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INTRODUCTION

Energy 15 available abundantly in ond
around the world we 1live in. In spite of the enormous
quantlties of energy nature has given us, we are now
running short of this essential copmodity., Of the
energy resources avallable at present fogsii fuels and
forest wood are quickly getting exhausted, (il and
gas wells are being drained at an alarming pace. Safety
riskg and restricted availability of uranznm are the
drawbaclks for the production and utilisation of nuclear
ensrgy. At the same time the fuel price has skyrocketed
to a point beyond the reach of the developing world.
In short, now wo are right in the middie of the grestest

crisis of this century, the energy crisis.

In the recent past, in view of the crisis
ghead, search and research for alternate sources of
encrgy has attracted consideravle attention throughout
the world especlally in third world countries. Sun,
wind, water, end bio~gas are the fields of special
interest In this comection., Tne main hopes of
achieving gelf sufficlency in the ensrgy neecds of the

remcte rursl mess lics mostly on alternate sources of



energy and biogos in perticular. Stoner (1976)
has identified methane generators as the source of
energy capable of meeting a significant portion of

our energy requirements in the coming years,

Utilization of agricultural waste as the raw
material for blogas production has got innumerable
advantages 1like easler availability and reduced input
cost, in addition to providing an additional income to
the farmers. OSolar energy pancl of National Science .
Foundation/National Aeroﬁautics and Space Administration
believes that by the year 2020, cent per cent of our
g£as needs will be met by biogas generators bassd on

agricultural waste materials,

Agricultursl wvastes capable of serving as
rgw material for blo=gas productlion may derive from
Bnuny a source, If this waste derives from a material
vhlch hinders cultivationgpractices, it will be
dual bhoon i.e, bio~gas production and a solution to
the cultivator’s problem. From this point of view,
salvinla, a serious aguatic weed of common occurrence

throughout the world, demands our immediate attention,




Though water hyacinth also falls within this category,
due to Ats rastricted spread and availability, its
importance as a raw material for blogas production 1s
practically limited in Kerala. |

Infestation of Splyinjin molesta, a noxious
floating type aquatic weed of caumon occurrence throughe
out the world, ls particulariy severe in iropicel and
gub tropicel regions. The wvarm inland vaters and the
increasing nhumber of manemade lakes and water vays
foster the growth and spread of this weed., The salvinia
genus ranlzpg one anong the ten most widely spread aguatic
woeds In Indla, While its presence has been noticed
in pora then sixty'districts in the country, interestingly,
the two States nosgt affectsd by this weed are Khéhmir
in the North end Kerala in the South,

The speciles Splvinla molesta, locally known &s
" African Paysl! has spreed in enormous quantitics
during tho last 25 years in Keralm. The weed has by now
occupled the inland water surfaces of virtually all
districts of this Btate. BRBeing capable of prolific
growth and rapid multiplication, the weed spreads like
an extenaive carpet over large areas of water bodiea

in the course of a few months., This infturn obstructs



inland navigation, fresh water fishing and other
hydrologicel features., In the Kuttsngdu region and

the kole lands of Trichur whore the infestation 1is

the heavicst in the 8tate, thousends of hectares of
cultivable lend have been affected by this dreadful
veed, Even the dally iives of people in this regicn,

" who dapend onfsatar for domestic consumption, have been
affocted pdversely. Tae Temoval of thls weed from wster
eax be done menvolly o8 well as mechanicelly. The

cogt of harvesting this aquatic weed can be offast by
utilisation of theso plants for biogas production which

Anturn may atd to solve our energy problezs.

Hone of the earlier workers havetalten up
detailed studles dbng theselines. Therofora, the theme
of this theslg ia a novol approach to find cut the feesie-
bility of gsalvinia for biogam producticn. 'The prosant,
investigation was undertaken with the £ollowing objectives,

1. e study the gas production characteristics of .
salvinia by simple fermentation technigues in the
laboratory utilieing swall samples of the materigls.

2, To study the Influence of physical conditions of
the rav material on the gas production.



3e¢ To siudy the gas production under different

7o

mixtures of yaw materlsl incliuding cowdung ag
one of the components.

To arrive at a practicel combination of working
materdael and environnentzl condiltion for optimm
gas production frxom salvinla,

'B.szbsign, fabricate and test pliot plant units with

8 vieu Yo test the reproducibiiity of laboratory
rosults end to evolve a design of a proto-type

saivinia biogas plant.
PLant

-To evolve a biogas,design which could be used ag

hougehold/commmity biogas plant - bassd on the
piict plant sbudy,.

To fabricote/adapt existing gobax units to suib the

above design and to test them,
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REVIEW OF LITERATURE

Salvinia hes bogoms a burning problem of
the day in the sonseitis a devastating vesd 4n
cultivators ficld, a hinderence to navigation and a
hurdle to £ish culture. Ways and means to find
offective and economic utilizatlion of this bane may
be the boon we waited long. Scanfy litsrature is
available on the economic utilisation of Splvinia as
e mulch, orgenic fertilizer, end as the base for
hordboard preparation., Utilization of salvinia for
bio-gas production 4s a novel idea, which may bo of
immense and immediste lmportance to our cultivators
and rurol masses. The work done in this line i1s very
1imited and so is the case with the relevant litarature
availlable at present. Therefors, an exhaustive review
on the occurrence, blology, proparties, utiligation
of sgivinia, the blo-gas geneorators, conditions for
biowgas production and the blceges production
characteristics of coudung and water hyacinth ias
attemplted in the followlng sectiona.



2,1 Ogcurrencs, blolegy, properties and utilisation
of salvinia

2:1:1 OQCcurrence

The woed Salvinia 45 a free floating non-
flovering plsnt coming under the family Salvinncess,
Until recently, the species oscurring in the frosh water
boddes of Kerals and those in many Asian end Africen
ocountries, was deseribed as ‘_S;gmm guriculata Aubl.

It has now been identified to be a distinct toxon named
Sglvintp molests Mitchell, Although, locally known da
“Afyican PayalY, i:his gtorile water forn 1s agctually a
notive of South America and is probably of horticultqra!.
origin (Mitchell, 1973a), |

Studdes in this line by Joy (1978) yovealed
thet speoimens of coma of the spocies of salvinia were
present in the Botanie Gerdsn at Rio de Jeneiro, South
Azerica, in 1%+1. A5 a weed Sglvinin molesta was
noﬁméd widely when it invaded the Karibe Reservoir
(Africa) in 1959, litchel (197%2) reported that salvinis
occupled as much 1,000 sq.km. (21,5 per cent) of watey
surface in the lcko. This might have baen a possibie
reason to call this woed as Africen Payal (Vargheso, 197%).

{
Scuthorpe (1957) and Robsan (1976) have
chronicled the distributlon of thls weed in the tropical



and subtropical region of the world including Africai
8rd Lanka, India, Indonesia, Malaysia end oven |
Australla, In a survey conducted with the help of a°
questionngire which recelved information from a botal

of 30 S8tates/Union Torritories, Varshnoy and Singh (1976)
ohaerved the presence of salvinla as g troublesome
aguatic weed in pome 20 districtes in the country,

The. survey also ranked salvin;a 85 one among the ten
most widely spreadaguntic waeds (Appendix I).

ZeleteT Infectation of saivinis in Kerala

Little 1s Xnoun of the precise mode of corigin
of salvinis or of the agents and environmental factors
vhich facilitated 1ts subsequent spread iv this State.
Cock and Gub (197%) reportsd that though thore way lack
of svidence, it was quite likely that the salvinia in
Kerela came £yom Srl Lanke and was first notleed in
.Rbrala as a pést'during theo year, 194, But ggcording
to Goorge (1976, 1977) the plant, unknown in Ferela
before 1953, 1s beldeved to have been brouzat &o
Trivandrum from Bangelore for bobtanical studles. I6
was pogsible that a few diseerded plants, ancidenﬁgs
introduced into the Chakkal Canal =nd Veli Lake near
Trivandﬁum, survived and multinlied beyond all expocta-
tions, The weelds rapidly spread from here to other areas



4 the S8tete by sbout 1960, Also, according %o

Thomas (19'}"6, 19??,. 1979), Balvinia vas first noticeci
as a weed ag early as 1956 itself, During the course
of an extensive survey of the vascular flora it was
observed that the weed was secn in paddy 315163, amall
ponds, canals, and lakes iIn assoclatlon with other
free floating plants such as Elchhornia and Pistia.
Whatever mey be the origin, during the last two and «
half decades Salvinia molesta has aspread to most of the
50,000 ha of paddy filelds in the Ruttenadu regiom ami
about 10,000 ha in the kole lands of Trichur district
(Varghese, 19743 Joy, 1978). The survey conducted |
Jointly by the Kerala Agricultural University and Cealicut
University during 1977-78 hos showed that sglvinia is
present throushout the low land areas of the State
amounting to about 7150 gq.km. (18,4 per cent of the
totrl arez). The weed is generally absent or has not
adversely effected the ponds snd paddy £ields in the
northern districts and 4n the elevated regilons like
pethananthitta and Nedumangadu Taluks of the State .
(Calicut University, 1979; Thomas, 1970). The State
Department of Agriculture has estimated that during the
peak perlod of Iinfestotion between December to May the
ares of water surfgce covered by this weed in the whoia



State was around two lekh ha (Mathew, 1980)., Samuel
{1980) hed mede s more conservative estimate in
agasssing the aren requiring removal of the weed to bo
of ths order of one lakh ha for the entire State,

2,%1e2 Eldlogieal properties
2:1.2,1 Horphology

The plant body of Sglvinia molests consists of
a alender horizontal stem vhich bears a peolr of
heart-shaped floamg leaves cnd an epieal growing point
(Figs1)s From each node hangs a third finely dissected
submerged leaf, gglvinis molests diffors markedly
from other aquatic vasculer plents in fact that it has
no roods. It is the submrgeﬁllear which abz_aarbs wator
and nutrients performing the function of the absent
rootg. In addition 1t also acta ag a stebiliser
(Seulthorpe, 1967). Balvinin molesta 1s distingulshed
within the salvinia curiculaia grouﬁ by the preasence of
long straight chains 61’ segzlle i;a subsasile Sporocarps,
one ma, or less in diamster, cont;.ﬁning nostly capty
sporangin (Joy, 1978). |

2.M42:2 Reproduetdon

Sglvinln malogta is notordous for its extremely
high rate of vegetabive propegation. The fragile stems
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are easily broken, even a violent disturbance of

wator by rapid currents or strong winds shatters the
plents body into many fragments. Any of these detached
frogoents of the stem bearing one or more breds is
cgpable of growing into en independent plant (Sculthrope,
1967; Mitchell, 1976). '

I fact, in all salvinia specles, fragmentatlon
and regeneration are more prevalent than sexual develop-
pent. FPropogules (Loyal and Growal, 1966) end Mitchell
(1970) showed that Sglvinia molesta (eited as 8.
aurjcuigta) is incapable of forming viable spores and

an such does not reproduce sexually.

2,1.3. Growth phasas

Bglvinia molests can survive for long perioeds
even under wfavourable comditions. The plant 1s able

to survive fluctuations In water level and in the right
conditions will recover rapidly {rcm a prior period of
adversity. Hattingh (1961) described thrse stages of
development of salvinia in leke Kariba (1) Primary stage
(2) Secondary stage, ond (3) Tertiery stage. The primary
stoge is generelly found to be near the shore line

wnere sufficlent spece 1s available for horigontsl
expesnsion, In this stage, the plant is characterised



by long internodes and floating leaves which are

pore or less rounded and quite amall, sbout 10 mm in

diemetor (Fig.2). Within a few weoks, the plant

usually exhibits the secondary stage in vhich the

floating loaves bacome larger in size (abéut 23 om)

in length and 28 mm width and partly folded into a keel

shape. The internodes stiil remain longs In the

ﬁertiary phagse the terming) buds fpim compact in nature
and glmost verticol in orientation. The leaves are

. found to be acutely folded ones, broader than they are

long, measuring about 23 to 2% m in length and upto

38 mm in width, This 15 the “mat form" and normelly

the only stage to Ibear sporocarps. Ihe transition fron

primary to tertiary stage takes pfl.ace in ag littlie as

two %o three weeks in o suitable habitat (Sculthorpe,1967).

Cook and Gut (1971)ld13'b1ngu19hed four district
phases during the growth of salvinia in a locality
(Fig.3). During the first (initial) phasa, the salvinia
is in the primary invading form which pessibly :I.ncludet\a
ell threo stoges described by Hattingh (1961). Eut,
wen.no more space is left for horigontal aspread, the
leaf alters its position, to a more ox less vertleal one.
The selvinia then starts. to grow vertically end to build
upon its own dead materiel. This is the second grouth



I. Primery stage 1st two leaves from bud I,gngt;;:'
o . are deldicate snd lie 10 mm
/27 noriz. on wvawer ¥idth
W0
H;Secm_ém stage Nevw leaves fold upwu'd; Isn gg5
becauge of crowding 23 m )
dth
-
- V :
III. Tertiary stagze Hew leaves are wider lenzth
ﬁd aggtely- iﬁgeﬂ. ' 23 o= -

80 denser s om
surface. kidth .
Upto 36 mm

. FiG: 2. THREE GROWTH STAGES OF -
SALVINIA MOLESTA (HATTINGH, 196)




X

Ist phase: (horizondal growth)

4ih phase: (colonisation by wousdy plant)

Fig.3. Four growth .phases of Salvinia molesta
{Cook & Gut. 1971)

b



rhage during which the plants begome very large. This
phage also camobt go on indefinitely, Due to the |
nagalve deposit cof dead libtter, the s=lvinla used 1s
not able to obtain the large quantity of water needed
for 4ts gdrowth, The habita;nt is thus changed and 1s
nov ready to be colonised by other plent specles. The

| iritial eolonisers are mzamy herbaceous plants which
croep over the nmots of salvinla and bind them together.

-~ Thig s the third ghase. The horbacsous plants vhleh
cragp over the mats of azlvinie eond bind them together.

+ This 15 the thilrd phase. The herbacecus plants also
contribute litter which 4s deposited on tie island
providing a suitsble habitat €or woody shurbs which will,
in turn, be eventually replafied by trees, Tais is tho
fourth phase. |

Most habitats in Ke;'ala'ﬁz-fe a:!.tﬁar in the fiexst
or in the segond phass of grovtha desoribed'by Cook and
ut. Thoy do not geb a chanes to grow into the third

phagse as the weeds gre pericdically vached away by
flood vators, Bowever in isolated water bodies the
third phase of growth is cémmonly seon. wﬁ-hatre 1ittle
Information of the weed having 'grown into fourth rhiase
anyvherd  in Reraiz, If the weed infestation is not
controlled offectively in the near future it s likely



that even the fourth phase will have to be canfronted
in the State.

2.13.1 Growth rates of salvinia

Growth retes in plants can be assessed by
differoent means., Tho application of growvth anglysis
techniques (BEvans, 1972) and the cancept of doubling
rate are considai-ed to be more appropriate for mobile
| piants likke salvinia than the method of net productivity
(Penfound end Barle, 1948), commonly utilized in the
case of attached plants (Mitchell, 1974a). Oeveral
authors have utilised the doubling time teghniques in
reporting the growth rate of agquatic weeds. Doubling
tine 58 the time tskan for the material present to double
itsedf. During the‘analyuis of growth of Sglvinia molests,
Mitchell (1974b) found that the growth rate of the
woed was of expanential form. Gaudet (1973) working
with Salvinig mivipa and Solvinia molesta under standard
cultur\e conditions in laboratory, celculated doubling
tine in days for numbers of leaves using the formula,

log 2
log N2 - log N,'

Doubling time (¥) =

t



ttheme

H1 = Initiel nunber of leaves
N2 = Final number of leavaes
£ = Obgervation timo

The doubling time (T) of Bglvinin polesta was
foamd to be 4.6 days. But, the growth under field
- condition was not as rapid and mean relative growth
rates rarging between 4,85 and 8,61 por cent per day
in terme of leafl number were obtained, Tho relative
growth rate wag Incressed with increase in light intensity
and putrienta. The optimm tomperature for the growth
wag found to be 3o°c for both spgcies.

2.1.4.Hechanicel properties

It 15 essential %o have a knowledge of the
physicel/mechanical. propertiss of aguatic weeda, before
atbempting to design a processing equipment.

With regard to water content, a typical figure
of 92 per cent by weight 1o belioved to be present in
all aquatic plants with eight per cent ac the solid matter
content - (Little, 1968). This low level of solid matter
hag been the major deterrent in the commerciol utilie

satich of aquatic wesds. Tae presence of air in the



ordey of 70 per cent or more by volitma in the follage
of dll free floating plants makes them sufficiently
tuoyant. A chemical anelysis of sslvinia conducted by
Willdoms (1956) revealed the following result (Table 1),

Table 1 DPercentage matter content in galvinia

Blement - E-‘x-eah%mutfaar Dry m%tter

(2) Moisture 89,30
(b) D1y matier c :

1. Orgenic matter 392 56,72

2. Ash and sand k.63

3. Hitrogen 0.93 € 10.7% 43,28

%, Potash (K,0) 1.15

5. Phospheric Acid (P50) 0.02

6. Lims (Ca G) 0.0%

/

& recent atudy by Thomas gt al. (1976) on
Salyinis molosta based on samzles collected from Trichur,
Ernekudan and Rothaysm Distyricts of Kerala also sghowed
a volus of 10.1 & 0.21 per cent of dry matter (oven
dried) content in the weed,. However, studies made by
the Dapartment of ILife Sciences of the CGalicut University
(Ignaticus, 1979) and the Depertmont of Agricultural



20

Engineoring of the Kerala Agricultural Universilty
(Samuel et al., 1980) indicoted that salvinla weed
contains only less than five per cent solld matter.
Thls show that the molsturce content of fresh salvinie
would be in the order of 30 %o 95 per cent. They

also indlcated the vast poltential for reducing both
the volume and weight of the harvested material by the
expulsion of water and alr in the course of sny processing.
Liverpore gt #l. (1971) xeported thot in the caso of
wator.mil foil, 1t had been poasible to reduce about
50 per cent of the original weight by an application
of pressurc equivalent to 2 kg/bma.

Another important physical property of aquatic
weeds 1s tholr density charactoristics. Two common
methods of expressing density employed by the Blologists
are (1) Bilomass and {(2) stonding crop cstimate
(Sculthorpa, 1967), The biomass 1s defined as the
totsl mags of the plonts per unit arca expressed an dry
woight basis. The standing erop estimate, on the otlhar
hend, gives the weight por wnit area of ths harvested
portion of the plant only. With regard to the b:l.oﬁasa
of salvinia, Eutshi and Vass {1976) found thet it
varried from 15 - 35 g/m° during the initial growth



stoge. The highest range of values resched was 266 to
3ok g/m‘?' on dry welght basis while the ash content of
the plent varied fram 6 to 16 per cent. Kaul and
Usha - Bakya (1976) got simillar values of biomass for
salvinia (Table 2) in vhich the influence of grouth
stage wvas found to be most pronounced,

Table 2 Blomass values of salvinia (Km:ll and Ugha
Bakya, 1976).

Period | Iight condition  Average biomass
- . g/m2
May 1973 Partial shade 33.0
Exposed 3046
Septenber 1973 Partiel shade , 33%.1
Exposad 326.2

Samel. (1972) introduced a mew term 'spread
density' which was defined as the weight of the immee-
dlately havvested matorlal per unit avea. Proliminary
experiments made in the College of Agriculture, Vellayoni,
Trivendrum by Sammel and Jacob (1977) showed that for
#5ivinia veed vhich hed campleted horizantal expension

Just to cover ths water surface, the spread density was



of tho order of 3 kg/m°. When there was no room

for horizontal eskpansion and secondayy grouth was
about to start; the velue went upto 7.5 ke/m®. \With
the sacondary growth of creepers over the selvinia |
canopy, the spread density was found to be 12.5 kg/m2,

Bruhn at gl. (1971) end Aboaba (1972) studied
tho mechenicnl properties of the aquatic weed, vater
milfo1l (Myriophyllum spicatum) in detail, The relae-
tionship emong the appl'ied éressure molsture content,
duell time (holding time) and density of the resulting.
materdel was Investigated. The bulk density (1lbs per
cusin) of the plent was derived as followsi

s = W a H-WHy = uﬂgv:_lﬂ =
vV v 300
¥ (100 = F-_(P.7)
100
vhere, _

rs = Bulk density of sclids
V = Totol volume of the sample
W = Total weight (cutin) of the sample (1b)
v = Weight of water in the sample (ib)

We = Helght of aolids in the sample (1b)

M = Percentage molsture on wet basgis =
E_:g x 100 (%)

= Pressure (psi)
= Dwell time (Sec).

3%



Consolidation tests were performed to
determine the compression properties of the aquatic
vegetation. The weight =nd volume of the maberlal
vore reduced by applying external pressure utilising
8 press, These tests provided a means of approximating
the psrmeability velues from the rate of flov oi_‘
1iquid for ‘= glven preasura gradient. The tests
provided two othey imporitani physieal propsrties also.
They were (1) compressicn index, (Cc) vhich indicated
the compéessibility of the speclmen and (2) the
coafficlent of consclidation, Cv which indicated the
yvate of compression under a given load increment. A
value of 0.8 for Cc was obtained for the aquatic weed,
Yyriophyllum spicatum. This value was high cc:mpared'
to that of c¢lay where the Ce value v;a.riad between
0.1 to 0.3.°

2415 Economic agpects

- Floating mats of vegetation may be composed
of either pure colonmies of & single £ree floating
species or nixed sudd commnlties of free floating and
emergent plants. They in turn produce farersaching
biological and economic consequoncea (Sculthorpe, 1967),
Holm ot al. (1969) reported the difficulties caused by



aquatic weeds in various parts of the world, while
Iittle (1966, 1969) and Mitchell (1973) listed the
problema caused by the weeds in man -~ made lskes,

Though, actual estimates of loasses due to
aquatic weods are not aveilable, weed problems in India
waye effiéaally recognised as early as in 1921
(Mukhopadhyay end Theraphder, 1976). The problems
caused by common aquatic weeds In the country as a whole
on the basis of en gll Indla Survey conducted during
1973~ were listed in order aof importance by Varshney
and 5ingh (1976) as follouss

1. Covering of impounded waters,

2. Hindrance to fisheriles,

3. Choking growth of culitivated plants.
L, Choking of flowing waters.

5. Making weter unpalatable.

6. Increasced luss of water,

7» Creating discase problems,

8, Impediment to navigation,

9. Hindrance to aquatic sports.

In:” most areas in Kerala, salvinia has become
80 well established that other floating plant populations
have dwindled out considerebly. The first snd foremost



of the manifold effects, is the direct meqhgnica; \
hindrance to inlend navigstion (Thomas, 1979). ?hy
traveller by motor boat from Alleppey to Kbﬁta&a@!

vhich is a popular Toube, will be baffled by the ) gnt
~of one of the crew frequently diving into the wate: and?
clearing weeds struck in the propeller (Jayskumar, %980).
Another serious problem causéd'by the infestation ot
salvinia is the severse crop failure in paddy fields o
which several instances have been reported fronm Kuttag
the rice bowl of Kerala (George, 1977). If the field
are left f5110w for some months, the unchecked spread \

of the woed may result in exorbitant costs for its
clearance or necessitate complete abandonment of the
lend. Reports also showed that aquatic weeds might
maintain a reservoir of pathogens that are hérmful to
rice plents (Joy, 1978). Fresh water inland fisheries
have alwqys been an lmportant source of animal proteinﬁ
in less doveloped countries. The blanket of weed
offers a direct threat to the establishuent of commercial
inlznd fisheries, because of the creation of a shallowe
water environment which is both unsuitable for fish to
breed in and for fishing boats and nets to be hgﬁed
about, Other important effects of excessive grqwén of
salvinia in Kerala have been those of mgking waﬁar\

\ \
| b

1l



N
.Y

unpalatable, promoting the menace of epidemic
diseasss, hindering hydroelectric and irrigation
schemeg and reducing recreation facllitles.,

2+1.68 Utildgation

The idea of offsetting the cost of harvesting
the aguatic weeds by finding some ways of utilising
the plant materilal has been the main impetus for the
development of ssveral wecd processing aystenms (Livermore
and Winderfincn, 4969). Sculthorpe (1967) suggested
various methods of utilisation of the plants for hortie-
cultural, medicingl and other commercinl purposes, Boyd
(1972) ond Kational Academy of Ecicnces (1976) further
revieved these utiilsation techniques for aquatic weeds.
They included such specific uses as mulches in Garden -
lands, for compost maeking and as livestock feeding
materials in egriculturo and for purification of indu-~
strial vaste, as packing material end as pulp for paper
meking in industry as well as in generating blozas for
enexrgy production, A4As iu the case of other aquatic
veeds, it has Leen found that salvinla can be effhctively
utilised as an orgenic fertiliser. The trials at the
College of Agriculturs, V@;layani, indicated that
canpost made of aslvinie igirich in plant nutrients
(Joy, 1978). BSalvinie can also be used as a mulch in
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goconut or cocoa garden as 1s being practised in
Ceylon (Menon, 1971). The use of this weed 1s

already contemplated by some industries in Kerzlas

ag raw material for haydboards and as a packing
‘materiel for delicate articles liko glass wares
(Tnomas, 1979). It is stated that aquatic weeds might
also one day provide a new source of energy for Kerala,
Loboratory and pliot plent levol studles have plso
brought out the tremendous potential for biogas gene-
ration from the harvested selvinla weed mees (Samuel

gt al., 1960).

2+2 Blo=gas generators

The first attempt to build a digester to
produce methane gas i’rom"organic vastea (cowdung) wéa
rade in Bombay, in 19080. The problen to obtain a
cheap fuel end fertilirzer at a loecal level, by Indian
Agricultural Reseerch Institute in 1940 led to the
basic chemistry of anaérobic decay. In the 1950's
simple digester models were developed which wero
sultable for village homes, .More ambitious designs
- were tested by the planning Research and Action Institute
in the year 1950. .The success of 1t led to the start
of the Gobar Gas Research Station ot Ajitmal (Stoner,
1976) and a 10 HP engine working on bio=gas have been
developed thero.
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In 1950, Jashbharl Patel made the first
breck” through in the manufacture of a practical plant.
He nsnmed his plent 'Gramalexmit Gas-plant (Bathianathan,
1975)« By 1961 Kadhi and Village Industries Commissicn
(MC) included gobar plants in its progromme and an
uproved typo of Gramaloxmi model was adapted and the
introduction of the K.V.I.C. zodel vas donc.

Many ressarch canducted at mamy parts of the
country contribuied rew rodels of bloges plants such as
Jenatha blogas plants, T,N.A.U.model blogas plent,
Bangyalekshd, model, etc.

Janathe blogas plants were constructed in meny
parts &8 India, and vide publicity is being given for
it all over India by the Dirsctorate of Extension,
Ministry of Agriculture and Irrigstion. T.H,A.U.models
are populer in Temil Nadu end was developed by the
Tapil Nadu Agricultural University. The Hhagyslekshmi
niant was developsd by the Indian Institute of Agricultural
Sclences, Bangslore, ' Newly a 1oy cost biogas plant has
been developed by A.M.Me. Murigapps Chettiar Research
Centro, Madras using low dencity polythene dome (Anom, 4982).
2e3 ‘lgggnhggggg%ht%en characteristies of coudung and

The studies conducted by Sriramilu gt gl. (1980)
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to determine the molsture cantent, total solids,"
volatile solids and gas yisld in terms of V,.S.reported
the following data cccording to the Table 3.

Table 3. Comparison of water hyscinth with cowdung.

Welle Cowiitng
Moisture content & 82 w82
Totel golids % 18 18e25
Volatile aolids % ‘ 82,5 70«80
Gas production in m3/day par 0.61 Q. |

kg of V.8,

Some work ecnducted by Guha gt al. (1976)
in vhich the gas productlon cheracteristies of cowdung
end water hyacinth were comparsed reported that in the
case of water hyaointh the rate of evolution of gas -
45 ‘moximmm on 6th - 9th day vhereas in cowdung the
maximun gas evolution isc;n the f4th - 16th day.

According to the Tamll Radu Agricultural Univer-
sity, Coimbatore the quantity of gas required for
different purposes, are as follovss



1. Domestic cooking «~ 2 Cu.m./dey for § members

2, Water heating » 3 Cu.m./day for 100 L |
3a Lightiﬂg ~ 0,10 to 0.15 cu.m/hrcfﬂr each
12ght point,

2.4 Conditions for improved blogas production
2e+e1 Angerobic digestion

The process of conversion of orggnic compounds
into methane consists of the following steps.

-The "anaercbict” bacterin responsible for
digestion cannot survive with even the slightest trace
of oxygen. 8o, because of the oxygen in the substrate
which is fed to the digester, there lc a long period
aftexr loéding before actual digestion tzkes place.
During this initial Yaerobic" period, traces of oxygen
are used up by oxygen = loving bacter;a, and large

amounts of carbondioxide are relemsed.

The anerobic phase includes a serieas of
reactions hy several kinds of anagrobic bhzeteria feéﬂing

on the raw organic mattoer,

In the first stage of digeation, organic
material which 1s digestable (fat, protein, and starches)
are broken down by acld producing bacteria into aimple



compounds, This phase is termed hydrolysis. During
this phase the complex materlals are converted into
simpler substances (especielly volatlile ascids)s The
most important volatile ceid 4s acetic acid. About 70
per cent of the methane produced during fermentation
comes from acetic ecid (Acld phase).

Once the rav materlal has been liqu;‘a‘f:!.ed by
the acid producing bacteria, methane producing bacteria
convert the volatile acids into methano gas, ihesa' |
bacteria are very censitive to change in the conditions
of their environment, The successful dizestlon depends
upan meinteining a balance botween those bacteria
which produce organic aclds and these bacteria which
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produce mathane gas from the organic acids (Stoner, 1976).

2,442 Blogas production under varying conditions of
. ’ organlc naterial,

2,:42.1 Effect of drying the substrate

Some experiment conducted by (Sriramilu, 1980)
reported that using water hyacinth as the substrate
47-58 L/sg of bio;-gaa was produced from dried water
hyacinth, as compared to 51=8% L/kg of gas from green
deaf, The studies further reported that by drying the
volume of the substrate can very well bo deorcesed,



g0 that the net quantity of substrate that can be
accommodaﬁed in unit volurme can be doubled,

2015‘.2.2 Effect of ‘ermperature

Many studies in this field reported that
bloans productioh has en increased activity at higher
tomperatures, According to Boshoff (1963) double the
ges production was achieved at 32°C as when compared
to gas production ab 22°C. Another study showed a 200
por cent inerease in the rate of gas production at
42% as compared to the vate at 32°%C (Fang, 1973).

2M442,3 Effect of agitation
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Sorme studies conducted by Sierp (1931) reported

thot when the slurry is well mixed an increese of
10 to 15 per cent bilow-gas was obtained., Tane study -
gleo roported that agltoticn could control the scum,

sludge, and could release carbonidioxlde from the slurry.

202, Effect of recirculation

The experiments canducted at Hational
Environmental Engineering Ressarch Inatitute revealed
that, déily ;a8 production doubled when recirculation
of the blo-gas was incorperated (Sathisnathan, 1975).



2.4,2.95 Effect of pressure

Vexy liitle work has been done in the field
of effect of éreusure on blo~gas production, However
some work done by Babblt and Bauman (1958) revealed
that the pressure slloved in the slurry should not
exceed 15 to 18 cms of water.

Also other parametefs controlling this biogas
generation are C/N ratio, pH .concentration of the slﬁrry
ste. The elements carbon (as carbohydrates) and nitrogen
(as protein, ammonia etc.) are the chief foods of

5,
\

anaerobic bacterla. Carbon is utilized for energy aﬂé
the nitrogen for bullding cell structure. These \\
bacteria use up.carbon about 30 times faster thah\tﬁky
use nitrogen. Therefore the best C/N ratio 1is conbiagred

to be 30 (Stoner, 1976).
\

The pH of the slurry is another important
parameter in bic-gas generators, The optimum pH for.
most of the bacteria is between 6.5 =nd 8,0, The\acid
forming bacteria are sturdy and are known to operaie
at e pH range as low as 5.5. The methane fermen%ers‘

., are very semnsitive to low pH end do not thrive bg-ow 6.5,
their optimm being 6.8 to 7.2 (Sathianathan, 19é§$.
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~ Being the major aguatic wesd, the raw
nateriel avallebility will be greater in the case of
sgivinia as against vater hyaeilnth or any other raw
moberial,. Assuming that an average blo-mas yield of
approxipately 100 tons/ha, the bio-mass agvailability is
of the order of 20 million tons from about 200,000 ha
in the 8tate., Thus it gppears that there are imnense
pogsibilities for introduction of malvinia bilogas plants
in Kercla, This in turn con be utilized as g practical

measure to partly overcome the fuel energy shortage
in the 8tate.

The slurry, l.e. the spent materisl of the
bloegas plant, also £1inds application as manure. Tais
inturn can be an added attraction for the populer use
of such bloegas plants In the rural aree of the State.
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MATERIALS AND METIHODB

_ The prosent investigation on 'Utilizaticn of
Splvinig molasts (African Payel) fc'u:' biogas production!
wne undertcken in tho Department of Agricultural
Engincering, College of Horticulture, Vellanikkara
during the pericd 198182 and 1982-83, The materisls
uscd and the methodclogy followed wore as £ol10wn.

31 Materials

Salvinia golesta (African Payel) ord water
hyscinth utilized for the study were collected from the
ponds snd paddy fields nearby the Univarsity campus.-
Cowdung waa supplied by the Fodder Research Scherme, :
Callege of Veterinary ond Animel Sclences, Manmuthy. -

The materdals like mild steel sheet, drums,
GoI.pipes, valves, hends, tubings ete, utiliged for
the fabrication were purchased from the local market,

3.2 Experimental details
3¢2,1 Atmospheric temperature

The atmogpheric température during the experie
mental period is furnished in Figure 4,
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J+2.2 Digestable properties of Salvinin molastg

The digaestable propertics of the raw material
uzed for digestion has got a direct rélat.ionship with
the blogas produced, Accordingly in ordef to assess
the quality of Sglvinin molesta in terms of digestable
properﬁ:!.és, ‘were agsossed as follows.

3.2+:2+1 Holoture

The moisture content was determined by drying
a sarmple of selvinia (20 g) in a hot air oven at
105%C, until n constent weight was obtained (Sathia-
nathen, 1975) and wes expressed as percentage moisture.
Modsture percentage was calouleted as follows. '

Ht. of fresh sample

302622 ?otal solids (T.S)

" The welght of drymatter, remeining after
drying as in 3.2.2.1, waz determined as per the fqllowing
formula and was expressed as percentege total solids (T.5).

2,8, = Wt. of dxried sample
Wt, of fresh sample

x 100



3‘2.253 YOlatﬂG golids (V.S)

T™e Ary material cbtained in 3,2.2.2 was
charred over z flsme. The cherred nmaterigl so obtained
vas ignited in & wmffle furnace operating at 550°C.
After b « § hours, the ignited material was transe
ferrad from the muffle furnace to a desiccator and
was allowed to cool overnight, The weight of organic
801lids burned off was determined and was expressed as
porcentage V.S,

30202, Fized s01468 (F.S,)

Fixed solids of salvinia was calculated from
the following oxpression and was presented as percentage F.S,
Percentoge rix'ed gollds = Percentege total s5014ds
| percentage volatile solids.

3.2,3 Drying of salvinia in direet sun and in shade

Samples of galvinia (400 gr) each was dried
undeyr direct sun and shade, sgpreading on the floor.
Sun drying was limited to six hours a day from 10 A.M. |
to & P.M, Tne m:a.n tomperature for the period vas 32°c (Max. )
The drying operation both under sun and shade was
carriod out for three days. Theldr weights were recorded
at hourly intervals, '



3.2.% Q(as production eharacteristics of salvinia

and cowdinig.

Details of the experiment deslgned to study
the gas productioh cheracteristies of salvinia and
cowdung under lasboratory canditions are furnished below.

. Samples of salvinie (350 g ecch) was teken in
condeel flask An triplicate, 100 ml. of water snd
50 rl.of cowdwmng slurry wae asdded to the fiask, Thq
cowdung slurry served sz the noculom. Aneercbic
conditions was provided in the flask by means of
aiytight corking. It was ollowe@ to fernent for by
deys. The gas formed under gnserobic condition inside
the fiask wap collected and measured by water displacee
nent meshoda. In the case of cowdung 100 g cowdung
and 00 pl of water gerved as ryew material cwa inoculam
mixture, The rest of the procedure followed was the
aame as in the case of Salvinia,

Detoiled cutiine of the leboratory set up is
shown in Figure 5,

3.2.%.1 Gas production of galvinia under verying
physical econditions _

The feollowing three physiecel conditions were
employed.
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FIG: 5 EXPERIMENTAL LABORATORY SET UP-



1. Selvinia asg a whole.

2. Salvinia under chopped conditions (Chopping was-
dane in the mixi using the chopping blade for
ons minute). |

3¢ Gelvinia dried under sun for twe days (21 g of
dyied matorlal obisined from 350 g of fresh material,
formed the sample sige in this case),

342.%,2 Gas produetion of salvinie as influenced by
.oixing with other raw materiels

e experimental st up consiéted of the
folloving combinations.

1. Control 3 B8alvinia (350 g) + Wator (100 M) +
Cowdung inoculam (%0 ml).

2. Sodvinia {175 g) + Cowdung (50 g) + Water (100 mi).
(Quantity of malvinin and coudung was selected such
that thelr dry veightswere in the ratlo 131).

3. Splvinia (175 g) + Water hyacinth (45 g) + Water
(900 i) + Inceulam (50 rl). (Quantity of salvinia
and water hyaeinth was selected such that their dry
velghtswmre in the ratio 911),




3.2.t,3 Gas production under difforent proportion of
cowdung wilith salvinia.

This experiment to find out the baest proportion
of cowdung with salvinia (the best raw material combie
nation obtained In 3.2.%.2) producing maximm gas yleld,
consisted of the following combinatiqn.

1., Balvinig and cowdung in the ratio (On dry weight
bagis) of 131. 10 175 g Salvinia, 50 g cowdung
.. and 100 ml water.

2+ Salvinis and cowdung in the ratio (on dry weight
basis) of 211, 1.0 233 g of malvinia, 33 g cowdung
snd 100 ol water.

3s S3lvinia and cowdung in the ratio (on dry weight
baaia) of 112, 1.0¢ 116.7 g 3&171111&’ 66.5 g
coudung and 100 pl of water, '

3.2..4 Gas production from salvinia and eowdung under
different dilutiocns. '

Effect of dilution of slurry with vater was
gtudied and the experimental deteils are furnished below,

Salvinia and cowvdung mixture were token in
the ratio 111 on dry veight basis (Szlvinia 195 g and
cowdung 50 g, the best combination obtained in 3.2,%.3).



The dilution treantuents employed were ns followss

1+ Control - Salvinia (179 g) + cowdung (50 g) mixture
(The ratio -being 131 in terms of dryweizht) +
100 oll. of uater. .

2, It varied from the control by the fact that 200 nl

of water was added.
3, It veried £rom the control by the fact that 450 ml
of water was added. '

3s2445 Gas procuction of salvinia and cowdung mixture
as influenced by sunligat and shade,

The iInfluence of shede and light was studied
by rerforming the experiment under direct sunlight (the
samples were kept'on ths terrace to ensure the avallability
of direct anﬁ continuous sunlight),. and shade (refers
to the diffuged light or shaded condition insids the 1sb),

3¢3 Fabrication of blogas plent models for pilat
plant studies

The pillot plent studles were based on four
models of biogas generators. A new dasign of biogas
plent vas made at the Agriculturcl Engineering Research
Vorkshop, Mannuthy, Its performance was compared with
the following models, -



(1) Adaptive design of canventional K.Vel.C.model.
{i4) Bhagyalckshmi médel - Institute of Agriculﬁural
| Solenges, Bangalore. _

(144 )Horizontal KAU model (Josa Samuel, 1981).

ALl the four models including the newly
designed model were fabricated at the Agricultural
Engineering Research Workshop, lMamnuthy, ALl these
models were fabricoted in such a way se %o maintain
uniform capacity of 200 litres, for easy comparison.

303e% New K, AsU.nodel

. e new model of Liogos plent dosigned at

K, heUs o consigted of a square tenl: having dimensicns
67 cm x 45 om x 67 on (Fig.6) end the side to depth
ratio of this model was cne. This was made cut of

16 gauge mild steel sheet, An arched chepe was
provided .at the top surface, moent for gas callection.
A volume of 7HO00 om® was available for gas eollection.
The arch or -dmeahaﬁe wag intended to prevent the
clogging of the gas outlet by the materlsl undergoing
fermentation. The gas outlet originating from the

tep surface of the tank consisted of g banb tube (_‘iﬁ«?m@
£itted with a wheel valve, a reducer, =nd a P,V.C,
pipe in seriel &equezice. The inlet and cutlet
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FIG: 6 PILOT PLANT NEW KAU MODEL-



Provisions of the tenk, meant for feed in and feed
out, wore mafde of 7=6§E¢I.pipe. In terms of the
vertical height froa the bpse, the inlet was malntained
et & higher lovel compared to the outlet, Tie inlet
and the outlet were firmly attached to the digester

by using a hraclcjaﬁ.

A partition wall or haffle was provided near
to tho oullet side, Thereby the maximum exposure of
the material for formentatilon wag achleved,

For easy ¢leaning a hend-hole waa provided
op the gide of the tank, Tarse thermometer holes were
provided at verying helghts of the tenk in order to
noasuve the temperature end to verify the state of the
sturry at different heigi-lts'.

33,2 fMaptive design of K.V.I.Camodel

The adeptive design of K.V.I.C.consigted of
the following parts (Plate 1 and Fig.7).

9. Digestey

‘Digester was made, using a oll drum of 91 om
height, 58 em diemeter (diameter to depinr yatio aqual
t0 0.63), end of 200 litre cepacity, Sines the
present study included only the babeh digestion process,









GAS COLLECTOR

FiG: 7 PILOT PLANT CONVENTIONAL KVA-C MODEL
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the mixing tank and the partition wall, originelly
prasent in the K, V.I.Conodel were omitted from the
adaptive modal, '

2. Gag holder

The gas holder was made cut of a 16 gauge
mild steel cheet. The mild steel sheet was rolled to
a convenient diameter of 55 cm, mo0 that it could
slide inside the digester tank, The gas holder mso
made had thé dimensions of 36 cm helpght and $9 e
diameter with a collection volume of 85530 em3,

2» Gag nmeins

The gas outlaetb or:l.éinating from the top
surfsce of the tank consisted of a bont tube (izgmm)
fitted with a vheel vplve, a reducer and the P.V.C.
pips in ssrlzl saguence,

L, Inlet and outlet

Te inlel and outlet were made out of TECm
digueter G.I.pipe and wvere welded to the digester
in such & way that thelr J.puer ends just touch: : the
botton _of the digester. They were placed inclined to
the digester, The vertidal height of the inlet and
outlcaf were 92 cm and 87 em respectively,
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33,3 Ehagyalekshmi pland

This 1s a variable pressure biloegas geneyrator
designed by the Indian Institute of Agricultural
Sclences, Bangal@re'. A pilot plant model was fabricnted
at the Engineering Research Workshops Thls model
consisted of the following parts such ms digester, .
inlet and outlet, velve fior tapping the gas ete,
(Flate 2 and Fig.8), |

The digester was fabricated using 16 gauge
mild steol sheet. Tne diamcter end height of the
digester were 62 cm and 62 ¢m respectively (Diametér to
depth ratio bheing 181 )'. The inlet and outlet were
closely fitted with the digestor body. Tae top of the
digester had a dome shape, the gapncity of the gas
collocting chanber being 60,000-cm> and the outlet
fittings wore oxactly the seme as described earlier
(seotion 3.341)s The baffle or partiticn wall vas '
not Included in this model as it was not meant for
continuoua feeding.

3¢3.4 Horizontal type KeA.U.model

This variable pressurs model was fabricated
using a 200 litre odl drum having 91 ¢m height angd
58 em diemoter (Plate 3 and Fig.9) (Samel, 1981).



Flato© H1 Pilot plant Horizontal K.A.U. nodal Plata 11  Pilot plant Bhagyalekahmi nodal
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The drum was placed horizantally to serve as the
dige;ster. The inlet was made ocut of 3 dismeter .
GeI.pipe with a2 height of 66 cm from the top of the
digestar, The cutlet of 63.5 cm height (from the
top of the digester) was fabricnted by provising a
cross sectionel area of 20 op x 20 cnm end vas mede
of 48 guege mild steel sheot, A hand hole wss
provided at the top for eamsy cleaning and loading
of the tank, A valve provided at the top of the
digester scrved the purpose of out take of the gas
from the digester. Two bafﬁeaﬁ:e;gvided inside the
tank for ° ° increased efficiency, Housver,
continuous fceding: was not underteken during the
present course of investigution,
3,4 Gas production characteristics of salvinia and

gg}tggnrgnﬁ%gg;m p:u.ot plant level using

The fabrieated piliot plonts pelected for this

exporinent vere

1. Conventional K.V.I.Cs model
2, Bhagyalekshmi model

3. Horigzontal K.AsU.model

%, New K.A.U.model

A1l these modela (Plate 4t) were loaded with
35 kg of salvinia end 10 kg of cowdung. Water was added






suf ficiently (about 100 litres) such that the floating
drum could very well float over it., These experiments
were conducted in the Research WOrkshép, Manmthy and
the generators were placed in such a way that they
could get direct sunlight. Daily observations were‘
made using a glass flow meter. The fermenbation period
vas limited to about 45 days and daily temperature and

F gas yleld were recorded,

3.5 Effect of pressure on blogas generators

The experiment was conducted in order to find
out the effect of pressure if any, on the production of
blogag. For thils experiment three generators of K,V,.I.C.
model with gas collectors of varying welghts were ‘
employed. The gas collectors-of 10 kg, 25 kg, and 40 kg
giﬁing intensities of pressure 4.6 cm, 11.5 cm, 18.5 cm
of water regpectively were utilized for the study. 411‘
these three models were loaded with 50 kg of salvinla,

15 litres of used slurry (as inoculum) and 100 litres
| of water, so that the flcating drum could very wsll :
float over 1%t ensuring the anaerobic condition. The
Termentation of the above substrate was allowed to

continue for 45 days. during which the daily temperature
and gas yleld were recorded. (Flate 5).






36 Moddfilcaticn and fabrication of the pliot plants

The new K.A.Ue model vas modificd bézinoor;
porating a system for the recirculation of bic=gas.
The reeirculation vas achicved by fitting two additional
valves, A vubbsr bladder was inserted in the piping
.- botween the two valves, A tube was fitied to the
secend velve. The other and of this tubo being
opened at the bottom of the tank into the slurry.
flocireulation wes achioved as follows, Tae first
valve was opened while the socond one was kept closged |
S0 that the gas can enter the blgdder, Then the
gsecond valve was opened, keeping the {1vst cne closed.
The blgdder was presced so that the gas paassed
through the second valve and then paasad'through the
slurry creating bubbling (FPig. 10 and Plate 6).

Also the canvontilonal K.Ve.I.Cemodsl was
modified by incorporating an agitator. The egitation
was effegted by rotating the handle attached to the
shaf't at the top (Fig.11).

3,7 Couwparison of blo=gps generator models

his experiment vwag aimed ab comparing the
varioug designs of biowgas genefators. For this

nurpose the following models were chosen,



Plate VI Modified pilot plaat Hew K A.U.tfxiel with
reciroulatior of t>io-ga»
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1. K.V,I.Comodel

2. K.V,IrC.model with agitator.

3e K.A;U.modellwithout recirculation of gas.
L, K.A.U.model with recirculation of gas.:
5,'B£§Eyalekshmi model.

6, Horizontal K?A;U?mode;.

ALl the above six models were loaded wiﬁ&ii
50 kg selvinia, 15 litres of used slufry (a8 inocuiam)
and 100 1litres of water and ansercbic condition was
meintained, Fermentation was carried out for h5'6§ys,
Delly gas ylelds were recorded using a gas flow méﬁ@r.

Temperature for the whole périod was also noted.

3.8 Exploring the feasibility of utillsing existing
KYIC type CGobar gaos plant for bic~gas produchion .
from salvinia . .

This experiment was conducted in the RKVIC type
Gobar gas plant, at the K.A.U. ReSearch Station and
Instructional Farm, Mannuthy (Plate 7). The capaic:!.:ty
of the Gobar gas plant utilised for this study was
about two cubic meter with a diameter of 120 em and
having a total helght of 210 cm, The floating drum
hed the dimensions of 100 cm height and 110 em diameter
and was made to float inside the tank. It was loaded
with 550 kg of salvinla, 157 kg of cowdung, and en&ugh






vater for diiution end effective anaerchic conditicn,
For LS days the gas productlon uas recordsd using a
glas flow meter,

3.9 Design of e prototype unit for household purposes
(Using dricd salvinig as the substrate)

Gsrs Lot the daily avallebility of fresh solvinis be
ey

Ciﬁ/ojg. IT this fresh sawple is dvied for two days,
its woight will be reduced to gbout 40 kg, If egual
quantity of water 1g added to it, the dedly input will
be 80 kgn.

g_giguqﬁ abtion of volume requirepent

Datly input = WO kg + 4O kg = 80 kg

Input foxr b9 days =- 80 x 4§ = 3600 kg

This consists of 1800 kg of waler and 800 kg ealvizia.
It i3 estimated thab $00 kg of dried salvinia gen be

ageormodated dp aite oubic motoy.

Thereforo, space requirement for 1800 kg = 3.6 cublc meter
Space roquirezent for 1800 kg of vater = 1.8 cubic meter

Iherefore, total space reguirement = 5.4 cubic moter

«- 6 ouble meter



Gas yield from 6 cublc. meter capescity generator

It 45 estimated (from the previous experiments)
that 1 kg of dried payel can evolve 93 litres of gas
iIn 45 days. Therefore, the gas evolved from 40 kg of
dry payal = 40 x 93 = 3720 1litres = 3.7 cubic metsr. .

Requiremants that can be met with the above gas yield

It is estimated that one person requires O.%
cubic meter of gas per day for cooking purposes and about
0,4 cubic meter of é;as for lighting purposes, Therefoxe
the total gas requirements per day for a persom will
ba 0.5 cubic meter, Hence this 3,7 cubic meter of gas
can be utilised by 7 - 8 persons for theilr cooking and
lighting purposes. |



Jesults and p[dcuﬂ_[on




RESULT MAD DISCUSSION

.1 Digestible and drying properties of salvinia’
4,1.1 Dizestible properties of Salvinia molesta

The Qigestibile propertles of Sglvinls
molestn such as melsture, total solids, volatile
golids and fized nolids wore assessed 1n oxder to
" aseertain its foasibility for biowgas productions The
rasults of the study are depictod in Table k.

Table k. Digestible properties of Sglvinis molegta
Molsture percentage .o 95443
Percentage totel solids . o k.57
Percentage volatile solids , o 85,90
Percentage fixed sollds aw 1!?‘ 10

it may be zeen from the table that sélvinia
eontained 95.43 per cent of moisture, 4,57 por cent
of totsl golids, 85,9 per cent volatile solids (4in
terms of total solids) and 4,1 por cent fixed sclids
(in torms of total s0lids). '



61

\

It is evident from the data that salvinia.
¢an be utilizzd as a potentlal rew materinl for
blo~gas production, howaver, in comparisen to cowdung
(totmllsolids 18.26 per cent) end water hyscinth
(tofal golids 18 per cent) (Sriramtiu, 1980), more
‘quantity of salvinla is raquired for the prdductioh
of unit bio=gas, | '

Fyom the figuress pertaining to the.valatiie
gollds it mey be seen that salvinia (5.9 per cent)
has got more voilantiles sctunlly sctivated by the
hreterin during the fermantaticn process, comparedfto
coudung (70 ~ 80 per cent V.8) and woter hyscinth '
(82.5 per cent V.S).

Yhile considexing the fact that salvinla
cecurs as a wead sbundaptly in peddy fields end ponds
the avaflebility end cost 1s not likely to become a
parrier for utillzing it for bloegas production, ‘

Even if it 4s tcoken that four kg freosh salvinia is
raquired to get the total solids obbainable from one ka.
gouvdung or waler hya;inth, sglvinia cculd.be ratod

as a ¢heaper rav moterigl.
%.1.2 Drying characteristics of sulvinia

Tae result of the experiment conducted to
deternine the percentage reduction in weight of salvinia
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by drying 14 under direct sun and shade 1s as shown,
in Table 5 aud Fig.12.

Pable § Drying rate of salvinia under sun and shade

Pariod of darying Veight of the samples(g)

Days Time in hour Sun dried Shpdé
0 Lo 400 |
1 20% 330
2 13‘7 . 202
I 3 7 260
¢ & 5
5 47 150
0 37 130
1 25 135
2 8 87
IX é 8 87
: .5 2
3 17 56 !
0 17 0
; 78
17 38
5 17 35 .
6 17 35

From the data it is seen that the weight
roduotion of galviniae in sunlight is much faster when
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compared o that in shade. A weight reduction of
about 61 por coend was ‘obtained in shade drying
comparing to 88 per cent in the cease of drying in sun
- in the fifst dey 1tsclf. At the end of the second day
the net reduction in welght was equal to 99.5 per
éeﬁt under sun uﬁereas 86 per conh uﬁder shaﬂe; one
the third day ita welght remain unchanged for sun
drying vhile a weight reduction egual to 91 per cant
in the ease of shade drying.

Thus 1t is clear that the effect of sun drying
for two days is equivalent to drying it in shade for
five to six days., It is glso evident that drying
under sup i faster compared to drying under shadc.
Thus, drying of salvinla for two doys under sw may
be recommended to chade drying.

Dried sglvinia haa got specific aﬁvantages y
ovar fresh solvinia viz, bullk reduction in transportation
and storage, minimun generator volume and better
keeplng qualities.' Houwgver, the effect of drying. on
gas producticen characteristics of segivinia has to be
agsegsad before takking the fingl recomnendation, ihe
results of the experiment condueted in this ecnnaaﬁion

are discussed elgewhero (h.2,6).
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%2 Gag production ¢haracteristics of salvinis

ke2.1 Gos production characteristics of galvinie in
compariaon with thab of coudung.

The gas production cnaracteristics of sglvinia
and gowdung 1s presented in Fig.13. Detalled information
1s given In Appendix I1.

It moy be observed from the Fig.413 that the
gra output wes nogligible for the first five daya.
This nogliglble or gero production of gas moy be dus to
the laz phesa of the incculam (microbes)., From the
gixth day anwa:da the gasjffoﬂuction started and
attained the Deak value (112 ml) on the 20th day. Thus
it appoars that the lag phass of thoe incculam was |
restricted $o five days, It was also observed that
the major bulk of the gas produced during the pari&@JWmn
six days to eleven days was carbondiloxide, This may ve
attributed to the asrobie conditions which.pre?aileﬁ
and dominated the initial phases. Ancordingly the
anaerobie bregk down seriss, consisting of carboe
hydrate -QEQ;QLX§3§-——€> gdrple carbohydrate’ gggg?%%&g-éf
acid (acidic through algoholic oxydation), butyrie
aclid, proplonic seld ete. 88 enmeroble rospiratory
products ~H2EHANOINCA s, 15 thane, carbondisuide,
might not have functioned during tbia pariod. Actunl
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methans producticn was observed from the 11ta day.
During this period the angerobic phese was dominated,
The rate of gas production was found to docrease frou
the 20th doy onwards and it touched the wieconsmic
level (38 ml) by the k5th day., his decline in gas
production may be due to the, cumulative effect of tho
exhausting raw moterial and the initiation of the .
doolining phase of the microbial growth. From these'
results it may be possible to formulate a feediﬁg |
schedule s0 as to malntein optimum or maximum gas produ-
ction eantinuously, |

In tho case of 6d\s‘dung the log phase was six
days and the ldg phase (perlod for maxiomum gas producticn
after the lag phase was 13 days and the econonic period
of the gas producticn was 45 daya,

The cumiative gas produetion. fox.- the £irst
45 dpys £rom sglvinia wes 2569 ol and from cow&tmg was
3020 ml. Thua the aversge gas yileld was 163,11 ml
par kg of aelvinia and 191,7 ml per kg of cwﬁmé
(670 m/ap of cowdung = 191.7 mifkg of aslvinia equivalent).
This ravezled thet 7.3% litre of gos is cﬁtainea from
one kg of frech salvinia end 8,6 1itre fram one kg of
cowdung for shout b5 doys, | ‘

I



Tis in turn 1s equal $0.760 cubic meter por kg
of total golids and 0.187 cublc meter per kg of volitile

golids in the case of selvinia and about 0,189 cublc :’fieter

per kg of totasl sollids and 0.219 cubic neter per kg of
volitile solids in the case of cowdung, all the values
being ealeulated taking the retention pericd as 45 doyas.

b,2.2 Gas production of salvinia under varying physical
conditions |

The effeet of physitel canditions of salvinia,
' viZe, @a o vhole, as chopped and as dried, on gas proéu—
" etion 19 portrayed in Teble 6 aond Pig.ts. Tho details
are available in Appendlx III, ' '

Table 6 Effect of physleanl conditions of salvinia on
- gas progduction

Payoical, conditions of salvinia

As whole Chopped Driecd

Leg pordod for gas 6 3 I
production (days) . g
Poriod for maxdmm gas Q

yield (daya) 20 e 13.
Peak gas produced {ml) 125 112 - 78
Curulative ges prod;(:gfijm 2569 3114 1935
Cunuiative gas production

(mMkg? in &5 dayo 730 6890 5530
Gas production in mo/kg 0.160,% .5 0,195 0.121%
of T,8,(Total solida) - '

Gas production in md/:g 0,186 0,226 0. -0

~of V.8, (Velitile solids)

oy
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It 1s evident from the data that with
respeat to the mindmum lag perioé for gas production,
curmilative gas producticn from unit raw materlel and
gas production per unit welght of total abiﬂ.ds and
volatile solids, chopped galvinia excelled over the

other two physical conditions, The increased surface

arsa may Ve the reagson for the superior performance

of chopped seglvinie over vhole salvinia. However, the

extra energy and labour required for chopping selvinia

should be taken into consideration bhefore making the

final recormendation.

The lesser cumuleblve gas producticn recorded
by tho dried sslvinia mey be due to the possible loss
of volatile soilds during the drying process. Howevér
1t may be noted that aried selvinia Tequires lesser

generagtor volume for unit gas productian,

In the case of dried solvinla too, energy,
labour and space required for drying appears to ba the
1imiting fectors. PFrom the vonvenien\'ﬁe point of viey
whole sglvinlia may be recommended fo:ti Eas prodﬁcticn

purposes,
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%.2,3 Gas production of selvinia as influenced by
mixing with other raw materiels

Gas production characteristics of salvinls -
cowdung mizture and salvinlz - water hyacinth mixture
is presented iIn Toble 7 snd Fig.'i,a. Detalled obsere
Vat!.on is fumished in Appendix IV,

As 1t may be seen from the Table, tho combination
of gglvinia - cowdung mixture was the best raw naterisl
for the gas producticn, IThis combination recorded the
best valuco of all the parameters under discussion. A
reduced lez poeriod and early pesk gas yicld attainzent
are the obsermtiona‘ of special interest. Based on
these observationg it eppears that mixing with cowd\mg
‘might have ndded more lnooulam and hence an enhanced
oleroblal activity, Thus it may be argued that inereased
nurber of micro organisms are eapablé of bringing down
the period for the initiation of gus production and for
achieving an early maximm gps producticn, Mixing of
water hyacinth with salvinia also showed favourable
effects compared to szlvinia alone, This favourable
effect may be attridbuted to the sasily assimilable
constituents of water hyseinth,
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Tabie 7 Effect of raw nmaterisl combination with
galvinia an gas production

Salvinig Balvinia + Salvinia +

alone cowdung water
hyaeinth
Lag period for ges S 3 %
producticn (days)
Period for getting 20 15 ' 15

maximum gas yield {days)

Peek gas production fram
1 kg of galvinia 285 L03 371
oquivalent (o) '

Cumtlative gas produ~ - 2503 %008 3518
ction for 49 cays/350 gm .
salvinia eguivalent (ml)

Cumletive geza proe '
duction for &5 deysfig  /* 10 11.45 10,15
of substraote (Litres)

Gas procuction in

m3/k{: of totol soiids  0=156 0,250 0.222
for b9 Aoys :
Gas production in 0.182 0,292 0,259 -

n3/kg of volitle
solids for 45 days
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L.2,+ Gas production under different proportion of
cowdung with gelvinia

In order to standardise the optimum proportion .
of cowdung with salvinla for maximum gas production
the experiment was performed and the results of this
experinent avepresented in Table 8 and Fig.16. Detalled
obgervations are furnished in Appendlx V,

I% may be evidenced. from the gbove data that
the ing phase for gas production and the period for
meximum gas yield remained insensltive to the cowdung
proportion, employed in this study. However based on
the cumulative gas yleld, gas producticn per unit total
solids and volatile solids, mixing salvinia with couwdung
in the.ratio 111 is found to be the most ocutstanding.
ﬁzia may be due to the properly balanced substrate to
inoeulem ratio,

b,2,% Gas producticn from salvinia and cowdung
pizture under different dilutions

It noy be s#en from the data presentsd in

- Table 9 ard Fig.17 that the rav materiel (sclvinia and
gowdung) to water in the ratio of 111 rocorded maximum
dedly gos yield, cumulative gas yileld and gas production
per unlt total solids. However the lag perdod for
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Table 8 The effoct of different proportion of
cowdung with salvinia

£alvinla + cowdung

131 12 2¢1
Lag period for gas 18 L L
production (days)
Period for getiting
mexirum gne ylold (days) 15 15 15

Cumilative gas production : :
for 45 days/kg of 10.89 10. 31 9.265
subgtrate (1itros) ‘

Gas production in maykg _
o§ gotal s0lids for 0.238 0.226 0.203
ays _

Gas productisn in m37kg
of volitle solids for 0,277 G. 263 0. 23?

L5 days
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| Table 9 Gas production choracteristies of salvinia |
covdunig mixture as dnfluenced by the

diiution factor

Substrates wvater

111 211 182
Lag period for gas -1 5 5
preduction (days) )
Period for getiing '
maximum gas yieid (days) b 1% -]
Gas production at the peak 135 130 119
period (md)
Curmlative sas production "
for 4% days/250 gm selvinia 399 3053 260%
equivelent (mL) . -
Curmlative gas production |
in iitres/ig of substrate 10.0 B.72 ?{J.[.
Gas production in 3 g .
of totel solids fog !éé days 0.219 0,191  0.162
Gas production in m3/kg of 0.255  0.222 o, 1489

volitle nolids for 4% days




initigl gas production remained as five days
irregpactive of the dilution factor. Any 1)t in
the ratilo eithér in favour of gubstrate or water
resulted in poor gas ylelds, Thus it is evident tha®
the rale of water ls l1imited to digsolving the
goluable sollds of the raw material end pgke 1t availe
able for feruentative bresk down, Detalled obssrvations
are furnished in Appendix VI,
4,2.,6 Gas production of asalvinia cowdung mixzture

ag influenced by suniight and shade

Sunlizht haé got a pronounced infiuence on gas
production .characteristies of splvinia as may be
obsexved frcm tie Table 10 snd Fig.18. Daily obser-
vatioﬁs are given in 'Append:lx Vi1,

, . A porusal of the data clearly indicated that
the microbial octivity and gas production process ig
pogitively influenced by sunlight. The time taken
for initial gas production wes five doys under direct
sun againat six deys in shade., This mey be due to the
favourable temperature conditilons foy microbial
grovth wder direet sun which inturn is reflccted

28 the reduced lag phage of rdcrobial growth. The
favourable effoct of temperature on solubilizing the
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Table 70 Influence of gunlight and shede on gas
production charncteristies of selvinia
and cowdung mixbure :

Direct Shade
gun
Leg pericd foy gas 5 5
productéion {days)
. Period for gotbing maximum 15 15
gas yicld (days) '
In production on the 136 106
pogk day (si)
Cusmlative gas yieldad (ml) 3739 3692
Curulative gés yield (Qitre)/ "
kg of substyate ' ' 10.7%+ . 7.691
Gas yield in mo/kg of 0.235 0,168
total solids for 45 daye '
Gag production in m>/kg of 0e2P 0,196 -

volitle golids for 49 days
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sollds glso may be noted from ¢the Table. While
considering the fact that the temperature fluctuation
betusen shate and swmy conditions was within 3°C « 5%,
it may be stated that the microblel/fermentative
process 1s very much sensitive to temperature varice
tions., The role of photo indused {of specific wave
length) fermentation/microbinl activity may also be a
reason _for the Increased gas production under open
canditions.
4.,2,7 C(as production characteristics of salvinia and
goﬁggggn%i;ggggsat pllot plant lovel using

Daota on the comparative efficiencies of the
biocgas generatora_a presented in Table 11 and Fig.19,
(daily gas production details is given in Appendiz VIII)
revealed that the maximum gas production was obtained
wvith the RVIC nodel, a constant pressure generator.
The remaining three goenerator models employing Variable
gas pressure Yecorded comparatively lesser ges ylelds.
The decrzased gas yileld of the wvariable pressure
models may be Justified as f'ollows, In those variable
pressure models contimious gasg production resulted in
increased pressure which in turn increased the
solubility of carbondioxide in the slurry leading to a
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Table 11 Comparison of pillot plant gensrator models
th respect to the ges production
characteristics of salvinis cowdung mixture

KVIC Bhogya= Horizontal XNew
lakenmi KAY KAU

Lag period for gas 5 5 5 5
production (days)
Period for getting 13 18 21 21

maximum gas yileld (days)

Cumulative gag production .
(1itres) for hﬁpdays 675' 1 1%85 ol 407,k 50544

Cumulative gas produe
ctionfkp of 9,66 6,93 5.82 7.22
' substrate for b9 days

Gas production m>/ke
of total molilds for 0,211 0.152 0.127 0,158
45 days

Gas production in
m3/kg of volits 0.246 0.177 0,18 0. 18
subatance for 45 deys

Gas producticn/m> 0,483 0.03% 0,03 0.036
.digester capacity/doy
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pl drep. The reduced pH thus resulted vas antogone-
stic to the methancgenes whilch generelliy prefers a
pH renge of 7 to 8.9.

The efficlency of three wvarimble pressure
models employed in the study may be rated in the
decreasing order, of the new K.A.U.model, Dhagyalelshmi
model, folloved by horizontal type K.AJUsmodel, This
variation maoy slsc be explained in terms of thga
avallable volume for gas collection and the relative
prassure build ip.‘ ﬁh‘us, the new K.AVUem0ded having
more volume for gas ¢ollection and less pressure build
up recorded better gas yleld., Similarly the horizatal
KeAsUemodel having the least volume for geas collecticn
and thereby maxirum pressure build up recorded the |
minimum gas yield.

The varying efficlencles of the variable
Pressure z0dels may be explained in tems of the
diametor to depth ratio.of the generator. WYork done
at NEERI had shown that the gas productilon per m3 of
digester capaclty was maximm when the dipmeter to
dopth ratio was 1 and 0.66, It was considorably less
when the ratlo was altered to 1.5 or 0.5 (Sathlanathan,
1975)s Accordingly the new K.A.U.zodel and Bhagyalokshmd




. \
podel (having a diameter to depth ratio equal to one) _\\
yielded better than the Aorizontal KeAJU, model

(having a dismeter 0 depth ratio of 1.5). However

it should be noted that the performsnhce of generators
having equeal diameter to depth ratio also varried and

it nay be attributed to the fectors like prossure

build up, solubllity of carbondioxide and pH changs.

On overall efflciency rating, the KVIC model
topped the 1lilst of the generators employed in this atudy,
Houeover, it has got the limitation that external
pressure has o bo exerted to effect thé cantinuous
gas ocut take,

%,2,8 Effect of pressure on biogns produation

The rxesults of the expesriment, designed to
define the optimum pressuro requiroment for bilo~gas
production from salvinia is presented in Table 12 and
in Pig. 20, Detailed observations are given in
Appendix IX.

From the above date, 1t may be ssen that the
pressure has got a definite influence on thoe ggs
production charactoristles of salvinia, the trend
being a negative correlation bLetween the pressure and
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Toable 12 Effect of pressure on bloeges production

e vy

Propsure gpplied in cms of water

) .O_f V.S.in "PS dayo ‘

0.171

k.6 1.5 18.5
om on em

Lag period for gas 5 5 ]

production {(days)

Pericd for maximum gas 15 15 15

yield (days)

Pegk gas production 18.5 15.0 11.6

(Litres)

Cumlative gas produ= 1463,2 33548 ' 256.8

ction (litros) for L5 days :
‘Cumulative gas produe | | '

ction in litree/kg of 9.26 6e72 Se i
_gubsgtrate _

Gas production in m3/ 04203 0147 0.112
. kg of T.8, 1n b5 days

Gas production in mavkg - 0,236 0131
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gas yleld, These obsorvations are contradictory to

the general bellef that pressure has no infiucnce

on bioegas production, However, Bobbit and Bauman (1958)
hayedemercated the upper limit of presgsurs for optimum
gas production as 15 to 18 cm of water. Based on the
present £indings it may be gtated that the minimum
pressure should be recomnended for payimum gas productlon,
However the depresslon of preaaufe beycnd a certain

1imit will lead to operatlonsl difficulties of the
generator, Accordingly a compromlse in terms of minirmam
prossure and operatlional convenlence should be resorted to,.
Eventhough 4,6 cm of water prossure recorded the

mexinum gas yleld, application of additlcnal pressure
remained as o serious sot back. As the pregaure was
ingreased to 18.5 cm of water, the gas yileld was consie
derably affegted. As the bressure vas linited to 11.5 an
of waber 3 reasonablae gas yleld was obtained without

ouch opervational difficulty. Accordingly 11.5 em of
water pressure appears to be o compromise rocomzendation,

e negative offect of pregsure and gas yleld
may be due to the increased carbondioxide in the alurry
resulting in, as & 1ow pH and hence low methanogene
activity., It should also be noted that the possibility
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. of the slurry gotting wasted (the slurry which comes
up throuzh the gap betwean tho dlgester and the float
being exposed to the serobic breskdown)-is wore at

increased pressure lovels lesding to poor gas yield,

4,2.9 Comperison of modified bio-gas'genarators

An experiment wms conducted to atudy the
effect of agitstion and recirculatiml in KVIC modsl.
and new KAU podel respectively, These results were
compared with the KVIC model without agitation, .
Bhagyalckslml nodel, new KAU model. without recirculation
oand horizontdl KAU model. The results are given in
Table 13 and Pig.21 and Appondix X,

It 19 evident that by providing agltation, the
gas producticn charsgteristics were improved., Houever
agltation had no effect an the initial lag for ges |
production and the days taken to achleve maximun gas
production, Tho inereaged gas preducilon cobtained by
agltation may be due 4o the fact that agitation helps
tha trapped earbondioxide particles to escape to the
top of the digester resulting in an Jncreased pH of -
the glurry. Moreover agltation might have helped to
have a wniform slurry and thoreby enauring an intimote
contact of the bacteria with the substrate, another
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Table 13 Comparison of modified biogas generators with other

generators
KVie KVIC Baagya- KAU KAU KAU
agltae withe lekshe horle without with
tion out 125 § zoli= TeciP~ reclre
agita- tal cula- cula-
tion . tion - tlon
Lag period for gas 6 6 6 6 6 6
production (days)
Period for getting '
maximum ges yield 15 15 18 17 | 17 19
{(days)
Poak gas production 19,8 18.4% 11.8 10.6 14,6 19,0
(1itre)
Cumalative gas yield ’4'?2.8 li-h9.8 3""”00 323l5 330-8 1%7203
(iitrs) _ : r
Cunulative gas yield 9L6 9,0 6,88 6,47 7.62 9,15
per kg of substrate
Gas production in m3 0,207 0,197 0,151 0,42 0,167 04207
por kg of T.8,.
Gas production per kg 0241 0.2 0,175 0,165 0.1%  0.241

of V.B.




favourable effact of agltetion may be to maintain g
uniform temperature throughout the slurry and alzo to
.break the scum at the top and sludge at the bottom

of the slurry. Simiiar favourable effect of azitation
. on gas production hed been reported by Sierp (1931).

It vas also observed that recirculation also
favoured tho biogad production, This effect also may
be explained in forms of the factors discuaéed above,
Studles at HEIRI elgo hed shown similior effect of
recirculation on gas production (Sathisnathan, 1975).

Eventhough agitation and recirculation were
found to increase the gas producticn, both these process
vere cumbeyasoms, laborlous ond time consuming. So the
final experiment on a possible recomandation of a
generator model for bioegas production from splvinia
vaa restricted to the existing KVIC model.,

4,2,10 Exploring the feasibility of utilising
existing KVIC type Gobar gas plant for bio-gas
production from salvinla,

The results are outlined in Table 1+, Fig.22
and Appendix XI. ‘
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Table M  Gas production characteristics in the

existing KVIC Gobar gas plant

Lag period for gas production (days)

Period for %et.t:lng maxiﬂmm gas
yiela {days

Peck ges production (m3)

Cumilative gos yield (mo)

Cumu:!.ative ges yield por kg of substrats
Cdn ity

Gag production in m/kg of total solids

~ Gas producticn in m3/kg of volite solids

18

o.ha;
1135
10.22

0,22

0,260
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It ie evident from | - Table % that at the
peak pericd of gas productian (18 dsys efter initiaf
feeding) 0,46 cublc moter of bic-gasjgh éﬂ?ﬁﬁ?‘ne
sufficient to satiply the fuel ragquirements of an
dndividual per day. If the plant size 1s incrensed to
8 subic moter the ocnergy requirenent of a famdly cole
glsting of four members may be fulfilled, This figures
are howover less vhen compared with the energy obtaine
able from s Gobar gas plant running with coudung from
40 cattles and genorator size of nine cubic meter,
However the gas yield con be conslderably increased by
utilizing dry salvinie as the rav materialthoreby
Incroasing the specific quantity of rav materisgl pei;

it volume of the digester,

be2.11 Economic anelysis of the housshold blogas
plant utilizing dry ealvinia as the substrate

It 1s ostimated that a six cubic meter
capacity digester can yield 3.7 cuble meter of gas
per day utilising dried salvinda as the substrate.
Tnerefore about 1350.9 cubie meter of gss can be
produced in one year, which is aequivalent to 808 1itres
of potrol (1t i1s estimated that one cubilc meter of
blo=gas is equivealent to 0,598 litre of petrol), the
cogt of which will come to about 5,5250.



Also 4t is estimatod that one torme of digested
material costs 35,80 (used as a fertiliger), Therefore
the totel income that gan be had from 1%+ tommes of
substrate in one year is 1120 rﬁpqea.

It is estimated that 900 rupees ls required for
the manusl collection of galvinia from ane hectave, '
Asuming on yield of 20 kg of fresh salvinia from one
gquare meter; 1t la calculated thet 0.25 hectere of
galvinia cultivation is more then enough for the sabtige
factory running of a six cubic metor plant (400 kg o?
frosh sdlvinia which is equal to 40 kg of dry salvinia)le
Hence the menuel collecting charges for salvinis
collection for b5 days will come to P5.225 gnd for ane
- year sround M,1800, Also the cost of construetion of
a six cuble meter capacity plant will come around [5,9000,

a) eataent

Gost of installistion of the gas plant and
penure plt at the current increased price will be around
53,9000 vhich is breaked up ams ghown, |

By P,
Gas holder and frame P 3000.00
Piping and stoves P 1000.06

O SR e P Db S B

Civil consgtruction s 9000,00
' 2000, 00




b) Apnngl expendd turg B Pa
The interest on investment (10%) »e 900,00

Depreciation on gas holder and frame (10%) 300.00
Depreclation on piping and stove 5(;%) .o 50,00

Deprecietion an structure (5%) .o 250,00
Cost of painting cvery year .o 200,00

D SMES GS 5 G5 B i

Het .. 3500,00

ColleStion cost of sglvinia «s  1800.00

¢) Appunl incoms
From fﬁﬁl : . 5250. 00
Froa fertilizer - . 1120,G0
Net ,. 6370,00
Net profit for 1 year se  6370,00 »
3500, 00
2870,00

YR WIS o W SN IR G

Thus 1t is seen from the figures that, by establishing
a blogas plant of 6 cubic meter cepacity utilizing dry
salvinie as the substrate, the deily cooking and 1ighting
requirexents of a family having 7 - 8 members cen be ensily
met with, It is also ssen that besides meeting the fuel
raquiremonts, it also fetches an annual savmgs of 13,2870,
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SUMMAIRY AND CONCLUSION

Tho pregsent investigation on YWtilizaticn of :
8alvinia zﬁal;eag for biswgas productiontvas undarta}:a':n
with the main objective of standardizing the condition
for maxizmm blo=gas production from salvinin. The
assegsuent of the exiasting and mevly i:"xesigned bio-a'as
generagtors alwso formed a part of the present investl-
gation. The ezperiment was canducted in the Daﬁartmant
of Azriecwitural Engincering, Collsge of Horticulture,
Vellanikicara during the year 198283, The Amportant .
findings are sumsarized as follous.

Sglvingn molesta contained %57 per cent total
solids and 85.9 per cent volatﬂe gollds and hence 1t can
be utiiised ag a potential raw materlal for bio-gas
production,

The drying characteristies of salvinla roveauled
that drying under sun ls faster than drying under nha};tle.

Gas production charactoristics of salvinio
vere as follows, Froo the sixth day ohvards the gas
production gtarted and attained the peck value of 112 ml
on the 20th day. The major bull: of gas producsd wes
carbondloxide during the pafioﬁ from © to 11 doys. The



100

actual methane production was cbserved from the 1ith
day onmwards. The rate of gas production was found to
decrease from the 20th day onvards and it touched

the uneconomic level (36 ml) by the L5th day. However
compared to cowdung, ges production from salvinia was
less under identical conditions,

Studies on the effeot of physleal conditicns
of salvinia viz. as a vhole, as chopped and as dried,
on gas production Indicated that the chopped salvinis
is superior to the other two physical conditions.

A comparative evaluation of the gas productim
characteristics of aalvinia - cowdung mixture and
galvinia ~ water hyscinth mixture showed that the
formsr vas superior to the later,

The lag phase for gas producticn and -the pericd .
for maximum gas yleld remained insensitive to the three
selvinia ~ cowdung proportions (1s1), (112), (2:1)
employsed in the study., However the ratio 111 was
found to bs better with respeet to cumlative gas yield,
the gas production per unit total s0lids and volatile
solids.



0f the threo dilution factors, the substrate
(salvinia + cowdung) with water in the ratio 11
recorcled meximin daily gas yleld, cunulative gas yield
and gns production per unit totsl solids and volatile
polids over the other two ratlios of 281 and 1:2.

Sunlicht was found to have a pronounced
infiuvence on the gas production eharacteristica of
sclvinda, '

The rosults obtained with four generator models
revealed the suparlority of the KVIC model, a conatant
pregsure generator over the other three models applying
variable pressure viz, New EAU model, Bhagyslaksghmi
model and Horizontal type KAU model,

The study on the effect of pressure oﬁ gas
production characteristics of salvinia revesled that
tho prossure has got a definite influenes on the gas
production characteristics, the trend being a negative
correlation botweon tho pressurc and gas yield.

The @ffect of agitation in KVIC model and
recirculation of bloe=gas in Naw KAU model showed
favourable results., However certain serious set backs

01|
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(the process being curmbersome, laborious and time
conguming), of these wedifications had been identified,

Testing of the axisting typs RVIC Gobar gas
plant (2 cubic meter capgcity) with salvinia and
cowdung mizture as the raw material revesled that it
cauld be utilized for the daily fuel requirements for
cooking =nd lighting of g .'S-\higl\e- L persom,

The design of & prototype unit that could be
usad for housenoid purposes showsd that this requires
6 cubic meter capacity to mect the daily fuel requirae
oents of 7 « 8 persans usging dried salvinia as the
subgtrate, the loading rate being 40 kg of dried galvinia
dafly, which can be obtained from drying’%00 ke of
fresh salvinla.

The economicas worked out in this connecticn
revealed that & 6 cubic meter bloegas plsnt utilizing
dricd sglvinia as the substrabe will be able to fetch
an ennual income of 15,2870 Losides meeting the daily
fuel requirementa.
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APPENDIX = I

IBK MOST COMMON AQUATIC WETRDS IN INDIA*

I Free floating
1. Eichhornia Crassipes (Water hyacinth)s»
2. Selvinia spps (Waterfern, African payal)
3. Pistia Stratiotes (Water lettucs)
%, ‘Lemodde (Frogbit)

1z Rooted floating
1. Nynphaea Stellato (Water 111ily)
2, Neiumbo nucifera (Lotua)

II1 Subnmerged
1. Hydrilla Verticullata (Elodea)
2. Vallisneris spiralis {(Veollisneria)

Iv Emergent
1. Typha spt (Cattails)
2. Soirpus (Bus rueh)

+* Sources Varshney & Singh (1976)

s2hrackoted names indicate the locel/popuiar names.



APPELEDIX « I
Gas production characteristics of sslvinie and cowdung

Dally gas yleld in  Cumulotive gas yleld
(m1) . in (ml) .

1?%' Date meon values mean values
) Cowdung Salvinia Cowdung  Solvinia
(100 8) (50 8) (1008 (350 &)
1 Gom Jmm 52 0 0 0 0
2 10e3==B2 - 0 0 0 0
3 1iwe=82 0 0 0 0
b q2-3==82 0 0 0 0
5 13=3==82 0 0 0 0
6  Thwdewf2 0 12 .0 12
7  15=3e=82 20 10 20 22
8  16u3==B82 %5 . 21 65 43
9 17=3==82 - &Y 22 120 65 .
10 18=3=a82 L5 %0 165 105
11 y [P T P 75 30 20 135
12 20w 3==82 100 63 S 1Y 198
13 21-3euB2 95 59 L35 257
% 22e3e=B2 105 55 540 312
15 23-3==82 120 61 650 37
16 hm3e=82 40 72 800 b5
17 25-3-82 70 100 870 4G
18 26 Joe 82 70 . 99 = 1) 64l;
19  27=3~=B82 135 108 - 1079 752
20  28w3e=B2 75 111 1150 863
21 29-3--82 125 104 1275 %7
22 30w 3wef2 70 102 1345 1069
23  31=3-=82 70 98 ™25 1167
oh Yualinaf? 80 109 %2y 1276
25  2welieaB? 75 g2 1500 1368
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Appendix~-II {Contd, )

Daily ?gf)yield in Gumulagv% m%’?é vield

81, Date mean values mean velues
No. Covdung Salvinis Cowdung Salvinia
(100 g) (350 g) (100 g8) (350 g)
T 2806 - Zesheafi2 76 78 - 1576 LU
27 heduafBl2 ™ 81 . 1650 . 1527
28 GeedimaBR 70 76 1720 1603
29 Gmeliesfi2 90 69 . 1810 1672
S 30 Peshienfi? o5 72 1908 7
~ 31 BeslieeB2 05 60 2000 1604
32 Geuhieofi2 6s 63 2065 1867
33 10:h~m82 g0 80 2155 19%7
k0 1) altwaBl 8o 73 223 2020
3% 12+heeB2 90 7 23 | 2090
35 13-b=ef2 85 62 - 2410 - 2153
- 37 thehewB2 8o 61 2490 22
38 15=lhe=iz G 59 . 25%0 2293
39 i6-lieaf2 85 50 . 2635 2325
Lo  {7ebea82 70 42 2705 2365
b1 18J1aaf? 65 50 . 2770 16
2 10hesB2 70 3 2840 2ubo
43 20ehres=f? €5 %0 . 2905 1 2489
bl 2felrem82 59 38 . 2960 2527

45 poelweS2 60 k2 3020 . 2569




Bffect of physical conditions of salvinia cm:' gasa production

'APPEFDIX » IIX

8l.Na.

Delly gas yield im o -
- (oean values)

Cumlative gas yield in ml

{meon values)

Date Whole Sglvinie Salvinia thole Sglvinliz Salvinip
salvinia chopped dried g2lvinla chopped dried
g 1 2 3 L 5 6 7 8 N
1 Guer Jmee 52 0 4} 0 . 0 0 0
2 10e3mE2 o 0 0 0 G s
'3 11e3o=d2 o 16 0 0 16 0
Y 12« 2aufiD 0 16 10 0 32 10
5 13=3-=82 0 21 19 0 37 29
6 Y IR 12 by 19 12 78 18
.7 15382 10 59 32 22 133 80
8 16=3w-82 21 90 32 %3 223 112
9 17=3~=82 = 22 68 b6 69 291 358
f0 ' 18-3-=B2. kO =70 ez 105 361 180
11 19=3w=f2 30 S0 ot 1385 L5 2l
12 20=3=afl2 63 95 72 198 546 316
13 21=3--82 99 128 78 257 67 34
1 2232 85 122 68 312 796 462
15 23e3na82 61 108 P 373 o0 536
16 .  Zhe3=ad2 72 &8 - 70 L4s 992 606
{(Contd, )
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Appenddx-IIXY (Contd..}

4 2 3 b 6 7 &
17 Be3w=B2 100 9% P s - 1088 680
18 P W 99 96 58 &b . 118 738
19 Py SSC R 108 109 Yl 792 .. - 1293 812
- 20 po s I S 1 111 116 &5 853 .- 1409 877
21 B 3ma82 y[e3 98 70 967 .. - 1507 *7
22 1 R 102 308 68 1069 .. 4615 1015
23 31=-3-=82 98 o %8 167 - 1o 1063
2k Twaliead? 109 92 70 1276 . 4801 1133
25 P IO T 92 102 42 1368 1903 1175
26 a2 78 85 52 T 1988 - 1227
27 Laliwa82 8t - Ar 56 1527 2062 . 1283
28 Semadime B2 76 88 58 1603 2150 1344
29 Gemlteef2 69 20 52 1672 2230 . - 1393
30 D P < | as 70 L2 174% 2300 M35
31 Bmalimaflo 60 82 46 3804 2382 181
32 DoetimaB2 63 50 L8 1867 272 1529
33 10t 80 55 L5 1947 2527 157
{Contd. )



Appendix-IIT (Contd.)

1 2 3 L g 6 . 7 8

k' 1lehenb2 73 37 k2 2020 2564 1608
35 12-he=82 71 69 uY 2090 2633 1652
36 13=he=82 62 55 28 2153 2688 1680
37 Piekiwni2 61 50 26 2214 2736 1706
38 15=ltae82 59 6 37 2273 2802 1743
39 16uliea2 50 48 28 2325 2850 1771
Lo 17=dimel2 L2 53 23 2365 2903 179
11 18tiea? 50 LY 27 216 2047 1821
42 19-li=aB2 .3 L3 38 2449 2990 1859
L3 20=t=-82 %0 36 27 289 3026 1886
by 2l=lie=f2 38 4“6 22 2927 3072 1908
Ly 22aleaB2 %2 ' 39 27 2569 3111 1935

S
[N
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’ APPHIDIX - IV
’ Bffect of raw maberizl conbinatlon with salvinilas on gas production

Dzily gas yield in (o)
-~ (mean values)

Cusulative gas yield in (13)

(mepn values)

Si.fo,  Pa%®  goivinga Selvinda + Selvinia +  Soivioia Salvinia + Balvinia +
' alone covdung water alone couwdung water
hyaecinth o . kyseinth

1 2 3 b 5 6 - 7 _ 8
i 2FmGn=2 0 0 0 0 0 0
2 2BnGeuflS ¢ 0 0 o 0 o
3 20ui-=il 0 19 0 o 19 0
b 30582 0 2h 23 0 %3 23
5. 3t=5e-82 8 56 30 8 - 99 53
6 ) DU ;. % 65 38 22 16% 94
7. 2ewfuuf2 9 & 58 31 248 "9
B 3wefe=B82 30 12 88 61 360 237
9 hoefemiD 35 98 82 96 458 319
0 Sembw=82 30 128 105 126 535 Lok
11 Heowbima82 32 $20 20 158 706 51
12 Faetrmwafs L5 128 105 203 83 618
13 Bwebmef2 68 30 88 271 968 706

(Contd. }




1 2 3 Y 6

M Gecbew=B2 20 132 120 F1 1100 826
15 . FOmGaree32 8o 140 130 L21 1240 956
16 1 =Cemb2 71 136 125 Lo - - 1376 1081
17 1 R=lea R 80 121 118 572 - 97 1199
18 - 1 3ubueb2 96 104 12 668 - - 4601 1323
19  fhe=ta82 B 110 112 722 171 3
20 s 101 135 12% 823 7 1589
21 16tmaB2 91 109 122 ol - - 4956 1681
22 17=b==52 98 108 112 1012 - 206k 1793
23 * 18mbe=B2 a3 10 8 1105 2968 1878
24 19=6==82 75 80 82 1180 2248 91960
25 . 20=5=-=02 90 2% 112 1270 2372 2072
26 2 b2 91 88 702 1361 260 21A
27  22«6=-82 93 121 108 Pt 258 2282
28 Pog W 65 118 92 1519 2699 237
29 HebHeil 72 8 78 1591 278 2452
30 25=5=-82 75 106 95 1666 2890 2547

(Contd, )



Appendix-IV (Contd.)

2503

4008

1 2 3 L 5 6 .. 7 8

31 26ebeeB2 78 118 o tA4 . 32008 2641
‘32 27abuuf? 87 118 108 1831 3126 2746
33 28uleel 50 78 62 1689 .. 3204 2808
3 2%a6==f2 S 98 . 1955 .. 3302 2882
35 30nteal2 60 90 76 2015 - 3392 2956
36 Faafenfid 58 86 72 2073 . 378 3028
37 DS/ S 6h & 73 2137 . B2 3101
38 g Dy . Ly 58 Ly 2482 . 3550 3146
39 LeeFeal2 35 & 60 2297 37% 3206
L0 GuePrel2 52 [ 60 2269 . 3778 3266
L9 GenZeaB2 Lo L0 51 2371 3822 3317
L2 FerwPen =82 62 50 53 2373 3872 3370
%3 BeeZunB2 %0 Y 56 213 316 326
L4 GomPmalD 58 52 4, 2429 3568 70
L5 10nFeeB2 32 %0 48 3518

pob
.



APPEYDIX - V
Effect of Qifferent proportion of cowdung with salvinla 6n gas production

- Daily gas y2101& 4in (o1} . Cumulative gas yield in (o).
(mean velues) {mean velues) |
S1.No. Date Salvinia + Selvinia + Salvinia + Salvinia 4+ BSglvinia + BSalvinis +
covdung C.D (1:2) cowdung cowutiung, C.D (1:2) cowdung
(121) © (2:7) (1:1) . (2:1)
1 2 3 L 5 6 _ g7 '8
1 2752 0 0 0 0 0 0
2 28u5awd2 0 0 0 0 0 0
3 295 mmf2 0 0 y 0 0 )
|1 30=5==82 ° 35 0 0 35 o 0
5 31-5-8._2 ' 46 - 26 15 81 26 15
6 tealme82 48 36 2 129 62 39
7 Suabe=fa’ 53 - 43 25 182 105 6
8 b=l & 59 36 . 246 16 100
9 HaubesB2 * - 66 50 - ;o 230 150
10 GoabmelD 410 o 65 L50 32k 215
11 Cowlo=iD 102 il 88 592 399 303
12 PoeGmaB2 110 118 89 662 517 392
13 Beeliu=02 131 125 71 793 62 463
1% GeebmeB2 126 136 & 919 778 47

(Gontd. )



Appendix-V {Contd, )

.23

1 2 3 W 5 6 7 8

15 10e6mm82 %0 130 124 1059 - %08 671
16 1{ebmaf? 131 128 118 1190 1036 789
. V) 125282 116 126 121 " 1306 1162 910
. 18 1 3=Bm=B2 136 132 12 42 129 103
19 P82 13 108 102 1576 ™02 1136
20 15mbmea82 133 128 113 1709 1530 1249
21 16=Gmal2 . 109 1724 120 . 1818 165L 1369
22 17mGmeB2 102 125 & 1920 1779 %53
18=6mefl2 126 ot 15 2046 1873 1568

2% 19=6-=82 12 105 10% 2170 1979 1672
25 20=6=82 120 1% 125 2290 2093 1797
26 21ebwnB2 121 116 10% 211 2209 1901

- 27 " 2PwSeel2 121 115 100 2532 233, 2001
28 . 23682 104 107 90 2636 2431 2091
. 29 e, T ) 96 101 93 2732 2532 R-31:
30 25l 103 96 20 2835 2628 227
31 2bmbeaB2 102 85 &1 2937 2713 2359

( Contd. )

roade
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. Appondiz-V (Contd.)

1 2 3 L 5 6 7 8

32 27ebm=F2 93 68 86 3630 2781 241
33 28-6m-82 92 52 88 3122 - 2833 2529
-y 29nfenB2 & 78 62 3207 - 2911 29N
35 30 bmnB2 83 79 78 3290 - 2990 2669
35 {maFmaBD 60 78 70 3350 3068 2739
37 T AN th 77 65 3394 " 3145 2805
38 e =82 72 70 & 366 T 3215 2869
39 YerV-eB2 62 58 60 3528 3273 2929
%0 G Pm B2 66 58 38 BH 333 2967
%1 GmePmeB2 52 56 & 3646 3387 3031
42 Fow e G2 50 €2 58 3696 e 1 X 3089
%3 w82 e 58 52 3730 307 3™
L GomTe w2 Ly 52 P 3779 3559 3195
L5 10782 38 51 L8 3813 3610 3243

127




APPENDIX = VI

Gas production chaoracteristics of smalvinis « cowdung mixture as influenced
by the dilutlion factor

Dailly gas yicld in ml Cumilative gas yicid in il
(mean values) (mean values)
Sl H00. Date
Mixture ¢+ Mxture + Mizbure + IlHxture ¢+ Mxbture + Mxture +

water water water uater water vater

. £121) (231) (1:2) (131) (2:1) (1:2)

1 2 _ 3 Y g 6 7 8
1 27582 0 0 o 0 o o
2 28cfe=02 O 0 0 0 4] 0
3 20=Ge=82 0 0 0 0 0 0
L 30=5-=82 0 . 0 Q 0 0 0
5 3i=5e=82 30 20 16 30 20 16
6 jonbiasiD 46 a8 22 76 48 38
7 2-wbmnf2 L7 27 23 123 7 : 61
8 Sonbeei? 62 60 48 185 139 149
9 heaHe-82 91 62 50 276 197 159
10 S=wbe=f2 109 85 65 385 282 2oL
11 Se=beuBp 120 114 e 505 396 208
12 Fembee82 128 110 o0 633 506 388
13 Beab=aid 130 102 92 763 608 L80
% Ge=be=82 - 130 12k 111 893 732 591

(cgntﬁo)



Appendix-VI (Contd.)

1 2 3 L

5 6 7 8
)1 10wbremE2 135 130 118 4028 682 - 709
16 $1abeadz 132 22 . 194 1160 o . 823
1? 12=5ueflz 13 126 102 12% 1110 - 925
18 13n6we82 118 9 106 1412 1204 - 1031
19 habeud2 12% 117 R 1536 4338 - 1125
20 15=fmmBD 128 118 102 166% %36 - 1227
21 16w6=aB2 109 o 72 1773 530 © 1299
22 y A, 118 72 82 1891 1602 1384
23  18«6--82 17 98 91 2008 1700 W72
F 19=be-B2 . 408 A 88 2116 174 1560
25 20«62 112 98 .8t 2228 1872 161
26 21=6==82 = 126 S0 53 2354 1962 6%+
27 - 22«5-=02 70 B 75 pr % 2046 1769
28 - 23<6-=82 102 62 .5 2520 2108 48
29  2hwfeul2 9% A %3 2617 2182 1877
30 25eGmall 9% 98 & 2708 2260 131
3t 2bebemfP 68 53 L2 2776 2313 1933
32 27=8meii2 &h oh CS 2840 2367 202
{Cantd.)

¢t



Appendiz-VI (Contd.)

1 2 Z 7 8

33 28ub=a82 A 66 L8 294 233 2072
3 20«62 & 76 71 2993 2509 2143
B 30=Oe=B2 70 €5 52 3068 257 2195
36 y L S 52 18 55 3120 . 2%z 2850
37  2~=P==82 48 62 50 368 - 268 T 2300
38 3ue-Fe=82 53 56 W5 3221 270 2%5
39 O - 50 62 L0 3271 28g2 2365
%0 S 50 56 Lo 3321 2858 428
41 GwnFomB2 22 39 32 333 2897 - 2457
Y2 Z=ePm=82 B 35 %8 3387 2932 2505
43  Bue=Z--82 32 4 k) 319 2973 25
Lt G782 L0 36 3% H59 3009 O 2572
L5 10=7==82 LY L 32 3093

3499

260k
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APPETNDIX « VIX

Infiucnce of sunlight and shade on gas production characteristics of
saivinla and cowdung mixturs,

Daily gas yicld in ol. . Cumlative ges yleld
{nesn values) in mi,
El.1e Data ( _¥njus
' Buntight Ehade Sunlight Shade
1 2 3 LS g 6
T 2FmSmeli2 S 4 4] 4 Q.
2 2Befuxfi2 O L] G 0
3 2GHen2 0 0 6 0
% 30a5-eB2 0 0 0 o
] oy LT 5 52 0 52 ¢
6 Jmebuenti2 L 12 96 12
7 b 83 2 179 3%
8 IneHeni2 87 22 266 58
9 Gaubn=82 419 50 365 108
10 T 102 46 187 15k
11 Ganbra82 106 50 593 204
12 Penbandl 110 80 703 o8
13 - Benfie=f2 132 s 835 378
% G 32 126 100 961 498




Appendiz-VII (Contd,)

1 2 3 Y 5 6
15 10=6ee82 138 105 _ .. 1099 583
16 1lebu=i2 125 91 . - 6%
17 1206==82 136 100 .. 9360 M
18 {3ubenB2 135 400 o sy 8™
19 Pinbu=2 121 86 _ . 1616 260
20 $5u5m=B2 115 93 U 1 ] 1033
21 16nbe=32 123 79 N {:5 1128
o {FebunB2 2% 93 . 1978 1221
23 18=6m=82 104 92 2082 1313
s 10ebeaf2 115 86 . 2197 1392
25 20=6=~82 124 .92 - 2321 - %91
26 2i=Ge=B2 1 . 83 2435 1%
27 22ubmml? 90 ol 2525 1649
28 23=Ga=B2 92 5% 2617 1707
29 . Dimbmabp Y 60 2701 1762
31 26ubm=f2 98 73 2893 1909
32 27wGe=82 &2 68 2975 1977

(Contd. )
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Appendin-TYT (Conbtd, )

1 2 3 b g <)
33 28~6--82 88 62 3063 2039
kL 29aG~=f2 78 66 - 3 2105
35 30-6e=B2 B 66 3225 2171
36 (rnZmeB2 72 %8 3297 2219
37 2weFn=82 62 65 3359 2284
38 3maP==B2 58 63 X7 207
39 YnZe=82 59 T }76 2401
%0 Grmm=B2 56 40 H3e Y
% o FmmB2 38 u6 3570 2487
L2 FawFomB2 k6 52 3616 2539
L3 ] 36 52 3652 2591
AN DouTnaB2 Lo 59 3692 aeh2
L5 10=7==82 38 50 3730 2692

bt
rd



APPENDIX - VIIZ

Comparison of pilot plént gencrator modéls with respect to the gas pmdueticn
, ~ characteristies of salvinia and cowdung mixture.

- Daily gas yield in litres Cumilative ges yield In litres

Sl p.go  KVIC  EBbogya- KAU hori- New KVIG ~ Ihegye- KAU hori- Hew

Hoe mocel lekghml gonbzl Xau model lekghrd z2ontal KAU
model model, model model model podel

1 2 3 b 5 6 7 8 9 10

1 Dol B2 o . 0 o o 0 0 0 0

2 Beudimaf2  Q ¢ o 0 0 [y 0 0

3 Gehme82 0O .. 0 0 0 a 0 0 0

Y B2 O .. 0O 0 ¢ 0 0 0 0
5 1Tda=fz  2.1. y 4.2 1.2 21 Tt 1e2 1.2
6  12li-=82 2.2 PR 1.6 2.0 k.3 3.8 2.8 3.2
7 1382 8.0 2.6 2.0 2.4 12.3 6% - 12.8 5¢3
8 y LTSI 8.3 LA 2.8 3.0 20.6 10.8 6.8 8.3
9 1PelieeB2 8.3 3.5 24 Y2 28,9 - a3 9.2 12.5
16 foukieeB2  12.0 3.5 3.2 5e0 47.9  17.8 12.% 17.5
11 17=beelz 22k 8.4 Gab 5ol 70.3  26.2 18.0 22.5
12 18hea82 22,6  13.0 U YR 92.7  3%2 22.k 29.5
13 19h=a82 27,2 12.2 642 9.0 1201 5145 28,6 38,5

(Conttla) ¥
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Appendix~-VYIZI (Candd.)

3 2 3 & 5 7 8 9 10
M. Zohe-82 28k . R0 8.2 - 8.0 8.5 654 36.8 46,5
15  2i=te=82 281k  15.5 10.0 13.0 1769  8%.2 . 45,8 59.5
16 22akew82 23.8 15 2.6 - 13.5 200.7 96,6  56.k © 23,0
17 - 23hesB82 20,4 18.0 12.8 17,0 227.1 1.6 = 69.2 90.0
18 Ddie=B2 . 25,0 7.2 - 16.0 9%6.0 - 253.1 1318 - 85.2 106.0
19  25uhe-82  26.0 18.6 o6 20.0 279.1 150.% 99.8 126.0
20  26-ke=82  25.0 18,1 1640 18.0 . 30%.1 468.8 115.8 4k, 0
21  27ke82  23.0 17.0 ~ 15.2 21.0 327.1 185.8 131.0 165.0
22 28he-82 8.8 18.1 16.5 20,0 #5.9  203.9 %7.8 185.0
23  20-he=82 48,2 17.2 15k 19.0 36%.1 2211 1632 20,0
2% 30he-82 29.8 15.0 1640 20.0 . 385.9 236.1  179.2 22%,0
25  e=fe=82 21,0 16,2  16.0 17.5 k06,9 252.3  195.2 1.5
26  2ee5e=f2  21.00  15.0  15.6 18.0 k27,9 267.3  210.8 259.5
27  3e=Se=82 18,0  16.2 9 16.5 15,9 283.5 220.2 276.0
28 heeSeeS2 20,0 10.8 1.8 5.0  465.9 2%.3  232.0 291.0
29  Se<Se-82  21.0 13.0 .0 1742 486.9  307.3 46,0 308.2
30 6meSe-82’ 18,0 140 13,0 16,2 5049  321.3  25%.0 325.1
31 7emSecB2 40 12.0 12,5 . 1.0 518.9 333.3  271.2 339.1
32 BeeSee82 3.6 13.0 19.0 0 13.2 5325 . M6.,3  286.2 352.3
{Contd. )
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ApPenddx-VIII (Contde) .

| ‘2 3 1 5 6 7 8 10

33 GuefemB2 - 16,6 13.6 171 16,0 ~  Su9.1  359.9 - -297.3 368.3
F 10-5==£2  15.0 = 13.0 1148 18.0 © . 56:.%  372,9- - -309.1 386.3
36 12af=ef? 11,2 2.0 92,8 . 12,0 589.5 397.3-- - 3303 - k2.5
37  13=5==82 © 13.0 10.6 240 1.0 602.5 407.9 - 337.3 423.5
38 fhebe=B82 7,8 8.2 8.0 - 45.0 - . 610.3 116.1 - /5.3 . 38,5
39 §5=5==82 10,0 840 8.5 11.8  © 620.3 A1 --  353.8 45043
40 16e5e=82  17.0  12.0 9.8 10,0 631.3 138,71 - - 363.6 460.3
L1 47a5==82 9.8  11.0 110 12,0~ 1.9 WY1 3.6 472.3
L2 $8:5eef2 9.6 11,6 9,0 9.8  650.7 58,7 - 383.6 L8a.1
L3 19.F=82 15,2 8.0 7.6 6,6 B59.9 H65.7 - - 39%1.2 L8814
B 20=FaeB2 8.2 9.6 8.0 6.8 668,71 W76.3- - 399.2  b9h,.?
45 21efe=82 8.0 8.8 8.2 RN 505 .4

10.2 -

67641
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_ APPENDIX - IX
Effcet of pressure on bio-gas produgtion

Dally gas yield in litres

Cumalative gos yield in

. litres
&, Date :
HNoa Pressure in ¢ma of water Pressure in ¢ms of wunter
4.6 en 115 em 18.5 m 4.6 cm 11.5 co 18,9 em

1 2 3 I 5 6 ' 8

1 15mFmaB2 0 o 0 0 o o

2 16=Pa-82 0 0 0 0 0 0

3 17 7=eB82 0 0 0 0 o 0

4 18=7==82 0 o o 0 4} 0

5 10=FmmB2 KR 1.8 1.2 3. 1.8 122

6 20=Fuul? 3.6 2.1 1.8 7.0 3.9 3.0

7 - 21=7==82 5.6 2.8 2.6 12.6 647 546

8 207==02 10,0 5ok 3.8 2.6 12.1 Pols

9 23e7=-82 8.1 6.0 Le0 30.7 18.1 13.%
10 eeeB2 T 13k 7.6 5.0 Lok 25.7 18l
11 2 Pa=l2 136 9.6 8.0 58,0 35.3 26.%
12 26=7=82 .8 11.0 6e2 72.8 46,3 32.6
13 27=FwwB2 17.6 13.0 10.6 904 59.3 43,2
1 20 Fmwd2 18.0 1t .8 11.6 108.% et 54 o8

(Contd, )
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Arpendix-IX (Contde)

1 2 3 g 5 7 8
15 . 29=7=-82 16.8 15.0 11.8 1272 89.1 65.6
16 30Fmef2 17.8 Phols 2.0 45,0 103.5 75.6
17 k3 2 16,2 13.8 10,0 16%e2 1173 85.6
18 - 1==8=-B2 15.8 .2 11.0 177.0 ~  131.9 5646
19 Sawfeab2 18.0 134 8.2 1950  14%.9 10%. 8
20 JonBeaB2 17.0 12 10.0 212:0 © 15143 114,85
21 IO .. 7 16.0 11.0 PR 228,0  168.3 1%.2
22 T N 13 Dbt 10.0 24 - 177.7 1342
23 bumBueB2 12.% 10e6 8.6 253.8  188.3 2.8

2k Feam B 8D . 13.8 2.0 6.8 267.6  197.3 9.6
25 Semfa 2 a0 2.6 - L5 281.6 206.9 19% 14
26 GenBuaf2 136 9,6 6.0 295.2  216.5 160.4
a7 10=8u-82 - 13.2 " Ba0 7e2 308, 224.5 167.3
28 11=0==82 10.0 7.8 L6 . 3181 232.3 171.9
.29 12:8u-82 12.0 8.0 6.2 330.%  240.3 1781
30 1 3mleaB2 10.8 8.2 6.0 *i.2 24B.5 18,1
3 g LERSTEE 11.2 78 6.2 352..% 25643 190.3
32 15uBnaB? 9.8 5.8 56 362.2 26241 195.9
(Contd, )
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Appendix=-IX (Contd.)

1. 2 .3 b 5 6 7 8
33 16=C.=82 8.0 .62 3.8 370.2 268.3 199.7
3!5’ 17=-=0-82 _956 ) Sl 508 . 379.8 2747 205.5
35 . 18=B=-82 Bt 603 4.8 388.2 281.0 210.3
36 4QmBun82 Ba6 7.0 7.0 396.8  288.0 217.3
37 20=8==82 8ok L.8 6.8 %05.2 292,8 22 .1
38 27=8=82 2l 3.8 Lo6 4192.6  296.6 228.7
39 =B B2 Bolt 6.0 4.8 %2140 302,6  233.5
40 23=8-=82 8,0 640 34 %29,0 308.6 235.9
L RpwBw=B2 7.0 Satr %ot L36.0 310 21,0
Lo 25=8==82 7.2 LDe2 L0 L 3.2 319.2 5.0
L3 26=8==82 5.8  6e2 3.6 %50.0 325, k8.6
W  27=8--82 6.6 PR L.2 L:56.6 33C.8 252.8
Ly 2tabend?2 6.6 50 4.0 256.8

%63.2

335.8




Compardison of modified bioegas generators with other generators

APPENDIX =« X

Dally gas yisld in lityres

Cumiiative gas yileid in litres

KVIC  XVIC Thagye~ - Hord= KU RAU  KVIC KVIC |Tag- Hori= KAU KU
91.  Datse with vithe Jekshrd smontal vithe with with X vithe gya= gontel with-  with
No. eglta~ out . KAG -+ out TG aglta- oub lchksh- KaU out rocir-
tor agita- ' reeire civeu- tor . aglito=- mi L Tecire cula=-
tor L culation lation tor - culation tion
1 2 3 b 5 5 7 8 9 10 11 12 13 -
1 %=7-82 0 o 0 0 9 0 4) 0 0 s) 0 0
2 15-7=82 0 0 .0 0 0 'y 0 0 0 6] 0 0
3 16-7=82 0 0 o ‘0 0 0 ) ) 0 0 o 0
Y 97-7-82 0 - @ 0 G Q 0. 0. o ¢ . 0 G 0
5 18=7=52 o 0 ¢ o 0 - D 0 0 0 0 0 0
6 19=7-82 5 3.8 3.0 3.2 4.0 3.0 5.0 3.5 3.0 3.2 RO 3.0
7 20782 8.0 4,0 2.8 2.2 7ol 3.2 11,0 7.8  H8 54 1.1 6.2
8 21=7=82 12,1 5.8 5.6 5.0 6.2 %el 19,0 136 14 104  17.3  10.3
9 22.7-82 6,0 24 6.0 . 5,2 8.6 6e1 311 21.0  17.%  15.6  25.9 16,k
10 23782 5.6 11.0 7.4 5e0 9.7 . 9.2 ¥&F 32,0 2.8 20,6 3.6  25.6
11 h=7=82 17,2 10.8 8.0 7.0 10e1. 12,0 - 63,9 - %2.8 .« 32.8 - 27.6 15,7 - 37.6
12 25=7=82 146 12,0 R 7.6  42.0 9,6 78,5 - 548 k2 3F.2 B7.Z  L47.2
13 26=-7=82 16,6 1.8 ~ 6,0 7.0 8.6 10,0 95.1 69.6 4B.L h2.2 6543 572
(Contd. )
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Appendix-X (Contd.)

12

1 2 3 b 5 6 7 8 9 10 1 13 ™
% 27-7-82 1.8 18.2 &M% 9.0 10,5 12,8 113.9 687.8 Su.8 512 6.7  70.0
15 - 28+7=82 19.8 18,8 10.0 2.0 13 152  133.7 106.0 .8 60,8 90.1 85.2
16 20-7a82 18.8 164 12.0 10,1 ™Me0 15.5  152.5 122, 76.8  71.2 10%.1  100.8
17 30-7=82 18 16.0 11 9.0 13.0 1617  170.9 1384 £2.3 80.2 117.1 116.9
18 31=7=-82 . 19.0 1.0 10.8 10.8 el 18,2, 189.9 152.% 93,6 91,0  131,5 135.1
19 1=uB=82 17,86 164 13.0 11.2 the2 17,0 207.7 168.8 111.6 102.2 45.7 152.1
20 2e=8=82 17,0 17.0 13.2 10.8 13.6 19,2 24,7 185.8 124.8 113.0 159.3 171.3
21 3e=8=82  fh.2 7.4  12.0 =R 12,2 18.0 238,9 203,2 135.8 122 191.5 189.3
22 heoBaB2 13,6 17.0 7.0 11 7.2  18.9 252.5 220, 3.8 133.8 178.,7 207.8
23 F==8=82 11 16,2 9.8 1.0 9&  16.0  263.9 2354 153.6 4.8 188.1 223.8
Sh 6-=Be82 15,0 &2 10.8 8.8 a2  17.2 278.9 250.6 1644 153.6 200.5 241.0
25 JwwuBe82 %6 15.0 9.6 10.0 1.8  17.6 293.5 265.6 iA4.0 163.6 212,3 258.8
26 Bew8=82 LA 13.0 9.0 10, 6.0  15.0 307.9 278,6 183.0 1/A4.0. 218.3 273.8
27 Qw882 12.8 12.6 %l 10.6 12.% %6 320,7 291.2 1920 18,6 230.7 288.4%
28 10-8-82 1.0 10,2 9.0 8.0 10,6 16,0 3.7 3014 2014 192.6 GO 30h.b
29 11=8-82 10,6 13.0 7.0 Quls 13.0  15.8 35.3 3l 208.% 202.0 253.3 320.2
30 12-8-82 9.8 12,8 8.8 9.0 9e8 2  355.1 127.2 217.2 211.0 2631 3%k
31 13-8=82 12.0 . 12.6 9.0 Seb 10.2 12,5 36%e1 339,8 226.2 216.6 273.3 $6.9
Sy
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Appenéix - X (contd..ﬁ

1 2 3 % 5 6 7 8 9 10 11 12 13 M
32 1=B-82 10,0 12.0 10,0, 8.2 . 8.0 . 10,2  377.1 . 351.8 236.2 22,8 281.3 357.1
33 58«82 12,0 @ 8.0 10,2 9.0 . 9.8 . 11.0 389.1 59,8 &SL - 233.8 291.1  368.1
3 16-8-82 10.5 11.0 B.0. 8.0 . 7.0 . 11.5 - 399.6 - 370.8 25 2k1,B  298.1  379.6
35 17-8-82  10.0 10.6 B.2. 6.8 . 9.6 9.6 - 409.6 - 3Bi.h 262,56 248,6 307.7 389.2
36 18-8-82 6.6 6 7.0, 8.6 %k . B.B .%16.2  387.8 269.6 - 257.2 317.7 398.0
- 37 19-8=82 R 2.0 6,8 8.0 Sk . 8e2 Wh2.6 - 395.8 275.% - 265.2 322.5 L06.2
38 20-8-82 %2 k.2 Selt . 7.8 . 86 . 9.0 .u431.8 400.,0 281.8 273.0 331.1 ®15.2
39 21-8-82 9.0 . 8.2 8.8 7.6 8.0 . 9.6 .uk0.8 h0B.2 290.6 280.6 3391 424.8
40 22-8-82 5.0 8,0 9.0 7.8 7.8 8.0 -445.8 L16.2 299.6 2884 6.9  432.8
b1 23-8«82 6.2 7.6 8.8 6.2 Gals 7.5 k52,0 .k423.8 308k 2%k.6 353,3 WkG.3
L2 2:8-82 5.8 8% . 10,0 6.k 8.2 6.6 .L57.8 h32.2 310.% 301.0 361.5 L46.9
43 58«82 Kk 6.0 8.8 . 7.0 7.0 9.2 .L62,2 1:38,2 327.2 308.0 368.5 1H56.1
L 26e8-82 - 6.0 5. 7.8 7.5 5.8 8.0 1468,2 1Lh3.6 335.0 315.5 33 k4.1
L5 27-8-82 L6  Ge2 9.0 8.0 6e5 8,2 172.8 49,8 3Fh.0 323.5 360.8 %72.3
Jrade
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APPENDIX - XX

Gas nraducticvz charaetaristics in the existing KVIC
~ Qober grs plant

1

Daily 284 y:.eld

Cumulative gas

Bl.No, . Date an 3 “yicld in m3
1 2 3 B
9 20=11=82 0 0
2 29e11=82 0 4]

3 | 22wi1=82 O 0

Y 23=11=62 0 )

g Hrwllebd2 0405 0.05
6 25=11-82 0s1 0.15
? 26-11=82 " 0.08 0023
8 27-11=82 D13 0,36
9 28=11=82 0e21 0.57
10 29u11=82 0,25 0.82
1 30011=82 0,22 1405
12 loeif=82 0,36 10
13 2o{2==82 0.33 1473
1% Je=l2e82 - 0.38 2.1%
15 bal2eaB2 0.35 2,47
16 Sef2es82 O3 2,89
17 Ewi2nal? Oeli? 3.30
18 Pe42w=82 Oal+3 '3.73
19 Bui2med2 Odl1 B4
20 P22 0.36 4,50

21 10=12+82 02 4,92
22 1=12=82 0,37 5¢29
23 121282 0.29 5498

)
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Appendix-XI (Contd,)

.

1 3 b
25. . fheq2=82 039 6a23
26 - {5m12e82 0. 38 6.61
27 16m12a82 0437 6,98
28 17=12=02 0.33 731
29 181282 037 7468
30 19=12=82 Ce22 7490
31 20=12=82 0.3 8.2
32 29=12=82 0.37 B.61
33 22=12=82 0.27 8,88

23e12=82 0,28 9,15

35 PO o) 0.27 %l 3
36 25=12=82 0.28 G 71

37 26w 2=82 0426 9. 97
38 D7e12wB2 0,30 10,27
39 281762 0417 101
L0 2% wB2 0420 10,64

h’" 3{}.32-82 Oe 11+ 10, 78 .
L2 3i=12e82 Gu 1 10,89

L3 towlenfl 0.48 11407

Lt p I P .13 11.20
L5 3e-1==83

Ga15

1135
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ABSTRACT

i investigation on Wtilization of Salvinia
Dologta (African Payal ) for biowgaa productiont! was
conducted in the Agricultural Engineering Departuent,
College of Horticulture, Kerala Agricultural University,
with bheobjective of standardizing the conditions and
identifying the best generator model for optimum gas
praduction from ssivinla.

From the physical and the gas production
chaeracteristic studles, salvinia was recognised as a
potentiacl raw material for blowgas production. For the
‘pllot plant experiments a new design wee fabricated
and was compared with the adsptive designa of K.V.X.C.

model, Dhagyslckehmi model, and horizontal type XK.A.U.
mnodel.

Based on the detailed study the conditions for =
maxirum gas yield from salvinia were identified as
follous, Chopping, mixing szlvinla with cowdung in the
ratio 411 in teris of dry weight and dilution of
substrate to water in the ratio 111 in terms of rot |
woight, under suniight, under low pregsure condltions
yeve identificd ag the bast conditions for obtaining

noximun ges yleld.



Pk
e
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The test conducted in order to f£ind the hest
design, so as to evolve maximum gas producticn from
salvinta revealed that K.V.I.C. design uith agitation
and New K,A.U. design with recirculation of bioegas
were superlor to all other models under study viz,
mugyalekshmi modsl, Horizontal type K.A.U.model etc.
However the procass of agitation and bloegas poirwli-
tion vere iﬁnw;ed_ to be cumberscme, laborious ate.
Hence the mcmﬂdatiqn of salvinia bioegas plant
~ may bo dene for the conventional type K.V.I,Co design
© or for tho New K,A.U.design, .

o ‘ma'ocmmic's worked out for a prototyps houses
‘hold type bloegas plant using dry salvinia as the
substrate having six cubic meter capacity indicated

an amnuel incone of 35,2870 besides providing the daily
fuel requircments,





