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Studies on Efficiencies of Bio-gas Production in Anaerobic
Digesters using Water Hyacinth and Night-soil Alone
as well as in Combination

SUNIL KUMAR

Department of Civil Engineering, Muzaffarpur Institute of Technology,
Muzaffarpur-842 003, India

Water-hyacinth and night-soil alone as well as in combination
with each other in various proportions (1 : 3 and 3 : 1) have tremen-
dous potential to produce bio-gas (rich in methane content) through
anaerobic digesters. The sludge obtained from mixed feed was im-
proved in terms of nitrogen, phosphorus and potassium in compar-
ison to hyacinth alone. The sludge can be utilized as a very good
manure. The technology is very simple and can be easily im-
plemented in rural areas to fulfill the energy crisis especially for
cooking.
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INTRODUCTION

Water hyacinth (Eichhornia crassipes), a wild growing weed in sluggish and
polluted water is a dark green board leaf plant, floating freely in water. Harvesting
method of water hyacinth plants is also very simple. It is with this idea that studies
on the efficiency of bio-gas production in anaerobic digesters using night-seil and
water hyacinth alone as well as in combination with each other have been
undertaken. This study is aimed at utilizing water hyacinth as the major ingredient.

EXPERIMENTAL

Experiments were conducted with various raw materials collected from several
places as per convenience at Muzaffarpur. The plants were initially spread on the
ground for partial drying. Thereafter, the plants were manually cut into pieces
(10-15 mm) by a chopper. Experiments were conducted in 10 Litre capacity
digester in a semi-continuous digestion process. The digester was sealed and
connected to a standard gas collecting arrangement to facilitate gas measurements.
The gas was collected and measured by water displacement method. Samples of
influent and effluent slurry before and after digestion were collected and analyzed
for various physio-chemical parameters like pH, temperature, volatile solids,
alkalinity, ammonia, nitrogen, volatile solids and volatile acids as per standard
methods'.
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RESULTS AND DISCUSSION

The study was conducted in two different phases, i.e., in summer (phase I) and
in winter (phase II ). Performance of all the digesters is shown in Table-1.

Phase I : Study in Summer

Volatile solids destruction and bio-gas production: It was found that volatile
solids destruction increased in the digester I, VI and VII, receiving hyacinth alone
and mixed feed of hyacinth and night-soil (1:0, 2: 1, 3 : 1). This increase was
observed to be with the increase of the hyacinth load in the mixed feed. A
maximum volatile solid destruction of 39.81+ 2.6 (%) was recorded in the digester
I, receiving hyacinth alone whereas volatile solid destruction of 34.34 + 3.2 (%)
and 34.74 £ 3.6 (%) were found in the digester VI and VII receiving mixed feed
of hyacinth and night-soil (2 : 1, 3 : 1). Since gas production will be proportional
to volatile solid destruction, it is obvious to expect increased gas yield with
increase in-the proportion of water hyacinth in the mixture, which can be
concluded from gas yield data (Table-1) ataratioof 1:0,2: 1, 3 : 1. The volatile
solid destruction was 36.87 + 3.4 (%) in the digester II, receiving mixed feed of
hyacinth and night-soil (1 : 1) whereas volatile solid destruction of 38.51 + 3.5,
41.72 +4.27 and 42.87 +4.74 were observed in the digesters III, IV and V
receiving mixed feed of hyacinth plus night-soil and night-soil alone (1:2,1:3
and 0:1). This increase in volatile solid destruction clearly showed that it
improves with the increase in the night-soil load. Thus bio-gas production can
also be increased by the addition of night-soil load in the mixed feed (Table-1).

* Pathe et al.? observed a maximum of 39.79 * 2.3% of volatile solids destruc-
tion in digester receiving water hyacinth alone and is nearly equal to the mixture
where cattle dung to fresh water hyacinth is in the ratio of 1 : 3.

pH variation: From the results of pH, it can be seen that digesters III, IV, I
and VII provided better buffering capacity in comparison to others. It is a well
known fact that methane bacteria are very sensitive with change in pH. Ghosh
and Klass® found that the optimum pH for the fermentative acidification stage of
their small scale two-stage digestion of sewage sludge or glucose was 5.7. The
alkalinity is a measure of buffering capacity of the contents and acts as a safe
guard against pH fluctuation.

According to Hobson et al.* and Hobson and Peilden’, a digester usually runs
naturally at a pH of 7 or just over, about 7.2. This pH is about optimum for the
methanogenic bacteria.

During the digestion period, the digesters III, IV, VI and VII were found to be
more stable than the other digesters which was quite evident from the range of
their variation.

Alkalinity variation: The alkalinity values were found to be decreased in
the case of digesters I, VI and VII but rate of decrease of alkalinity is faster in
the case of hyacinth alone in comparison to the mixed feed of hyacinth and
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night-soil (2 : 1, 3 : 1). That means alkalinity values decreased as the proportion
of fresh water hyacinth increased in the mixed feed digester. In digesters II, I,
IV and V in which mixed feed of hyacinth and n,i_ght-soil alone (1:1,1:2,1:3,
0: 1) were-digested, the alkalinity values were found to be in increasing order.
The increase in alkalinity was observed with the increase in night-soil load.

Deshpandey et al.® also recorded increasing trend in alkalinity in the anaerobic
digestion of cattle dung and night-soil.

Volatile acid variation: The volatile acid variation in the digesters I, VI and
VIkxeceiving only hyacinth and mixed feed of hyacinth and night-soil (1:0, 2:
1, 3 : 1) were low as compared to the digesters II, III, IV and V. A

In case of digesters II, I, IV and V receiving mixed feed of hyacinth and
night-soil alone (1:1, 1:2, 1:3 and 0: 1) there was no alarming increase in
volatile acid concentration.

Ammonia nitrogen: The ammonia nitrogen concentration in the digesters
IL, III, IV and V which contained mixed feed of hyacinth and night-soil (1 : 1,
1:2,1:3,0: 1) also showed increasing trend. This increasing trend was observed
with the increase in night-soil load. That means in case of digester V which
contained night-soil alone the ammonia-nitrogen concentration will be highest in
the effluent. The increased concentration of total ammonia nitrogen in the effluent
may be due to the fact that night-soil is rich in protein which on deamination
produced ammonia.

Pathe et al.! also observed that ammonia-nitrogen values in the mixed feed
(water hyacinth plus cattle dung) and fresh water hyacinth digester when
compared to cattle dung indicated efficient nitrogen retention in the sludge from
the mixed feed digester. In digesters I, VI and VII which contained water hyacinth
alone and mixed feed of water hyacinth and night soil (1:0, 2:1, 3:1), the
ammonia nitrogen concentration was not so high as was seen in digesters II, III,
IV and V (Table-1). However, the total ammonia-nitrogen concentration was
found to be in increasing order which resulted in the digested slurry which was
rich in nitrogen retention. It was also clear that there was no adequate level of
alkalinity which can increase the toxic level of ammonia-nitrogen. Trivedi’
observed that 10,000 mg/L of alkalinity as the upper limit for night-soil digester.
In this study, the maximum alkalinity values of 3784 mg/L and total ammonical
nitrogen values of 42 mg/L and 721 mg/L were found in the digesters IV and V
respectively, receiving mixed feed of hyacinth plus night-soil and night-soil alone.
In other digesters I, II, III, VI and VII total ammonia nitrogen values were
recorded low.

Satyanarayan et al.® also conducted similar type of studies and observed that
cowdung has a potential to suppress ammonia toxicity since the quantity of
ammonical nitrogen release into the slurry was low in the mixed feed of cattle
dung and night-soil as compared to night-soil alone.
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- Conclusions

w

Water hyacinth and night-soil can be mixed in various proportions for the
bio-gas production. In case of 3 : 1 ratio, the bio-gas production efficiency
is quite high. So the water hyacinth can be used as a major ingredient for
bio-gas production.

Water hyacinth alone and night-soil alone have tremendous potential to
produce bio-gas. ,

Methane content of the tio-gas produced was found to be increasing in the
mixed feed of water hyacinth and night-soil.

Sludge obtained from mixed feed containing hyacinth and night-soil was
improved in terms of nitrogen, phosphorus and potassium in comparison
to hyacinth alone. The mixed sludge is supposed to have higher percentage
of fibres which provides enough porosity to the soil mass which is essential
for high yield of various crops.

The bio-gas production takes place in winter also but its efficiency is very
poor. The stabilization of the digester also takes too much of time.
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