0 204 0.5 45.6 0 11.8 9.7
I 9.0 - 142 19.7 0.1 51.6 0 11.3 3.1
13.5 - 15.2 16.3 0.2 48.7 0 11.5 8.1
18.0 - 143 12.9 0.3 49.4 1.8 10.0 11.3
27.0 8.7 10.4 9.1 1.2 357 17.5 73 10.1
4.5 - 9.1 20.2 0.5 44.1 0 11.9 142
11 9.0 - 13.8 18.5 0.9 46.7 0 119 8.2
18.0 8.3 11.0 9.9 1.5 46.5 4.8 6.3 11.7
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