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1 INTROOUCTION

Agriculture in Indias is nat only & woy of life but
elso & wey of making s Jiving, About helf of the coun.ry'a
national income is derived from the egricultural and
allied sctivities which axe the maln ectivities of the rural
Indle.

In rural India whete more than 83 per cent of the
peopla live on ggriculture the ne.d for impreving the snimal
husbandry is importent eincs it is an intsgral part of @
sound syes.en 0f diversified agriculture. Among the ssvsral
schames 0f enimael husbendry importence hes bsen given for
cattle improvument since the couw is & biologicsl mechenism
of great versstelity end ite weate products arec of greot
economic velue as menhure and fusle.

The census of 1970 has calculsted that the cattle
strangth in Indis 18 17.6 crores end the emount of frush dung
cveilable from the enimels is cetimsted et over 120 crores
tonnas per yeer. B8ut Khanne (1978) stetes that over 50 per
cant of the evseilable totel dung is now dried aend burnt gs
fuels This is o ssrious lous to the development of the

rural arvcs as it .. affects Lts growth af economy,

Upliftment of the rural economy through Khadl end
villege Indusiries Commission is the mejor objesctive of India's



Planning Commigalon. Hence the ygobar gas schame had been
included in the Khadi and Vills,s Industrfes Commiseion as
ons of the maeanas The unicuencss of the gobar gas scheme
lies in the foct thot 4% develops & plant to utilise the
animsl wasts uhich is otheruise burnt as fuely in an
sfficlont way to produce me.hans ges simultancously with
high queality manurs both of which srs in asete short supplys

Though the work on gobsr gos was stagied im 1939, tho
intorest ef the people hos increesad 4in using the ges for
domestic purposes recently vhen the socisl and sconomic

benefite #f thae gobar ges plant came to lighte

But still the high cost af installstion ¢f gas plants
48 & drev back for its populerity, 50 to cut down the burden
ef the pecpls in instellation, the Miniastry of agriculture
has sgreed to senction Ltwsnty five percént of the cost of the
gas plant through Khadi snd Villege Industrias Commission,
The remsining ssventy five percent cen be cbtained as loaen
from Nationelised Banks.

Though the Government haos tsken mshy steps, intsrsat
in inatsllation of the gas plents has spread only recently im
Temll Nadue Out the sxtent of usa f tha gse s not yst
knoun. Hence the investigator is intsrested &n fincing out
the extent ef usc »f cowdung ges ss & household fuel. 50
as @ praliminary stert Coimbatorc distriet has been chosen
to conduct the studys



It is hoped that the results of the study will provide
sufficient publicity to motiv:te more and more fsrmers to
avall of this opportunity of producing their fuel at home .
and improving thelir fortiliscrs.

P 8



11 REVIEW OF LITERATURE

The zeview of literatupe is discussed under the
follouing hesdings:

Fe

and B&e

sources Qf Heat Enorgy
Cowdung Gaa ne & Fuel
Bistory Gf Gas Piant
Uses OFf Cowdung Ges Plant

pifricuities tncountered In mpuhusing
The Ges Plent Scheme

flole Bf Various Inatitutions In Installetion
of Gos Plant

studies Conducted On Cowcung Gas Plants.

As  Sources of Heat ftneryys

Energy as defined by Comptonts Pictured tncyclopaadias
(1986) the obility to d8 work such as pFeducing motion, heat
er chemical change in matter. rNukhezrjees ( 1970 ) classifiece

energy sourcas asg

(o)

(b)

Primery sources of ansgy o commcrcisl
eneryy which compries ooasd; iigniiey natursl
pas and oil, nuclear encrgys geotharmel
ehargy from hot aprings anhd hydro-alectric
povere

sacendary soufces 8f snergy, include

cokey gesoline,; diesel 0il, kerosene,



fuel oil end thermal elsctricity from ceoel.

(c) NoneCommercial fuels which are bageasse,
fire wood, charcoel, lumber-mill wastese
streu, paddy husk and vegetable =nd woed

westess

According to Earls (1956) forms of unargy are mechanical,
chemical, aleotrical, heat, radient end stomic,

avary (1996) opines the ohiaf sources of hsat
usabls by a man aru chesmie:l reaction whioch include the
burning of fusle, electrical and mechanical energy.

fuels are slec snhother sources of heete Seundercgs)
(1963) and ths tncyclopsedia uritanica (1968) defins fuel
as materiol ussd teo produce heat by Combustion in sirz.
Stowell gt a) define fual as the substence which produce
haat when the various elements of which it composed combine
chanically with oxyyen in the alr te burn and givec hest uith
the exception of hygrogen gaes

inne and Soxall (1974) opine that the most common
fusle usaed in home to-doy ere sollid fuels thst asre vood,
‘mﬂ. the liquid fuel which includes gasoline, kercaone
furnace 04l and gaseous fual such as the naturel sndprtificial
ga®, cowdung, fire woody, charcoel end ksrosens arc considored

to be the domestic fuels uwased in our country.



solid fuelss

Sclid fuels ore thosc which are used in sclid state.
wood, charcoal and coal are the solid fuels vsed commonly}

2. Liquid fueles

Fual used in & ligquid state is knoun es liquid fuale
According to Qeborn (1929) liquid fuels contein impurities
aixed uu'h carbon compound obtained froa vcgota;bla 0il,
aningl) oil ar potreleum vhich ie e Retural mixture of hydroe
carbon aobteined from the eerth.

Je Geseous fuolss
gsborn (1929) explaing thast gessous fuals contain

uncombined gasss like hydrogen, nitrogen snd oxygen. They
leava no ash onh burning, but ore convarted entirely to carbon-
di-oxide and watere. Aacording to Mack et gl (1956) soverel
gesce ars commpnly employed es sources of heat, light and
pousr imcluding preducar gas, coal gas, water ges &nd Notursl
gose

Mack gt a} (1956) state that producer gas is ueed not
only as & fusl but alsc es a source for nitrogun and hydregasn
used making am: onin by Haber process. 8innie snd goxsll
{1974) state thot coal gas is & =ixture of hydrogen; nitrogen
and carbon monoxide end is now more uidely veed =s & domestic
fuel for cooking heating etce According to Partingteon (9957)



7

end weaver end Foster (1960) weter g. s is & mixturc of carbon
nonoxide end hydrogon end burns vith o pale blue ron 1um1ﬁ£buu
flame. Netursl ges o8 tha idesl fual gas whers it 1» avaiiahia
for use in homes, can be lacated sconomically at the sourcs

of supply as stated by Encyclopsedie Britenica (1968).

The Gobar gap 18 of recent diecovery. Devedas (1970)
pointos out that Cou=dung gas is obtained by fermenting cowdung
in speclally conetructed plants. Ossal and Bisuse (1945, and
surendr (1975) peint out thot by en anerobic farmentation,
cattle dung can be used tu produos fusl os well aa Banurs,

e ng & 88 0 3

Reo (1961) seys snarcbic fermen.cstion of animel ueste
is known te result in quite appreclieble quentities of
combustibie gas, the main celorific conetituents of which ars
mu hane and hydrogone The caleorific velue of bia gos is
influenced largely by its mothane content,

Indien Council of Agrisulturo Rsseerch Hend book (1964)
states that cellulosic subatences like animsl dungs, plant
reslducs etc sre decomposed anacrobicelly and thsy producs

large volumos of combustiblc cases.

Petel (1975) mentlians dus to uns ercbic fermentotian
of cowdung contalning csllulose, g mixtur: of 50«60 per cent

methane and cerbon-di-gxide is produced which cen be very



conveniently used es fuel &n rural arocs.

810 yss burns with a smoksless fliams snd has s calori-
fic volue of 5000 K.Cel/cublc metrae(550 BTU ceft) as opined
by Subramsnium end Ganesh (1974),

Khenna (1975) points out that the gas abtelned from the
ges plant is used for cooking end the blus fleme ipf the gos
is hot and smokelssss Acharye (9957) sxpleins the compesition
of the gas asy; methene 58.4 par gent, hydrogen 6.6 par cent,
Carbon di oxide 3198 per cont and gthar residual ges 3.2 percent.

vimuktenenda (1961) stales v.e composition af the
cowcdung gas as methang 68 per ocent, carbon-di-onxide 39 per
cent ond nit.ogen § per cent, Dagli (1974) mentlione that the
ges containg 60 par cent mothana, 30 per cent gerbon-~di-oxids

end 10 per cant hydrogen.

Co History @f Gos Plantj
The davelopmental history of ges plent in sbroasd as

nazrated by Acharys (1957) &8s given balow.

The atress of wor osnd the nesd to tap all svellable
sources of fusl supply gavs Ffiliip to dmvestigotion en the
s ject in several countrisa.

The production of combustiole gas from decaying argonic
westes in mashes end swemps (Mershegas-or 'willepd-the uisp')

has be.n known for a long time, The combustible ges was knoun



to contain mathane (Veolte, 1778, vide Leurie, 1941),

Pestaur 1884 prosented a pspcr by Gayan on the production ef
wothane from farm yerd memwusrs to the Acedemic des Sciences
of fFrance (Martin « Lesks snd Mewerd 1952).

Ducelliar and lsman (1950) conducted experimente in
Algiors (Ne.africe) on the production of fuel gas from
different kinds of farm wastus, which were la:iar contimued
at Grignon (France) by mignotte (1951)s In 1920, thers were
shout thousond ferm installations for gyss uyoduction in
oporation in frence (Martin - Leake and Howerd 19.2)e

Rusunberg (19.2) gives an accaunt of irvestigation
carried aut by tileserich in Cermany end of 2 apeclial cenfurence
held at Ludulisberg &n 1947 to discuss the subject. aAs @
result of the conference, s largs sized mechanized biclogicel
gas plont was sot up at Allerhep in the Luneberg Hed th arsp.

Guershi (1975) states, Bio~gaos industzy in pPgkisten
is of recent one.
Indias

The history of ges plent in Indie as given by
Srinivasan (1973) is ss folloves

In Indiay, with the comnissioning of sewege purification
stotion at Buﬂir, Sombay in 1937, the snuroblic sludge digestar
started uurklag; ’
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Desei, scientiste of the lmperisl Agricultursl
Ressarch Institute (IARI) who visited the sewsge purificstion
station at Osder storted this work in 193841939 and the
zesults wvere published in 194541946,

In 39,1, Patsl designed » plant and ha named the
plant as Gremalsxwd Gas Plant. In 1952, Gupte stested work
on gaber ges st Khedipratisthan, Sodspur, Calcutie, In
1952-~33, Imperial Ayricultural Ressarch Institute renewed
plents activity end bullt two plane side by side having ges

holders ss ceovers on the digester.

Towerds the end of 1960, the mspufacturc of methene
gas from cow-dung end Oother vaste products was included in
the achedule of villeuc industries finenced by the Khedi

end villege Industiriees Commission.

In 1962, Ketwol, and his aszlstant Borker sct up en .
experimenctal digester end did soms lsboratery werk to show
thaet when urine wpe edded to the cettle dung it farmanted
rapidly and give mors ges per unit of cattls dung.

Joshi started this work in 196263 end the digestur
vap identical to the apperatus used by Desal st Impeirial

Agricultural Resesrch Instituie,

The work shap on Big-gas Technology end utilisction
sponepored by the United Nations iconomic end $eciel
Conmisaion for Asles and Fecific in celisborstion uith UNIDO
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and the Naticnal Committee on Science end Technulagy Govermment
of Indis held st Neu Delhi suguested the coneiruction of
experimentsl bloe~yae plants on Froto~typs scsle and the

following type of sLars were develaped and their standerd

drawings proposed.

i« Single Stage Digester

2« Two Stags Digester

3¢ Bstch fesd Digester

4 ODigester for cold climatic zross.

De Us.s of Cowdung Gas Plaht:

The various usas of cow-duny gas plant as listed out
by fetel (1964) are the folliouing.

(1) GCives go.d calorific velus
(2) Cheepness of fuel
(3) uigh nitreyen content of the manure and

(<) oOthar benefits such as Lhe promoting of

hygonic and sanitary condition in the cooking
sroa and around the homse

' good Celerific Value of the Gas:

Patel (1964) states thet the gas has 2 celorific value
of 330 8YU (British Thermal Units) per cubic fest. According
to Ped (19%4), the hcet afflolency of ths dung cakes burnt in
usuel menner ia more than 11 per cunt while ges burnt in
propoerldy designed burnere hes a heat africiancy of 60 per cent.
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Thus it will ba clesr tha: the some smount of duny can
produce 43 per cent mora memuse and 20 per cent more hest

wvhen put through the plent.

2+ Lhespness of Ffuels

Wondreoker (1964) has calculated the net ssvinga in the
coat of fual by using cowdung gas for couvking purposes. The
cost of the production of the gas according to Patel (1964)
is sbout Ree3«00 per %000 cefts in the gober gas plante

Hazra (1974) states ths sdventaga of gas plant es, if
the fuel value to be Rs«2 ;or dey, the cost of insteliing e
gas plant is recovered within thraee to four yearss

3. hKitrogen content:
Harikirat Singh (1958) points out that the plant takes
that
only the gee vut of cowdung but returns the laneAcould be

utilised for menuriel crope.

The 1AR1 (1963) points out that the Cewdung after the
rumoval of heast conatituents in the form of ges actually le @
sonure of high nitrogon content. The cowdung in the form of
manure obtainad from gober gas plont contzins 1.5 per cent
nitrogon while the farm yerd manusu containg only 1 per cent
Nitrogen in its dry astter says Patael . (1964).
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asearding to Patel (1975) the bio=gas plant is
sssentiolly e convarter of fermontable materisl into gas and

rasicue.

The masln edvanteges sccording to him ere

(a) saving of dung for menurs which would otherulse
bs burnt in the foyms of dung cakes

(b) Saving in dry matter os well as mutrients of
ngure dus te fermentstion in condition thet is

more and better quelity of manure from cattle
Ny '

Agcerding to Ramachendrs Rap (197$) the monuze from
the gobar ges can be used in verious ways. It cen be used
direftly by mixing with irrigetion water. The Nitrogun
content in the fresh alurry is over 2 per cent and mixes very
wall with the s0il. The alurry can also be used for fermanting
the composta

Qe gther useps
Hardkuget Singh (1958) opines that ths cowdung ges
helps to maintalin the senitaery asspects reloting to complete

stoppseygc and spresd of psthogenic orgenisms from dried and
fresh dung around ths villagu.

Accesding to Plapliker (4961) end Chittaranjan Prasad
(1966) the gas cen be utilised to generete mechenicel end
electrical energy by using it in gas lemps provided with
mantles end internsl combustion snging which cen be utillsed

for runniny pumpe for irrigetion purposes.
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Chauls (1974) opines the zdvantages of gobar gas
plent as (a) The conversion of dung into gus ylslds » fusl
which is more than 6 times as efficient (b) the Aulisence of
smoke, the cause of eye end heart dissase smong rurel folk
1o olinsnstad {c) there 48 no dung slurry for Plies and
»osquitop to bresd in (d) the removal of hest c.netitusnts
make the residue actually richer then the ord inel dung

and () lees emoke end the vessuls erc not blacksneds

Keishngkumar (1974) poincs that gober ges cen be
used in several ways, It could be directly burat to give
thermal energy or confverted to other enaergy form which
are sanler te control. It cen also be used directly to zun

Anitarnel com.ustion engines with o dusl fusl systes.

Roychoudhry (1974) mentione ths gutstanding featurss
of the ges plant as

(g) there is no ne:d to kecp the hesrth burning ell
the time as has to be done with coal ar wood
fuel in tre rurel aress.

(b) The gas 48 @ rrca:hypreduct.
(2) The menure obtsined cen be used in ssndy soil °" 7 °°"

with high i{ren end oluminium content, to which
addition of chemical fortiliser ie zluways risky.

Gondhedakeor (1975) stetes the masin advantegas as

(@) increcsed soil fertility dus to sdditionel
oryanic wanure which would otherwise be wasted
by burning

(b) reduced pressurs on forests on fuel wood

(c) th; reduced ilinea:z end saving in leet man hours
on
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{(d) it helps toa solvs the problem of increseling

population by sctisfylng urban smenities in
villayes,

Kuchhal (1975) opines thot cfter sspareting cerbofedie
oxnide, Nitregen end Hydregen sulphidey, bloegcs moy be
compressed, at the prsesure of 2500 pounds. Two cylindars
(ten inch By 3 fe.t) will provide necessary fuel for standard
size car to run gbout 80 milas.

surendr (1975) apines that bedng a fully digested
manura, all ue.d saede in At are dectroyed, thereby saving
wacding costs sfter application in ficlde. The Nitrogsn content
of this sludge rengss from 1.5 to 2 per cent, This Ni:irogen
could halp to produce twenty two tenngs of adcitional food

grains each yser in sech villages

€. Eiiflcgggf’g ggfgugterad In _Populerlising the Cowduny
CQ

The Cowdung gaa hes problems in using besides the

vory and outstanding fsestures. Ths problema es pointed out
by Surendr (1975) as follous:

%+ In rural oroce bullding gober ges plents wes &
problam. HOuses arc clustured in most viliagus.
This mekes it difricult to construct smgsll
private plant on g little aveileble space in a
house whioh 1s normally taken by a primitive cattle
shede The present social and economic structure
of villages moke it difficult to run a community
gas plant,

2e The ges hes to bs distributed ovelr - a8 lerge orees
which necessitates booster pumpsa.

3s txpensivo ges metres wil. have to be installed to
check tha deily and monthly consunption ef sach
fomily for szccounting purposes.
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4« The distribution of ges monure and profits
from the scle of these items ars involvesd
problemse.

S« Besides st the moment, the high initial costas
of the plant put it beyond tha roech of the
marginal farmers end lendles:s lebourer who
form over 50 per cent of an cverage villege
population,

6s There is difilculty in atoring tha daeily
gonerataed goe due to high pressura.

7. The ignorance of the villiegsrs neuds the necessity
of domonatre.ing the ges plants te show them the
benefits of gobar ges shergy and tho utilisction
of duny and vaste ma.crisls which could improve
the senitation and hezlth in villague.

B8s The high water requirementis of 2 ges plant make
it imparetive to have e source of water cloee
to the plent or a meons of convoying water
saslly from o distent sourca.

S+ The fabrication of ths holder requires technicel
akille If holders ere produced cantraliy, problem
crop=-up in traneporting them to the sitas The
wild stael ges holder, if it is unchecked, aft.r
conatant subnoerssion in slurry, gets cerrodeds.
This results in replacing ths gas holder which ie
of high cost.

Shah (1974) snd Petel (1975) opinc the problems as

(1) The mal=nutrition of the cattle which has beun the
mejor constant affacting the quality as wesll as
guantity of the dung in turn cen upsct the
visbility of the gober gos uniis,

(2) Mwthane gos cennot be trenspertod cconomically
in small quentities as produced 4in domestic
gebar gas plants,

(3) Gobar ges cantagine ebout 45 per cunt of cerbon-
di-oxide which resuit 4in the deposition of
carbon in engine ond burners run with the gobar

gate

(4) Cottle dung is o very slow fermenter ueveuse
it L8 poor in favoursble nutrients uhich pess on
the urine., But there is no arrengament of modern
cattls sheds undor which bgth cowdung end urins
could be csllected with case.
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ascn;dzng to Idneni (1969), Cheula (1873) and Petel
(1975) ths problem is ss the day Lemperature goes down
the gas praduction fells when the digester tempasrasturs
veachss 10°C (S50°F) the preduction o{ ges almost csasses,

Fo of vorde tio f letion gf
Gas Plantsg

a8, fcle of varlous Banket

Efforts in assisting gobar gas planis mede by benks
es stated by Kaketkar (1975) are summarised below.
Benk of Barodat It has daclided to give 190 per cent loan
to the famrer to meet tho entire cost.
Benk of Indies 1In this achsme, the marginal contribution
from the beneficieriss hac been raeduced from 25 per cent to
10 par cent and a0 for tie bank had set thes targut of
financing sbou: 4500 plantse.
Canara Banks It hes granted a sum Of 1846425 lakha for
instsllation of gobar gas plents all aver the country basing
on ihas setlisfactery.
The Indian Banks It 1s Smplementing Lhe gober ges plant
scheme in collaborstion with =hs Tamil Nadu Khadi end villege
Industries Beards The scheme is being operated in the
entire Temil Hadu erese Individual farmors arc financed te
install gobar gas plants of various sizes depending upon the

nmumboer of cet.le ouhede The financial aid is in the form of
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medium term loans, nNot exceeding Re.3,800 per barrower:
repeyeiile In 2 yserse.

Indien Oversees Bank; It has bsun gi.eon s terstive target
of finsncing tha setting up of 500 gober ges uniis during
the year 1975,

Punjeb Kationel Benk: Loans heve becn sanctionsd for
installastion of 1200 plantes a0 far end sbout Re.20 lakhs
have veen disbursasde

Syndicate Benks The bank hag mads eh sffert to obtain cement
and steel on @ priority basis fro: the govermment so that
the same could be mede avallable to the persons whe have

borrowed for setting up gober gas plants.

United Benk of Indle: The Benk has senctioned ssslistance
for 9 plants until 1975.

The sssistence can be obtzined from the commission ss
reported by the khedi ang villege Industries Commigsicne
Aeport (1978) are Technical guidence and Finencial assistance.

Technisal guidance:s As regards technical guidance for
construction of gge plent it fells into thres cptegories.
(1) scrutiniedng the proposols and according

spproval for financlisl sasslistonce

(£1) surveying the site for lecetion of ges plant,.

(ii1) supervising the construction of gas plent and
ensuring satisfactorxy operation.
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Finsnciael asssistencus As regards finsnciel eszistence it
falls into 2 categories.

(1) ‘apital essistonce for institutions and
~ co=oparstive socletias.

(i4) Capitel assigtance to individuala.

Ce ducastio L t4 3
(1) Iamid Nadu fgrioultural University:

The Temil Nedu Agricultural University hees now come
out with a cowdung gee plent mads of sleel which can be
easily trensported and instalied even in crowded citiease.

The transportoble cowduny gas plant constructed uith
18 gaug: meseshest consists of ¢ cublcal tank of dimension
4% x A' x 4" with a gapocity of 400 gellonss The cost of this
plent is only Res1,3500/= including the stends Ths unit 1s
handy and can be iLrasnsported any where sasily. Cowdung from
o heed of cettle is just enough to mcet the delly requiree
menta of gas for 8 family of five., Therc wili be no

mosquito nuisence and corcesien problem (Hindu, Jshuary 30,1976),

It s hoped that thls mobile ges plent willi increcse
the number of installation of gobar ges plants in futurec,

(11) $r4 pargsekthi %age,g_u_:tg{.‘g;

Prapagation of gobar gas scheme by the students of Sri
Paresakthi Colldeges in the villeges hes deeun surprisingly
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favourable responsce The collage had conducted Treining
Course in the _onstruction of Gobsr geos plant which wvas
atiended by fourteen candidetes (6 men and 8 women), among
them eight wors grstuetese. These trained Supervisors have
so far constructed nearly S0 gea plents ot verious plecss in
Temil Nedue (CObar Gas Plent, pemphlat issued by Sgi
Perssakthi CBllege, Courtel am, Bhegirathi, 1974).

Ge d oLe n n ntes

Studies conducted by Achsrya (1957) :teveals, the dung
loses about 27«28 per cent of dry matier and ylelds ebout
105 cubic feot of gas par round of fresh bullock dung sdded
or sbout 8 cublc faut of gas per pound of dry matter in the
gdded dungs He agaln stresses thst dilution of dung with
water (1310, 131%) to 2 level of 7«9 per o.nt solids wes found
to increase the rate of gos production, The rapidity of gos
production increcses uign incressing proportion of the
freshly added dung.

Tha study conducted by Kamslaveni (1962) reveasls the
faollouing charccterdstica of cattle dung ges while using over

fire wood.

(a) A saving of 28 per cent of tims for cooking
®meals for a Family of thres wes notad.

(k) Thero wes a saving of 63 per cent of time taken
for scrubiny the utcnsi.s while washing tham
aftar they uwerc used for cooking.



21

) e e The sind Sovent oatndl folkes
with fire wood as tha fuel.

Tha experiments conducted by Tej Nerain aend Aemamurthy
(1964) st Gram Ssvika Training Centre At Aejendraneker show
that 13 cubdc fo:t of yas per hour is re:uired for cooking
food for six persons. The study reveslsd that to satlasfy
ths ges Fequircmsnts for ceoking for s family of six a gas
holdar with a diemster of five fect, a height ef 4 fect,
located at a distance of about 33 fect, suppiled with sbout
15 pounds of couwdung psr dey wes necessaly.

Studies conductaed by Pethak et el (1965) on the affect
of recirculation of the ges through the fermsntin, medium
reveals -hat the gss production was necrby doubled (987=353
ites)

The study conducted by Reji end Sathyave:hy (1968)
revealsy (a) 4 seving of 18 per cont af time wes noted for
cooking the three items nemely rice, dhal and vegsteble. A
saving of 113 pev cunty 19 percent snd 23 per cent time use
noted for cooking rice, dhal and vogetable individusliy.

(b) When compared with ke:osene, there wss a ssving of 3.3
per cent of the cost in ueing gas for cooking the thres foud
items.

(c) The nitregen content of the slurry end cowduny in the
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dry stats was found to be 2,55 par cent ond 3«18 per cunt
respectively.
(d) The flow of goe wos found to be continuous and adequate.
Un an averaga 91 c.fts 6f gon uwes necded to cosok the wholeday
mgh for a femily of 6 membera, The ges obiteained from 250
pounds of gowdung por dey was found to meet the requirements of
cooking far & family of & members.
(é) The anmual monetary seturns from the cowdung ges plent
emounted to Res247.40 (Re+58.40 from the slurzy and Re,189.00
_from the fuel).

Chawle (1973) epinaes thet acientists at Impariel
Agricultural Research Ingtitute has worked on ths prsctical
proeblems of the farmer in making the ges plan. worksble round

the yesr without being affected by low tempurature in winter,

bhysicgl studiags
Gne of village madel gas plants instolled in the

Oivision of sofl science zrd sgriculture was covered all around
with clkathene cleth uhich uwas fixed oR the wooden frame

Fitited ayround the gas plent and the sntire fitiings were wade
airtight:. A double door wee erected for entering this sncloso
and two thermomaetres, one inslde, ond the othar outside the
enclosure, were fixed for reverding the tempersturs of the
inner snclose 28 well as the outer stmosphers. By this
arrgngemant the outer cool wee cut off rom coming in

contact with the gas plent, This was conducted
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for four months in both the gas plantas The result of this
study showud that ths rate of gus preduction wee greatly
stimuleted which went to the extunt of 50 per coeat immensed

gos production se comparsd to the uncoversd onas

chemicol studiess

Urine fraction of snimal exCrets rasultcd in .tinuletion
of bocterial ectivity snd utimstaly incresecd g:s pradgyttnn
during winter monthe.

In this case the sxperiment vos conducted by the
gdcition of 1 por cent uwheat strew or Bajre lesves Pinaly
powdeored 4in combination with % per cent ursa to duny at
fortnightly. Thsre wes increased bacterisl aci.lvity dus te
the addition of theae sesily decomposable matoriasls in
combinetion with c very smell smount of uree which means that
ad:iition of urce sccelersted the decomposition of added
wheat straw or bejra lesvius. These wos incroased ges production
to the extent of 30 = S0 p.r cont cduring uvinter -onth; as
compared toc control,

Study cenductud in Ratlem district of Madhye Predesh
in 1972-73 to essess the benefits obtained from cowdung ges
plent ae quoted by Misre (1975) revuals

a) Tha ges obteined from the plont Le used for .goking
pUrposes onlys
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(b) The menure obteined from ths plant is slmoat
double in humus as comparcd to farm yeord
mahuru, conteins 2.5 par cent nitrogen and 4t
increcsss ths field productivity of verlous
orops like uvheat, cotton, jowecr, malze and grems.

(c) The gos plant manure in fully furmented and has
no ve.ds snd cost af weuding {s minimised.

sacerding to Patel (1975) » fleld study conducted by
the Institute of Co-op:zrative Management, shemadabad, PFoveals

(a) 50 per cant of the respondent fsrmers had 200
ocublie faeg per day gas planta.

(b) The meximum incremental benefit due to better
quelity of manure and aduitional menure
income of & ges plant with en input of 45 kg
per day duny plus excrets having 9 kg dry
matter in such input wuld be sbout Re.125 per

year.

I



111 EXPERIMENTAL PROCEDURE

The procadure for this study ‘Extent ef use of couwdung
gas as s houseiwld Fuesl' included the folloulny phases.

A+« Houashold Survey

Bs Oetarmining tha Utilisation of Las in a
. Hostel Kitchen

and Cs Cooking Experimentss

Ae Houasaho TVeays

To understend tha extent @f use of cowdung g:» a8 8
houschold fuel @ survey was conductad in sslected houasucholds
in Coimbaters Ddstrict where cowdung gee plants has bu.n
inatalleds The survey was conaducted following the steps
given below. ‘

1« Selsoting the ereatd bs surveyed. .

2« Locating the houssholds with cowcung ges plantse
3+ sslecting the method of studye.

4+ Conducting ths surveys

8« Consolidstion snd presuntation of dasta.

L I ting the aree be v g3

All the Taluks &n Colmbatore Oistrict (Figurzc %)
namely Avinessis Bhavesniy, Coimbatore, Dherepurom, Erede,
Gobichattipalayany Palladem, Pollachi and Udumolpet ware
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selected begausu these plocss could be visited in person, if

nacessary by the investigators

20 t the th dun ag Plenhtss

various scurces such as the Khadl and villege Industries
Beerd in Cuimbaetore, Tizrupur end Erode end Cowoperestive
Agricultursl Society, Tudiyslur were vigited by the
investigatar and addrecses where these gas plants hed been
instslled with their co-operationy were collectuds Thus one
hundred and tuwenty flve sd.reeses were getheraed,

3. Sedecting Lhe melhod of studys

Intervisw mothad wce selected to gather the required
information on ges plants since Yarg (1966) eug.ests thaot At
Lafgaat suitod method to get Pirst hand Lnfnzget&oﬂn The
schedule wes propered in Temil 80 as to meke &t ecsy for the
respondents to underetend better, The validity of the
schedule wes cesessed by pretesting. Appendix I givea the
modified schedule used for the study. The schadule thus
prepared called for informetion sbout the ;sa plant regerding
the dote and year of construction, cepecdty of the gas plant,
siza of the gos holdor, emount spent on construction, number
of cettle avellsble, si:e and price of the gas burners, uses
of cowdung gas and suggestions Lf any for improvement in
futures

4« gongucting the Surveys

The fnvestigatar visited in person twesnty housas
smong the sddressss collectede Rapport wes crested snd the
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raquired informations were gathered using the schedule.
vherever it vas not possible to o in person it wes decided

to sond tha schedules by poot; The investigetor posted
schadules to the remaining sddremees since it was not possibla
ta have paersons) conteot with gll ths femilics select.ds Jut
of the 105 sent only sixty schedules were returned with ell
the informations called fore Thus a total of eighty schaedules

vere coneldered for the study.

B nd Pregentetion of detos

The collected data .are consglidsted and prusentsd in
Chepter V.

e Qggggggggng the g&&;lgggégn of Gss gn ] Eggt!; Egtchant

This phass of the study wes included in the present
invastigetion eince e 300 ort gss plent hed alrecdy becn
constructed 4n the :rl Avineshilingom tome Sciencs College cempus
(Sathyavethi, 1967) and date on utiligation of tnis gae
conhected to the kitchen wers not availables Figure 2 shows
the cowdung gos plent constructed at the compus.

The deputy warden wes contacted end requested te render
the neceasary assistance ta carzy out the study. The iteme
cooked using cowdung ges and durations of cooking par day were
recardsd everydeyy for onas sonth.
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FIGURE 2

COW DUNG GAS PLANT
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Ce  fooking gxperimante:

The cecking cxparimenti vere designed to compere the
aefficiency of gobar ges produced with that of indane cooking
goey which Le & popular fuel in the middle income femililaa,
ih terma of time token for ocooking o standartijeed mesl and
the palatnbility of ths cooked preducts.

The burners selected for gobar gos (Figurc 3) consisted
of & holiow ping with orifices for the peesage of gos and
four projections to sarve ss rests for the utansile This was
obteined from Khedi and villey« industries HBoard, Colmbetora.

The planet meke of indone gos (Flgure 4) burner wesd had thse

scme dismeter of that in the gobar ges burnare.

The procedure involved the fallowiny stepa.
t« Selaction of cooking wteonsils and accoseory ftumae
2e salection of recipes tobs ceokeds
3« Standazdisation of the ptﬂcednré.
Gs Proparing the salected recipss,
and Be Judging palatabllity of the couked faods.

Te salection ng Yt ond sccensary itames

Aluninium utensils waerc selected for cookinge Ehrenhrang
end Irmen (1973) opine thet aluminium &8s o good conductor of
heat =nd hencse cen be used to make cooking utensils. Studies
rovaeel that At le ulidely used in houschold cquipmen:(Kele, 1972).



FIGURE 3

COWUDUNG GAS BURNER
(Double-Delux Economy Size)
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FIGURE 4

INDANE GAS BURNER
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Two seta of identicel cooking utensils werc selected
to bes used, over the two fusles

The sccescery itums ineludsd, coRteinaers for storegs
of provisions, mecsuring devicas snd serving plates ussd
for the pelatobllity taesta.

A set of stenderd measuring cups shd spouns spaciflied
by the stendardizstion snd Terminology Committes of the
Home Solence sssoclation af Indig wers used for measuring
liquids condiments and spicuse The five hundred grams
capacity dietetics scale wes used te weigh solid fpod stuffa.
The stop uwetch was used to record tha time.

2. 3sjection of recipes tp be cgokeds

A lunch for a farlly of four members (sudentery work
man and woman, ohildren of eis snd nine years) wes selscted
which was plenned to supply the reccommandad delly sllovences
of nutrients by ths Indlan Council of Madical Research 1960,
(Appendix 1I).

The following are the items included £n the menu.

Rigze

ondon samber

Cabbage poriysd

Rov plantein ourry

Curde.
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since ths preparstion of the lunch may not Lmvolve
edl ths cecking methods, the felliowing recipes ssch rapressnting
one of the four cooking methods namely boiliny, stasming,
rossting and frying which were fraguently odopted in Seuth
Indien households were also selected.

toms Method employed
Caffas Boiling water and milk
Rica pittu Staaning
Potate chips , Frying
Groangram Roasting

3. tgn an of the cadure:

a. burchgsing food stuffs:

The non perisheble food atuffs such as rica, dhels,
oll, condiments and spices were purchaesed es one lot from the
congumer céeoperetive soclety to ensure the quelity of tha
fooed atuffs used for the experiment. Perisheble food stuffs

such as Potaste, cabbaje and row plantain were purchesed daily.
be M - tin ostt

The amount of cowdung gas used for cooking wes meesured
by the size of the burner used for cookings 1In this study
Double Delux ecanomy size burner (16 c, ft/Mour of ges) wes
usede By using this the amount af fuel cohsumed and the cost
of fudl donmumed and the cost of fuel were celculateds
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The cost of indane ges uasad for cooking wes celculated
by the cepscdty of the g s cylinders The capacity of the gas
in & cylinder L8 1000 cft end it can be used for one hundred
and ten hourss This helped to celculz:e the fual coat.

Ce tighedng fugls

Lach time the burner wee lighted, tie gas reguleter
ves turned to the fullest supply of ges snd the utenail wes
placed on At It wss found necessary to use et three levals
of haat while opneroting ths ges hurners, highy, medium and
lov depending on the methods of cooking waployed.

Apert from the above items the ceoking sequence wes
stondardised for stirring of the food, fleme contiol and far
the sdjustments of lids,

de t X th rpcaduzry for okin

Prelininery expo:iments waete conducted with verying
quantitise of watar and time Lo .tand;rdloa the methods edopted
for cookings Appendix 111 gives the preparetions thus
standardised.

Ge Prepering ths selected Recipess

The Ltens were prepared following tha standerdissd
precadure described iAn Appendix 111,

Cooking were dons simultansously in both the gsa burnera.
The cooking cime wee adjusted betwesn 9 « 12 noon to have
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uniformity in stmospheric condition. Each itum was prepared

three times 9 give triplicate velusa.

Se n t :goked feodst

Tha escceptability of any focd preporetion depends on
its qualitios such as eppuercnce, flcvour, texturs and teste.
Judging the paletability of food preparaiion is necessary
wvhen method of cooking is compared. Judgenent of the
qualities of focd preparetion can be accomplished tgrough
objective end subjective methods. For this siudy subjective

mothod wos useds
This cealled for the followuing ateps.
8+ formulation of score cerd
be Selsction of judges

ce Adninistering the test,

8 formuistion of scorc cards

A score card es shoun 1n Appendix IV wcs forsulated
to judge the colour, texture, tasste, flavour cnd donenses of

the cooked producte.

be Selection of judgeg:
For the selsction of the teste panel the Triengls .sst

described by mmerine gt g} (1968) wes sdminieterad to selected
post graduate studenta. A penel of five Judges were ssclected.
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Sa Administering the 'ssts

The palatability of the cooksed food was tested by the
sclected judges aa follows. The semples woere served in
sorving dishes., The judges wers reguested to tasts the
cooksd products for different (uclities end grede them on

the scorsd caord according to the directions givens

The data obteined are presontad and discusesd in
Chepter Vs



IV RESULTS AKRD DISCUSSIUNS

™hhe findings of the study are presented undor the

following ma.-n hsadingss

Extant @f use of coudung ges plants in
Coimbotose Distzict.

Utiiity ef the coudung ges in the hostel
kdtchen,.

Comparison ef cowdung goe with indanm ges.

The results of ths household survey ere discus.ed

under the follouwing phssses

1
2.
. ™
be

Se

[ ¥
end 7,

Background detalls af the families susveyeds
Ristzibution of gas plante An Coimbators Olstrict.
Constructional detallis of the ges plant.

Ootalles regerding the fuuls used prior to
the conetruction of the gos plsnte

Uses of the gas plant among the surveyed
'mil‘ (-] 1Y

Benefits derived from the gos plants

Problemg ehcountered snd suggestions given
by the users.
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1.

Background detalils of the fanilies include Type, sixe
ahd inceme of the househelds surveyed.

a) Type of the family:

Gut af B8 housss sumveyed 56 per cent beslonged to the
nuclear f&mlltta and 44 per cent bDelonged to the joint familless

b) Size of the femily:

Teble 3 givaes the sige of the ferilice surveyeds

TABLE I
S12E OF THE FAMILIES SURVEYED

number of Fanily Number of

SelBs  penbers Femiliea Percentage
¢ =6 40 50

20 7«9 8 35

3. %0 and sbove .7 15

The Tablie shous thet tha femily size Tanged from four
te ten membars among the houassholdse It clecrly shous that
rifty per cent of the faniiles had four to six menbers, thizty
five per uanﬁ of the familice had ssven %9 fine and the
semeining families hed ten and sbowes



e) PMonthly incomgs

As por Temil Nedu Housing Board (1974) tha middle
inoome renges between Re«750-9280 and the high Aincome 48 above
R9:1250. when enalysed on this bealis forty two par cent
of the faniliaes belonged t9 the middle income group end
fifty eight per cent belongad to the high &inco.s groups

2 tr tion of tg 4in C g tricts

Table 11 exhibits the distribution of gos plents in
Coimbatore Dletrict, |
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TABLE 11
DISTRIBUTION OF GAS PLANTS IN COIMBATOR: DISTRICT

| o.-So83215Y OF the Gos Plgnte in cft.
Setioe Teluks 400 450 200 250 300 350 400 00 TYotal

1» Colmbstors 2 2 71 4 4 o 3 - 22
‘2¢ Erode - = 8 - 8 T - 2 )
3. Dherepurcm - ¢ 5 9 3 % - 9 1"
44 Gobichelitipolayem «» ¢ 3 «» 3 o« » 4 ]
Se Palledem =« 4 3 - 3 1 - = s
6+ Bhaveni - o § e 3 - = 5
7. 2vinachi - ® 3 e - - & - 3
8+ Pollechi - = 1 = - o = 2
9. Udumalpet * ® = & 2 e = - 2
B B B A S ST T S IS
Total 2 85 3t 5 27 2 3 5 80

i

from the Table &t is clesr thet all the taluks of
Coimbatere District had cowdung ges plantse However in Ereds
end Coimbstars the number Le found to be highe This may ba dus
to the intercst evinced by the Khadk and Villege Industries
Board sst up in those eruee snd the co-operation extended by
people in those Telukms

It 1s slso clesr thet 400 cufte and 500 coft gas plents
are not found to be comnon due to the Anvesinent of lerger
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capital in conatpucting ths assme« The prevalence af 100 c.ft,
and 150 c.fte ges plents are also feu in number owing to its
inability te satisfy thea necda of an sversge familys

3. Cgnstructions) detells g9f the gss pisnts

The constructisnal éotnila of tha gas plente are es

foliowss

8« 3ource of motivation to construct s gas plent
be Source spproachad fer financial help
ce Strength of the cﬁtklu avollabie
de Year of constructlon
8+ Plece of constzuction
f« Method snd Materiasls Osed for the construction
g¢ Detalls of the gas drum
and hs Expenditure for the censtruction of the ges plant

Tebles 11l prescntes details regarding ths source of
inspiration end motivotion for the construction of the gas

plantss



TABLE 111
SUOURCE OF MOTIVATIUN Tu CONSTRUCT & GAS PLANT

M W R ap @ s ™ W o W W W = s - e W W @ W W @ W S m e = =

SeNO« Source of motivation :::g::a:f p";'“t'gs

a @ W O W = Sk W P G @ © o o W W & W B W ® B Gt & B G TG ™

4+« Khadi and villag: Industries

Bosrd (trode) 37 G6e2
2. Khadi vsethirelsyem (Vesrspandi

Tirupur) 1% 8.7
3¢ Khadi and Village Industries

Soerd (Colmbators) 12 15

4« Thiru Krishnaswami Gounder,
Coimbatore (Plonacr in this

field) 10 12.5
Bs Khadi and villags Industrics

Goard Officer (Borbey) 2 2.4
G. GCerman Journal 1 1.3
7. Government Hoetel for Boys

{Bhavani) ) 143
8. NMadhavarem Milk Socliety(Madres) 1 43
9 Tudiyelur Coe-opesative Agriculture

ﬁuoiety 1 1.3

o W W W @ ® w @ W W e e Bl o W WA W W s R oM S S W W

The sbove Table indicstes thet the Khedl snd villoge
Iindustrios 8eerd had teken tramsndous stepa in the installstion
of cowdung gas plantes. Hearly 46 per cent of the famillies
had received informatlion from Erede Khedi snd village Industries
Beard, The plonssr who started the swork on cowdung ges
plant, Thiru Krishnaswamy Gsundsr ef Coimbators, was
contacted by 13 per o.nt af the femilics. Only negligible
par cent of the families gethersd infurmation through journals
end sociagtias,
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Be Lé gched for od h 3

The Government sanctions leosns to the people for the
construction of the gas plante through Xhedi and village
industries Boord with the help of Nationalised Benkss Ysble
1V donotes the emount of subsidy zuceived by the people for

the construction of gss plant.

TABLE IV
SUBSIDY RECEIVED BY THE QWNERS OF IME GAS PLANTS

W A W M WD W N m W e WS S Y WS % WG W e -

. Copacity of Estimeted Subsidy Number of
SsNo. gss plent cost familics
PR (717 7 S | TR | L,

to 100 3018 758 2
20 450 3359 839 ]
3e 200 4175 1043 39
4 250 5000 12504 2
8 300 80060 1250 26
8. 350 6100 1825 2
' 400 8500 2428 3
8 500 8500 2125 ]
ETS

B W S e ek W W B M W W M R B W SW P w®

The sbove Table geveals that, swount given as subeldy
is bosed upon the capacity ef the gas plent andgth. estirated
casts Among the 680 fomilhes surveyed 98 per cent of the
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fomiliea made use of the subsidy given by the Government,

ce or of ths catt )

Oone of the pre-requisities for sstting up a2 gas
plent 4s to heve sufficlent mumbar of snimals. The snimals
prafaersbly should be stable buunds If the animaels ere of
the free grazing type their dung wouid be lost 4n the pasture.
It is not economic to estgblish even the =mallest size geos
plont, unless fresh dung of welyht 4% kge.is svallable everyday.

Table V sxplaeins the strength of cettle reguired for
u;ch blsnt os speBiftied by the Khadi and vtzlaqe Industirice
Commission and the attusl strength of cattle avallebls in
the surveyed fanilles.

TABLE ¥

STRLNGTH OF CATTLE RE@IRED AND AVAILABLL FOR
VARIOUS SIZES OF GAS PLANT

S 0 Capacity of t?: Nunber of ghimpls
e Ce
s e plant (c.fte) | _Reaulreg _ _ _ Avgijsply .

1 100 8 $ « 8
S 150 12 11 «16
Se 200 18 16 -25
- 250 20 17 »28
5. 300 24 22 =36
6e 350 30 30 «38
e 400 35 33 «39

8e 500 40 40 -48

@ @ W @ W T W W W W W W S s S W W B W W A R W W W e T e e
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Table V revesls all the families surveyed hed the
required strength of cettle. The table also reveals that,
tha number of enimals increcsed as the size of the gas

plant incieased. .

de Yepr of constructiong
An scnalysies of the yeer in which the ges plents wers

constructed reveals thet only five per cont of the feanilies
constructad the gas plants prior to 1970, The zen;ining 25
per gunt of the families set up their gas plents dﬁring 1870~
1975, Thias may be attributed to the reasson thei the Khedi
and Villsge Industriss Board had decided to give subsidy for
the membars who would like to own gas plents.

@« Place of constructiong

The selection of a aultable place far the ceonstruction
is ve:y important before setting up a gss plante There should
ba sufficient plece for constructing the gas plant and to
locate the pits for cellecting slurry. This place egein must
ba very msar tp the atahltland closs to the place where gos ia
to be used.

Teble VI revdals the plecemsnt of the gaes plants

surveyeds
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TABLE V)
PLACEMENT OF THE GAS PLANT

Numbaer of ges plants with a

pistonce ceSistance of . S
. Below 6o 112 12.%=18 18.4« 24.1 and
6m ® 24 m above

- W O a s W W = Y B W % @ e B W B G & @& S W W W @& B P/ ® O @ B W

fetuaun cowsshed and
gas plant

14 7 84 4 1
(17.88) (8475 )(675%) («8%) (1.3%)

Setuesen kitchen and
ges plant

-

10 6 69 3

(128%) (W.5%) (76.3%) (3.7%)
The Table revasls thet, tha gas plents are lecetsd in

6745 per gsent of the fanilies at a distance of 12 = 18 metres
from the coushed since it is net advissble to transport the
dung over long distancc end normally the distence should he
within 20 metres. In only ons family tha distance batwacn
coushed and ths gas plant is 26 metres end this mey bhe due
to the noneavallability of specs to construct the gss plent
nearby. Tha Table also shows thot the point af usa, mostly
the kitchen, is losceted at g diakensa. of 12-18 metrus from
the gas plent, since the usc of gas =28 fuel may be difficult
AP the looastion of the kitchen is far from the gas plant.
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fo t cd th t tions

The tuo methods ganerally employed for constructing
the gas plant are centrs guide frewe method end uweter JeGiei-

mathods Khadi and Villege Industries Commiesion gives subsidy
and techaical help only to those plonts which erc constructed

following cenire guide Fframe methods S0 90 per cent of the
femiliss surveyed adoptad this methods The remaining 40
per cent censtructed the ges plente prior to the grant of
subsldy.

In .il the gas plants, Cament, brick, ssnd and jalli
wero uscd POr masonty worke 18 geuge MeSeShest wos used to
febricate the ges drum. Pelythoes pipe wss uscd to connact
the gas holdsye Galvanised fron pipe was uvasd to carsy .

the gas to the ploce of uge.

Ge PDe.cilg of the gas drumi
The gas drum is on importent component in the construction

of the ges plent. The drum collects the gss which bubbles
out from the catils dung slurry put 4n the digester. The gas
80 asccumulatod flows out through the pipe provided at the top.

The deteile of the messurement of the gas desum
possessud by the Pfandlies sre praesecnted in Table v1l,.
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TABLE VI3
DETAILS OF THE MEASURLMENT OF THE GAS ORUMS

W ™ P W W W @ B W Y W a o w @ B W W W W " e @

Capecity af Fecsurcnent ef tha ges Number ef
Selos the gas ~grum_ - femilias
plant inc,ft. Hedght piamatre

{natre) {(matre)

W ot W W W W e SR W W S S e e mae Eeww W

te 100 0.9 146 2
2e 150 1.0 1.8 -]
3. 200 R 204 31
4 250 \ [0 244 $
S. 300 146 248 27
(Y 350 147 2.6 a

Te 400 1.8 247 3
8. 500 1.8 248 %

- W G W e G W wm R @ W W e e W R @ R N W W W W P W

The cbove Table shows Clearly thet the mesasurcvment sf
the gas drum Ancreases in sccotdance with the cepacity ef the
gas plant,

he Expenditurs for the construction of the gas plants

Ths sxpendituzo on the censtruction af the gass plant
includes the smount spent for wmeteriels and the asmount
apent for lsbourere who were angeged &n canstruction. This
s glven 4n Teble Vi1l



EXPENDITURL FUR THE CONSTAUCTION GOF THE GAS PLANT

TABLE V111
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" W G W A W W WD W W W W W ® B W S H G % B G W W oW o B

SeNO.

Capacity af
the gas plant
in ceft,

Number of fenilics
spending

Rupsas

1000-3000 3009-5000 5004-7000 7004

and
above

W W W W e T W s W B S WS PR B S S WS o e W W e o

\
e
3
4o
Se
Ge
s
8.

100
150
200
250
300
350
400
500

1
1
3
4

-

4
21

7

1

6
-
1%
|
1

-»

-

&b & N b

pn the construction of the gass plant.

the constsuction and labour chergee.

Tabl® shous the variation in the expendituzs incurred

This maey be due te
the time of construction end high cost of materiale used fay

Ninsty per cent of ths familics used firswood as fusl

end the remeining Panilies used indsne ges for cooking prior

to the construction, Thoss who used indens. gas spent 8,30

and those uho used fircwcod spant Re.66.70 per month.



39

Those who used firowood far cooking seved two hours and
othera saved 30«60 minutes per doy sfter the construction
of the ges plants (Figure 5).

The ges 4s usad as fusl for cecking and lighting and
the siurry obtslined after the gos preduction ie used as

manure in their oun lands.

8 COoking purposes

The gas used for cooking purposass containe 55 per cunt
aethane end 45 per cerbonedi-oxide. Since this composition e
difrerent fros the coal ges or Burshane ges the asppliances
like burnsrs to be used for cooking heve slso to be of special
dasign.

1) Table IX denotes tha size of gae burners dusigned spacielly
by the Khadi end Village Industzries Commisaion used in the

survayed familiea.

TABLE 1IX
GAS BURMERS USED IN THE FAMILIES

Size of the gas burner Number of Percentage
Sefio. » {in cu, ftc‘)‘ . familion _
IS 40 9 11
L 8 16 20
. 19 ¢ 1 ) {1 =)
de 16 and 8 . 45 56

- A W W W a s W A B m W WD W W W B W T D W W W W W B o W o
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The Teble rsveals thet 56 per cent of the fomilies
are using the Deuble~Delux iconony size (96 and 8 c.ft of
gaa/hz) since the ceoking may be cone simultanecusly in
beth the burners to raduce the coeoking tims end burden of
cocking: The Table aleo indicates that 40 cu.fte bDurners
ars possessad oniy by 19 per cent of the familics since

the aize of tha family mey ba largs.

i1) Jeta) hours uged per day for oeokings

Tha delily ges production dapends upen the smount of
dung usad dally to the gas plant end the guantity of wetsr
ussde MNarmally the cattle duny is mixed with egqusl guantity
of water hsfore feeding into the gas plent.

Table X gives the total houre of uas: for cocking in
the surveyed femiliss.

TABLE X
TOTAL HUURS OF USE OF THE GA. FOir CO.KING/ DAY

- AR W D e Ak W WS G W W 4 S W W S5 iR W G W O W W W @ W B W e W

Cepecity of amount of Number of houses using
Se N the gas dung fed gas for cooking per day
plant (o.ft) dally(kg) (Hours) —
SRR - SRR SR SN - SR S
B 100 )] - 2 - - =
2e 150 120 - 1 2 - 2
k. 200 180 3 15 4 5 4
4. 250 200 - 3 - - 2
Se 300 240 ) 5 %4 6 1
6o 350 290 1 ] - =
7. 400 350 - - 1 - -
8e 500 400 1 2 - 1 2

" e Y™ ® W a W = S W B W A e B S N W W S @ e W P = wm oW e w e -
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From the sbove Table ue can infer that 37 cer cont
of tha familles ors using 6 hours daily for cooking and 28
per cent of the famillies sre using the ges for 7 houre deily
for cookings The type of ths meel snd the amount to be
cackod mey be the rozsons sccounted for the veristion in the

daily ceoking time.

Lightings

Eventhough all ths houscs were provided wmith 400
Candle power gas lights (110 litres/hr or &4«5eft/hs of gos)
they nevar made use of the light for day to dey livings Only
during the feilure of clectricity, the gas lights wers used,

S. fgporits depiyed from the gpp clant’

The benafits accuing from the Punctioning the gas
plent elieited from the ownera of ths gas plants sre
presented below 4n Teblae Xl
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TABLE XI
BENEFITS OERIVED FROM THE GAS PLANT

8. NOw Benafits derdved from :he gas Numbss of
» plant fomilies
> MW W A A 4 W A W W B A B W s T W W D W S W W e
1 avoide smoke and amell '3 |
24 tconomic snd efficient 36
Je case in cookingy 32
4o Fromotes clasnliness and sanitation 20
Se Ssves cooking and clsaning time 26
He Avolds flies, mosquitoee and veud
cultivation a5
Te high ylelding dus to high nitrogen
content of slurey 24
Be Redutss the aye end hsart dissases 22
De Recycling of waste~halp in promoting
prospaerity of the country ¥4
104 Saves fuel cost ‘ 16
1% High calordfic vaslue of the ges 1
+ha
124 antan/\burdan of the homemaker 15
13. Saves current consumption "
1. Avolids mongy spent on chemiecal fsrtiliser 5

W W W W W W W W e W W PP e W W S W R W D W R N T R W WP e B W
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6. Problems encpuntersd end sug,.epcions
aiven by the ugeps:

Froblensg encountered in using the ges plent as
stated by the owners are as folliowss

During the festivels and functions, asmount of gas
yensratod delly is not sufiicient., Hence certain methods nust
be adopted to store the geae generated daily in cylindcrs.

Weter is sccumulating in the ges pipe once &n & month
ehd it blocks the pessage of tha gues The meterisl of the
drunm is such thgt it 1o vury sasily corroded end the 1lifg time
of the drum is reducede S0 it gives an entzas burden to the
uscrss

ouring winter sand clsudy season tho gas production is
lees) s0 more amount of dung hes to be fed to produce the

adeguate smount of gase

Sug sstions given by the uporg:

¢« The drum canh be made in cament and zinc shsat to

withstand the sction of couduny mixiure ond also

) to incresee the ges production by providing high
Pressurae

2+ Ths distence betwuun the plant and the kitchen
should be minimiscd to increese the presssurs of
the gas.

3¢« To cut down ths amount of money spent in buying
the gas burners, the pipe cen be dircetly .
connected toe the ordinary chulae

4, The materials nescded for the construction should
be marketed at control prices.

S The governmsnt ahould teke steps to minimes the
expenditurse incurred on the construction of the
gas plants by imarsesing the amount of subeidy
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end to decreces the rate of intercst of the
loen smount senctionsd by the Nationallesd
Bankse

6+ The Cov rnment should sncourage the people

to install of the gas plants through
attractive advertiscments.

Be The Utility of the gas in the Hostels
Table X1I raveals the utility af the ges generated

from the cowsdung naé.plant in the hostal kitchens

TaBLE XIX ,
UTILITY OF THE GAS IN THE HOSTEL KITCHEN

-» e eo'w =

W oo W G W S oS See W - e s e e e o
Ss NOo iptal hours ueed per. ber af days
W W W W W A W R e IR G W W W W A W W W B W B W R W S g o B W
4 2

2, :] 3

3. 6 3

L 1Y 7 10

Se 8 12

-, ER e e RN, E RN, DG .. e, B e e e~
The strength of the hostael being 730, the gas wae

utilised only for some selssted purposss idke; bolling vater
and milk and cooking dhal for ssmbare As can be revesled
from the Table, the gas it utiliscd for 8 hours in most of
the days« The lou production of the gas can be attributed
to the changes in uwesther condition, Detalls are given in
Appendix ¥, ’



Cs Comporigon of opwdyng gas and Indpne geos
The dete obtained in ths experiments conducted as
described in Experimontal precodure were studied im reletion

te time and money menagemants

(a) Jims taken fpp cooking the lunchi
The tima teken for cooking sclscted Ateme in s lunch

using cou dung ges end indsno gas de given &n Table X11l.

TABLE XIII
TIME TAKEN FOR COLKING DIFFERENT ITEMS OF A SELECTED
LUNCH

e R PN E NS a e e . E, e w e, e ...~
[T Tems cookes  Heslemlomaie
e m e m e mEen e - w o OWIDG _GZ8 ne gas, __ ..
1 Rica 23 2445 s *w
2 b -3 a5

3 248 23

1 gndon scmbar 45 48

2 45 49

3 46 47

k| Cabbsge Porriysl 4045 1"

2 10 115

3 1045 1445

| Row Plantain ourry 12 > ]

2 12 14

3 13 13

L AR AR B S BN 2R B R BN SR N BN N N BN A B A B A A B B AW W)

## Slonificent et 1% luvel.
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As Canh be scen from the sbove Teble thse time taken

to cook the lutch using cowdung gas wcs leas than the time
taken to cook tha lunah using Lndang ges. The difference in
tima teken for ceoking all the iteoms found to be significent
(Appendix vI)e

(b) Lost of fusls us.ds

The cost of fuels were calculzted on the besis of

tha consunpiion of the gesss (cowdung end Indane).

Cansymption of ges pnd coet incurrgds

The gas consumption for the total cooking :time &n
terms af cubic feet was celculsted (Appendix vil),

Table XIV pressnta the msen conaumption of ges end
cast fncurrad for cooking the sslaected items in 2 lunch,
TABLE X1¥

MEAN CONSUMPTION OF GAStS (COW DUNG A:D INDANE) AND
COST INCURRED FOR COJKING SELECTED ITEMS IN A LUNCH

rean consumption coast incurred

Itans _of ges in cefte _in pelse Szvings
Condiing Indane Coudung Indeone
1Y gas gas gcs

Ries 622 368 0«03 D.1%

Sembar 12.05 7+2 0,06 0,21

Cabbage

poziyel 2.73 170 0.0t 0.05

Raw Plantain

curry Je2 2 0«09 0,03 80%

Tetal muat.

2§a°§3.2’“‘ 24,27 14,80 0408 0.40

incurred

- S W B w BB S W D W S G W B W W G W s W W W B W o W W oW W
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The sbove Table shows that the totel emount of cowdung
gae consumad for ceoking ths salocted food ftems on an
svar 8 amountad to 24427 c.fts Tha cost of cowdung gas to
prepsze the lunch comes up to 8 palissc but whose ss the cost
incurred for indene gas comes up to 40 pelse. Thie result in
saving of 80 por sent of ths costi, ér cowdung ges is uecd ss

&8 fuels

Table XV depicts ths ascceptability of the cooked lunch
by coudung gas end findasnee gase.

TABLE XV
MEAN SCORES AMARD FOR THE SELECTED LUNCH

- W W S e W W oW W B S e B S W W W W W W " e e - m o . - »

~solous  flavour Igsts Dongness Ty

Item A B A B A B A 8 v Untue
Rica 4033 448 4233 4484 4413 4,26 4.36 4.2
Sembar 4:13 44006 4413 4406 4 406 4 4483
Cabbege
poriyal Ge@  JoIT 448 4406 J+53 4466 Jeo 446
Raw Blantain
turry 444 3e3 448 G408 345 4 IS 4966 0411

On stetiscally enalyaing ths dzte given in Teble XV
using the 'tY test (Appendix VII1) the difference in
charocteristics of the cooked food usiny cowdung gas end indene
pos was not found to ue aignitdcent, This indicates that the
dtome preperod by using cowdung g.3 is scceptabls ou itene
prepersd by using indans gas.
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s) caken for tin ing snd steaming:

Table XVl deale tha time taken for roasting, frying
and steasming.

TABLE XVi
TIME TAKEN FOR ROASTING FRYING ANO STEARING

W e M s W W A G W M D B S N M AR AN R AW e e e

Tripli- Methed of Jtams Timg tgken (in mts) Y
Cates co . king cooked Cowdung Jndane ges valus
as
Qﬁwﬁﬁ‘ﬂ“ﬁﬂﬁﬂﬁ.gdﬂ-¢ﬂﬂl.bﬁﬁda.’.t‘
1 foasting Greon
Grem 4 LY 4.6 &
4% 4
3 44
1 feyding Potate
chips ) 8
2 8 8
3 7 ?
1 Steaming Rice
pittu 8 9
2 8
3 ?

L R R B B R I N R W R A R e . L E
# Significent at 5 per cent Jeval,
The date indicotes thet the coudung ges takes lese time
to coock when compared to indene gass The statisticel analysis
shous, the significance at 5X leval (Appendix 11)@



bs tign s snd cost incurred:

Table XVI3 denoctes the mesn consumption of gas snd
cost incurred for cocking the selected three items newnely
Roasting, Ffrying, and Stoemings

TABLE Xvil

MEAN COMSUMPTION OF GASES AKD COST INCURRED
FOR CRUKING SELECTED THREL ITEmS

LK IR AN SRR B I I A R R R R R R T S T e N I R R N
flean consumption

of_gag_in cft, 0ot An pales
Cowdung 1lndene Caudunﬂ Indane
gas ges ges ges

Items Savings

Roasting grescn

gram ot Qp?ﬂ .04 0.02

Frying potate

ch{pu DY .15 0.0% 0.03

Steeming Rice ‘

Pittu 2 130 0.02 0+04 56%
Total emount

¢f .o0 used

end cost

insusred 4483 3.15 D04 0409

The sbove Tebls shous that ths totsl couduny ges
consumed for cooking the selected food items amounted te 4.63

caft,



TABLE XVill
REAN SCURES AUARDED FOR THE THREE ITum$

- S G W e W e e WSS W P s W W R W W GG W e

SLRigNE. . [heveus _Iss:s  _ Jsstyze
1tome e
A L A B A B A B valug
Rooasted _
groon grom 3453 446  FaB 4437 83 4.4 4,06 448
potato
chipe 4.33 4.8 4 8¢5 4 4033 402 4.7 146

Rice plttu 406 4413 4406 4.3 4 4.26 & 4.06

I R I N I R A N,
As indicated sbove all tha Atsms received moze or

1ess soms scorese OM analfsing the dste lt;tlstically it

wae found to be not significent (appandix X)e



V  SUMMARY aND CONCLUSION

Tha present 1nvaatlga€pm dasigned to find out the

extent of uae of cowdung gss &8s & housaehold fuel and the

utility of the gas &in a hostel kitchen revealed thae following

faolise

I

2e

3e

de
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Ge

The familias surveyed hed cowdung gas plente
of 200 and 300 c.fte '

The Khedl and villego Industries Commission
uwas instrunental in constructing gass plents
in 80 per coent of the femiliss surveyed.

Ningty par cent of the ssmple received finsnoial
help frem the Khadi end villegs Industries
Comnission in the form of s suusidy which smpunte

to 25 per cent of the sstimated cost of consiruction,.

Sixty eigh: per ount of the familiee had e distunce
of 20 matres botween coushed end gas plant. Cooking
wos tha only sctivity for uhich cowdung yes wae
vsed in all the families surveyad.

Economy and efficlency in eperstion, abecnce af
smoke, sase in cooking and the high nitregen
content of the slurry wers the common benefitse
Inadecquate fecilities to atore the cowdung ges,
scoumulation of vater in the ges pips which

affacts gas formetion end the corrosion of ges



drum wers the mein problems gftad by the acuncra.

Exporiments conducted uvsing the cowdung ges ot Sl
avinsehilingom Home Seience Collage hostal revoeasled the
followings

7. On en sverage the cowdung gas was utillswed for
ssven hours in the hostel kitchsn for cooking.

8. Lighty per cent of moncy could be savad over
indans ges if cowdung ges io uaed as 8 fuole.

9, The Ltems cooked with cowduny ges were sa

acceptable as thuse cgoked over indang.gase

In conclusion 4t may bs scid that cowdung gas ie
ah asccepted fucl 4n the rursl householdse By uxtending the
knouledge on couwdung gas plent end By reducing the fatcruat
on laans, s lesge numbaer of households meay be enthusud to
setablish this beneficisl schomes
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APPENDIX II
ALLOWARCES OF NUTRIENTS FOR THE SELECTED LUNCH

S.No, Name of food Amount Energy Protein Cal- Iron Carotene Thia- Ridofla- Niacin Ascorbie

stuflfs gas. k.,cal. gn. ciom nmg. ag mine avin ng asid
mg g ng ng
S
1. Par boiled rice 328 1123 20.8 29,3 13 - 0,78 0.16 12,4 -~
2. TNed gran dhal 100 338 23 13 35,8 132 0.45 0,19 2.9 -
3., Cabbage 200 54 3.6 1718 1.8 2400 0.12 0,18 0.8 249
4. Small onfon 't 45 t.4 30 0,9 13 0,06 0,02 0.4 2
8. naw plantain as0 160 33 = 1.5 75 0.13 0,06 0.1 80
6, Groundmt ol o5 583 - - - - - - - -
Ts -Cogunut S 11% 1.2 2.5 0,8 - O.ﬁt 0,03 0.2 -
8¢ Tamarind 10 28 0,3 $7 1.1 6 - 0,01 0.1 -
Al*® 2443 53.1 254.8 24.4 2625 1.58 0,64 16.9 310
RA..* ' 2333 51,6 3532- 48.4 2933 1.29 1.11 16,9 39.8

17

G S W Gr SR W S D W S W TR YN YE WS G G AF W U G N W G G e M A G W ER G WE G TR WE W Wk 4R T W G A UGB W AD ¢ W B WS W e

# AI actual intake

RA Recomnended allowanoces

1" x

-
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APPENDIX IXX
STANDARDISED COOKING PROCEDURE

1, Rioe:
Thret hundred and
.Twenty five grims of parboiled rico and 750 ml of

wator were taken to prepare rice using absorption method.
xopording $o Divideon and Passmore (1973) Minimum amount
of water should be usod while cooking rice to preserve the
nutrients in it,

i1, onion Sambart

Hiundred grams of red gram dbal was bolled in 835 al,
of water with a pinch of turmeric powder, 53 grams of
cleared small onions 2 tea spoon of salt and 1 tea spoon
of chillie powder were sdded when the &hal was fully
cooked, After the onjons were cooked 23 ml of tamarinds
Juice was added, allowed it to boil and seasoning wes
done,

i14. Cabbage poriynls

Two hundred grams of eabdage was cut into small
pieces and it was cookod with 75 ml of water and salt
in a frying pan, It was stirred uniformly till it bocame

tonder and seasoning was done,



xff
iv, Haw rlantain ourry;

Two hundred and fifty grams of raw plantain was
elcaned and weas out into even pieces, 1 tea spoon of
shillie powder, & pinch of salt and turmeric powder and
80 ml, of water were added and the frying pon was
eovered, 30 al of oil was poured when £¢ was fully
eooked,

v. Boilings
Two hundred and fifty ml of water and 125 al of milk
were bofled and the temprrature was noted,

vi, Fryings

Pifty grams of potatg was sleaned made into ohips
and fried in 130 ml, of o1l until 4t turns into golden

yellow in eolour,

vii, Steaming

Fifty grams of rice flour was nixed with a pinoh
of salt and sprinkles of water and steamed until it
was fully cooked, Then it was mixed with 20 grams of

sugar,



APPENDIX IV
SCORE CARD PORMULATED FOR CONDUCTING ACCEFTABILITY
TESTS

A, SCORE CARD POR ROASTED GREEN GRAM

Maxisum Yarks given for+

Charaocteristios marks

A o

1.

3.

Coloury
Goldoen yellow
pale yellow
Brown

Dark brown
Blaok

» 0 5 & O

Fl avour

Highly acoeptabdble
Accaptable
Pairly asceptable
Not acceptabdle

» o L s O

Not at all acceptable

Taste

Excellent
very good
Good
Bad

“» N 0 & O

Very bad

conéd,

XV
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P T R XL T Y XX R N NN N R A R A A B

Maximum Marks given for#

Charaocteristics marks

A B
ST R ERE LT L E RS A AN E R L LR R LR S A A A

4, Texture

Very crisp 5
Crisp 4
Fairly crisp 3
Crumpy 2
Very cruapy 4

g AR L L X R T YR
® A « Indane gas
B « cow-dung gos
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B, SCORRE CARD FOR POTATO CHIPFS

- MOXES ziven for®
Characteristics Maxiemus

1 gt
A B

1. Colour

Golden yellow
Pale yellow
Brown

Dark brown

» 0 U s O

Black

84 Fluvour

Highly aoceptable
Acceptadle
Fairly acceptable
Not acceptadble

“» N o - &

Not at all acceptabdble

3, Taste

Excellemnt
Very good
Good

Dad

» B wu s &

Very bad

contd, sesh
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P T YT EELIEE RN T T W R W AR NN R R R R N

Maximum Marks given for @
marks -

A B

Charascteristios

4, Taxture

Very orisp
Crisp

Fairly orisp
Pliable

“w o 8 M~

Very pliable

W QS N W AN D A WD N AR U U WA S W

# A -« Indane gas
B « Oow dung gas



€4 SCORE GARD PFOR RICE PITTU

Maximun Marks given for®
Characteristics marks T S—
B

g W NS P G D W A TS W W A A Ao WA WD W W WS
‘. Colouyr

Most acceptable
More acceptable
Aoceptabdle
Slightly acoeptabdle

“» 8 @ e &

Un aocceptabdle

2. ayouy

Pleasant pittu flavour
More asceptable
Acceptabdble

Non acceptable

“» 8 @ » &

Raw flavour

3, raste
Excellent
Very good
Good
Dad
Very bad i

» ® o @&

cont@essee



nbdl

B

P R R R W A W R W R R R R S A

Maximum Marks given for®
Gharacteristics mrke o )
A

&e [0 re

Soft 8
Very soft é
Hushy 3
Slimy e
Turgid i

B GGG PBWE NG OWS SR WS e

® A « Indane gas
B = Qow-dung gas
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Ds SCORE CARD FOR! RIOE AND SAMBAR

Wi NP U W OGP NP G W WD WS WD W W U AR A TS YR AN W W W R T WD W W W e W

Maximum Marks given for *»

‘eharsotorhtlos marks

A »

W W S U N U G WU N W A R YW AW ST W W W W
1, Colour

Bost asceptabdle
More acceptabdle
Acoceptabdle
Slightly acoesptadle
Un acceptable

» N W e

8. Flayour
Highly acceptable
Acceptable
Fairly acceptable
Not acceptable

» N O » =

Not at all acceptable

3, Taste

Excellent
Very good
Good

Bad

Very bad

» 0 O o O

W AD AR WG W WG S WA A DY T G W Y A S W W

eontdenesee



Wi

Maximum Marks ziven for #
Charsoteristios acrksg

A B

R A e A A W B N G R A R W e W G W NN A W W N W

4. Donmess

ell cooked ]
Cooked 4
Partially ocooked 3
Over ocovked 3
Un cooked 1

L R R R R L ]
® A » Indane gus
® = Cow-dung ges



x
E. SCORF. CAND FOR CABAUAGE PORNRIYAL

W WA W W I SR W AR e W AR N AN S e

Maxioum Marks given for &

Characteristics aarke

A B

e A A X A K KX & F K N R X B ol B A il L A A A A A A
1. Colour
L

Light yellow
Yellow
Greenish yellow
Ligzht brown

» N e e

Brown

2. Mlavour

Highly acceptable
Acceptabdle

B
4
Fairly aecosptable s
Not acceptadble a

|

Not at al]l acceptable

3. Taste

Excellent
Very good
Good

Bad

» o B & O

Very bad

Contd.yges
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WA R W WS O WS D A AN AR ) e A N Gee 4 TSRS e e
Maxisum Marks given for @
Characteristics mrks

A B

A AW WA WA W T W WD AW W e

&, Doneuness

¥Well cocked
Cooked
Partially cooked

Over cooked

- o @& & =

Un cooked

* A« Indane gas
B~ Qow-dung gas



P. SCORE CARD FOR RAW PLANTAIN CURRY

xvi .l

Charactoristios

Maximum
marks

Marks given for &

A

A W S W AT Gk AN A W OF O D G W A O W A W W e G WA W e e

p

Re

3.

Colour

Brown

Light Broen
hite

Dark brown
Blaclk

i'lavour

Highly acceptadle
Acceptable

PFairly asceptabdble
Not aoceptable

Not at all ascoeptable

Tagto

Excellent
Very good
Good

Bad

Very bad

" 3 0 & = S W @ > O

» 0 2 & O

Contdesees



X vk

N W RN A W W W B A B R W W AR R R R B R IR R

Maximum Marks given for*
Characteristios narke

A B

GGG W G G W Y PSS DWW e

‘. Doneness

Well cooked
Cooked
Partially cooked

(ver cooked

» D @ b 0

Un cooked

® A = Indane gas
B = Cow-dung gas



UTILITY OF COW-DUNG GAS IN THE NOSTEL POR ONE MONTH

WG W N A e W N W SR A W S W A WP BN Y M W W A R W A e

Date

W O W N RN R MR WS SR R AR G W W N W A AR W W W W W A e W A

1.9,75
2
2.9,75

3.0,73

4.9.75
349,73

6,9,78

729,75

8.9.73

0.9.75

10,9,78

12.9,78

A an GEN A e AR AP G e W G WA W A D Y G U A AR AR Y N W SR W W

APPENIIX

Time taken
in hours

R W »w O ;W & g RO N S W OB W

w »
22

13

v

Items preparad

Dhal eooking®

Poiling water for brew*
Boiling milk#*

Boliling water for brew
Dhal dooking

Beiling drinking water®
Dhal eooking

Boiling water for brew
Dhal oooking

Boiling water for brew
Dhal sooking

Boiling water for drew
Bhal eooking

Dhal ococking

Boiling drinking water
Boiling water for brew
Dhal cooking

Boiling water for brew
Dhal eocking

Boiling water for brew
Bodling drinking water

Contdevsseee

Xxviii



xxi x

AP G W AT AP W D WS DG D oD oW WS

Date

Time taken
in hours

ftems preparod

B WS R WBP D D WD DN WY D E G OeEEN

13,9,73

13,9,78

14.2,73

13¢9.75

16,9,75

179,73

15,9,78

10,9,78

20,2,.73

31,9,73

v =

232,9.70

Boiling water for urow
Bolliing drinking water
Boiling water for brew
Dhal @ooking
Bofling 4rinking water
Bofling water Bor hrew
RBolling wagter for bdrow
Dhal cooking
Dhal eocoking
Doiling drinking water
Boiling water for brow
bhal cooking
Do) cooking

B8 TISELLE T))
Beiling water for brew
Dha) sooking

» & B & B P w8 6 b U B B O v » W

Boiling wator for brew
Dbhal cooking
Dhal oooliing
Boiling drinking water
Bolifing water fosr brew
Dhal eooking

L 2K B B W & N N A I I N W W W N N I N W I W N W N AN

sontdessese
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Time taken Itous prepared
Date in hours

WA AN A W WA G G e el G WA W AR A AN W W T D AR B W W W

23,0,78 [ ) Dhal eooking
13 BSoiling water for drow
24.,9,.78 8 Dhnl eooking
3 Boiling water for brew
28,9,78 ] Bolling water for brew
4 Dhal cooking
206,9.78 8 Dhal gooking
2 Boilins drinking water
27,9.13 3 Boiling water for brew
3 Dhal eooking
20,9,78 3 Boiling water for brew
4 Dhal eooking
29.9,78 8 Boiling water for brew
8 Dhal cooking
30,9.75 s Dhal oooking
1 Boiling milk
I T Vi
#* Amountsi
Dhal®* « Skg

water for brew - 30 litres
drinking water =13 litres
ollk - 10 1itres
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APPENDIX VI
*4¥ TEST APPLIED FOR TOTAL TIME TAXER FOR COOKING A
SELECTED LUNCH USING CON DUNG GAS AND INDANE GAS

Time taken Standard ¢t value
in minutes Mean deviation
?rlpncatel ndane cowdung A B A B
gas gas
A B

N W AP S N NS W A G W W g W YR W A e WA A A W W A A W AR A A W

1 96,5 0.8
a2 98,8 90
3 96,8 3.5 97.14 01,3 1,073 0,82 8.2

Standard Deviation (8.D,)

T ) g

where 4 = (x-A)

A 48 the Assumod mean

R is the given walue

For A
2
‘* ‘1 - e‘ L -\@-)- Ea}a
96,8 o0 o 7 1
9,3 2 4
1
26,5 o ° o \7 1.03-0,38

= 0,61838

2 4 Jo.er
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B
2
xy- A3 &
90,3 0.3 0.2% _
» 1,673
J 2.8
293.5 3.3 12,33
4 13,50
¢t o5 = T3
-

o —
2 o’
fﬁio‘.' ¢ N2 o2 xx-,/ +2’1
N

ng *03 3

t o 9'0’ - 91,3

\[ 3x2.89 ¢ 3x0,67 .4/3, 1/3
4

4 =» 8.8

= 6.8

J 1.76 '

IZ 4 is the Degrees of freedomy *4' value

® 8,2 w»

from the Table at t § percent level = 4,80
5 percent level = 2,70

The *¢' value obtained 48 5.2%%

#® The difforence is significant at 1% level,
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APPENDIX VIX
GAS CONSUMPTION AND COST INCURRED

The cow-dung gas oomsumption for the total ecocking in
terus of cubic feet wap caleulated on the basis descridbed delow,

The size of the burner used for

cooking - 16 o,f¢,
In 60 minutes 16 o, ft, gas burner
consuaes - 16 ¢.,£t. of gas

In x minutes 16 o,ft, gas burner

consuses -2 x 16 c.ft. of gas
K
The cost of the cow~dung gas was oaloulated
as
1000 eubic feet of gas costse -, 3
a’o x cubie feet of gas costs -3
1000 x X

The éndane gas oonsunption for the total cooking
in taxms of cubic feet was oalculated oan the basis describded
delow,

The oapacity of the gas in a oylinder s = 1000 e.ft,

In 1000 o,.ft, of gas ocan be used for = 6600 nimutes
« « X oxftt of gas can he used for e X x6600
1000

The ocost of the indane gas was calcmlated as

1000 o,ft, of the gas costs - b, 31(3100

** x oublc feet of the gas costs « 3100x X
1060



APPEEDLX VIIX
" TRST FOR THZ ACOEPTASILITY OPF THE COOKED ITEM3 IN A LONCH USING COVDOUN; GAS AND INDANR QA8

A Y R WA R TN SR R A A A TR W AR e R AR YR W U TR TR R N AR U A W TR s ap YRy U T ok s oa ook Eh e AW YA e A W D an e e W WD

foa.. Hpan marks given for ¥ an Randard deviakbion 't valwe

h’ .-‘--‘---ﬁ--—---ﬂ-'-----------‘-------_‘-ﬁ--ﬂ-ﬁﬂ-ﬁ--%mr“m

of Oclowr Flavour Teste Donemsss Colour MNeveur Teste Donensss Celomr Flavmr Teagte Dooensss ocur vewr te mese
jude A® B®* J, B 2 B A B A B A B A B A B & P A B A B A

.“---‘--h’ﬂ‘--------ﬂ--------.i.--‘-ﬁﬁ---‘-----------.------'-‘---.

1 ¢ 45 ¢ 434343 ¢ 4

2 48 43 46 434 L3 434S

§ 4,548 ¢.34.84 4,3 4.34.8

¢ 454.85 45434¢ 4 ¢ &

B 48 4.3 4.8 4.5 43 4.3 4.6 46 4.4 4.4 4.4 4.4 € $,54,1 4.3 0.21,420,20.420,10.22 0,209 0F 0F 08¢ 0,11¢

v
D AR D AR W W MR A G Y A o aus A G U YRS D AW AR R S U U W NG EE A GE W WA T WS AW A W W WD

¥ & Twir A1 PCrenve iy oot sigwifioeut
N e ndane ges
B - Cowiang gee

/\(XXY
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APPENDIX IX
4% TEST APFLIED FOR TOTAL TIME TAKEN POR COOKING A
SELECTED THREF ITEMS USING COW-DUNG GAS AND INDANE GAS

Time $aken im minutes ‘fean Standard ‘¢! wvalue
Triplicates Indane ga;‘" ng deviation
gas
A B A B A B

W WA A A D YA A WD AW U W I e W

4 22 19
3 21 16
8 20 18,5 21 18,5 0.8 0.4 4.16*

R RN R R R R R RN L

# The differonce is significant at 8% level



APPERINX X
*4* TEST FOR THE ACCEPTABILITY OF THE CO7XED THREE ITIMS USING ODWDUNG 343 AND INDANR GAS

G e T e e e GO TG W E e W E e W W T e oW S e ™ GT A W S W W WA G E S W o W AR W e W

Mpan mark £ Mo Mandard duretica 't? valuss

of Colour Tlsvour Taeste Texture Colour FMavaur Tagte Texture Jolowr PFavour Taste Texture our vour te ture
j‘d’.‘---oo----—--—‘u-a—-----t--—.---n---uwmﬁnoﬁc-----‘--‘

A* B® 3 B A B A B A B A B A BA B A& B a B A B A B

B s @0 o B WD T @ E T W WO R oaea G oan U S G W N oW NS oG G S U U an YR OES A AN M R W G G MR o d A UGS M WD Er R W OF S G WO AR

4.5 8 56486 4 434 48

€8 &3 358 4,5 3.0 4.3 56 4.8

4.3 § 4,385 4.,34.84¢ 5

€8 8 4 4.3 ¢ 4,3485

£3 8 4548 4 & 484 43540 & 46 & 4.4 4.1 4.7 O 0.710.95 0,07 0.070.20.4 0.3 18 % 1.2° g+ 3¢

.- o om0

M ah or W WD W WD D GD U G w W oy W G W I W U A W AW W R e WA WA W TS WS WG S EmWw S e "o oSS e

2 & Dhe 43Lsveuoe is agt pignifioat
3 < Indane ges
¥ « Cowvhing gas
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