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ABSTRACT
A comparative study on anaerobic co-digestion of water hyacinth with poultry litter and water hyacinth
with cow dung in different ratios were carried out in 250 ml batch digesters for a 60 days retention period.
Co-digestion was carried out in mesophilic temperature range of 30 to 37°C with a total solid concentration
of 8% in each sample (fermentation slurry). The biogas was collected by the downward displacement of
water, and was subsequently measured. Anaerobic co-digestion of water hyacinth with poultry litter
produced more biogas compared to co-digestion of water hyacinth with cow dung. The overall results
showed that blending water hyacinth with poultry waste had significant improvement on the biogas yield.
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[1] INTRODUCTION
Global depletion of energy supply due to the
continuing over-utilization is being a major
problem of the present and future world
community. It is estimated that the fossil
fuels will be running out by the next few
decades [1]. Therefore in today’s energy
demanding life style, need for exploring and
exploiting new sources of energy which are
renewable as well as eco-friendly is a must
[2].
Biogas technology offers a very attractive
route to utilize certain categories of biomass
for meeting partial energy needs. Anaerobic
digestion (AD) is a technology widely used
for treatment of organic waste for biogas
production. AD that utilizes manure for
biogas production is one of the most
promising uses of biomass wastes because it
provides a source of energy while
simultaneously resolving ecological and
agrochemical issues [3]. The anaerobic

fermentation of manure for biogas
production does not reduce its value as a
fertilizer supplement, as available nitrogen
and other substances remain in the treated
sludge [4].
Water hyacinth (Eichhornia crassipes) is a
fast growing perennial aquatic plant widely
distributed throughout the world [5]. This
tropical plant which belongs to the family
Pontedericeae can cause infestations over
large areas of water resources and
consequently lead to series of problems.
These include reduction of biodiversity,
blockage of rivers and drainage system,
depletion of dissolved oxygen, alteration on
water chemistry, and involvement in
environmental pollution. Therefore, on one
hand, attempts have been geared towards the
use of biological, chemical and mechanical
approaches for preventing the spread of, or
eradication of, water hyacinth. On the other
hand, much attention has been focused on
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the potentials and constrains of using water
hyacinth as a biomass for biogas production
[6]. The possibility of converting water
hyacinth to biogas established in a number
of developing countries, mainly in India [7]
[8] [9] [10].
Co-digestion is the simultaneous digestion
of more than one type of waste in the same
unit. Advantages include better digestibility,
enhanced biogas production/methane yield
arising from availability of additional
nutrients, as well as a more efficient
utilization of equipment and cost sharing
[11]. Studies have shown that co-digestion
of several substrates, for example, banana
and plantain peels, spent grains and rice
husk, pig waste and cassava peels, sewage
and brewery sludge, among many others,
have resulted in improved methane yield by
as much as 60% compared to that obtained
from single substrates [12] [13] [14] [15].
Results of co-digestion of food waste and
dairy manure in a two-phase digestion
system conducted at laboratory scale
showed that the gas production rate (GPR)
of co-digestion was enhanced by 0.8 - 5.5
times as compared to the digestion with
dairy manure alone. A wide variety of
substrates, animal and plant wastes have
been used for biogas production [16]. In
these studies, the rate of biogas production
was found to depend on several factors such
as pH, temperature, C:N ratio, retention
time, etc. Co-digestion of sewage sludges
with agricultural wastes or MSW can
improve the methane production of
anaerobic digestion processes [17] [18] [19]
and has been recently reviewed [20]. The
co-digestion of cattle manure with MSW
[21] [22] has also been shown to enhance
methane production. The present study was
undertaken to evaluate co-digestion of water
hyacinth and animal manure. Two different
batch experiments were carried out: 1) water
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hyacinth with poultry litter and 2) water
hyacinth with cow dung. The final aim of
the study was to choose the best ratio
between water hyacinth and animal manure
and compare the results in either case.
[2] MATERIALS AND METHOD.
2.1 Sample collection
Water hyacinth used for the study was
obtained from a lake at Kengeri Satellite
town (Bangalore, Karnataka, India).
Overnight, fresh poultry waste was collected
from J M J chicken center (Bangalore,
Karnataka, India). Fresh cow dung was
collected from Mother dairy (Bangalore,
Karnataka, India). Primary sludge was
collected from Vrishabhavathi sewage
treatment plant near R V College of
Engineering (Bangalore, Karnataka).
2.2 Materials/Instruments
The following materials/instruments were
used for the purpose of this research:
weighing
balance
(Systronics),
gas
H
chromatography (CHEMITO), p meter
(Systronics), a mercury in glass thermometer
(range 00C to 1000C), Borosilicate
desiccators, silica glass crucibles, oven,
grinding mill, temperature controlled water
bath, water troughs, graduated transparent
glass gas collectors, tap water, rubber cork,
connecting tubes and biogas burner
fabricated locally for checking gas
flammability. AR grade sodium hydroxide
and acetic acid manufactured by Ranbaxy
laboratories were used as procured without
further purification.
2.3 Biomethanation unit
It consists of a temperature controlled
thermo bath which is maintained at 350C. It
can accommodate 10 biodigesters. Each
biodigester is connected to a graduated gas
collector by means of a connecting tube. A
stand holds all the gas collectors. Biogas
evolved is collected by downward water
149
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displacement method. Plastic water basins
are used for water sealing (Fig.1)
2.4 Solids Analysis
Total solid (TS) and volatile solid (VS) were
analyzed for water hyacinth, poultry litter,
cow dung and primary sludge according to
standard methods (APHA, AWWA and
WPCF, "Standard methods for the
examination of water and waste water", 19,
Washington, D.C., 1995.). Table 1 gives the
solid analysis and pH of poultry litter and
cow dung.
2.5 Fermentation slurry
Fresh water hyacinth (leaves, stem and root)
on collection was chopped to small sizes of
about 2 cm allowed to dry up under the sun
for a period of 7 days, after which they were
dried in an oven at 600C for 6hours. This
oven-dried water hyacinth was then ground
to fine particles using a grinding mill. To
study the anaerobic co-digestion of water
hyacinth with poultry litter, a series of batch
digesters (series-A) PW2, PW3, PW4 and
PW5 were prepared using the ground water
hyacinth. Table 2 gives the composition of
series-A digesters. Another series of batch
digesters (series-B) CD2, CD3, CD4 and
CD5 were prepared using the ground water
hyacinth. Table 3 gives the composition of
series-B digesters. Digester DWB (8 gm
ground water hyacinth+92 gm water+10 gm
inoculum+0.3 ml acetic acid) serves as
blank for water hyacinth. Digesters of both
series were given 10 gm of inoculum
obtained from an anaerobic primary sludge
digester. and 0.3 ml of 10% by volume of
acetic acid. Biomethanation of these
digesters were carried out in duplication
with a retention time 60 days in the
mesophilic range (30-40oC). Cumulative
biogas production, slurry temperatures were
monitored throughout the period of the
study.
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[3] RESULTS AND DISCUSSION
3.1 Co-digestion of water hyacinth with
poultry litter
The trend of cumulative biogas production
with time for all the digesters of series-A are
given in table 4. As shown in figure 2,
biogas production commenced in all the
digesters on 4th day. Digesters PW2, PW3,
PW4 and PW5 produced flammable biogas
on 10th day, while digester PW5 produced
12th day. The cumulative biogas produced
was maximum for PW4 (0.39 l/g VS)
followed by PW3 (0.37 l/g VS). While PW5
produced least biogas of 0.32 l/g VS.
3.2 Co-digestion of water hyacinth with
cow dung
The trend of cumulative biogas production
with time for all the digesters of series-B is
given in table 5. As shown in figure 3,
Digesters CD2, CD3 and CD4 commenced
biogas production from 5th day, while CD5
commenced from 8th day. Digesters CD2,
CD3 and CD4 produced flammable biogas
on 11th day, while digester CD5 produced
13th day. The cumulative biogas produced
was maximum for CD5 (0.26 l/g VS).
Digesters CD3 and CD4 produced same
amount of biogas (0.24 l/g VS) however the
rate of biogas production was marginal
better for CD3 than CD4, therefore CD3
reached the ultimate value one day earlier to
CD4 . Digester CD2 produced least biogas
of 0.21 l/g VS, this may be because of
improper ratio of water hyacinth to cow
dung of the slurry. The trend of cumulative
biogas production with time for digester
DWB is shown in figure 4. From the figure
4, gas evolution commenced from 7th day
and has longer lag phase compared to seriesA and series-B digesters. The maximum gas
produced was 0.23 l/g VS which is better
than the performance of digester CD2 (0.21
l/gVS), however the time period for
attaining the maximum production rate is
150
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longer for water hyacinth as compared to
cowdung.
Comparing figure 2 and figure 3, it is clear
that anaerobic co-digestion of water
hyacinth with poultry litter produced better
results. This could be because poultry litter
has high total nitrogen concentration and the
break down of the proteins during anaerobic
digestion result in an ammonia inhibition of
the process [23]. Fermentation slurry
obtained by mixing water hyacinth with
poultry litter has higher nitrogen content,
and favorable pH of 7.01 compared to
fermentation slurries of series-B. It also
contains adequate amount of carbon,
oxygen, hydrogen, nitrogen, sulphur,
phosphorous,
potassium,
calcium,
magnesium and a number of trace elements
for bio-digestion, hence is an improvement

over co-digestion of water hyacinth with
cow dung.
[4] FIGURES AND TABLES
Fig. 1. Biomethanation unit

Figure 2. Daily biogas production of series-A
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Figure 3. Daily biogas production of series-B
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Figure 4. Daily biogas production of digester DWB.
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Table. 1. Solid analysis and pH data
Digester
Poultry waste
Water hyacinth
Cowdung
Primary sludge

Ph
7.1
6.4
6.7
6.8

% TS
21.20709
16.89544
21.32863
5.328481

% VS
83.47188
82.84855
72.46901
51.83888

Table 2. Composition of series-A digesters
Digester
PW2
Jagadish H Patil, et al.

Water
hyacinth
2 gm

Poultry
litter
28.3 gm

Water

Inoculums

Acetic acid

69.7 gm

10 gm

0.3 ml
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PW3
3 gm
23.58 gm
PW4
4 gm
18.87 gm
PW5
5 gm
14.15 gm
Table 3. Composition of series-B digesters

73.42 gm
77.13 gm
80.85 gm

10 gm
10 gm
10 gm

0.3 ml
0.3 ml
0.3 ml

Digester

Water hyacinth

Cow dung

Water

Inoculum

Acetic acid

PW2

2 gm

28.3 gm

69.7 gm

10 gm

0.3 ml

PW3

3 gm

23.58 gm

73.42 gm

10 gm

0.3 ml

PW4

4 gm

18.87 gm

77.13 gm

10 gm

0.3 ml

PW5

5 gm

14.15 gm

80.85 gm

10 gm

0.3 ml

PW4
(l/g VS)

PW5
(l/g VS)

Table 4. Trend of biogas production (series-A)
Days

PW2
(l/g VS)

PW3
(l/g VS)

0
0
5
0.015
10
0.05
15
0.15
20
0.24
25
0.27
30
0.32
35
0.33
40
0.34
45
0.34
50
0.34
55
0.34
60
0.34
Table 5. Trend of biogas production (series-B)
Days

CD2
(l/g VS)
0
5
10
15
20
25
30
35
40
45
50
55
60

CD3
(l/g VS)
0
0.005
0.01
0.025
0.045
0.075
0.15
0.18
0.2
0.21
0.21
0.21
0.21

[5] CONCLUSION
Water hyacinth is a very good biogas
producer needs minimal pre-treatment
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0
0.015
0.05
0.12
0.19
0.25
0.3
0.36
0.37
0.37
0.37
0.37
0.37

0
0.015
0.025
0.12
0.2
0.27
0.35
0.37
0.39
0.39
0.39
0.39
0.39
CD4
(l/g VS)

0
0.005
0.01
0.027
0.05
0.08
0.175
0.23
0.24
0.24
0.24
0.24
0.24

0
0.005
0.015
0.025
0.05
0.11
0.2
0.27
0.32
0.32
0.32
0.32
0.32
CD5
(l/g VS)

0
0.004
0.008
0.024
0.04
0.08
0.16
0.21
0.23
0.24
0.24
0.24
0.24

0
0
0.008
0.01
0.025
0.08
0.14
0.22
0.25
0.26
0.27
0.27
0.27

(drying ang grinding) to enhance the biogas
yield. The use of pretreated water hyacinth
for biogas generation therefore, will be a
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good energy source for those residing in the
coastal areas, which face the menace of
clogging of waterways by the weed.
The result of the study has shown that
anaerobic co-digestion of dried and ground
water hyacinth with poultry litter had the
highest cumulative biogas yield. This
performance confirms the earlier reports by
other researchers that combining animal
dung with plant wastes catalyzes the biogas
production with consequent increased yield
[24] [25] [26].
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