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ABSTRACT 
Molecular hydrogen (H2) production with simultaneous wastewater treatment was studied in 
periodic sequencing batch reactor by continuous stirring of the substrate under anaerobic 
conditions. The bioreactor was operated at mesophilic temperature of 37.5oC at pH 6.5 with a 
total cycle period of 24h comprising Fill (30 min), React (23 h) and Decant (30 min) phases. 
Distillery wastewater having chemical oxygen demand of 1, 42000 mg/L was used as a 
substrate. Anaerobic mixed consortium from the wastewater treatment tank of distillery was 
used as inoculum. Hydrogen production rates with simultaneous increase in concentration of 
VFA’s during the six consecutive cycles declined from 238.16 to 18.50 ml/L/d. Replacement of 
half of the degraded substrate by fresh substrate in the next cycle leads to reduction in hydrogen 
formation in the system, due to over acidification of system by the Volatile Fatty Acids (VFAs) 
and the related changes in microbial activity and degrading products in the bioreactor produced 
in the previous batch cycle. 
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INTRODUCTION 
Renewable energy resources have received 
considerable attention in recent years in view of 
depleting fossil fuel reserves and environmental 
pollution problems caused by their 
consumption.1 Due to high energy yield 
(122KJ/G) and non-polluting nature, hydrogen 
(H2) is considered to be a promising fuel of the 
future.2 Hydrogen is an alternative to 
conventional fossil fuels, which can be produced 
by steam reforming, electrolysis, gasification and 
biological processes. Among various hydrogen 
production processes, biological production of 
hydrogen is one of the low energy processes 
which can be carried out at ambient temperature 
and pressure.3 Broadly, biological H2 production 
processes can be classified as biophotolysis of 
water using algae and cyanobacteria, photode-
composition of organic compounds by 
photosynthetic bacteria and fermentative H2 
production from organic compounds.4,5  

Fermentation as a way of producing 
biohydrogen has received increasing 
attention in recent years because of its high 
H2 production rate and a variety of readily 
available waste substrates used in the 
process.6 From an engineering point of view, 
producing hydrogen by mixed cultures is 
generally preferred because of lower cost, 
ease of control and the possible use of 
organic substrate as food.7 Therefore, finding 
new and cheaper methods to produce, extract 
and purify hydrogen are among the most 
promising areas of research. Biohydrogen 
production from agricultural waste and 
organic wastewater are receiving attention 
these days, since it can degrade the organic 
wastes while simultaneously supplying clean 
hydrogen energy.8  
Worldwide environment regulatory 
authorities are setting strict norms for 
discharge of wastewaters from industries. In 
India for instance, distillery industry had 
been    directed   to achieve zero discharge of  *Author for correspondence 
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spent wash by December 2005 according to 
the charter of Central Pollution Control 
Board, the apex pollution control authority.9 
Distillery wastewater generated in the form 
of spent wash is highly rich in organic 
compounds and hence, is one of the suitable 
substrates for hydrogen production.10-13 High 
organic load, absence of toxic chemicals and 
availability of large quantity of wastewater 
from distilleries may be considered 
advantageous for biohydrogen production by 
anaerobic fermentation. This provides dual 
environmental benefits of wastewater 
treatment with simultaneous energy 
generation.14,15  

AIMS AND OBJECTIVES 
The present study evaluates hydrogen production 
from distillery wastewater using mixed microbial 
culture obtained from the distillery ETP, by 
continuous stirring of substrate in a sequential 
batch bioreactor.  

MATERIAL AND METHODS 
Feedstock and inoculum 
Wastewater was collected from a grain based 
distillery, located in Samalkha, Panipat (India), 
which produces alcohol using rice as a raw 
material. Characteristics of the distillery 
wastewater are given in Table 1.  

Table 1 : Characteristics of distillery wastewater 

Parameters  Values 
pH 3.41 
Electrical conductivity (us/cm)                                             3.94 
Total dissolved solids (mg/L) 1.79 
Chemical oxygen demand (g/L) 142 
Proteins (g/L) 2.72 
Carbohydrates (g/L) 4.78 
Volatile fatty acids (mg/L) 240 

The anaerobic sludge was collected from 
wastewater treatment plant of another distillery 
unit situated in Hisar, Haryana (India). The 
characteristics of sludge were pH 7.4, 
Electrical Conductivity (EC) 9.8 uS/cm, Total 
Dissolved Solids (TDS) 4.9 mg/L and dry 
weight of the sludge was 60 g/L. The collected 
sludge was stored in a refrigerator prior to use. 
Analytical methods 
Estimation of hydrogen 
Hydrogen gas evolved in the reactor was 
analysed using gas chromatograph (Agilent 
6890N) fitted with thermal conductivity 
detector using mole sieve column. Nitrogen 
was used as a carrier gas at a flow rate of 
24.8ml/min. Injector, oven and detector 
temperatures were maintained at 100, 50 and 
200oC, respectively. 
Analysis of physico-chemical characteristics 
Physico-chemical parameters were characteri-
sed using standard APHA, 1995 methods.16 
COD estimation was performed using open 
reflux method, carbohydrates were estimated 
using Anthrone-sulphuric acid method,proteins  

were estimated using  Lowry’s method and 
VFAs were estimated using distillation method 
Reactor configuration and operation 
The reactor fabricated with leak proof sealing 
material along with proper inlet and outlet 
arrangements was used for the sequencing batch 
mode operation. The designed reactor had a 
total working volume of 4 l, gas holding 
capacity of 2 l and liquid volume of 2 l.  The 
wastewater feed was introduced from top of the 
reactor using peristaltic pump. Inoculum of 
mixed culture fed to the reactor in the form of 
sludge (5% v/v) along with the substrate. 
Anaerobic condition was maintained by 
sparging argon gas through the reactor contents 
for half an hour. The reactor was operated in 
sequencing batch mode in which one cycle 
period (substrate retention time) of 24 h 
included 30 min of fill, 23 h of react (anaerobic 
fermentation) and 30 min of decant phases. 
Initially to start up the reactor 2 l of distillery 
wastewater was fed into the reactor during the 
first cycle of operation. At the beginning of 
each cycle, immediately after decant phase, half 
of the liquid content of the reactor was replaced 
by new substrate having a constant amount of 
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innoculum (5%). To allow proper mixing of the 
substrate and innoculum continuous stirring of 
the reactor contents was done. 

RESULTS AND DISCUSSION 
Hydrogen production rates 
Hydrogen production rates during the sequencing 
batch experiment are shown in Fig. 1. The 
experimental results shows that hydrogen 
production rates decreased with the passage of 
time at each subsequent cycle. Hydrogen 
production rate during the 1st, 2nd, 3rd, 4th, 5th and 
6th cycles was found 238.16, 184.45, 112.85, 
55.07, 32.13 and 18.50 ml/L/d respectively. 
Since H2 production rate declined substantially, 
after 6th batch cycle, substrate replacement in the 
bioreactor was stopped and rate of hydrogen 
production was monitored at 24 h interval. It was 
found that H2 production increased up to 9th day 
and tended to stabilize thereafter on 10th day, 
when the experiment was terminated. Maximum  

hydrogen production rate of 248.27 ml/L/d was 
found on 9th day of experiment, which was 
comparable to that observed at the end of 1st 
cycle. The decline in rate of hydrogen 
production in sequential cycles seems to be 
due to accumulation of metabolites like 
volatile fatty acids with the addition of more 
and more substrate into the reactor. 
Searmsirimongkol17 have reported that 
hydrogen production from wastewater in an 
ASBR system under a mesophilic temperature 
of 37oC and a controlled pH at 5.5 was found 
to greatly depended on the feed COD value 
and COD loading rate, as well as Hydraulic 
Retention Time (HRT). The micro-organisms 
present in the bioreactor require sufficient time 
to degrade the organic matter and to utilise the 
degraded substances for the formation of 
hydrogen. Our observations on change in VFA 
concentrations discussed later also indicate 
similar reasons. 

 
Fig. 1 : Hydrogen production rate during various process cycles 

Removal of COD  
Chemical oxygen demand was found to 
decrease during 1st and 2nd cycles of the 
experiment showing 30% removal of organics 
from the wastewater (Fig. 2). After that COD 
was found to increase slightly indicating little 
organic removal with each progressive batch 
cycle on 50% substitution of substrate at the 
beginning of each cycle.  After 6th cycle when 
substrate addition to the bioreactor was 
stopped, COD started declining and by 9th day 
there was 38% removal in COD in relation to 
initial COD level. Thus, removal in COD     
was   found   to  corroborate with production of  

hydrogen.  As the organic matter from the 
wastewater was degraded by the anaerobic 
microbes, there is production of hydrogen by 
the fermentation of the organic substrates. Our 
results also indicate a distinct inverse 
relationship between COD concentration and 
H2 produced. 
Changes in concentration of VFA’s  
An anaerobic system not only involves the 
degradation of soluble organic compounds in a 
wastewater to form hydrogen, carbon dioxide 
and methane, but also accompanies the 
production of VFA’s, which greatly affects the 
process performance of the hydrogen 
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producing bacteria in the system.11 Fig. 3 
shows variations in concentration of VFA’s 
during the experiment. Concentration of 
VFA’s was found to increase with addition of 
substrate in each sequential batch cycle. It 
increases from 240 mg/l in first batch cycle to 

5177mg/L in the 6th batch cycle. After 6th batch 
cycle, when addition of fresh substrate was 
stopped VFA’s concentration decreased 
indicating that the VFA produced by the 
degradation of substrate were consumed for 
the formation of hydrogen by microbes.  

 
Fig. 2 : Changes in COD 

 
Fig. 3 : Changes in concentration of VFA’s 

Searmsirimongkol17 also concluded that 
hydrogen production efficiency is greatly 
reduced by increasing VFA’s concentration in 
the bioreactor. Extremely toxic level of VFA 
results in the reduction of microbial 
concentration in the system and increased 
microbial washout from the system. Excess of 
volatile fatty acids show the toxic effect on 
anaerobic micro-organisms presents in the 
reactor and hydrogen production tends to stop. 
It has been reported that high concentration of 
the waste can cause accumulation of liquid 
products during fermentation with subsequent 
over-acidification  of  bacterial cultures, which  

leads to inhibition of fermentation and 
decreases the specific yield of hydrogen.18,19 
Change in proteins and carbohydrates 
Concentration of proteins was found to decline 
sharply during 1st and 2nd batch cycle showing 
28 to 36% decline. After 3rd batch cycle 
concentration of proteins tended to stabilise till 
the 6th batch cycle (Fig. 4). However, after the 
6th batch cycle as addition of substrate to the 
reactor was stopped, protein concentration was 
found to decline with the passage of time. The 
microbes, which seem to have been adversely 
affected by high concentration of VFAs 
accumulated by 6th day, seem to be responsible 
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for reduced degradation of proteins and resume 
their fermentative activity after 6th day as 
discussed above, thereby reducing protein 
concentration in the substrate. 
Numerous investigations have shown that the 
metabolic pathways and microbial community 
structures were affected by the substrate 
concentration, and that hydrogen production is 
inhibited by the intermediate products.20,21 
Distillery wastewater is highly rich in 
carbohydrates. Thong22 investigated that 
carbohydrate-rich substrates are more 

appropriate for developing a real scale process. 
Carbohydrates concentration also decreased 
sharply during the 1st, 2nd and 3rd batch cycles 
and tended to somewhat stabilize in 
subsequent cycles (Fig 5). Carbohydrate 
concentration was again found to decline when 
the addition of fresh substrate was stopped 
after 6th batch cycle, indicating resumption of 
microbial degradation of the carbohydrates to 
produce H2.  Kim20 found that the fermentative 
bacteria can utilize carbohydrate in the dark 
fermentation process.  

 
Fig. 4 : Changes in proteins 

 
Fig. 5 : Changes in carbohydrates 

CONCLUSION 
Hydrogen production from distillery wastewater 
using mixed microbial cultures at mesophilic 
temp of 37.5oC at initial pH of 6.5 was studied in 
sequential batch cycles.  The findings however 
showed that such addition of more and more 
fresh substrate in which 50% of the reacted 
substrate  was replaced by fresh substrate in each  

cycle leads to over acidification in the system. 
Degradation of substrate leads to production of 
VFA’s, and causes acidic conditions in the 
system. Excess of VFA seems to have toxic 
effect on the fermentative microbes in the 
reactor. The results of batch cycles show that the 
decline in hydrogen formation in the system is 
accompanied by decline in degradation of 
proteins and carbohydrates as indicated by their 
raised concentrations. Sequential batch mode 
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reactor, replacing half of the reacted substrate is 
thus highly dependent on concentration of 
degrading products in the reactor influencing 
production of hydrogen. A lag phase is thus 
required between a few sequential cycles to 
stabilize the system for sustained H2 production. 
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