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3 INTRODUCTION

Sound Fome-llanagensnt has desn defined Wy (rose mal
Cramtall (1954)! as & memtal prosess thwough which the hows-
male ¢ plans, eonirole, ad svalustes effsctiively the uase of
fanily resources, man wd material, to schieve fumily gouls
with naximus satiefsotion. Time and snergy wre Lpertant
resouross. The quality of the mammgerial abilisise of an
fndividual thersfore depends on the efficiency with whish uhe
uses theve rescurces.

Among the namy mmagerial responeidilitios of & hoswe
malter, cooking and sexving food for the family ftmawvolive & rajoe
part of har tine, sneryy and oreative akills, The tims tulom
for cvaking i» fafiusnsed by the type of equlpnant sod fumle
used for ooccking. The Nl used should bBe sush Umt 4% waime
sooking 8 joyful suteamprise.

Sinoe aeient days, pecpls are using wood, chareonl
aoal as Tusls, Mi)] & oenthiny ago, wod was the only fusl
used for home heoting. Nvea today weod is the houwebold fumd
for & large majority of families. The Fasiomal Coumeil of
Applied Esonomie Research (1939)% nes suttmated thut the totad
somml conmmpiion 87 fire wood im Indic 13 %5.5 atllion Suries
of coal ejudvalent, of whtoh 8 quarter i utilised in the wrban
aress sand the rest in rural sreas. Ao indispensably adjuswt to
firewoed 4 dried cowtung «hioh 1o used as a fusl, depriving
1t farmer & valuable manure,



Aocarding %o Patel and Pasemiar (1965)7 svowd 172.26
million tomen of outtledung whioch comstitute 31.14 purcens
of the total esttledung availadle in India are being wstsed

as fusl Lia the foum of oatlledumg cakes.

The faot that comdustidle gas ean de prodused from dsosye
ing organic waste, marshes, swatps and farm yard manire has bSeon
mewm, from 1778. Any owganie material ia the absenve of cxygms
will produce & gas known as sethans besause of anverobds fermen-
sstten assonding %0, Acherya (19574,

Construstion of comiung gan plantes would give gas for
sl purposes. AS the same time; the reeidus whloh hus rich
fartiliser valus dus to Righ aitrogen oontent could be used for
arop produstion. The Imstallation of comlung gas plaats 18 ponsds
hle only whare 4airy units are svallable., The namiw svelilanle
mmpMMummsunhﬂmm
than that 19 availabdle from ocompoet pise,

In an sgruarian gountey libke Indin where more tha 83 perw
osnt of the pecple live in sgriculture the meed for fspreving tiwm
schense of mima)l hushandry i irportant sinse animal husbandyy
48 an integral part of & sound system of diversified agrisoultwre,
Mmong the several sshemes #f animal husbandry, importuunne hes
bues given for eatile improvement which exseeds the provisiom
mafds in al)l the threwe plabs put together amounting %0 & 132 eroven
(% 22 erores 1n the fivets five yeur plan, ¥ 56 croves $n the
Gescnd Pive Year Plan. = k94 in Thisd Five Year Plm).



The ecenous of 1961 hos ealeulated that ths eattls population in
India £9 17.6 miliion, whish sonstitutes roughly two thixds of
the total livestack. The produstion of eattladung thus wuilnkis
in the country 1o wasted Deing durnt 4n the form af eakes &im %0
lack of an sltermte fusl &t presemt.

The eountry is 1in ased of fusls which will help to sanman-
ve the abundamce of forest wealth and resourves. 00od wamuires
are aleo found eseutial for inereasing the agrisultural produ-
otion. Adequate Soienmtifis data on the comstrotion and wfiel-
engy of cowlung gas plants ars B0t availadle, Therefore this
study has beent umdertaken to find out the cost, mterials anfl
wethods f1wolved in constructing & gae plant fur househnld uwe,
t0 utilisne the cowdung for & dairy witsh sight cows with the
following spesoific purposes.
fe 70 somwtrust ssientifically & gew plams that would produne
so8 adsqunte %0 meet the meeds of & famdily of six.

2. To evaluate the constructed gas plant and fid out the «ffi-
oiensy of the gas Yy eomparing 1% with the performrnos of loerusens,

I8 1s hoped that the results of the stully would etimilate
the homemakers towards imstallation of cowldwg gas plauts and
mking use of gas prodused for scoocking and houseliold purposes
and also %0 utilies manure of rich fertiliser value for
improving home food production.



. The availabdle lltersture has boen reviewsd \mier tm
following heondingss

As Pourees of Nand Emergy

B Pasters Affesting the Combustion of Pusd

G. Eesd for Substitution of Pusl In Imiia
e TYer a commnity.
. Per a house.

e Cow Dumg Oae "1ame,
1. Primsiple of its workisg
2, Pustere affesting the gae produntion
3+ Uses of \he Covdung gne plamt,

R Studtes Comtunted on Cow Dung Gas Plamt.

A Jourass sl Nest Hmamicr

The origimal source of emsrgy available %o mam is fivm
She oun Aa the form of heat. The ehief sowrces of heat eaniro-
mumhw—mmumttm)’m
(1) ebemtenl resstion (vhish insludes the burming of fusls)

(2) elootrionl emergy sni (3) weehanicel emevgy.

te Ivala.

Munn‘mmam-cumtmm
prodwees heat when the varicus slsmsats comdine chemisally 'dth
oxyzen 4in the aly te hurn and give heat with the emeption of hyilregea
anme All fusls are chexiocal onmpounds of hydrogen aad ewrhon



with sonstines the addition of sulpilnir and few are insembustible
eubstanses. Tuel ne per faayslepectis’ Aritemtes 18 wsed 10
preduce hest by eembustion in atr. Osvorm (1929)° steres Wt
fusl aay be dafined as ay subetmmce whioh on bedng cuddised o
burned produne heat eneryy is semmereial quantisies, Avery (1960)°
definee fuel as @ material whem burmed weuld fuwrnish head anmrgy
st & reusonabls sest,
hmmnndmnn(lﬂl)gﬂnmtw

fusls used 1n the home %0 day are Whe eolid Tusle that are weod
and eonl, ihe liquid fusls whish inslule gaselims keroséns, Namn
oll and gasecus fusl sush a9 ihe matural and axtificial gam,
m(:m)"mum thas sovldimg, firewsnd, shwrogal
ad keresens ave esonsidered te Vo the &amestic Nmlis while woft
colis, gae and eleetrisity are soumereial fuels weed iR our OMENrY.
s) Salld fuala

8) Fooki The use of wood as & Tusl is of great mApAtY.
Muumng(l”ﬂ’tmmmdmmm
fasd weed for home hesting. Sounderarsj (1963)"! seye weod of
Pertis, Coaswnrins, Tamarind, Nawgose sad Acagia tross are oceemly
used for fusl purpases in lofta. Orey (1946)'% remarke thet wood
ond eoal eentain osrben, hydrogem and sxygen. Thmy &17far £n Ut
the peresntage of earbom 1a the latter is mush higher tham in the
forner. Sharma (1939)"> remerks thet hard woods meie be:ter fusls
thea sonifers or soft woods a0 they give wore lasting ead 1sfoim hwet,



Agoerding %0 him;, the hsating value dapenis on ths kind of wood,
she psreensage of moisture content and resimooss (U Preesnt.

11) Coali *he Sooyelopaedia Britanica’ defime cosl we &
stratified nineral that hus beent Coxwed by the weticm of &wuwy,
hent and pressure upon accumulation of vegetadle ad woody @f
esllulosic matter laid dowm in Wygone ages, Ascarding ta Zalt
ant Simslatr (1957) 1" 1igmite ant peas are Lmmature eoals whton
are formed in detwaen pest and hivuminous coal.  Chalmers {1963)%
sstisates hnt ooal is the main soawe of Lndustirisl ensrity.

111) Chemaali According o Partingten (1957)" charvon
10 obiained when wood 19 destirwtively distilliated. I8 4w Dlnak
in oclour aad burms readily leawing 1ittle ash aid smites oo Nl
Charecal is effectively used as & housshold fusl for cooking EmONES.

Sew dunt, leaves, wastepaper, cowdung oakes, husk, oosonuS
shells and other argaiic wustes are some of the othar solid fuxls used
for houssheld purpose,.
») JAquid fusla
4:dd Nimle are obteined frum the extrwoiad vegetubln m

sninal mtter or petrolews. Youns snd Porver (1995)'7 svate when
patreloun 19 the seuros of many liquid fusls., These ineliude
gemoline, kerveins snd the oils sontaining larye W Mro-eashon
molsoules which are used as fusl in furvmoes, locwwtives and
votlers. Rueyolopasdia Hritauica’ stresses thet 1icuid fusls

oooupy less spaos sd weight than the equivalent asoumt ef soldd
fasle,






o) lmmmoun Tuels

Accarding to Mok st Al (1996)'® severud awes mre
eommonly eaaployed ae souraes 4f hent, ligt wd powsr Lselalilng
(1) conl gan (2) mser gre (3) producer gas omt {4) metural gome

u-umumm(tm)“wmum
a8 # by sroftunt Wy destrustive distillation of coul. Temner wll
Yourer (1960)"" remark thes eoal gus cometets cntetly ef nyrcen
ani nethme A th soms oarbon monexide emd adtrogwn.

1) Profuger gaet  Deming (1952)™ eteten thet ¥y Boming
mulmpndmﬂihtnntdmhorm.pmw.
18 odinined which contains about 60 per cemt amisrugen, 30 pax usit
eardon montxids and 10 per cant Mydrogen and hydroonrbons,

Mack gt al (1956)'7 aratee that producer gae 1s used mot only we =
fusl but also 48 4 soures for the nitrogem and hydwogem used in
maiing ssmotda Wy the Maber proes®d,

11) Satmegeni  Mmek g3 Al (19%6)"® seares thet weter gue
18 esssntially & uixture of oarnocn monoxide and hpirogen, hiier gae
19 very podsonous and sapesially darerous Decaudn 1% heas N9 0O,

111) Xavgal gant  Nature{ ges consists ehtefly of mathenm.
Acoording to Partingrem (1957)'S eaver ent Yomver (1960)"® nuswnt
g8 guouxra naturelly in the vegevabls deanys and is pwped urwyh
the pipe lime system.

tv) Catmtladuuz gan:  The osttlefung gas is of recest dtwoovery,
Deset snd Biewss (1943)%" heve potnted ous et by womerobho
foaunmiation cattledung can be used %9 produce fuml as well as wanwe,



Apart frem fusls \he other sourees of emryy used for
oooking fnolude sleetrisity snd solar snergy.
) Desscoin |

avery (1960)° | sotnte out thas elsotricity is the olmwnmees
and most eomvenient source of heat, Earls (19;;)” points out
that eleotrioal eneryy 418 snergy stored or tramwmeitted Dy alneirionl
methods. Peet and Thye (1965)% stress shet electrieity is
cleam i safe scurce of heatl nergy.

3. JFagtorm ALCaating e Oenimtion of Yial

Aecording %o Allen st ) (1946)** cembustion may be dcfined
as the shamical comiinasion of & subdstanns with axygen procasding
st sush & rate that a high tempernture 18 prodwced. Ballad
23 Al (1999)% gtress that whon & sudstance 1s produced, the seount
of heat liberuted per unit mess is oxlled the hest of ooms:W3ion.
Heats o€ Combustion Table given by Marzemsa st al (1933)% tu ctven
1n Appemdix T . Deming (1956)%° wtresses thet the kiadding Swomers-
ture (he temperaturs at shish the material will costinue $9 ham)
Cepends wpon four fastors (1) the nsture of the mterial (2) sw
finenees of sub-diviaien {3) the conoentmtion of the oxysen w
(4) the rase st witioh fresh oxy<en i mpplied.

In the ocans of & selid fusl the exidation remciich oompw
a8 the swrfao: shick is the Doundary betwesn the uir and the conbumrtidle
metertal Oray (19486)'Y ssates that the commastion 1 propartiaml
$0 the area of the surface.
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C. Nasod Lox Subwtitution af Pual in Xniin
6. Ior A QEumiLY

The peroapita anergy coumumption according to ChiSt:mmiian
Prasst (1966)77 im UuBahs, ke, ant ToB.8.R, &8 7,999 Milagrie,
4,357 xilogran und 2,833 kilogran respesiivaly wish & world
avarage of 1,409 Xilograns. 1Ia India the per capita energy
conmumpiion 1e only 140 kilogrums which 19 eonsidered to b veyy
low.

Accarding o the meniion made Dy the Mximry of Caassady
Development (1959)™ goal, 011 mud hydro-electriolty coutribute anly
20 per osat on India's total enwrgy requirensnts. Ths rest 44,5 per
eent is mpplicd by animal dunyg - wood and thoe remaiming 34,5 e
mmmmwm-am. The use #f dung uw 8 fual
in Infle mounts %0 @ amual 1088 of 2 valuable oosmodity opdvalemt
te 630 million toms of fertilisers. Ae expresset by Iengnr (1967)%
st present T % 9 pevesnt of the smergy reguiremants in Soush India,
are deing provided by hon conmarical sources ef fuwl, namsly huaning
ooviung, Mits and picoes of timder. This 1s bocmme goal 8 ¥
expensive willa erude oil 48 Ot resdily svallabls in saffioient
eenity.

The preservation of forest wealth is sonsidured w0 W es aniisl
for utilisation in industries and for the prevation of soll arrosion.
The Watiemal Cowseil of Apnlied Soomomic Meaeurch (NCAZR 1959)%
estinsted that 53,9 million tones coal squivalent of wod 10 Muwt
a8 fusl every year csusing s heavy deplation of forust resonves,
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This meeds %0 be redused in order %0 check the floods of woll
errosion.

Lengur (1967)%7 feeds thet ty using cowiumg gne as fwrd,
every yoar the Muge amownt of foreisn exehange nesdsd to Lipart,
aearly aine sillion tommes of diesel petrol could be savel,

A 5008 fus) wooording %o Konard Kraushopf (1939 et
b strongly exothersic, ohesp and sasily storebls and the produots
of combustion, sasily disposabls.
v Ioxaloum

um(tms)"mmmmMMm .
interviesed spemt six $0 seven hours per day fur performing houswe
hold sstivitiss, Evidemily the Indian women spend a 10% of time
18 homesmking setivities compured to women of TaflA, wWhe mrcorting
thm(i’JJl)”mmnm five houww per dny D xhe
same. The problems faced Xy the rural homsmelare AR ookiry, maile
by the wee af wood and chavedal as fNiels were listed out W
Rurten (1963)%°,  Thess 1nsluted (a) the leag tine taken fwe ccakctig (V)
spreading of smoke and ash in kischen {#) di7fiouliyin 1gwing
the fire 6uws 10 wet fire wood,

Comsidering thess fuote fusls sentionsd alowe could b oube-

tituted dy comlung gea whieh Af rightly used produses valusmbls Dl
and enriched mamwe for & househoid.
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P. Cow Pusg Saa Plamt
The Indian Agrisulsure Ressurch Institute
dung gas plant ee & obesp and siwply cperated plest. in vhlch dung
1s formented 0o ws 10 Y1014 asgufficlent quamtity Of conbuniihis

“dcﬁmm .

#ne ahich can be utilised for cooliing purposes untd the resifus forr
nanire withoud any lese of samundal conatitusnte,
Yo Zxinginde of Ata yoking

The prineipls under-lying She working of the sow dung
gus plwmt 18 ae followms The proocess of dsoemponition procents
sither asxobisally or smaerobioall; .’ In both Sy we of FWMAWISEe
tien u::u-uou takes plave. nder meerodic conditing tiw ool
of fermeninhlo msterial produces insomplete cuddation, the produnis
being oxygen, methane end hyéroges say Desat snd Mwwas (1945)%
2. Iaatere acfenting saa produstion

Pastore sush as (a) temperature (b) tnorgsnio swits mw
(¢} snocharine influsnce gas production,
fs Temperwture:

!‘unm‘mmmnmmwum(mﬂ”

showed thas below JO°C, there is prectically no gas produntion.
Acomding ¢ bim the optimm tempersture lieing hetween 43*C wd
570 and & phs of 79 to 8.0 are very fwvourable.
% Isaxawate Sslts

The addition of inorgusic ealts doss ot materiaily
affest gan production Wt the presence alinhmm definivaly
Georeasss the fermentation. The additiom of groundsut oake
ageording %o Desnt (1”!)*%&1%“30 SUNIE
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. {fieas of Senchscim
Nolasees Yohues flowers were added %0 dumg SUSHERRLONE

%0 the extent of § %0 10 ror cent ant £3 was found that thee

was quiek evolwiions of combustible gas in the begimning LSwelf

and the fermsntation stop ed after two %0 thres duys. The gae

and
contained only enrbondicuide, Mm/\u nethans.

Apcording %0 the sxperinnms osryied out in the Inharatuny

\yumynh”ﬂ‘um‘oMMthumm

influsnce the produstion of condustible gae and weaire dwring e

anserudie &igestion af Milloek dung and ochsar orymnmio materialn

shoved that ~

A period of feur weske digsstion at 3U°C is neneswuyy
for obiaining the potsatial gus prod:ution cwpanity.
The ¢ung loses adout 27 % 28 per ocent of Ary owtter
and yields about 1.9 ou.fy of gae per pound of fxwih
llosk dung edded, or shout 8 eu.fs of gas per nonyl
of dung matter in the added dung. . The gas 18 conin-
tidle and contuins about 95 0 50 par cent methanm,

9 o 10 per osmy hydrogen, 30 te 35 par eent eurbun
diaoxide.

T™he rupldity of gas produstion inoreanws with Lnuremsdiyg
mmmnmﬁmummaw. A pro-
portion of 4011 was fowd %0 be satiefuatory fur obtale
ming repid gas produstion.
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A sonhination of the requirsnante wder ' maul 3 adove would
iniisate that for effistient and yvepid gas profuotion, the
fermentation ehamber should be 30 10 €0 times the volww of
llosk dung ofded datly.

During the process of 4igestion, the reate of gas pro@uciion
was sonswhint highey, vhen the alipernatant preamore sdowve

the farmanting lqudd was lower than Shat of the stwsspherw,
say by adout ons %0 two inches of water head.

™he Wallook &g uned fer the experinents wan fuund to oantain
sufficient nutrient material for rupid snssroMo aigestion
and satisfastory gas produstion, fizAher adiitions of mitrients
1iks mitroges phospharie acid potash or the minar slswonis
414 not incrsase the rate oF twotal juantity of gas produswed.
During the process of anserobie digestion for four weks ag
3P0, adout 13 par oent of She total mitrogen 4 Bullock dung
e found t0 B comverted into smmonimoal form, Dus S0 the
alialine reaotion of she mediun the shove fraution was louws
W volasilisation whati digested slurzy =as dried. Ths pNOPO-
rilon 9f ammoniasal nitrogen formed tnoreased with ths pariod
of dsgestion.

Dlsested eluryy conmdaized abouts 1.8 %o 1.9 per eent nttrogen
on the 4ry asis and xitrified 6 & greater extamt than Yom
Ferd manure, on eqpivalent mitrogen basis,



"

¢. Yawisus usen of Gewdanc Gos Plagd

Ehv-ﬂm&uofoo-dmmplmuulm«n
by Patel (1964)°% are the following (a) gives good exlorifin
valus, (V) cheap aw & fuel (#) high mitragsn contemt of thw
aeexre ant (8) other Beoefite such as the promoting of kygwnie
sad eanitary oondition in the ocookiry area amd arowad the hasw.
s Jaed calarifis valun of the zae

ratel (1964)% etates that the gas hae & ealorifie
valwe of 330 MY (British Thermal Usits) per quble foot. Putsl
ant Farwetuhan (1968)%7 ootme tast the gas thus gessrsted by the
gus plant containe 335 per cent methane and 45 per cent carton
diaxide approximstely.
b Ohmsgneas af fual

Tandreksr (1964)7° hus saloulated the et savingw in the
coet of fusl by using eowdimg for svoking purposes. The eost of tiwm
pm.uunmmmmumu(tm)"umm o 3,00
per 1,000 eulic fool im the godar gas plami.

™he Aporendix IX shews the price end effuctive price of
the various fuels.

Tha Pirectorste of Mxsenvion (1961)°7 huve settwmted
the tnetal ltag eupentiture of the goe plest % be W 350/
®. Niteocsn Qurdent

Bartkurat Singh (1938)% bas potated ous thas the plem
Sakes only she gas out of eowlumgs But resurns the sess thus omdd
be utilieed for manurial crops.
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The Infism Agricultural Resesrch Institute % 08
pointe out that the eowiung after ths remowval of hout oconwtitiee
anis in the form of gas satually is & manure of high mitrogen
comtens. The cowdung in the form of manure obtalmed from Tobee
g% plant eantaine 1.5 per cent nmitrogen whils the faxwm yrd
mamure sountaine enly 1 per gant nmitrogen in fte 4ry matter says
rased {1964)%,

4. Gthax denslits
wawumwmw"n’mam
the blus flame of gns is hot ani amolmless, helps aooking.
Apars frum the adove geod quality of eowiumg gumy A% helpe %
maintain the senitary sspeots relatisg %0 gompleto steppape wd
apread of pathegenie orgsniens from dried and fresh dumy: o
the village says Harkirst Singh (1938)%,  Aocarding vo vy
Praset (1966)%7 whe gue ona be utilised 80 generate meohanicsl i
slsotrisal energy Wy using 1% in an intermal commiion engine
whiech can b iilised for running paps for Lrwigation purpones

machintes and

ehaff eutiing neshanes for and providing light i the vill:ugom,
B.

he experiments condusted Yy Tej Naruin md Ramsenthy
(1964)%' 41 & Oren %evike Training Comtre at Rejetrapaksr wm
that 13 cudde feet of gem per hour 1s required fur oocoking food
for gix perecns. he ssuldy revealsd that to satiefy whe guw
rejuiressats for ecoking for & Temily of six & gas holder with a
dlameter of five feet, & beight of four faot, locussd &t &
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dlatanes of about 33 fees, supplied with adbout 19 1be of comfung
pexr day was msoessary. Agaording %0 the ssuddes condusted Ny
sohazyn (19573 e dung 1oses aBout 27 %0 2 per ownt of Axy
matter and yields about 109 cubic feet of gas per 1. of Orowh
bullook duny sdded ox about 8 ou. 't of gue per IV 7 L2y matser
in Ve added dung, He again strssses that dilutica of &woy;
with watey {111 ar 1113) t0 2 levels of 7 %0 § pm cent soitde
mfod»imnmmnudgupmww The rpidity
of gas production insresses with insressing proporiion of frmlis
to fresh cdded dung.

The srudy eonduoted by Kemalavent (1962)4% reveals uhut
the followin: characterisiies of eattle dug gad vhils uming over
fire sood.

8) A voving of 38 pesr eent of time for cooking chrwe

meals for & family of shree wae noted.

») There was & saving of §3 per cent of Mme taen fur
asorubding the utsasils while washing tham after they
ware used for cooking.

0) The foods coslwd using cattle dung ZAR Pars ADON;LALLE
0 the same extend a8 those ecoisf With Lirewnod uy
the fuel.



The experimsatal procedure for the study comprisss of e

following stepes
Peveloping the Plan for Construstion of the Oas Pt

r

3. Construoting the Cowdung Oas Plant
€. Uwvaluntion ef the comstructied Gas Plamt,

The developmanit of a plan o ocometrustion of a gas pl:ng
tnelafed the following steps.

fe. Ohssrvation of the 4ifferent gas plancs imetallmi at

Caoinbatore oity sad collecting aseded inforsation fivms
Ahe homsmakers.
2. Jelsotion of the design for the construstion of tm
&ne plant.
Yo DObaervation of she different gae planta in Cotmbaters oiyy s
interviewing the hemsnakers.

Goots and Mass (1952)%7 remerk thas cbewrvation 1 both &
primtisive and modern teshamique, X% 49 the simpls art of looking
amd lisseaing. Thare are two typas of obeervasion -~ controlied
and ungomtrellad. Xn controlled obeervasion she chuerver wiil
Wesone & temporary insider a share the Teelings of she groupe of
individuala.  The FehaOs (1957)%* reports tms mom partictpmn
ohservation oonalsts of looking, £or speoifis soolal situasinm
But 0oV takiimg part tn them. Ooode amt Soates (195413 stuen thne
in Lntrviev the Lawessigater gathers data directly through Caoe



1 fase contasts ualiks the questicmnaire, The %00l useful
for condusting interviews sre-~ghack 1liste and Limerviae
sehetules. Marohinal nnd Hastees (1957)%C ausert that tusorviow
method s 1iksly %0 de more corvsst thun the infammtion obtsined
by msmnsof other sechaiques. Tharefore odservation omplst
with intarview achedule wns formed im cador $0 sbourve sorm oF
the gus plants ia Cotmtmtore.

The sshedule calls for information regexding the Lnwtae
1lation md operution of the eowdung ges plaat in their reape-
etive homes, mmber of family members present in the home,
mmsber af cow naintained, bemefits and problems rased widle
coaking with the gowdung gas. The sohedule L8 ghven im Appentix ITX,
?he honsmakers were imterviewsd and their responses were
cellestes (Tanle I).




TANIA X

L}

BTN OF 248 OROMVATION MADR IN THRNE OAZ PLANTO IN CODMGACOHH

oY —
T Oas plams Oas plans Cun plan
vurisulere Ko, 1 Bo. 11 Ro.X7T
Thmber of nambere 4in
the faxily 10 10 $o
Rmber of yoare old ) ] ? 2
Distamge in feet frum
cowshed t9 gus plaat 9 13 0
Distaawe In Test from
e plant 0 the howss 0 100 120
%} of comdung in
used par day
for ges plant 300 430 %0
ether urine ie
utilised feor mixing
the dung Yes %o Yoo
Proportion of mixing
Samg *ith water oF urine 1 1)} 0y
Problan faond duwring
Ltastallstion ¥o problem. Collsotion of 8o probles
Oas eupply water 4in the
belng high, tubss. 30 evaxy
a seoand gas oix montha subes,
dran wes are disconnmoted.,
erected,
Advemtages 1. No soot 1. N0 woos for-
forwation mation.
2. %o smoke 2. YLme 1
saved
3. Ohors 3.Condung afier
Sime needed uwne 1in gae
far oonidng plant could
be wiilimnd am
A.ﬂu‘l&v
tgsited rioh msemire.
3wy
alsaning of
vessenls
Dinadvantages Bone Sone
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~ The observations of gas plamt at Coimbaters oity show that
the dintance between cowshed and the gas plent o vary fran
e feet to thirty feel, FPrum the observations it has desn
Mmswhmw‘oroMuumuuﬂc
9 odtain the necessary fusl te ccok & meal for ome peresi. 5o
tiils Ype of edeervation gives & elsur 1dea about the detalls of
the gae plnt, distuces froam the plants %0 the homes and She
prepartions of mixing . the cowdung with water oF urine.

N

Designe eolleoted from four differemt sources were studied,
thees loeally speranted at “oimdatore and one swpplied dy Khadi
Yillage Indusiries Commisaion. The Dhadi Village Indwsiries
Comminuion plan 18 given in Appemdix IV,

3. _Comatouaiiag. N Comdung Gaa Plant

he comstrustion of the cowmlung gas plant favolved the
following stepss
s Selsstion of & site

[

Tetimmtion of the cest
3sleation safl precuresmt of udlding suterials
Mg&xhbomu
Construstion of the cowdung ges plans,
ts Jalegiion of a site
A site with an area of thwee hundved square feet wat 8 length

L A S

of teenty feot and fifteen fuet width was selected within 5ri Avimashiii.-
ngen Yome 30ience College Campus,



n

IMatanee detwesn cowsnad aid the house shere the gae plant was {0
be installed, wan the important point which docided the asleutivi,
De

™he 0%l ssilimated coet exslufing the land value wan
% 2400/+ The esilsatod 308t for the various particulare rapmviing
the cowdag ges nlant are given below,

Btlitng materials for conatruoting oW
the gas wall . 0
Jabour charges 440, O
Gas &nm 0. 0
Materindls meede: sush an $,X pipee
wd other pipes 29Q. N0
2400, OO
3+ Selesvios mmd “romcrenest of Dlaiag Maferials

Bt lding sateriales sush as drick, stomes, wud, oement sl
nonorete for construsting the gas plant ware selected With gruat
aare,

& Srxigk

Per geod masonry construotion Yarsak (19600 views Wtk
of fine qmlity, of :niform wine, properly mouldad, =nd Bhuras nuld
ve easemttial. Destpante (1959)% nas potmted out what ety tekokn
nust be well Dirnt, thay should be free frem oracks whem stmani,
fire, regular in shape, and wniform in sise. Por these roasone
countiry mads ground msoulded, Wriaks wwre selestsd Tor conetruting
She gas wgll and mixing Samik.




b tom

Aaoorsing 1o Varvak (1960)%7 ssone of homagencus qumitey
without veins is the best material for conetrustion. %he Madrus
Detailed standard 3psetrscatton (1960)"Y suggests that e etome
used for foundatium and wall ehould be 22und and fres Lrom crioks
and desay, Care nieds %0 be exerciasd 45 using pruper siaes of
stones aid oorrec) imterlocking in the width of walle, Therefme
stone of homagenco.s AAlLLy was arlected for foundasion.
o Ml

Prem (1960)°7 starés mak 18 \he most cowmonly ueed matertal
a1l over ¥ ocountry for hullding comstruotion. Mt was Lonlisied
for the gas well, since 1% was one of the oomaon loonily availabla
wilding materials.
& “amm

*ae Reperte Commttton (1957)°' view thut the uwen of cemans tn
Wullding conetruotions should b surtailed as far an poseidble. Yo
She purpose of durabllity cemant sheuld de used stiere the floors ay
walle eome Lin contwet with water, In the gas plant Ve spane in
Batwsen the gue well was plastered «ith ocenent %0 fuatlitate Uw
eireulasion of water,
% Capsresa

Cemavete floore are mmooth, neat and lasting. They eun e
construsted easily Ny follewisg & few elemsninry rules says Cusose
Asmoetutien of Inata (1956)°2

Yor finlshing the dottom 0f the gas well conorets was wesd &N

he asomstrustion,



4 Bpgasiug fha dakourars Cer conatruatiss

A maiotry whe was already working 4ia 9¢i Avinoshdlisyis:
Trwet Instisutions we entrusted with She vamstruction of she
2o plant wder the mparvision of ilw fuveatigstor. s
sagaged the required man and wanes add other wthnrs. Also
B NPLrViIeor cas igAKed t0 suparvise the whole aunetrustion,
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Se Camatmuntian of Ahe Cowdune Oag Dlsat

Patel has outlined the ss.aential points to e soasidared
An cometrusting @ gee plaas (Appendix ¥),

The construotion of She cowdung gas plwt n the ssleoted
site 1molidad the preparasion of the g=ound sush e sleaning Lhw
ares .uproting the tress, removing the thorms in Uw site
warking the she boundaries, The gas plant eommsisted of the
followdng astioms. (3) tnaur well, (2) outlate (3) outer mla
{4) nixing tamk (3) yes drm wnt {6) pipes.

Por the tuner well @ eylimderioal pit Pigure ¥ (a) of nine
foat dimmeter with & depth of mine feet wad, dug., YThe detsuu
(V) wan 1ined «ith eomaruta 1n cument snd mortar, 0 & depth of
ous foste. A brick atraulsar wmall (o) weas Butls om this comnret«
elroular dase and the immer surface was plastersd with eemant,

!ﬁmmauhtMthnthMm‘n‘m
{4) and an outles far letsing ous the slurry (#) werw previded,
Thess cpanged ous at A dixtanse of six feot and seven Tees fyon
the gns well reepactivel; oan edther side.

The ares vithia this comnstrustion wag divided 1180 fomee
seaticis a9 shown in Pigure & which gives ihs ocrves saction of
the aylinderical pit. The dividing walle were of 43" Ahtolawns
saah, ‘We of the saparating walls ss shown in figwe T wan

extended to 1} feed adove mother wall, Twe ajwmw 00t aparturws,

mumbering two, wexe mads oa the higher wmalls,



n

Prom the coumd level this eylinderical ossmt comstruniion
e ralssd %0 four foet. Jurrouniting thia Lrewr oplimderionl
ceasut wall, another outer wall {f) was, comet-woted with & Atu-
netar of ten faet., In Betvesn the spece was filled with water,

A mixing tank (g) wae comstruoted three fest wamy froi the
g8 wall by using Wrick amd mud «nd L8 wes plasterwd with oanodt,
I8 comsinted of two tunks. The langth width ant height eof the
Mg tank mﬁ $T10", 510" and 1931 respectively wnd the wall
bad & thioiness of 107,

The langth, width and height of the smaller Sank was 3*4%,
24° and 171% respeotivaly, The thdalmess of the wall waw Sen
inohes.

The gan dmam (k) with & diameter of 8'9° with & height of
4 wan spesially deuigned for the purpome of collewting the gan
produced. The gas 4rum was wmde of seven iron shests of 4
gslvenised type, 7imed tagether, with the help of irom natln,
Sasxating e Conbimg Oan Flent

The cowimg from sight cose wme collected evayy morming it
evening and the sticks and ather small 3ite of lmy were reuoved,
T™he dung wis weighed and txken %o the mixing tank, “hich sonaisntad
of two tanke, A? the bigger und oms 'B' the smallor one. (Pigie3)e
The cowdung e mixed in ihe bigger Sank, she nrepoxtion of mxiry
A8 with mater baing ¥J. Ths intenwal view of the mixin: Sank i
shous in Pigurs § Ths outlet of the Mggor tank was clows! wWlle
mxing the eowdung with waser in oxder %@ prevent the mixsiw foms




emsaping, Them the mixing wos complasn e Oulled waw Gpuiied
e enabdle the wixtuwre %9 pase Shrouchk. The conwtrumtion o? the
sank 'A% was suoh that when the outlet of she Maoer Serk wos

opene’ the mixture would pase on directly o ths gas well, Xn
e centrw of the tank there war an opaning of 6% in 41 aeter

through wistieh she mixiure paseed on to the inner wll,

The convtruation of the fnnor sscxioms AyByC,0 wae auoh
that she cowding mined with water sould pass through from ome
seotion 3o amther 4in opder %0 faoilisate fersantation. ™
paction A’ ¢he inles waw Fixed. Tha cowhmg nixtre rose %O
full depth $n i% and then flowed L1180 the Nox: aeotion B, Frown
thin 4% peewed $o ssotion U through the epeaing 8t the botton.
O ristog to the full depth 4% pesced %o the mext nastiom, N
Prom woction D thy 2lirry oams out through Yhe cusled and
fecilitated Termsntation,

™he sa= &nm (Plgure %) pleosd i en inverted pomition &n
batwesn tha lrnar and outer gns wells helsed %0 collset the gy
avoived fren the cowbung.

n ovdor 10 prevent the pns drvm fyom ™iatng further
thee 1xon rods wers fived pointing towmpds the oeitre as showmn
tn (figure £5). These were used to keep 3he dmm SN poeiiton,
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FIGURE 1,

InTERNAL View O THE Mixang TaNK
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In cader %0 talw awy the gollected gne %0 the kitchan
a rolythme pipe with & dismtar of $wo fnches and 12 lengsh
wus soomactied 42 the opsning provided at the top of e gw
dras, This is shomm i Pigure 5, The polythene pipe was
eommectad to 8 galvanieed iroz tibe of 100 et length to Suke
the gas to the kitchen, Pigure § shows e pins line sywtm,

5 the othar sad the galvanised iron pipe was conueatad
$0 & tws way pipe, wash ons haviny & eepsrute gon Mmgulator e
regulating the flow of gas., By meane of ruddber Subloy the
twwptmmomhguhwnnmu?mﬁ

™he aslurry aflar gas produssiion mas collested Ln he |
mlurey pis mamns for the muposs. (Pigure 8).
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The alurry aftex gns production wms collwoted §n the Alwwy
piS meant for the pwrposs. (Pigure 7).
ﬁ. T:s 4

s Pwmluntion was done by the Investigstor as statoed buloees
fe Comaring the two Nimla « cgnlung gns wish kerowsin,
2. Amailysing the nitrogen content of the sl:dTy and $i»
condung.
3¢ Avwesning the edejumay of gue for & hou:wld of eix
nnders.
fe 2 i
mﬁ;‘-ﬁi&um-mmmumnmmm
ardised food preparutions usisny: the cowlung gus fuel 4R compirie
sion wASh the control fusl that i karossne with the following
aoriteria for evalusiien,
1+ Seleotion snd standardisation of cooking of she food
praparstion.
2, UYsasurensnt of fusl consumed for cooking.

The equipment used ia the study sonsisted uf & gas Luxner,

& 3tova; uteneils for eocking, measuring, deviees, bulasoe nnd
weights,
Oast lognar

%wo Lrom gas Burnes were gonnected %0 the G.I nipe whish
Brought the eowdung gue %9 the kitohen,



b |

The durner consisted of (&):'mmmum orifiees for
the passage of gas (2} four projentions %0 serve e reets for i
utensile end 1% also allowed the spene for flames tn hoat the
utensila, Te compars the oow dung gas with kezoesns, & Jjanata
stove with the sane dameter waa selscted 0 keep tha area of thw
fiame the same in both the cases.
xenadln

Por cooking dhal, rice and vegetables, twe identioal sets of
bruse utensils were also selested.

Nasmuchos sl selghing
A pet of standard measuring cups gredunted in grame ware
melscted 0 meassre waler, A 1000 mtlitl lisre seasuwring eylisdss

wag used for measwring srosens. For weighing the food stuftls
500 grems oapasity dietetics scale was selscted, A time pleve 'mm
wsalected for recording the time fswelved in all the aotivitisa of
the study.
faods

The i%ems selected for oooldng inoluded, rise, dhal =8 wwiee
tablss and prelisinery experinents were condusted o standardles

she rnntplu for the above,
v

shane and sniaainin: tha Iile
Resh tims the Mty was lighted the gas reguister was tiomsd

% allow the Tullset mpply of ges and the utenolil was placed tm 1%,
I8 was found necessnry 0 wee at three levels af heat whils epurusing
The ges burmer and stove-high, madium, and low depmdiing dn the Brthols
of scoking ewplayed,



Apary fyom the ahove fteme he oocoking saguanne wag
standardised for atirring of the food, flame ocontrol sl for the
rjustasnte of 1ide.

2. Newureaof of 0ml seamased _Sax epoking

T™he aowdung g0 was oblained from the gas plat ersosed v
dry Avinashilingan Howe Seiense Collegs a8 per the givam deseripiions
on page 26,

The rate of flow of gan wns messured dy simple Gieplazernt
nethod descrided n Appendix VI,

By dmowing hs rate of flow of gue per second avier high,
nedium and low flame, the tolal volume of gas conwumed! during the
entire period of ecoiing was ealculsted, Kerosens wns messspred by
ming & measuring aylinder. Prem the quuntity used, the cost of

5
Twsl was caloulsted, m»n«mmmfmmu‘xu

followe, Thousead ocudic fest of g8 costs about v 3 says
)35

ratel (1964
N

A sample of cowdung Mixed with water and saother sample of
alurry were dried im the oven, Aftar the samples got dried simy
were amalysed for mitrogen souteat by using Meoro kjeldhal metiwmd,
The experimants were repeuted thriee im arder to ge' oguoordent
valuse.
Yo AMdsawenr of She gan fox 3 heusehold of slx mewhcn,

The gan waa utilised for cooking purposes Wy & fumily of six
mombars, wdaer the guidance of the investigator for 8 period of hrme
éxys.
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The tine taken for cooking i the Atsae cooked wure noted
down, This helped in finding out Af fres flow of gas e
provent and whether the gas avalladle fur use was murfieient
emough for ecokin: the food for s femdly of six nembers.
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I¥ RESUIZS ARD DISCUEIIN

The results of the study are discusasd under the
following headings.

A, Cost imsurred im censtruoting the gss pl:ms.

‘B ealumtion of the vonetruoted gae plunt.

A. Qomt Anaucred AR Conasructing the Sem Fiamd

_mwumsmumamgupmuuwm
undsr the following headinge.

s Total cost of the ges plant,

2, Cost of bullding materials weed in enasunmsion.

5. Tnges for lsbourers for construstion of tim ges plami,

4 Mupenditure imourred in maline the gev hm

5. Nubar of daye taken for construotion ¢f she plant,

6. Time taken for gas productios,
t. Zatal cosy ol the Oam Plagt

7able IX pressnts the total cost Lacwurred im conetruasing
-8 atrong duradle cowlung gas plant 4a & ity of Colmmtore,



TABLE It

TOPAL COBY INCUARED IN CUNSTRUCTING 13T COWDUNS OaAB FLANY

L))

300, »artioulars Unit “'::1"‘" uentity Toval
s h W
| Bxewration 100002 50, OO 1" iere 100 66
2 Comnsy conorete 100afy . % 109,401t 196, 7
N Arisk wall with
comant moriay 113 1X00s %35, X 440 THe OO
4o Catent plaster~
ing 120ngtt 2. 00 12978418 31e 40
- Bxsernal plasters-
Ang with cemmny 1004gfe 17, 00 291.0ug1s 90 49
1 Wacsllanious
war pasking pipe
ot f5lling with
oarth e%a. - - - e O
Te Tin eovar for the
gas drmm material
A& ladour charges - - - 1900.00
8 Tramaport chergsee
for bullding
materiala - - -

Total oost ineurred

6o 63

287, M




«°

Frem the above % 1s olesw that ihe Sotal comt Aneurred
LN eonstruoting A gas plant amounted 0 R 2417-79 and this wmsludad
the eocat of land,
2. Cont of Malldin maderials usad AR Copmtnusiion
Table YIT shows the %otal cost impurred 1o purchasing the
A Ming matariales needed for conatrusting & gas plamt,
PABIR ITX
COM P BNIIDIN NAY RIAIS 038D POR THR CAESTRUDZI N OF THR SAfl PiAND

Cont per _ Cows of

980,  Mlding matertals tnis angy ALY ety
& wP purchase puarnhosed

la P

te Gramite stooe 100a 1y 58.00 80 o1t #4400
e Coment ons sas 9.50 2% snce 199,80
b Yad 120018 29.09 $30a2e 3250
'R Briok 1000 37.00 4300 166450
3. ReCoGo00mrese Funber
Su. 1Y 200 7.7 3”0”
L TR

ZTotal coet of bullding materials used in
aomntrustion of ¢as wall and mixing terdk

781,80



<
HATHRIALS NRROXD POR FIXING U2 PIPES 20 MR 0A3 DIUM

8,50, Netmriale nts “3""’ ettty 08t ;"
purchased quatyty
L R 4 purahieed
h ¥
6. '*. GeX pipe with
oowpling meanureing
12,90 fmahes ons 5.08 2 &e 96
Te 13* G2, olbare ome 2.35 4 9y 40
8. 3% 0.1, tmioa one 3,00 6 1, 0
9% 1 3emd with _
ooupling one 1.5 2 Be OO
0w, 0.1, e ane 1,9 2 2 80
1., 3" 0.1, pipe
coupling one .95 $%. 50000
Lirnohes 0%, 42
12, Apex stapoesk one 12.3% one 12 8
13. 1" Mpple one 129 v 2a %0
4. 1”7 News mpple
hase ons 3.50 onn % %0
15 1% ledger gaw
vales ons 20.%5 one e 35
16, shite lead 1 kge 3.5 1 Mg 36 50
7. " a &" Red
colling studbe one (+ 1§, ) te 50
9. " x i. Red
esiling tsube one 047 two O 94
., ¥ Pug ome 0,99 » e TS
20, 1" Alknshene
Hoxsentpe one 1.0% 12 12, 60
N, 1" Hoee alips ome 6,60 v e X
Sales Tax e 5%
Total aost isvolved ia purchasing 346. 90

materinls used for fiximg up pipes




YARTRIALS G0 YOR MAKING CAS TRUN

Caat Cows of
8.0, Vaterials Ui LAmngARy .
par unit RUNRSATY
N o pureimsed P
22 Gole oheot 16 3’
galvanised '3 3%. 00 7 668s OO
3. Alustindium
anglee n t. 00 84 I8 84, 0
M. iverts and
washere 1 kg, 6. %0 o xg. 4, 28
B. Taaher pockets Tossket t. T8 5 sankets Bs TH
26, 154 1 xg. 20, ®© 1% hgeo B, 20
Tranepors charyes te 63
Sales Tag 4o §Y
Toval cont for Dulldimg materials $50q 00
for making 4drus
Total eoet of the Duilding Massrials 197 19

used for comstrmtion




Table XII indieates shat the total cost of the bulldfag
antericls 4o B 197679 constituting 81.8 per eent of ths oves
of the comdunyg gas plamt,

2. Zages Cax Aahewrsce for sonsvruasien of she ‘inn Plant

The two main types of labour wiilised for she eonsiru.
otion of the cowdung gas plant wure skilled and serdakilisd,
The skilled labouror inoclufed masomry work and making ef the
drum whire as sarth work ,wuehing, olesning the place, beringing
sater, earryiny Dulldfsg materiels and similar wak ecomstitused
eoniskilled work,

Tage rates of the labou-er ware dased on the type of
work oarried cut. The masom inwolved in making the drum me
pald R 5 par day sad the other nason ommuweted with dullding
construstion was i paid & 5,30 par day. The s mnjdoor gruie
(1) and the womsa majdoor grede {2) performing umiilled wowk
received % 3,25 and I 1,90 per day, respsovively., Teikle WX
plotures the total mmber of ladourers en;aged for the

oconstrustion work,
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m-mmmmmmmnmamn&
to M 439.00, This eonwvtituted 18,8 per cent of the total cvost
of construntion of the gzes plant.
4 Smanditiure iasurred AR asking. ihe san dnm

Prom Teblas IXIY and IV 4% L8 evideat & 1000 wan spent on

naking the ges drum. Thie imwvolved 41 per eent of the eons of
eomstyustion. Out of & 1000/= eighty five per oent of She monmy
e spent 0B gad 4drws materiale whare a8 fifteen per ceut we
utilived for the lebdowur,

Table ¥ ahowe the mmber of days Saken for ceonstrumiing
ssoh selestion of the gas plant sad aleo the total numbar of dnys
taken for the entire comestrustion.

TABIR ¥
N OF DAYS ZAXRN YOR CONITRICTION F 7HE A3 JLANN
S.Ne. Partisulare IJM
dg. saloen
Heoavetion ]
N Conmtruoting the fmmer well, and
partitions 4]
3o Cemntrusiing She outer well 6
e Construsting the two miximg tanie ]
3. Faking gae ¢mm 0
6. Pixing wp nipes ]
T Digeding She slurry pit )
8. Total mmber of days Saken for s
consSruation

I8 fa evident from the adove that the sosml mumbar of
days taken for the construstion wag 83,



6 Daar of dayn SAwn or ges oxnduntion

The emergence of slurry frem the pit was & aign of
oomplete oireulation of dunmg through sll the sections of the plaas,
This deing esueuntial for fasilitaving quiek gas produstion,
1250 pounds of oowlung were adfsd twine at intervalsn of 30 dayes
Also fermented slurry weighing 230 1w from ons of the eperesing
ge8 plantswas added %0 hasiss the bdacterial action. In epite of
all sheos effores 11V duym were taken for ges produstion,

!hoguwnt-nu!‘ul.upﬂi‘no, by ghting »
oandle snd holding &t ‘at a distance of 6 " from the %90 Wy
£%0 tap in the kisehen, (n opening the gee tap, 1% sook five
minutes for the gas 0 come through the lead pipe.

Bealuation of ihe sonstraated can nlaat

The gue nlans was evaluated as f£ollowns

e Compariscs of she twa fusls namely cowmling gas and

herosens,

2. Analyesing the alurry and cowdumg for nitrogen content

3o Teating for the adequaay of the gas.
Sosparial.n of e R fimis

The dasa odtained in the expariments conducted aa desorided
1n page 3 wire stutied 1a reletion W the AW sepecte of home~
nen:gemsnt, tiae sad mensy.

S Zims Aaksn fox sookingt

The time taken for cooking three food ivem: Bamely rioe,
ammwkmmummmufuum
otively 18 given An Tadls VI delow, The detalls wre given in



Appondix VII and VIII , Yor essh set of rice, dhnl and
vageiable the averags valus was galouloted sad preseated,

TADIR VX
TO0PAL TIN® TAXWN TGR COOKING TR TMRER TTRME UBXNG COPTE AN
*riplieutes Time taken in mimutes JR—— &n:ua
Cowdumg gas Keroeens

paresciage

t. 3.3 r 1 4 - e

2. 2.6 2 - .

3e 22.6 24.6 W

Average 22.2 5.9 4.7 -
]

AS ocan b seen from Tedle Y1 the tetal st takea SO onolt
the thres 1%ems using cowlumy xas as el wes 1 pewcent lean Shan
the tiss Sakvens $0 o000k the thres Ltems using kexoasns ap fNwl.

This 19 Decsuse of the presense of high ealorifis welus {950
Fritish Thewmal umite per oublc foot)e Whils spplying the

*$* test a8 sbown in Appesdix IX  thie was signifiomnt a8 { pay ous
level.

{

Iima saltan ta conk seeh Aten

™e 4ims taimn %0 cook ries, dhal and vegatable ssparasely
is discoussed below in detall,
Iixa Saken %o ook rics

Table ¥IX orecemtis the time jaken %0 eook rice using
eowlung gas and Rarosens.



TANIR ¥II

TINE AKRN POR COOXING RIUR USIRS COMINMG OAB AND XERO:GSHR

Tine takan 4n sinmutes ivernge ire
Triplicates in
-owlung ges Xerosens perhame
1 7 9 -
2 3 » -
b 0 3 e
Aversge 2,8 b i) 1%

The aversge tims saved for eoccked rios by weing oowlung
ges 48 11,9 per cent. Wnile applyimg t™he '3' tewt se abown 4n
Appendiz X £% wan mot signifioant a8 § ner cent level.

Tima taken fur ascking Dhal
Table VIIX indisates the ilme taken for ocokivg dhal using
eowlung gas and karosens.
TARLR VIIZ
TR INVOLYED IN COCKING DRAL U3ING KRNOSENE AND COMIED A,

Time taken ia minutes Averwe time
Z¥iplicates
Cowdung gas Kexosene ia paroentage
1 % » v
2 3 p " ) -
3 o b1 -~
Averege 26,7 ’%.9 19,97

As indicated in the above Table 20 per cent of time was saved
for cooking dhal by using cowdung gas as fuel. While.applying 't'
test as shown in Appendix XI this was aignificant at 1 per cent level,

&
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IIi. Iime takan %0 cogk Rotezo:e
Table IX presents the time aken 10 600k mevenly grim
af petatoes using cowdumg gas and Xeroseas.
TABIR IX
TOR TAKEE N COOKING POPATOES USIMD KRROGHES ARD COMAMN GAD

Tripltontes Time saln i minutse :::-:mmm
Oowllung gus Neroaens percentoge
1 13 16 -
2 " 18 -
3. 13 18 -n
Average 15.9 17.3% .

This again indloates that the use of oowding Haves 3.1
per cent of time for cookimg potntoes.

On statisieally amalywin;: the data given in Tadle X using
the s sent (Appemdix XXX) the aiffereace in time taken Yoo cookdng
using the twe fuels, was found 10 be dignifioxst beyond sas perceny
level.

Sost of Duela uend
Cowiung s conmntion and ot Amgucred:

The gae oonsaption for the total sooking tioe in tmme

Of cuble feet was ealoulsted om tbe besis dvscribim: below,



aa

30 osmiimetere a 1 feod
30 x 30 & 30 centemetere « 1 ouble fesd
1900 oudic fest of ges Oosts o B3

e o X ouddo Teet of gon - 3 ‘X
1000

Tadls X presents the amounts of gae consumed for cooking
the three 1itens.
TABLE X
AMYI? OF GAR COBIUN POR COOKING THS TINEZ ITRNRS

Triplicates “::' :: ges cm
cubio feel ’
) 3.27 ‘2e8
] 2.4 ‘O’
b .37 *3e?
Average 24.01 7;]”3 ’

The above tadle ahows that the total gas eonmemd for cooking
the three food f%ems on an aversge sspunted 0 24,00 ou, %,
The cost om acsloulatien was found %0 8 7o) pudine fur the above,
The :etalls of the gus comsumption ie givea im Appondix XXXX,
II. Eaxeeems Conmamtion nd  Cowit

Tadle XI gives she consumption of keroesnms fur cooking she
three ftens. The kerosens weed fer the experiment was marchased
&% the rate of 32 paiee pear Uive,



TARR X1
VOLRR F DUOSHER OONMED POR COOKING WS THRRT IRUNG

Quantity of kerosene Goat of
Triplicates ased 1 milll 1itres padse
1 20 Qe 1t
2 22,2 0.12
3 7H1.8 0.1
Average 217.6 11,53

Thus the figures in Table XI shows that 217.6 millif litrvee
of kercesns ware nesded for ceoking these three itamet

2etal ooet Assuxred Ry WSARC oowlung et edd arogsne

Table XIT indicatss the wtal cosly Linowrred Lo oooking

the 1sems usinmg cosdung gas snd ReTosens.
TARIZ IIX

CONT INCINAZD POR OOONKIEG MY USING COWDUNG GAS ARD XRUNIMNE

Uosy Ancurred

Triplicates Comtung gns Kercoens m«
T n P
1 0 8 0 N
2 9 7 o 12 35,55
3 Q 7 0
Averuage 7 3 1T 9

The figures in table XIX fndicete shil 0N AR AVer g0 an
amouns of 35,) pexr cwust wma saved shile cooking she Vhres Ltemm,



Invenimant and Batistcm Oram the sas nlsmt
™8 installation of the cowdung gas plat L8 resomsniod

only %0 homss <here dairy usite are maintained. Thie duy
obiained 4is free of eost ad this 49 weed for the preduction of
o8, If sowdung gas 19 wed us the main Nl for the howehold
the household dudget meed not make sny sllowanoe for fusls

On the other hand 4f kerosens e used & sum of ahlout % 189 would
be needed for fusl samually for & femily of six members, Thiws
amount oould De saved Lf eomiung ges 48 used Lmntead of RsYownte.
The aonstary returns from the ¢odung and slwrry is ealoulmed
ag ghown in Appeniix XIV, This ahows the 'mnmn saved murwmlly
by eelling slurry smoumted %0 M 38,40, The savinge realined
from cow dung gae anA the aluryy would enount 10 M 247,40 arwwmlly.
T™hie 1s & substantial sun though the imstallation eoet of the
gas plang had been s high ae M 2500, If the capival ¥ PKO
hatd bosn invested 4in & dank on fimed deposit scheme at Y9 Mmte
ot?mmpu:urtrcmmm.h R 173 vhioh when conpazed
to e total manst 'y returne from the same orpital inwesved
on & gue plant 18 found 0 de low,

Therefore in the long rwn, the cowdung gas plamt would be
found soonomical. Pasel (1ml'mmm-muu
fagcilities svailadle %0 honsmakers for installatsion of gue planis.
Thess fnolads fxwe teshnuieal advies, ant the finmnisial nuede~

SIMse o8 onpltal amounts wideh vould e Feturmwd o Lastulneny
t 4 Palel, J.7., GOBAR GAS ScHENMIE | khacle ard/

Vtuage Jndustries Commirmon .



vasis (& 250 amnunlly 4 & period of ten years). This wouid
be pragticadls for homemakers considsring the substamtial mewwmd
monstary renuxns from the gxas plaas.
4. 3aslasxy sseseis of Cewdunc £anl

Comdumg gas i# produced By the treatnent of cowdiung,
wate natisr, where ag kerceens has 0 b8 puvrehmsed., The dignated
condung after gus produntion 4oos mot attyeot sy fliee amfi orge-
oimss: Thus 4$ belps Lo waintaining the sasitation arouwnd the deivy umt
eowiung and home preaises.

As a Tusl cowdung ges "as found 90 Mo sauny, satisfnosowy
and eduvenient campared %0 Rerosens.
2. Hucaa Contant of ths Sluxcy and Oowhg

Table XITI shows the nitrogen oomtent of the slwrry snd
oowlung «

yARR IXX
NITROODIE CONTENY OF THR SLRRY AND COMUNG,

Comdung Comlung sfer gas produntien
Tiire valie 'f::‘.;: Titre value m
vm‘:ﬂm ::-r:mm
13.0 2.45 15.9 Seith
13.0 2.43 13.0 319
1341 2.9 15,0 3.13

1Y Se 18




The table adove show in an avorage cowlung oontainn
2,55 peroeat of mitrogen shere ap cowdung afver gas producsion
oontaine 3,18 parvemt of aitrogen. This depiess the rich
sampial valae of condumg aftsr gas produotion,

2. Xitrocen Comvemt of the Slurry and Oewdimg
Tadle I1II shows the uitrogen content of she elurxy avi
covdung.




TABIR XIX2
EITROGEN CONTEET QOF THR SLIRY AND OORNAK

Condung Cowdumg gafsar gas produntion
Nitrogen content Bisorgen

T4ere Yalue in 4% vl contont in

paresntage perosmage
V-0 2,45 135.9 Sl
19«0 2,43 15.0 - %S
5«1 LTS 15,0 Se1%
2.9 - Y18

onQn

The Table above shows thols averwgs cowdung contaloe 2459 pew-
ovat of aitragens Where as eowhung after gas produstion onmaineg
3.18 per cent of mitrogen, This depiots the rish memurial walue
of comiumg after gas produstion,

3o deqywmy sl he san Car A Hsusshalda of siX nomaherat

Yor & family of uix members used of this gan wae found %0 be
od+ywite. The %ime Saken for ecoking, and the coet of tiw fimd
are gives in apiendiges XV, XVI, XIVII, The gas flow was foumyi %0
be oontimuous and afequate. The total ARUAt Of gue used for
thres days s onlgulated sad she aversge used per day ww obSained.
On i averuge 1% was foumd thet ainety ons subic feet of gun s
nesded %0 gook the whole day mam for & family of six ssmborwe "he
008t of 91 cublo feet of gaw wewd was 27 paise whatw ss ths cows of
oooking the same menu with leroasne mscunted %0 %52 paise per dny,

So it was concluded that 250 pounds of cowdung collected from

eight cows was adequate enough to cook the whole day menu for a family

of six members.



%

Ve SABIAKY AND COMCLIBION

This study wvas undertaken is order 9 consiruot & oowdung
£08 plant ay 8ri Avinsshilingan Fewe %eience College and ¥w o

Svaluste the smne with the following specifie purpones.

te Bvelvirg a sultable plen for comtruotion of the ocowlhung gus
plant Wy oheserving emd studying the gae plasts opermted af
Coimbatore oity and the ome sug/eseted dy Khadi and Village Indtiuse
tries Sommionion,

2, Construeting seiemtifisally & cowlung gee plant axd finding
out the expemiiture insurred and time takea for sompleting the

oons trusiion.

S. valusting the conssruoted ges plamd by (a) ammparing cowtung
R98 with kerosens (D) satimating the nitregen comtent of the
cowdung and the sluryy (e) ssssssing the adequacy of the gas fur
& fanlly of aix nembers faor coeking purposss.

On the basie of the obearvations conducted at Coimbore Aty

and by sitdying the plam evolved by adl aad Yillage Indusiries
Commieaion, & suitadls plan was evalved., A oowilung gas plang
was ocastruoted a8 Sri Avinashilingem Home Seienoe Cellege grumds
for supplying ges for & family of eix ssmbers, This helped in
ssesrtaining the 008t Lnsurre) wed time talen for construntion.
The gas plam was evaluated es follows, Three food ftems rioe,
Ahal wnd vegetable ware seleated snd 0ooked with Vo oouRGn hotse-
hold fusls namely kercesns and cowdung ges. The eaoking procedure,
equipuont and recyipies ware steadardised. The Sime taken fuy



“

ccoking She food ftems and wpeaditure inowrred fer the wile
consuned were onleulated. The stequary of the gas was asoesned
Wy & family of six hy cocking the menu for tiwes daye., The
volume of gas conmmed and the time taken for ovoking wore
wted dom. The cowlung and the slurry weze anpalysed by
Naocro Kieldhal method fer misrogen eontest and the results were
oowpared.
™he Quteomes of the stully are givea delowt
te The cost of 1nstalling & conlung gas plang for a Dadly
of oix mambere a8 Coimbatore eity amoumted %0 & mum of W 2417, 79 4
The coet of bullding msterials and labour ohurxges amounted %o
e 1950,82 and & 433/~ and e former somprising 82 per ocent of
the total eost sad the latier, 18 per eent.
2 The cowparstive stuly of cowlung gas with kerceems
revealed the followingt

(a)e & suving of 18 per cent of time wae noted for ooaking
the three ¢ ftems namely rice, dhal md vegetable . A saving
of 11.3 par senty, 19 per aent and 25 per cend t%ime was noted
for ecoking rice, dhal and vegetadle imdividually.
(b) "hen compared with Kerosens, there was & saving of 35,3
per gent 3L the oont in using gas for ocoking the shres food
1teme,
b The attragen contentof the slurry amd cowtury in 9w dry
atate was found 30 Yo .95 per emt and 3,18 per cent rwapactively.



4. The flow of gas was found %0 be oomtinmuous snd adejuate.
On s average 9% cudie feet of gas was needod %0 ocook the
whols 4ay neoma for & family of six msobers. The gas obiainnd
frem 230 1ds of cowdimg per day was found $0 MRet the rONd W
ments of cooking for s family of six members,

S The use of the dumg fer gae produotion coniribused
towards the eanitary sspects of the dairy & uni$ and the
surroundings.

6. The ol monetary returne from the comiug ges plant
amounted %o N 287.40  {38.40 ‘rom the slurry el s 189,00 from
the fuel).

Considering the substantisl anmual retwne from the ges
plant and the ease with whieh gas eould W utilined for
ocoskirg, AN the lomg mm, the plaat wuld be fowrd am SCOND-
mioal and bemeficial  one inepite of high tastalletion coste.
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APPRIDIX T

HBATS W COMBGITION TABRLE«

Swbstanne Cal/gm. w/1b. Wﬂ’
Asstylens 11800 21200 1,436
Coal M twumtinous $000-70 0 1049 000+4000 -
Coke 6,900 12,600 -
Gasoline 11,500 20,750 -
Puwace ofl 10,300 19,000 o~
Yethans 13,000 3,350 995
Coal ges -— -— 6354
Rasural ges - —-— 1050
Pate animal 9530 19,000 -

LN

® Nargemau H,, %aleon, ¥V,¥,, Noatgomery 0.6.,
VRYJI08 PRINCIPIES AXND APPLICATIONS, Ne'iwew ML11 Mook

Company, Ine 1933, p 7.



APPERDXE H
PRICE AND WFPACTIVE PRICE OF VAKRXE YIRS

~ ARG e
Calarifis 2riaa S eutive
Fueld value ffisionsy par wisumd por 1b, paion
Koot lep@tts 1Be 100 k.ond
Hof: e:bw 2430 2 2,60 3.17 99
Mhureoal 3,150 a 8. 10,00 11.40
od 2.140 17.3 2.0 2.44 €a99
Cattls dumg
SN 967 11,0 t.m 244 20Y
Rmresens 4903 o .79z N0 %33
Oond gas $1d.x.00) 80 4%/
1&..“ L ] 6.’
Oolar gue 142.k.0a) 3«00
por ofy &0 1000 oty [ o~
RN ]

*Matedy Jol. GIBAR GAS PIABY, IPR VARIOUS WS AMD LLAACT W
0CIMWY. Xhedigrmotyag, Vol X, Wo. XI, 1964, p 7$9,

xu
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APPaMDIL 11
SCHEDUIE: 5P ¥R OBITRYATICN

Address

Meuber of menbers 10 the famlly - v o - c oo~
Yoar of starting the covlung g8 Pl v o w v W w v w =
Nistanne fYom gowshed %0 govdung gas Plang « =« w = =
Distanse Detwoen oowiung gas plant %0 the WOUSS = w = o «w
Yelght of the cowdung wsed per day for gag plait @« w v ww =
hether urtne s used along wvith the cov dug w » ¢ e e «

mixin

If water 10 wed e proportion of weter used for e

“‘“ - - - AR S W W W W W W AR W ap W

Problem fuced during installation anéd operution

AdvanSages and Disndvantages of gow dung gas plant.

xud



APPEEDIX V

PlAN?

The cowdung gus plent eexiste of shree parts. (t) Diseates

in which the raw material fermenis, or digests, (2) gee holier
whish aolleats stores and delivere the gus at predateruined prosmare,
" {3) one pipe whish carries the gus %0 the points of use without
undue lees of presmuve and in required mount,
Yo Digsxiarie Pigsster is bullt entirely wddear grownd wAth
mnmoml::unu. he sise should be alequsta to0
negetiate the quantity of yww materisl available duily and
exrry the disestion to proper limitss withous being over lnaded,
IS aould produse the Juantities of gune Ter whiah £% is bulls,
whel required gumtities of raw mmterials is fed in daily.

=

2. Oea Holdexi- The ges holder should be mde wp of mild
stes)l shesta. It should be protected by right type of padns %
protest A% from corrosion. If must be of sdequaie sise W provide
g8 whan needed and %0 00llaot, all gas produced in she 4digesiawr .
wishout leas. IV should be o0 deanigned thet A% delivere Um gus
at right pressure. It should alwo fumotion as & soum brenkw for
digeating the slurry where 1% alsoc form the ocover the degeaier,

It should be leak proof.

J¢ Sanlipgi~- Ordinary Oalvanised Ireoa pipe oun be used,
Dismster should be sufficient enough %0 allew flow of gae, in

o ate pamtitios 4in speoifio time without loss of presnre.



It should de provided with wmter trups at correct plaves amd

o9 laid that water 1is collected 1m0 traps provided wmxd not in the
pipes %0 blosk the passage of ;a8 oF te reduse tha pressure of gus.
4. Aps mmtarinlat- It 18 therefors Ressssary 10 hawe an aIwte
estinate of availadle ruv materials. Then estimstsing avalladiiity
af cew umg 1% 15 necessary 3o astuslly weigh the freah dung

wwight of eonwdung per cow varies widely due %o the following ruusnne
the sise of eattis, ths yuantity and quality of fewding, m
coneideradle varistion in the time of eettle are out for graing . Jiw

ies

varyy fwom region %0 region and from place to place in the e
region.

Patel JeJ.y YCOBAR OAS WA’ . Kwmal Indussries Commiestion.

AVE



APPREDIX VI

NEASURIND OF GATRIEDNG GAS

mmwd«um'umwuwhamm
ment method, Amscmhwnmuwmrmw
with & ground glass eover was inverted over a bMeshive shal?
placed 1in 8 ryough of weter and the cover was carefully removed
under the water., The burnar was detashed and gne was wan lwd
%0 the shelf by meane of a rubder tuds, Oxa ws colleoted fiwr
A known period of tine in the jar Wy dieplecensat of watey.
Afrer twrning off the gas V1w levels of water inside the Jur and
outaide were sjualised im onder te equalise the presswre of the
498 oollested %0 atnoepheric presaure and the ¥olume of the wlewy
e0ilested wan nsasured Wy pouring Lt $m a measuring cylindor.
his wue repeased twice and the average rate of flow of $:8 per
sesond was fourd out. The stmoapherio pressurs :md rooq LANpe-
rature wme moted Wy applying the gas equatien PV » AT whate
Py # and ¢ atend for pressurs, voliume and teuperanore meamped
in obeclute ocals of the gas sollscted md R 0 & constant the
volime of gas a8 Al. T P was caloulated by spyropriass warl~
pmumacmmmmnnum-ugumm,
medivm end lov flame were odtained?

x Vil



his wae repsated on two Axys and wverage =as talmn. The
readings are given bdelow,

m
Raplioutes Hate of flow of comlumy gus
. n{mormpor sostnd. o
High flame level Yedium Tow
1 181 o.0 108 o0 03, aee
2 178 .0 129 0.0 81 8.0
Aversge 180 .0 119 0.0 AR o0

Kemalaveni ‘A JPUDY OF CATZIADUSD GA8 AS A RUUGENOID POMLY
A thestis submisted %0 Iniversity of Madres, 1962, p
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APPREDIX X

4* TRIT FOR THI TOTAL TINT TAXSKEN YOR COOXING THR THRIZ IT3S
3180 00D 0AR AND ERAOINNR

w0 fuels Mean Randard Deviation 'S mlun*
Covlung gus 2.8 1.3 %
Zerosens 0.9 3.24
i.' [ ] ”o’
;, » ”0’

- '§' (:2.' - ”Og}a * (22.! - 29.‘3' * (2!.3 - ;a.')i
- § (1. ¢ (1.6 ¢ (1.0)®

. -} (1.2 « 2.56 ¢ ,6)
- ""t

= L0970 (29- 2907 o (246 = 20}

* 10t (1) (23)°
. '}( o01) * (4.48) + (3.29)

o 324

xxi



’S* valus is ealsulated Wy using the formula .

—

L I ) ?'- x,
dnie™= ’*'72.;':-2 ‘1 * ’.)
..0!2.3 ™ n2

“Here ’i‘wiamm-.uvmmmtwmnmm

zan and kerosene and ' w4 o—:'mmwtﬂum
xm-tmumwmm;, nzaummnmuu.

‘2t valwe w 2.9 - 22,2

3026 & 1,31
2

- n.‘.:!. - 30“
1.4

* St mifioant as ¥ lovel.

vwil



APPREDIX X
9t YEIT FOR THH TDME YAKEN POR COOKING RICE IN COT M0 GA3 AR

KRROSZHAR
Two types of Nusla Ynan Jtandard Deviation '8! walue®
-
Cowdury 26,6 8.3
12.03
Kerosetn ! 16.6
q » ZG..
- ®
8" value 19 onloulsted by using the formula
woe 5%
Jne® tnpoy ™ 1
:“ L7y (i‘. ﬂﬂ)
ytn -

mi' d%mthmnlmtsrthmhuhm
g4 and kervsens Iﬂt"‘;LM °",_Lm # uarea of thw siapdard
mamummm::-n' ‘2 are the number of two setd.

%' valie » 30 « W4
® 4 o108

J 16,6 ; 8.9 3.9

* %ot significant

i



APPEEDIX X!

Tt TEOT FOR TIS TUEM TAMER POR COOKING DHAL IE CG'DS) QAR
AED KZROSRER

fwo typee of fusls  Mean Standard devistion  *4% valw®

Cowdung ges 2.7 .99 3

5.2
Kerceene 33.3 2.89

*5' value te ealouiaved hy ueing the formula,
L ) i‘ni.

Jdnie* 40y oyt

\ ‘I,ozc

here ﬁm %mmmmm&ommmm

(;',;2:

a0 ol Nerosens amd a——," unca‘f'm.qmnrmm
ard bmmmumwmmun‘ B, ure he mmbvr of
WO Bete,

$ o 333« 0.7
» ‘.‘

Losezem . o %
.

* Sgnificans at ¥ pevcent level.



AprEEDIX (!
4t TRTT YOR THR T TASESE POR COOKIEG POTATOS IN COUDUNO 2al

AND TEROTINR
w0 ty>es of fuals Nesn  Itandard deviattus  '§' valus*
Cowdung goe 3.3 R
Sa7
Kerosens 17.9 9

‘S' value i» ealoulatsed By using thr formula
t - X -x

Jner 4 0 ” ( 1 . 1 )
Byvmy -2 e T

"here X, and X, are the mewn vlus for the twe fusle eowduy
gnﬂlmmrf’m o aye ajuares of the staniard
Teviation 40 the two values and n, -zmcu-morsw
sets.

Svalie » 173 » 13,5 -

.I-.nﬁ'.” '. ‘?'1" ._,Q__uS.T

& genificat ot 15 level.

Xxv
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SFPDIX X

CORSIMPTION OF OAS YOR COMKINZ THRAE IT80

e
Saasple X Sanple 1I Sampis TIX UG
Itens 8us comnrsption da8 consunpiion in £R8 consu tion gai soummption i
AR Oul.f% (798 4 T in cu.ft 1195y )
Rise (high flacs lewel) . 9 9% 9 12. 00 We 9
Dhal (high fleas level) 2. O 0. 0 19, 00 0 7
Yeogetable 2. M % 93 2. 3 2 4
o
Total amouns of ga
2B, N 2. 4 %. A M

uweed for eush suapie




APPREDIX Q¥

MONTZANY RTFUANS PAR Y2AR YOR COVDING »

The dally eolleotion of eowdung mixed g §30 Ih.

with water proporsion 131
he originel moisture in the sample = 8%
Therefore the weight of drymsster - 5%
Five hundred 1bde will contaism » 500x15 » 7% 1bs of drymttar

*

e o JNisyogem content im the dry state & 2,35 2 7% 1.9%
190
The cost aas oslsuletsd ¥y taking aitrogen of

amorium sulphsie as standard®

Per pound, 42 1% combained 1% perosat mitrogen she
eost 1 rupes.

Thersfors the 008t of ths sowdung & 1,99

This is odvuined from 290 lbe of cowdmnyg per duy.

80 per year the monesary returme
fren cowdung s 363 x 1.9
8 6371

Nomatary xaturas ner ymar for aliscey
Quaniity of slurry obtained %00 1w

mmuumun‘i -

slurry
e o Taight of dry matter in the a e
slurry
o o Yaight of dry mastar in
500 lbe of slurey s 3008 15«65 1ba

100

Bitrogen oontent im the 4ry stats ¢ 35.18 :85_
100

207



he cost was caloulated Xy Saking nitrogen of ammandul
sulphate as etandard®
Per pound Af A% gonssine 1% nizrogen the onet & § mpos.
" - the cost of the slurry M 2,07
et Fomm sty | w201 x5
- 735,93
The money saved by aslliing slurry (755,35 « 697.13)
o 758,40

% 4 Bose Mook of Agrisultwral FPasta end Pigwre®,
Uovernment of lindrus, 1961, p. 135,

* The fertiliser Asaneistion of Imais CYRSPILLSER JRARIWICH
196283, pe T5e



APURIDEX XV

GOOKYD ITANS, OF THY XiS3U, GAS CONURORION AND COSF IHOURAT! POR
THE GAS FJOR THS FIRIY DAY

ot ve i G ool Comt i
Dosat 40 16 s N ]
“otato masal 0 1 . 4
Carret Kodumbu 45 18 O, 8
Rtoe 43 1 O -
Trinjal pariyal 32 .0 0. 4
2k w 6.8 Q. R
“heat Dosnd » " % 4

Total tim # taksn

aese piion 244 97.6 9 2
amd ooat finsurved

for the firet day




APPINDIX Rvi

COORMD TN OF HR WOV AND 0A3 CONSIEPTION AND COOP INRCURD HOR
THE GAS YOR THZ IR0 MDD DAY

Coeked

Ivems of She Time taken (s conmumption (oot Limwred
18 ninutes in ou.fe R Pafso
nemu
Riee 45 [} Q. )

Rrimjal kelisshbu 4 10 0. §
B tsargownd
periyal ® 8 e @8
‘Lamiadin swrry 30 .2 O
Uppios 40 " 0. §
Suffed
chappathd 1% 42 O. b
Total time taken
£48 SORSMDSLON 209 112 0. 34

and coes inourred
for sha secon? day




APPTEDIX XV

COooID ITENS OF THE MRNU, OAS COXIUKPTION AND GOOR INCURRHED POR
ZHE QAR FOR THR TIIRD DAY

. ""'::';' Tim taken Ons sonmwption  Coet inowrred
in sinutes in ou. 19 fa Talse
moi
Riee 43 18 G. 9
Phad 40 {1 % 9
Pappades "0 4 ¢ " ]
Jutuy
{(fow botling) ) 4 0 ¢
Bajis 5 22 o ¥
32k L} é O 2
Powat » 14 O ¢
Total time taken
fon conaupiion
i oomt 1) od 210 o4 Qe
far Uwm Nitid day

X ax )



