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ABSTRACT

The study was made to see the biomethanation potential of 14 commonly present weed plants alone
and in combination with some agro-industrial wastes like distillery, sugar, dairy and farmhouse. The
plants were used in the original form and after mild alkali treatment to see effect of softening of the
tissues. There was a marked increase in biogas production after pretreatment in almost all the plants.
The mixing of agro-industrial wastes also enhanced the capability of weeds to produce biogas. In
general, Ipomoea carnea showed the best results alone as well as in combination with the wastes,
especially distillery waste. The use of these plants can be made to supplement the conventional substrates
like dung in rural areas to augment the biogas production.

INTRODUCTION

To overcome the present energy crunch, renewable energy resources such as wind, solar, geometri-
cal, tidal and bioenergy have to be tapped in a big way. Of this bioenergy seems to have a great
potential because of the ubiquitous presence of plenty of plant biomass, especially in rural areas.
This biomass has been serving the mankind since the arrival of Man on the earth in various ways. In
fact, the energy which we use today in the form of fossil fuel has also been derived from biomass.
However, the bioenergy refers only to renewable biomass, which can be used in a variety of ways to
obtain energy such as energy plantation for fuel and fire wood, petroleum plants to obtain liquid
biofuels, biomass gasification, alcohol production and gaseous fuels in the form of biogas and hy-
drogen.

Biogas is a mixture of methane (65-75%) and CO
2
 (30-35%) together with other gases like NH

3
,

H
2
S, H

2
 and N

2
 etc. in trace quantities produced from organic matter by microbial decay under

anaerobic conditions. The biogas is highly combustible and can be used for generation of heat,
electricity and mechanical energy.

Almost 70% of population of India lives in villages, where the plant and animal biomass in the
form of cattle dung, dry leaves, agricultural residues and plant weeds is available in plenty, which
can be easily converted into biogas. To meet the daily biogas needs of a family of four persons on an
average, twenty five kg/day of dung will be required, which may not be practicable for all. In order
to replace dung, search for other resources, commonly present in the rural areas, has to be made to
supplement the biogas production (Bose et al. 1983).

A large number of agricultural wastes and residues have been used as supplement to dung in
biogas production. Besides agro-residues, a vast amount of foliage of a variety of trees, silage crops
and weed plants is also present in rural areas, which has a great potential for biogas production.
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While foliage of dry leaves can go for composting or vermicomposting, weed plants cause a great
nuisance. Some of the weed plants can invade large agricultural lands and are difficult to be control-
led such as Typha, Cynodon, Phragmites, Lantana and Parthenium etc. Besides, some aquatic weeds
like Eichhornia, Salvinia and Pistia also cause much greater problems, especially water pollution
and destruction the whole water body.

As these weeds are difficult to be eradicated, some use of them can be made including generation
of biogas. Water hyacinth has been extensively researched for biogas production (Gopal & Sharma
1981). As most weeds do not possess a soft tissue, they require an acid or alkali treatment prior to
their use as a substrate in biogas production (Chellapandi 2004). Moreover, the microbial consor-
tium required for anaerobic degradation of weeds do not develop easily by simply degrading the
weeds anaerobically. These weeds have to be used initially with some other common biogas produc-
ing substrate and later the amount of that substrate can be slowly decreased, while at the same time
increasing the percentage of weed material. This will enable a proper microbial flora to develop,
which can degrade much of the organic matter of the weed at a faster rate.

The present work has been undertaken to study the potential of some common weeds, abun-
dantly found in rural areas, to produce biogas alone and in combination with some agro-industry
wastes.

MATERIALS AND METHODS

Weeds: Fourteen common species of plant weeds were taken for screening to see their potential for
biogas generation. The names of the plant weeds and their parts used for the study are given in
Table 1.  Both untreated and alkali treated weed biomass was used for the study. The alkali hydroly-
sis was made by reacting 25 g of air dried weed biomass with 250 mL of 1% NaOH solution at room
temperature for 8 days.

Collection and storage of agro-industrial wastes: The distillery, sugar, dairy and farmhouse wastes
were collected as fresh composite samples in disinfected plastic carboys of 5 – 50-L capacity and
stored under refrigeration till further use.

Biogas digesters: Preliminary screening studies on biomethanation potential of weeds were carried
out in 1-litre capacity glass flasks and plastic carboys. Bench and scale-up studies were performed
using locally fabricated (K.V.I.C. design) biogas digesters of 4, 25, 50 and 100-L capacities. The gas
collection system used for all the digesters was consisted of an assembly of water displacement
method. Analysis of gas was made at Agharkar Research Institute (ARI), Pune by gas chromatogra-
phy using H

2
 as a carrier gas.

Chemical analysis of weed biomass, wastes and digester effluents: Chemical analysis of weed
materials, the wastes, digester effluents and sludges was made as per APHA (1985), Trivedy & Goel
(1984) and AOAC (1990).

RESULTS AND DISCUSSION

The results of the chemical analysis of different weeds and wastes are presented in Tables 2 and 3
respectively. The material from plants, which was used in the present studies, included entire plant,
leaves, twigs and flowers for the biomethanation process. The C:N and BOD:N:P ratios are gener-
ally considered critical for biomethanation and should be in the range of 20–30 and 120:5:1 respec-
tively (Payne 1976, Hobson et al. 1981). Chemical analysis of weed materials showed that C:N
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ratios of the 14 weed samples ranged from 11.88 for Parthenium hysterophorus to 21.03 for Cynodon
dactylon, while BOD:N:P ratios ranged from 120:6.3:0.46 (Typha angustata) to 120:10.6:1.6
(Argemone mexicana). This showed that C:N ratios were slightly on the lower side except Typha
angustata and Cynodon dactylon, which were 20.8 and 21.03 respectively. In case of most of the
weeds the nitrogen content was significantly higher i.e., ranging from 1840 mg/kg in Cynodon to
3110 mg/kg in Eichhornia, while phosphorus content was grossly less in comparison to BOD and N
with exception of Parthenium, Ricinus, Argemone, Euphorbia and Ipomoea. It was found that
BOD:N:P ratio of Ipomoea  was comparatively closer to the expected ratio of 120:5:1.

In case of microelements, iron, manganese, zinc and copper levels were studied. In Eichhornia,
Argemone, Blumea, Ricinus, Cassia, Parthenium and Lantana, iron was higher to the level of 420,
410, 390, 380, 370, 360 and 360 mg/kg respectively. Low iron contents of 110, 130, 140, 140, 190
and 190 mg/kg were found in case of Typha, Euphorbia, Striga, Colocassia, Cyperus and Ipomoea
respectively. With respect to manganese levels, it was found that they were low as compared to iron
content, in general, where maximum manganese levels of 290 and 230 mg/kg were found in case of
Cassia and Lantana as compared to only 15, 31, 44, 70 and 75 mg/kg in Cyperus, Blumea, Cynodon,
Striga and Ipomoea respectively. There was not much variation with respect to the level of zinc,
which ranged from as low as 33, 42, 49 and 49 mg/kg for Colocassia, Euphorbia, Ipomoea and
Typha to the maximum of 95 mg/kg in Argemone. The copper levels were low and not much varia-
tion was observed among the plants.

Screening of Untreated and Pretreated Weed Biomass for its Biomethanation Potential

The data on biomethanation potential of the untreated and alkali treated weeds are given in Table 4.
All the 14 weeds were subjected to 1-L digester level for biomethanation, directly (untreated) and
also after pretreatment with dilute alkali. In all the 14 untreated weed biomass samples, the biogas
produced was fairly low as compared to pretreated samples, which indicates that untreated weed

Table 1: The plant weeds and their parts used for the study of biomethanation potential. Code names used later in the text are
shown in parentheses.

Sr.No.                                       Weeds                                                                                       Plant part used
Common name Botanical Name (Abbreviation used)

1 Water hyacinth Eichhornia  crassipes (Mart) Solms (Ec) Entire Plant
2 Besharum Ipomoea  carnea Jacq. (Ip) Sub sp. Leaves and small twigs

fistulosa (Mart, ex Choisy)
3 Ghaneri Lantana camera  Linn. (La) Leaves, twigs, flowers
4 Gajar gavat Parthenium hysterophorus  Linn. (Pa) Leaves,  twigs, Flowers.
5 Pan Kanis Typha  angustata   Bory (Ty) Leaves
6 Dub grass (Harali) Cynodon dactylon Pers. (Cp) Entire plant
7 Blumea Blumea lacera  DC. (Bl) Entire plant
8 Erand Ricinus communis Linn. (Ri) Entire plant
9 Pivala Dhotara Argemone maxicana Linn. (Ar) Leaves and twigs

(Maxican Poppy)
10 Tambdi Kari-cha gavat Striga gesnerioides (Willd.)Var. gesnerioides (St) Entire plant
11 Lavala (Nutt grass) Cyperus rotundus Linn. (Cy) Entire plant
12 Garden spurge Euphorbia hirta Linn. Eu) Entire plant

(Asthama weed)
13 Takala Cassia tora Linn. (Ca) Leaves and twigs
14 Alu (wild) Colocasia antiquorum Scholt (Co) Leaves and twigs
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biomass, though rich in organics, much of it was not available for biomethanation because of pres-
ence of resistant and protective plant components like cellulose, hemicellulose, lignin and pectin.
The protective effect of such components in original biomass could be changed to a form, which
may be amenable to biomethanation process, by pretreatment of the weeds with a mild alkali. In case
of untreated weeds, the maximum amount of daily biogas produced was in Ipomoea (310-440 mL/
day) with an average of 392.17 mL/day, while all other weeds produced less than half the amount of
biogas as compared to it. This indicates that Ipomoea was more amenable, even in untreated form, to
the biomethanating bacterial population than other weeds.

More biogas production in case of Ipomoea could be because of its soft biomass and C:N and
BOD:N:P ratios, which were close to the desired values for biomethanation. For Ipomoea these
ratios were found to be 16.7 and 120:7.7:1.46 respectively. Ipomoea also has nitrogen and phospho-
rus levels slightly at the higher side, which showed that if its biomass is admixed with a substrate
containing more BOD and comparatively low nitrogen and phosphorus contents, it would be a suit-
able combination for biomethanation, because C:N and BOD:N:P ratios of this admixture will come
still closer to the desired levels for biomethanation. In case of Parthenium, Ricinus, Argemone and
Euphorbia, BOD:N:P ratios were higher at 120:10.1:1.16, 120:9.7:1.1, 120:10.6:1.6 and 120: 10.3:1.50
respectively, hinting at possible admixing with substrates containing more BOD to improve suitabil-
ity for biomethanation. C:N ratios of these plants were lower than the required for biomethanation
viz., 11.86, 12.88, 13.7 and 13.53. The phosphorus contents were enough for biomethanation proc-
ess. In the present studies the biogas volumes per day obtained for all the above four weeds in the
untreated and pretreated conditions were low because of unsuitable C:N and BOD:N:P ratios as
compared to Ipomoea, while for remaining weeds lower biogas production could also be because of
unsuitable C:N and BOD:N:P ratios as well as less amenable biomass in untreated forms.

Table 3: Physico-chemical characteristics of the wastes.

Sr.No. Parameter Distillery waste Sugar Industry Dairy Farmhouse waste

1 Colour Dark brown Yellowish brown Dirty white Brown yellowish
2 Odour Alcoholic noxious Unpleasant Unpleasant Pungent
3 pH 4.2 -4.5 6.2-6.4 6.3-6.6 5.8-6.0
4 BOD, mg/kg 41290 1150 1350 16500
5 COD, mg/kg 112000 1830 2100 33500
6 Total solids, mg/kg 95000 2200 1320 32000
7 TVS, mg/kg 64000 1950 1200 28400
8 TOC (Carbon), mg/kg 29700 690 810 9900
9 Nitrogen, mg/kg 1550 28 39.5 443.9

10 Phosphorus, mg/kg 950 3 4.6 113.4
11 Potassium, mg/kg 11200 4.5 1.8 6.2
12 Calcium, mg/kg 720 4.0 2.1 31.8
13 Magnesium, mg/kg 290 3.0 1.1 19.3
14 Iron, mg/kg 195 0.5 0.5 2.46
15 Manganese, mg/kg 0.5 0.1 0.15 15
16 Zinc, mg/kg 0.4 BDL BDL 2.46
17 Copper, mg/kg 0.2 BDL BDL BDL
18 C : N ratio 19.16 24.64 20.50 22.30
19 BOD : N : P ratio 120 : 4.5: 2.77 120 : 2.9 : 0.31 120 : 3.5 : 0.4 120 : 3.2 : 0.82

BDL – Below detectable level
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Although, there was an increase in the biogas production after pretreatment in case of Ipomoea,
the amount of increase was not very large. The increase in the quantities of daily biogas was not
much significant if we take into account the requirement of time and alkali for pretreatment, which
could add to the cost of overall biomethanation process, and hence, it hints at the use of untreated
weed biomass for biomethanation, especially Ipomoea.

Biomethanation Potential Studies on Admixtures of Untreated and Pretreated Biomass with
Agro-industrial Wastes

The 14 weeds were used in combination with various agro-industrial wastes in the proportion of
75% weed and 25 % waste with a retention time of 30 days. It was found that all the 14 weeds after
admixing with distillery waste, showed expected increase in the biogas volumes. The distillery waste
is a well known substrate for biomethanation, which is proved in the present study and also by many
other workers (Gadre 1982). The chemical characteristics of distillery waste in the present studies
showed that it has high level of TVS (64,000 mg/kg) and more organic carbon as compared to N and
P, and hence, if it is admixed with substrates containing higher levels of N and P, the biomethanation
can be improved. It has been observed in the present study that amount of biogas increases when
weeds were admixed with distillery waste.

The maximum amount of biogas was produced in case of Ipomoea (677.83 mL/day), and the
minimum in case of Argemone (111.67 mL/day). Ipomoea and Argemone, when used alone as
biomethanation substrates they produced an average of only 392.17 and 67.7 mL/day of biogas
respectively. This indicates that almost double amount of biogas was produced after mixing them
with distillery waste. The similar pattern of increase in the volumes of biogas was observed in re-
maining weeds also after mixing them with distillery waste.

Like distillery waste, sugar factory waste also increased the gas production when mixed with the
weed biomass. Untreated weed biomass, when used as a substrate for biomethanation, produced on
an average of minimum 67.70 mL/day in case of Argemone to maximum of 392.17 mL/day in
Ipomoea, but when admixed with sugar industry waste, it produced average minimum of 100.67
mL/day in case of Cassia to average maximum of 466.17 mL/day in Ipomoea. In case of admixture
of pretreated weed biomass and sugar industry waste, average minimum biogas of 167.17 mL/day
was produced in case of Cassia to an average maximum of 567.67 mL/day in Ipomoea, which was
quite higher than the gas production in pure biomass. It was evident from the chemical analysis of
sugar industry waste that it contains more BOD but less N and P, while weeds  contain compara-
tively more N and P, which caused improvement in BOD:N:P ratios.

The dairy industry waste contained more BOD and TVS but comparatively low N and P, hence
alone it was not much suitable for biomethanation. It was found that when untreated or pretreated
weed biomass was admixed with dairy waste and used as substrates for biomethanation, it improved
the biomethanation efficiency as compared to the weed biomass alone. Weed biomass after mixing
with dairy waste produced average minimum of 84 mL/day in case of Cassia to maximum of aver-
age 435.67 mL/day in case of Ipomoea showing a substantial increase. Similar results were also
obtained with the pretreated biomass of weeds.

It was found that the farmhouse waste consisted of large amount of bioamenable organics and
TVS but insufficient N and P contents. When this waste was admixed with untreated as well as
treated weeds, the biomethanation efficiency was increased significantly over the weed biomass
alone.
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CONCLUSIONS

1. Untreated weed biomass was proved comparatively a poor substrate for biomethanation than
pretreated (with dilute alkali) weed biomass.

2. Weed biomass alone was not found to be good substrate for biomethanation but when admixed
with industrial and agro-industry based wastes like distillery, sugar, dairy and farmhouse wastes,
its biomethanation potential was increased.

3. Amongst 14 different selected common weeds and four waste combinations as a substrate for
biomethanation, untreated Ipomoea biomass and distillery waste admixture was found to the best
one amongst all.

4. Though untreated Ipomoea biomass and distillery waste in combination proved to be the best
amongst all for biomethanation in the present study, other weeds and organic wastes, available in
plenty in rural areas, should also be tried for biomethanation.
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