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I. INTRUDUCTION. .
uver sinoe man learnt $0 apgrsciagte cooked foo;is.
fusl osme t0 oceupy am iaportant plece in his home.
Today ks uses fuel not only for ocooking purposes but T
also for lighting and heating.

There are nany varietiaes of housshold fuels in
use all over the world. Amoag these, soft coke, keros-
ene, charcoal, firswood, cattle-dung-oeke and gas are
the isportant fwels used in India, as reported by
National Souseil ef Agplied Zoonomic ‘tesearch (1959)%.
Some of thess, sudh as wood and cattle-dung should not
be usod as fuels deoause ¢f their sconouie value for
other purposes. For instange, nearly forty aillion
tons of wood are hurat as fuel in India every year,
causing a heavy dopletion af forest reservea, whish
are essential 0 cheock flooda and soil erosion
(dagnavan ,1353)%. Likewise, as stated by Lokanathen
(3ational Counodl of Azplied ‘conomic sesearch,1959)’,
in rural areas, aboud 300 million tons of wet cattle-
dung, vhioh is a very waluable sanure, is burnt ann-
wally for cooking gurposcs. I1f this smount L& used
as manure, it ¢an help to produce about nine aillion
tons of graians anmually.

The chief roason for using firewood and oattle-
dung as fuels is the non-awailabvility of satisfactory
sudbstitutes. Henee arises the md to find inexpensive
and satisfaotory fuels 0 replace the use of the ine
valuable cattle-~dung and firewood for oooking purjoses.

o e |
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A fev attenpts have b«n zode- iR the reoent ro.ars
$o fiad satisfuctory substitute fuels for firewood and
catile~dung specially for the rural areas. 35pecial
efforts are bein; taken in the Community Developaent
Blocks to sawe cattlo=duag for sanurial use through
introduction of eattlo=dung gas plant. The cattle~dung
g48 plant designed by the Indian Agricultural fesearsh
Institute is one such aoffert in that direction. The
prinaeiples Snvolved in the numarcus cattle~dung gas
plants which are jopularised in the rural srea is that
cattle~dung and other organic vastes are fermented to
give off gaseous hydrooarlbons which are drawn off as
fuel, leaving a nitrogenocus rssider wvith enhanced man-
urial value. It was envisaged that ocoustruotion of
such gas plants aad use of cattls-dung gas would help
6 solve the prodlen of fusl, daforestation and loss
of ocattle~dun: manure simultanecusly, aomrding o
Tamhane and Ghosh (1961)7,

Hovever many people do not know ths existence of
this gas plant and its eoonouic advantages due 1o laex
of pudlieity and information. NMoreover vhile many
claiss are being made regarding the vorkability and
advantages of the cattle~dung gus plants, mo data are
available to0 indicate their values for the homemaker.
Therefore ths need far s comparative study of the
savings that esuld aeerue froa the use of cattle-dung
gas plant for popularising these plants is very grest.

~e
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Ihis investigation has been undertaken to throw
Lizht upon the suitability of the cattle-dung gas as
& household fusl for onvoking purposes in relation 30 the
sxpenditure of tine, money ani enerjy.

This study wvan dasigned to compare cattle-~dung gas
with firewood by oooking stundardised umeals with refer-
ence t0 tims taken, fuel consumption and ocost, palat-
ability of the foods, attention nesded, cleanlinees and
gonveaionce.

It is hoped that the findings of this study will
snhance the use of the dung gas plants and save the
precious mamure for food production.



X, R3VISW OF LITIRATURE.

Sanderson (1956)% states that the ultizate source
of all forms of snergy available t0 men is the sun.
Heal is a.forwm of enorgy and it ean be quantitatively
neoaszured. 3Solar energy is sssential for plant life.
The plant tissues degome foodstuffs to animals. Flaats
and anisal exaereta are used as fuel. owland (1955}5
points out that this naterisls suoh as wood, 01l or ooal

formed from ancient plant and animal 1ife have combust-
1ble ocomponenta whiah durm in oxygen or in air, givisg

Avery (1955)% defines, "Fuel is = material whioh
wvhen burned furniahes heat snoergy at s reasonable cost®.
Different fusls caich fire at different tamperatures.
sowland (1995)5 defines *Ignition Point® as the temper-
ature at vhioh & substancs catoches fire. The lower the
fgnition point of & fuel, the sasier it is %0 start a
fire with 8.

According te sartington (1957)7, the value of a
fuel depends primarily upon iis heat-producing capacity
per unit mass or calorifie wvalue, which is axpressad as
the nusber of Aritish Thersal Umits of heat avolved by
the complets combtustion of one pound of that fuel. A
British Thermal Ualt {B.T.U) of heat is defined as
*the amount of heat taken in when one pound of wvater is
heated through 1°¥", and i» equal t0 250 calories: The



*Somb Caloriaeter® is the apparatus used im the labor-
atory for determining the ehlorifie walue of fusls,

The valus obtalesd by uzing "Bemd Caloriaeter® ia the
gross value and hence is hisher than ths net ealorifie
value obtained under comaon houselnid conditiona. This
is due to incomplets ocombustion and loss of heat through
radiation under ordinary conditions.

All fuels contain the coadustidls elemenis, much as
sarbvon and hydrogen, aloag with the non-comdustible mat-
erials, such as m.neral salts, alirozen, carbon-dioxide
and soliaturs {Avery ‘!955)‘. The calorifie valuo of a
fuel is raduced when the proportion of non~combustidle
materials is inorsased. Krishns aad iamasvesy (1332)%
state that moisture in & fuel raduces its heut-produeing
povwer, not only W redusing the yrojpertion of comdustible
saterials, wt also by abeorbing part of the heat prod-
used for its waourisation.

Jeaver and foster (1954)9 state that the liguid fuel
vhen eonvertod into a vapour of finely divided stats durns
more sffectively, boocause the fuel sffect in wolid or
liquid fuels is produced only if the substances are firet
changad into vajour by heat or giw off zas by chemical
agtion. Agocording %o Haalett (1953}’@, the gost of the
fuel is an iaporsant fastor, and the sost depends upon
the kind, economy of production, availability and Srans-
sortation. 3be further adds that fuels differ iz the
sase of handling, mainitenance of cleanliness of the work

- -
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area viwre they are used, labour involved in removing
the rosidues left after Burning, and convenienoes of
storing. Xrishna and lemaswany (?952)8 siats that the
selection of fuel does not depend upon its heat value
alns, but also upon other fastors such as freedoa from
smoke, oase and comileteness of oombustion, rapidity of
burning aad sparking.
Shassification of Sweis.
Faels fall undor three main categories, namely,

(1) solid fuelsy {ii) liquid fuels, and (iili} gesecus
fusls. ©Of these, sone are naturally occuring fuels and
some are manufactured.
{3) Solid Fuels. Solid fuels are used inm their msolid
state, for oxumjzle, wood, soft ooke, peat, lignita,
charcosl and coke. These may be natural fusls like wood
and coal or ssmufacturod fuels like coke and charcoal.

(a) 490d. wood is aa antique fuel. Kriahna and Rema~
swamy (1932}3 staste that wood is composed principally of
csllulose and ligne~-cellulose, also af guas, resins,
oils, inorganic uatter and moisture, ihe proporiions of
wvhich depend on the kind ¢f wod, the sesson in vhioch
it is out ani the sxtent %0 wiich it has been allowod
to dry. Heart wood (othervise called duramen, the hard
cent ral region of the secondary xylem) as & rule has a
hizher hsat value than umod {oalled as albdurnun, the
soft peripheral region)s for the heart wod has greater
concenirations of organio sudstances such as taanins

-



golouring matter, salts of inorganic agide, which may
oceur as iafilterations in oell walls or as deposils
wishin the oell iteself. The heat value of suoch wood
is oonalderadbly snhaniced by Shese deposits (Krishna
and Ramasvimy 1‘9mﬁa

Acgording %o irishna and smaswvaay (195333. the
agh ocontent or minszal salts of wood is found te differ
with trees of the 3ame species cut from éifferent loo-
alities, depending on the soil and olimatis conditiona.
Ine ash content in wood usually varies from ons jer
coent to four per oent, hut in gertain woods, as im the
heart wood of inogeissus latifolia (Vella Kagam), 1t
is ag high us sleven jer oent.

Ritter and ¥Filstoher quoted by Krishas und lasasvany
(3952)8, glve the cnemieal percentags oompositien of
wood when completely freed from water as garbdon 50,
hydrogen 6, oxygen 42.75 and ash 1.25. After determine
ing the calorifis values of hundred amd fifiy sjpecies
of Indian woods OR sero moisture and ash-frse basis,
Krishna and Remaweiay £t932)8 stata that the average
heat value of Iadian wod is 5016 calories per pound
and for oconifers the value is slightly higher, being
about 5120 caloriss per pound. The calorific values
of soms common varlioiies of Indian wood are given in
the Appeadix 1.

(v) Coal is defined
as the stratified mireral

in Eneyclopasdia arumm“
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formed by the action of desay, heat and pressirs ugon
accumulation of vegatables and woody or gsllulose matter
laid dowvn for ages. hen plant tissue is changed iato
odal it loses its water, earbdon monoxide and methans
contentis.

The ooal related fuels are peat, lignite, Wi tuminous
coal and aathragite. deaver and Foster (1954)9 remark
that plant and animal 2atter decayed and amatted together
fors peat which san be dried and used as fuel. Laysrs
of peat covered by s0il and rocks lose vater and gases
and change in its chemioal nature due $o the pressure of
the saterial on top, zgiving riss to ligntte or brown
coal. Increamed  rassure graduzclly changes the iigunite
to soft eoal or dMiuminous ooal. Hard coal or anthrasite
representing the latest stages ia coal formation is prod-
uoed under speoial ocondisions of high yressure. Acoord-
iag to Parzington (?957)1; bituminous ooal burns vith a
bright amoky flame. Jinthragite has & high ignition point
and burns with a brilliaat lustre, ives very little amoks.
Coke is also & variety of amorphous cardon derived from
coal.

() Charecal. btained when wood ia destructively
distilled or By insomplets durning of wood. It is Black
and burns readily, leaving little ash and emitSing no
asoke, as pointed out by Partimgten (1357)7.

(4) Jother -olid Tuels. OSaw dust, leaves, tvigs, vaste
paper, cov-dung-cakes, husk, cooonmut shells and other



orianic wastes are also used as fuels.

{i1) Liquid Pyels. ~artiagton (3951)7 states that ligquid
fusls are obtainad from vegetable oil, mnimal ¢il or et~
roleun. dJeawer and Poatsr (195439 remark that petroleum
is & natural mixture of hydrocarbtons and ebtained from

the earth and from petroleus may bde obtained many useful
fuels, suoch as, gasoline, keroasens, fuel eil and paraffin
by fractional distillation, wvhich is the prooess of separ-
ating a liquid acoording to range of boiling poiats. CGase
oline is used as wotor fuel. icshrding to Incyclopedia

Bru.anntoa"

s ligquid fuels woigh less and ocoupy less
space than equivalent acount of solid fuels. Also they
produce high heat in less furnace space, burn instantly
al cleanly and reguire little ash resoval and relatively
little attention.
(113) Qaseous fuels. OGas is composed of molecules cont-
inuously in metion. They have a tendency 0 diffuse,
vhich is the fundsmental essential for gas flow. The
speaifie gravity of all the fuel gases is lesa than air
oxeapt liquified petroleum gasas, vhieh are one and a
half so two times as heavy as air {veaver and Yoster ,1954)9.
Caseous fusls omn bde srouped undar three main types,
such as natural gas, coal tar derivatves and chemieal deri-

vations.

(a) Coal 0as. 7This is obtained as & by-product of
dastructive distillation of ocoal, vhich is & process of

heating in the abasnce of air, as stated by Hansratn (1951)‘1'
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voaver and Fostar {1954)’ remark that coal gas consists
ohiefly of hydrogen and methane with some carbdon monox-
ide and mitrogea. Hansrath (195%)'2 points out that
o0al gas is very Jolsonocus due $0 its carbon monoxide
content and alan 1% tarnishes silverware.

(®) froduser 0ag. ~sroduesr gas is got by burning
coal with limisod oxygen to fors carbon monoxide, says
Hanarath (1951)*3. iecording o Weaver aad Poster
(1954)%, produeer zms ocontains nitrogen, oarbon sonoxide
and hydrogen. 1If ig very poisaonous and ia used as in-
dustrial fuel, or o wat 0oke ovens or to run gas
ongines.

{e) Jatural Gas. Jonsiats ohisfly of methans ogour-
ing naturally and 1% is pumped cut direotly teo the house-
hold and it is mn efficient and slean fuel aooording to
Hangrath (‘1951}*3. It is availadle ia ocountries like
United States and is non-ogourrant in India.

(2) ¥aser Gas. iccording %o ilansrath (1951
£a8 18 produced by assing steas over white hot ooal or
eoke and it oonslsts of hydrogen and ocarbon monoxide.
(320 +C = Q0+ 32). Jater gas has a0 iittle odour,
that leaks in gns oconnection in a homs would not be

) ! !' vater

detected onu; and acoidents say eccur. 30 goal gas
or natural gas i& mixed with water gas to give a dateot-
able odour.
(@) Acetylens (S H,) is produced by chemioal aetion
of vater on cslcium oarbdide as stated by mnngtau(’!%'l)’y

s
-

-
.



"

CaCoe 2H O « Ca (OH), ¢ CH,

Aestylens s used in the process of cutting and welding
metals because of iis ompmaity t0 give intenss heat
(Hansrath 1951) 42,

() Jdeuifisd Petroleym Ganep. These are made from
liquified produets oonstisting of propane (c,uu) and
Butane ‘c‘ﬂ,o). A comparative study of gas ranges
usiag propane gas with electiric range oonduoted by
United States Departasat of Agrisulture (1955)” revealed
that wore heat energy is utilised by gas range using
propans thaa elecirie ran:e.

(g) gcatile—-Dung Cag., This organie fuel gas is of
regent discovery. Gotaas (1956)“ remarks that 58 is &
product of utrefactive dreskdovn ef organic materials
such as cattle-~dung amd other wastes through the aotien
of anacrobic organisme, which break down the organie
eomponsnts. It is furtner stated by Gotaas (1956)“
that the amerobic organisms use nitrogen, hosphorus
and ethar nutrients prosemt in the orzanie vastes, to
develop their oell »rotoplasm, but reduces the organie
aitroges compounds %0 ammonia and organie acids and the
unutilised carbon combined with hydrogen is liberated
in the fora of methane (m‘) 4as, vhioh is combustidle.

Heat may also de produced by other forms of energy.
Fusls ars not the only sources eof snergy for oooking
purposes. Zleotrigity, microwaves, infra red vaves and
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solar energy also roduoe heat vhich may bde uuu.;a
for eooking purposes. Atomic energy is also utilised
0 produce heat. 3t it is not used in any household
a4 present.

{(a) Blegtricity. Wwhem a currens of elestrioity
passes through a sonductor, heat is prodused. The
heat preduced is proportional o the rosistanoce offered
0 the passage of the eurrent through the conductor.

The heat thus prodused {8 transmitted by coaduction to
the media to e heated through apprepriate devioes
such as toaster, biling plate, ooffes cw): pereolat~
ors. TIhe absenee sf smoke, smell or ash are advant-
ages of slectrie devices along with the possidbility
of resdjustaent aad regulation (iaslett 1353)'0,

() Lafra ted Jaweg, vaves from about 0.03 so 0.00008
centimeters and are known as infrs red or heat (Avery
1955)‘. Tubular infra red quartz lamps as & source of
infra red radiation was tntroduced recently and in
order $0 do gookings these lamps had t0 be pleoed in
aporopriate equipmentis as shova by Beveridge ¢t al
(1936) Y5,

Beveridze et al (,”‘}15 found that meat droiling vas
a0re rapid with the infra red quarts lamp unit than with
the ocommonly used slectirie umit and there was neither
advantage nor dissdvantage for the lamp unit as o the
quality of foods oooked. .
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Hicrovaves are slectronie vaves vhich are ﬂv:o
iaches in leagth, about 1/700th the length of radio
vaves and electronic vave is not heat dut it is energy
as renton (1957)'® points out. :he further remarks
that elsctironie ovens are deviges in vhich a magnetron
tube or generator is used as the neans of changing
electronic vaves into aferowvaves. In her experiaents,
tine spent on evoking in slestronic ovena vas found
to be from half t0 ons tenth of that required by the
toonventionsl metnod’ and as much as or wore nuirieats
iike ascorbie asid, thimmine, riboflavian, niacin amd
aAino acids are retained.

(o) Solar dergy. TChe radiant snsrgy from the sun
is eolar energy. Iielkes (1958)“ points ous that in
order to utilise solar snergy, it should be @oaoceat-
rated through devioes known &8 solar ovens, by using
reflectors or mirrers, such as "spherical paradolie
reflectors®™, "oylindrical paradolic refleotora” and
2lans airrors. Um clear days, solar ovens with fiwe
to seven square feet 0f solar energy concentratiag
area, oan supply adout 750 to 1000 B.T.U heat per
hour and this heat 18 sufficient %0 heat five t0 seven
sounds of water o doiling point ia one hour. The sise
and shape of enoking utensils and their oapacities for
absorption of solar heat are additional detersmining
faotors for the smount that can be gooked. ractically
all types of foeds ean bes repared with the use of
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solur ovens as shown by Telkes (ﬂﬁu)“. She found
that vegetadbles vooked with ninimum quantity of wvater
in the solar ovens vere exesllent in taste, texture
and oolour; beked foods like braud, rolls and cakes
had good texture; roasts had highly pleasing flawvour
and tenderness. Telkes (1956)11 also found thag tho.
oooking time variod with the intensity of solar redi-
ation; o elear days, the cooking time was appyrox-
fiaately the same us with the usual gas or eslectrie
raage and oa hagy or Jartly cloudy days, the cooking
tine was longer.

£atbare of Use of Yuel in Lndis.

Very valuasle data regarding fuels have been
oollectcd through a study conducted by the Hational
Council of Applied leonomio Research (19‘)9)1. Through
surveys oonducted by random sumpling methods wvith &
nousehold as the sampling unit, the oomparative study
of the pattern of onsumption of fuels in Delhi, Cal-
cutta and fSembay csiilies shoved the following faots: -

The percentages of families which use cattle-dung
cakes as fuel are found to bs as one in Boaday, 27 ia
Delhi and 28 in Caloulta.

From the data oolleoted from the sities of Delhi,
calostta and 3ombay, it is found that there is a high
positive oot\;ylsuoa between the Linocome of a housshold
and ita total energy consumption. However a point of

interest is that the numboer of wenbers were also kigh

-
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in these houssholds.

Yor ocapita expenditure per month om fuels for cook-
ing works out to i 2/46 in Bombay oity; Re.1/52 in Cal-
cutta city and #e.1/70 in Delhi city.

In houssholds in the areas going under the nane of
cities or towns in India, firewood is the major source
of fuel for Jsoking and kerosene for lighting. Use of
firewood and charcoal for cooking purposes is decreas-
ing as the urdenisation of the area inoreases, giving
Place to more efficient and costly fuels sugh as kero-
sen® and gus. lIa the coal-bearing areas ef lorth and
Jagt India, soft ooke and in the vesteran areas, charcoal
1s the major iten of fuel for cooking. In Boabay, kero-
sene and gas ars xaining iaportance as ocooking fuels.
in Jeneral, ths rural domestis fuel consists of firewocod
and dung-cake for cooking purposes and kerossems for light-
fag purposes. The amount of cattle-~dung used seemd to
be higher vhere it is svailable aus howme-production or
free of ocost.

Consequences of burning firewood is viewed with
great goncsrn by Rational Council of :oomomic Hesearch
(1959)%. The firewood supilied from the forest area
would meet only one sixth of the total requirsments and
the reat is to come from non-forest areas. This high
rate of eutting from non-forest areas is injuriocus to
the amainienanes of a healthy normal natural oyale.

Jonsequencos of burning cattle-dung for fuel in
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detrimental to our eeconomy. icoording to 1956 ooas'aa.
as given in lﬁt&‘(ﬁﬁO)“. the livestook, oxcluding
poulsry in India oonsiated of the folloving:=-

Cattle. 1587 Lakhs.
Buffalons. 449
sheep. 92
Cants. 554 ¢

Horsee and ponies. 1% =
Others (Donksys, G
pigs, camels,
males, 2to.).

A——

Totaleeo m Lakhs.

o
Subblah (1960)'? divides the cattle iato three matn
categories on the bdasis of their utility. They are ~
‘draught type' providing mosive pover; ‘milk type®
giving milk and *deef type' providing msat.

Rattan Singh (1961)%° glatas that 'Godar' (as cow-
dung is called in Hindli, mouning the best thing prodased
by ths cattle) is the main jroducty while milk and
draught ower are ounly ths by-products of the cattle.
ine proper and legitinate use of cattle-dung is as
manure. Hovever dung is usually put into warious other
uses such as fuels wd for cleaaing floors, National
Counieil of Appliesd leonomic Research (1959)’ sstinates
that is rural howss, about 300 million tons of wet dung
is dried fnto oakes and burnt svery year. It is also
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estiasted that 300 million tons of dung will give ;um
hundred thousand sous of mitrogen and four hundred and
fifty thousand sons of phoaphorua peatoride wvhich are
equivalent to 450,000 tons of amsonium sul shate and
2,25 nillion tons of phosphate fertilisera. aAssuming
an average of axmirs yiald of ten pounia of grulas per
pound of aitrogen, nine hundred sthousand tons of anitrogen
will give aine million tons of grains smmnually, apart
from othor benefits such an geasral improvemeant of the
soil structure rosulting is higher fartility =ll round.
ihe problea of rural domestic fuel supplies should
be tackled and resclvad at loocal level becsuse in the
rural arsas the fuel esonomy is not iaflusnced by price,
while in the uroan areas, the fuel sconomy is alaost
wholly monetised and the price remains the only soonomie
faotor to be eonsid:ired. Therefore the louncil of Applied
joonomie iessargh (1959)‘ recomaends the cattle-dung gas
plant as ons of the solutions.

cattle-dung sas plants, as fllustrated in Pigure 1,
on page 18, designed by the Agrioultural 3essarch Instis-
ute, oonsists of a well (A), vhich serves as the ferment.
sation tank. The tank is covered with a metal drum (B),
vhioh acts as tha gas holder. An inlet tube gonnects the
formsntation tark with the ecattle~dung mixing tank. An
outlet connsats it 0 the slurry pit (0). A gas outlet
tube (D) is led out from the drum. -

dally fresh dung is diluted in the mixing tank with _
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tank, .

vater and introdugsed into the fermentution, where the
fermentation takes jlage. The gas formed is acoumulated
fn the gas holder foroed into the outlst pipe by the )
pressure of ths drum. X6 is tskea %o the kitchen through
pipes. The digested material scalled slurry overflows
from the top of the well and oollscts in slurry pig.
(Temabane and Onosh 1961)5,

Ramdas (1962)%' states that the design of ocattle-dung
S48 plant has bhoen modified and *two-staged digesters' are
installed. He poinis ocud, ths cattile-dung su planta with
tw=-stiaged digesters are advantazsoua because it reduces
short~cirgulting vhioh is not always eaay 0 prevent and
&as collsction ia aimjle and romoval of mrfsgont vater )
is easy. ‘

Joapich (195?)22 Zives details of three types of
cattle-dung gas plants used in Germuny. They are *Sohmidt
iggorgluss' types 'h‘»ch-/r' type and 'Kronseder' Stype.

*Sohmidg Sggerglusa’ type is shown in Figure 2, on
page 20. This gas plant is suitadle for farns of 570 to
1300 acres. Jov-dung, urios and chopped siraw are mixed
with thin digested alurry in a msall aixing tank and
sransforued iato & pulp, fit for pumping. Ths pulpy fluid
is drought into a fermsntation tank protected from air
(oxygen) and 1ight and mothane fermentation takes plaoce.
The temperature §s maintained detwsen TT*F and 83°F uy

blowing steam in. In order to elininate the straw 1&}0;‘
on ths surface of the liguid, thim slurry is taken from -
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the bottom oF the Sank by the central pamp and forced
a8 & strong flush into the strav layer, 4“ith the help
of a ssall sleetiric metor, the flush is turned round
and moved wpward and downward by & telesespe-like tube.
workiang of the fiuah twvioes a day for ubsus 10 to 15
ainutes is sufficlient L0 deostroy she straw layer. The
888 produced ia 19 tank is stored in & separate gaa
tank and the slurry ia stored in a special tank for
manurial purposes. Frosh material is added datly and
the slurry is remowed onoe in two or three veeksa.

The *'vebert® type, illustrated ia Figure 3, or page
22, eonsistes of two fermsntation tanks, one tink for
the storage of dijwated alurry and ons for gas. The
fresh material is filled into the swmall aixing tank
faside the cowvehed. Simultanecusly, & thim slurry flows
from the bottom of the fermentation tank placed at a
higher level, iato the wixing tank. This flush enters
the mixing tank, causing a eircular movement . By tlis.and
with tha suckiang offest of the conioal outlst at ths
botion, the fresh material is mixed into a pulp fit for
pmping. Other organio wastes are added into a second
nixing tank cutlside the cowveshed. The pulp enters the
oentral pump and is forced into the feraentation tank.
Four conieal wooden be.ms are fixed in the tank, vhich
by moving up and down vhile filling or removing of
digested material provent obstrusction of gas rising b:
the straw laysr. +“hen the strav layer deocomes thiok,
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it is removed ind the liquid is taken to the fields.
'Kronseder' tyye of gas plant is suitable for prove
$ding gas for evoking purposes in small farms. As showm
in Pigure § on page 24, & tud split in the longitudinal
axis floats in a osasspool. Thes liquid ferments inside
the tub. 7The gus produosd is oollected in the tud froa
vhere it is taken to the kitchen through a rubber tude
and the slurry is removed hy removing the tubd.
Zagtors (nflueneing the Produgtion of Cajile-Dung Oag,
Agharys {195?)2’ oarried out experisments to examine
soma of the fuotors whiech influence the produstion of
this conbustidle gas and manure during aamssrobic digestion
" of ®dullock dung ind other orgaiic amerials. He fourd )
that a psriod of four M-' for digeation at %0°C is neo-
28sary for obtainin: the potential gas .ear pound of dry
matter in the added dung, and adout 1.5 c.fe8 of gas per
ound of freah Mllock dung is produced. The gas ocontains
55 to 60 per ocent of methane. Dilution of Milloox dung
with vater 1a r . tio of 939 orF 131} wvas found to inorsase
the rate of zas produation. The proportion betwoeen the
quantities of old aslurry pyresent in the fersentation tank
and fresh dung add-:d daily was found to de an faportant
fagtor in oeatrolling the rapidity of drcomposition and
gas production. A proportion Of four to one detween the’
quantities of o0ld4 slurry and f-esh dung was found to be
satisfactory. But the rapidity vas found to inc-ease
wvith inoreasing proyortio-a of imcoulum of fresh dung added.

4
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The production of gas was at its best vhen the farmentation
ghaabers were fifty %o sixty tises the volume of the daily
addition of dullook dung. Addition of nutrients, for rapid .
anasrobis dijgeation, like nitrogen, phosphoric acid, did
not enhance OF inorease the gas produotion dus 0 the suff-
feteney of nutrienss already prewment in the bulloek dung
ussd. The organic materials oontaining balanced quantities
of haair~-calliuloses, osllulomes, groundsut shell and sugar-
oans oaggasee yielded on anasrobic digestion, casidorable
quantities of oomduetible gas possessing & high onlerifio
value rioh in mothane. Haterials rieh in easily feruent-
able carbohydrates sugh as jagzery, wolaases, potato,
neine grain, geave 3 gas of low calorifie vaiue and rich y
in hydrogen. The thersal veiiue of the aboveentioned
dlological fuel gas was abous 9950 3.7.U. The gas prod-
uction was affectsd by the davelopment of aoildity. As
gotaas {%956)“ points out, the desirable i for gas
produetion ranges dotween 6.8 and T.5, the opticum baing
above seven.
of ¢ 11" 11

The manure ¢an be fermented in a saaller space with- -
out production of asy obnoxious gases that are found in
the ordinary srastices of forasnting dung 1a heaps and
also the tise taken %0 ocospletes the manare-making varies -
from turse to five months in the comson methods, euch as
ocomyonting, whils in the gas plant, At takes only sbout
sever 0 ten days, remariss icharya (’1957)35‘



Joppien {1951}32 states that the superiority of
dung gas plant=digested manure in gquality has bdeen
proved through the fa0t that farus have reported ias-
crease ia the ylields by oight to ten per cent after
applying the digested slurry to potato, beets, graias,
and other orops ad aloul ten jper cent o thirty per
gent after apalying to grass land.

The digested surare is 4dbeolutal y odourless as
there is no further desomposition (o txake place on the
digestss manure ooming out. Gotaeas (1956)'¢ cluims
that idoal sanitation is ensured By the use of cattle-
dung gus jlaats dooause the manure does not contain
pathogenic orgaisms nd is not conduciwe to fly-breed-
ing. 3Self-sufficienay and simplicity of design, freedon
froa gus hagards @rs other advantages of oattle-dung gas
slunts, as stated by Majumdar (1961)24, najumdar (1961)
suggests Lo set up gas plants, one for essh village all
over sthe country, and foresees large benefits by such a
step thruvugh saving of other {usls and amure.
dses of Zuttle=pung Qus,

The gas given out 3y the plant gan de put into various
1808 such as for heatin] rooms, heating water and as &
fuel for purjyoses of cooking in the houssholds, running
stationary metors, for driving oehaff-cutters, flour grina-
ars, wvorking of refrigerators, 4riving tractors, for yrod-
uetion of elestricity, as olaissd by Jopploh (1957)22.
Harkirat Singh (1958)%2 joints out thas oattle-dung gas
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can be utilised as fuel fer oooking, for lignsiang, for
room heating, heating ap;lianges, for ironing olothes,
for shurning silk and wvorking fans. .

Chetty (1958)5 expsrimsnted on wood, charcoal,

kerosens and eleetricity vwith & viev to study the relat- -
ive fuel consmmption, cost and oooiing tise. Her findings
shoved that wood was not & first class fusl, as it was
difficuls to saintain a constant temperature with it;
ospesially 1% was disadvantageous for deep fat frying
where & ocoastant temperature of the frying mediun wvas
required. Lloanger ti2e for ignition, frequeat blowing,

& greater eaission of smoke and 30iling of the cooking
utensils due $0 800t deposition, wvers some of the pract-
doal problems with regard to firewood. Charooal wag found
to be A better fuel than wood ‘tot it did not give rise w0
suoke, nor 4id it blasken the ocoking utensils. However,
hands vere soiled while tramferring the chareoal to the
*sigri' or stove. Oharecal vas comparatiwly easier to
1l4ght and gawe stead;y, direct flume. Cooking was slow, —
hence ocooking ti.n. vas increasod. <OCharocoal pleces had

to be stirred onoe An & while begauss ¢f the ashes. The
ash formed on oombustion, coverei - the resaining cmreoc}.
thus restriocting ocomplets combustion. In order to reviwe
the fire, the charocal had to be stirred. while dotng 80,
the temperature of the produot ococoked was considarably
lovered and it took some tise before the original temper-

ature vas reaghed. Kerosene vas found to be the most -




economical fuel with regard %o the amount of fusl consuzed,
time saken and cost. I was exsy to light, gave steady
and fntense heat. Tleotriocity was found 0 gZive steaudy
heat, but the time tiken for cooking vas relatively
hizher than that with the other fusls, becauss the voils
through vhich electrioity passed took a long time to get
heated and trunsmit the hsat to the oooking utensil. The
quantity of elsotrisity usaed wus in diresst propertion %o
the tise taken for oooking. Cooking was agoomplished with
sise and sfficiency. Thers were no problems ~uch as mwoke,
odour and soiling of utensils. lHowever, the initial ocost
of instullation and the running ocost were high.

Lalitha (1%1)27. thyough a pilot study of four house-
hold fuels, nassly,; firewed, acharcoal, kerosane ind oléct-

rioity, vith roference $0 ocooking tims, consumption ,c08t
and oconvenienne, founi that time taken to sook rioce and
beans was longeat when chareoal was ussd and firewood ome
usxt. Kerosens ook loss $inme and slesotrieity took the
least time. 7The order was ravsrsad in the cass of ocost
iavoelwd. Zlectricity and kerossme vnro. found to demand
less atteniion than firewood and charocal when used as
fuels. MNore labour vas put in to clean the utensils used
over firewood than over other fusls ecaise of the soot.
Fusls wvere found $0 huve no effect on the palatability of -
fasods oooked.

In the abovohentioned studias, comparison of various
fuels wvas done by oooking standardissd meals unier Jdentieal
conditions.



$11. X2 33AIMENTAL PROCLIURS.

The sxperizents in this study were based om cook-
ing standardised meals for s day for a reference family,
using two differeut fuels, namely, firewood and autSle~
dung gas sianultansously, a1l othar conditions deing
identiocal.

The obssrvations made for asssasing the relative
serits and disadvantages of selected fuels were:

1) Tiae taken to 000k the zeals,

11) Special attention required te regulate the fire,

1i1) Time tuken for vashing and rinsing the utensils
after osoking,

Av} Quantity of fuel used,
and v) Palatability of the foods oooked.

The experiaents involved:
{a) Selection of:
1) Puels,
11) Zquipment,
iit) Foods,
and 4{v) Cleaning materials.
(») Standardisation of the proosduress

1) Lighting and maintaining the fire in gas burner

and *obula’,

14) Coeking,

141) Cleaning the utensils, .




. l"'l'.
£v) MNeasurement of fuels, T

and v) Judging the palatability of the oooked foods.
{e) Observation and reecrding of resultss

{1) Fuels. As for the ocattlo-~dung gas, the source
selected vas thes cov-dung gas plant erected in a friend's
house, as per ths given desoription on page 17.

70 ensure a staady mupply of zas at unifors pressure,
daily two buokets of oattle-~dung, diluted with two buckets
of vater, vers added to the feeding tank of the gas plant.
The dunz was ocollected from the same tnree anisals <« one
buffalo, one cow and one calf -~ to maintain uniforaity of
quality of dung datly.

Comaonly available firewood in Colsbatore, being
tamarind wood was assleeted. Two hundred amd foriy pounds
of firswood mold as pleces of abtout three feet lengih anmd
one pound weight were purchased in one lot to last for the
entire period of the exyeriment. The jleces were split
longitudinally Vo eneure umifora thicknass without alter-
iag the length of three feet, dried in tha sun for two
days sad stored in a roon.

(1%) Squipment, The equipmant used in the atud; sonsisted
of, gas burner; ‘ehula’, utensils and measuring dovioes.
Gas Surner. An iron burner as shown ia Figure 5 en
page 3%, was used with catile-dung gas. It consisted 9!
a dollov ring with orifices for the passage of gas, four



. FiGuRe 5
- Gias BURNER

—— REGULATOR

31

Por REST

N )

Howrow Ring '




32

Jrojections 1o serve as rests for the utensils snd allov
space for the flames t0 heat them, & lead pipe to oconnect
with the gas line and & circular ragulator for the gas .
supply.
‘chula’. A baked pottery ‘chula® vith a single pos
seat as shown im Figure §, on page 33{#&; purchased at
the local mariet. Ths dimseter of the pot seat of this
*chula' was identical with that of the gas burner uieceed.
80 that, the nrea of sxposure of the bottom ef the utensil
to the flames was idontical in both cases. As pointed out
by Monroe and smith (1934)3. the area of contact with the
heating surface is one of the determining faotors im util-
isation of hent. -
Utensils. For oooking,two identioal sets of utensils,
each set consisting of, as shown in Pigure 7, on page 34,
‘& cast iron ‘vanali® {(A) for preparation of ‘uppuma’ md
*1d14', a brass ‘*dekshi' (B) with aluminium 1id for boil-
ing milk, egg and cadbage, & hrass pot {C) with 114, %
000k rioe and & brass s (D) with 1id4, to ocook *sambar’
vere selected. The acajacities of thess utensils were
adequate t0 000k the omloulated quantities of the food -
preparations. The ‘vanali' was selectad to servs a
doudble purpose, 0 be used as a steamsr for preparing
*1d1is’ by fiiiing an aluminiua *3411° plate (2) and &
special domo-ziiaped 11d {¥F). Adéitional ’:un;u of the
utensils chosen are given in Apoondaix II. They vere °
identieal ia shape and volume and the mmterials of which
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FIGURE .7

ONE SET OF UTENSILS USED
FOR COOKING
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they werse aade.

Plain vhite porcelain quarter jlates and oups, stain-
lass stoel spoons and glass tumdlers vers sclscted for
serving the foods prepared to the panel of judges.

Measuring Devieeq. Measuring dsviocss were needed

for weighing the foods and firewood, measuring wolumes
of liquids and for recording time.

3014d Foodss For weighing the foodstuffs, 500 gains
cayacity dietetics scaie vas selected. For comdiments,
standard seasurin: spoons wvers used.

Liguids: A set of standard measuring cups gradu-
ated in sunces vere sslected to measure ailk and water.
A 50 e.8. measuring eylinder vas used for measuring
kerosine, used for starting the fire.

Pirewoods A wvegstable wendor®s balance wvith two
pans and a set of weights of pounds and ounces was used
to weigh firewood and remnmt pleces of charcoal.

Time: A tizce-plece was sslected for recording
the tinings involved in all the activities of this study.
A stop-cloak was used $0 regord in seconds the sorubddbing
times noted.
(111) Foods. Meals to be cooked were selected om the
basis of & day's nutritional require=ssnts eof a reference
family consisting of one adult msale and two adult females-
as deing woderate work. The mutritional requiremsents ef
this family, as rocommended by Aykroyd et al (1962);9 wad
the foods are given in Tables I and 1I.



TABLE 1.

DAILY RSQUIRMNGNIS FUR A PAMILY OF HRHE ADULT AIMBIRIs
JBE MALE DOIRG #ud .xala #ORK AED TWO F:iMAL:3 DOING .1 %
MODERATE WORK o

NHuirients. Han. voman . vomas IX. Totale.
calories. 3000 2300 2900 7200
Protein in g. 82 67 67 216
V%t_;aiu A in 4370 4000 4350 12000
Vitamin C in 50 50 50 150
BZe

Caleium in g. 0.8 0.8 0.8 2.4

Using the reguiresenis mentioned §n lfabls I, the
foodstuffs vwnienr wuld supply theese nazeds vere chosen.
The cost of the {oodatuffs was oalculted on the basis
of prices in Coiadatore retail narked in Jetober 1961,
Quantitias of proviaions which would be nseded for the
vhole expyerinsat wers caloulated ¢n the sasis of foods
ghosen. The daily reauirement of foodstuffs for the
reference fumily and tha gost &= glven in Tabdle Il
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TABLE 11
QUANTITY AND CUST OF THE FUODSTUFFS CHOSEN FUR THR
DAILY MZAL. T
ire  roodstuffs used. Jamiity any”
. diaoe flour {parboiled). 8 S
2. 3lack gram dhal flour. 2 ¢
3. Cogonut. b é
#e Rilk. 36 T2
5. 3ggs. 9 60
6. Red graa dhal. n 13
7. Potatoes. 8 18
8. Tamarind. | 5
9. Cabbege. 10 ) [
0. Rioce. 16 30
1. sheat ravai, 13 b 3
‘2- Zucumber. ] 2
‘,t Aantain. 9 9
14. Gingelly efl, $ 3

Qost por head per day.

Total oost. Ra 3/07

s 1/02

Using the foodstuffs mentioned in Tadble II,

the day’s menu wae drawn, as shown in Table IIl.



TABLE 1XI.
NGV FOR A DAY FOR THE RIFIRENCE PAMILY.

Breakfast. Lunch. Dinner.

*1411°. Rio®e dheat "uppuma’.

Coeenut ohutney. SArYot, Flantain fruis.
Guoumbder
salad.

Egge cab Milk.
poriat’.

Hilk. cotaso
* samdar’ .

Bt ter
nilk.

Ly -
-

From the menu given in Table I1l, preparations wvhieh
required cooking, namely, milk, *1dit*, egszs, ‘sambar’, -

cabbage 'yorialt, rice, *up.uma’ vere selected for the
oooking exyeriment in this study, exeluding ohutney,
salad, duttermilk and plantain fruit.

in order %0 ocaloulate the amount required for
standardisation and experimentation reocipes for *idlt’
given by Destkachar (1959)°0 and for *smsbar' and
‘uppuma’ by Sarojint (1958)3' vere selected. The
iawstigator developed the other recipes for rice and
cabbage 'porial®, Heelpes mre given in Appendix III
to ¥I. Caloulated gumiities of dry provisions vere
purchased ia one 128 im order (o keep the qual ity of
Mnufﬂ parchased %0 be kept oconstant throughout
the experiment. They were cleansd and stored ia tin’
eontainers with close-fitting lids and ladelled. -
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Potatoes, eggs, greon chillies, oabbage and milk were
ught daily.
Y gleaning Huterialgs Tamarind pulp, sifted ash amd -
‘via' vare selested for ole aning brass, iron and
alusinius utensils respectively. A duster and a bundle
of oosoconut fidre was selected for viping and sorubbding
purposes.
shegdardipat] £ ¢ |
The proocedures for the astivities of the experiment
were first standardissd as desoribed.
(1) WAsNSing sl adntalodng the ZACRs Differeat msthods
vere folloved for each fuel.
Ihe Oas Dugner. Jach time the burner vas lighted, gas = -
regulator was turnsd on to allow ths fullest supply of
288 and the bSaraer lighted with a aateh atiok. Immediately
the utensil ocondernad was placed on iS.

It vas found necessary %0 effest three levels of heat
while uaing the gas burner, namely high, msdium ad low,
deyending on the mathod of ocooking employed. This was
agshieved byiturning the gas regulator fully three-fourths
or Wl f & rotation.

ihe 'Claty, Through sreliainary exzperiasntation,three
Pleces of firewood with two ¢rossed at the botton ani one
on top with two cunces of chips of firewood spread over
then were found 6 be satisfagtory o start and naintain
& steady flame. Jen cuble centime tres ef kerosens waas
used as the ignition fuel for lighting the fire. ine

-
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minute after lighiing thw fire with a mstch stick, the
utensil was kept on the *chule’.

In opder 10 maintain a steady flame, vhenever the
*omla' vas eongested with smoke, dloving off the smoke
with a blov pipe was resorted to. roking the firewood
and changing the positien eof the firewood ploces also
vere done to fasilitate burning. +hea the durning eof
the firewood pleees was =mearing completion, nev pleces
were placed., It was alse noted in the pﬁltﬂmry
experiments that after adout three hours of steady burn-~
fag, such ash ani charooal got onllected inside tha
‘ohula®, obstruciing cirw lation of air. Therefore they
were raked ouls every tharee hours period of oooking.

All thess stepas were carefully recorded for assessing

the labour involwed,

{$11) Cookings The recipes for various itsms of menu
and the cooking segiensce weve standardised.

‘Idlit. Ooeking prooedurasn for *1dli* was alightly
medified from the conventional method in order to faeil-
itate standardisation, simplify steps in conking, minimise
expeniiiture of tine and attention nsaded while oooking.

It vas gonalidered desirable to have dry pardoiled
rioe zround into soarse fiour and black gram dhal into
fine flour and stored for ihe entire period of exjsri-
msent in order to minimise variadbles. In preliminary
experiments after trying proportions of rice flour to-
black gres dhal flour as 211, %1% amd 41%, proportion
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of rise flour and black gram dnal flour of 411 .
satisfactory and therefore, adopted %0 prepars batier
for *id41i*. The reoips for *1dli' wua standardised
a8 shown in Appendix III. Batter vas prepared for ten
*1dlis' sash tiae as the '1idli plate’ had depressions
o nake five *idlis’ at a time. 3Sicaning weas oarried
out in following mmner: The *vanali' for steaming v
*1411° with four cups of water was placed on the fire
to beil. As vater was heing boiled, & olesn white
sloth wvas molstened with water and spread over the
'$4i1 plate' sowring lhe depression inko each of
whioh one~-third eap of batter vas poured. vwhen the
vater in the *vanali® started bdoiling, the *1d1ii piate*
with the battayr was slaoced in the 'venali’ in vhich
the lavel of boiling watsr vas well below the lewel
of *1dli plates' and was olosed tight with the dome-
shaped 1lid. The batior was thus steumed and the dong-
ness vas taken as completed vhan the sixturs dad: not
adhers o the bdlado of knife faserted in Lt ocerkire.
Time taken to stean 'idlis® over the burnsr was about
ten atnuies vhile those ower the chula vas abdout
tvslve sfzutss for optinum doneness. Therefore those
tisss were allowed for all subssquent 'idliis*,
Mppuma'. This was cooked by the counonly used
method. deeipe atandardieed for ‘uppuas’ is given
ta the Appamdin IV, .
2z, The utensil for bolling exg was kept on the
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fire vith tw and a half eups of vater. Four eggs
wvere put into the biliang water and cooked for three
ainutes to get soft-doiled egge.

Bijk. Four and & Balf cups of milk were Staken in
the utensil and placed on the fire and brought to
boil. when the milk boiled and fommed up to the bria
of the utensil; it wvas removed from the fire.

Rice., 7Thw mothod adojted for oooking rioce involved
using Just adequats quatity of usm\u desoribed by
rearson et al (19‘8)32. Ihe quanSities of rics and
vater standerdised ware 49% g. of rioe and 72 cups of
vater. The vatsr was Wiled asnd washed, oleaned gnd
drained rics was added. Ihe jreliminary experiments
shoved that about 40 sinutes vere o timm time %0 oook
ries to the desired doneness.

Cehbaze "1orisl'. The 'conservative method® of o0ok-
Log vesetsbles, as elaborated by Holt (1958)°7 which
involves oooking of vegetables in a little vater in &
tightly closed uteusil for about ten %0 fifteen minutes
vas adapted for preparing cebdage 'porial'. Yor each
set of experiments, a bi3 oadbage purchased was cut iato
two equal halves, longitudinally, for use with tiw
oattl e~dung gas and firewood. After diascarding outer
damaged leaves, cabbuge vas clopped into unifora pieces
(8" x 2%). 1he out pleses wre mixed thoroughly, and the

standardised quantity taken for jreparation as yer recips
given in Appendix V. Through the preliminary axpo.ﬂnnt'
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iV was observed that aboui saven minutes wvere muim
in the zus buraer and about twelwe minutes in the cuse
of *achulat for gooking oadbage for obtaining identical
preparation. | )

JSanbar®. The recips for *suabar' powder was stand~
ardisad as shovr in Appendix ¥1I and prepared in cme log
and stored in a dry ocontainer %o last through the experi~
ment and the "sambar' prepared as shown in Appendix 7.
Ia the prelisinary sxperiments it wvas shown that the
total tima taken for Jroparstion of ssabar wvas approx—
imately 55 to 65 ninutes for gas burner and *chula’
respeaiively.

Seguencs of “ogking. The cooking of the two ssals,
one using catile~dung gas as fuel and the other using
firowood as fuel ware planaed to be mriod?ﬁmltm-
sously, ¢ taatl the ataoapheric conditions of humidity,
rooa temperature, yressure and air gurrsats would be
the same for hoth.

Following the customary patiern of breakfast,
luneh asd dimner; aad ceeping in view the frequeacy of
use &f the utmnsila, the mssquence of cooking the 4iffer-
sl Litems arrived at was: milk, 'idli’, egg, "saadart,
oabbage *porial?, rioce anl ‘uppuma’. The gooking was
started at 1%.3%0 a.m. over the *chula' and at 12.20 p.a.
over ths gas bdurner daily so that the ocompletion of
oooking the meals in BOth cuses ooincidod at about 4 H.m.

. Upon
This $iming was dcdloii%b sulit the oconvenienge of.the
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panel of judges.
Throughadut the cooking experiment, each sst of

utensils war> rotated svenly in theiy use over the
gas burner and the *cmula’, in order to equalise any
difference that nay bs latent in the utensils.
dseexding of Akkeation feodads During this experiment
the following uctivities were donete

1) 3tirring of the food sc that they are not boiled
over or charred at the bottom. The number of timea the
preparations wars atirred in both oasos was standardised.
1) Blowing in ouse of the '"ghula’,
$14) Flams control whidh meant adjusting the regulator
in case of gas burner and adjusting the firewood through
poking, rakiag 4o the gass of *chula’.

iv) Adjustments of the lids.

All thesa motivities were noted snd racorded.

ihe progcadure for washisg usensils,
amounts of cloaning agents ussd wore standardised as
follows: The four utensils, 1ids and the *1d4li plate!
used over cattle-~dung gas vere odvlleocted nsar the sink.
The usensils vere soaked aftor vhioh the food particles
which wers loosened in the utenszil wsre removad vith the
ald of the covormut fibre. The outer silde of brasa uten-
siis vere smeared with tamarind pulp moiaten:d wvith
vatey, followed by scrubbing with molastened coconud
fidre, dipped in ash, first inside and then ths outside
of the utensil. e scrubbing was continusd tiil the
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surfaocs vas shiny and thett was rinsad in wvater. im for
fvanali®, the sume procedure wus ussd except that the
applieation of tanarind pulpy wvas omitted. The jprocedure

vas sven more simple for the aluminius 1ids snd *14d1t —
plate®. No preliminury viping of food partiocles was in-
wived, Ihey vere sorubded with *via’ and rinsed in

vater.

Proceduro to wash utensils used over firewcod were
the same as in ths case of cattle-~dung gas except that
of an additional wiping off of the thiok doposit of scol
found oA the outsids and bostom of the utensils. Henoe
the utensils Saxen near She sink were first wiged with
& dry duster for one minute 10 rendove the 0ot deposit
$0 an extent possible Yefors soaking. Alse scrubbing
the wiensils with moistened ash and cogomut fidrs, oa
the outside, the jradual removal of the bdlaock soot could
be seen througzh the blusk streaks it foraed mixed with
ashe. Ihe sorudbbWing was sontinued till the stireaks stopped
appearing. The utensils were then rinsed vwith water.
Consequenily ths gumtitiea of clssning agenta ussad were
different. Thruough & preliminary \uporiuont. the amounts
of cleaning agents 0 be used weare standardised in both
series of experimsntis as given ia the Table IV.
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TAME IV.

CLAANING AQSAT3 USHD FOR WASHING THE UTENSILS, LIDS
AXD *IDLI PRLATZY.

JEHIE—

Utensils. w - c'.'st?ﬂ& -
&a8.

Alaminiue *Vin'. 1 tadle 1=1/3 tabdle
pNates and spoon, spoon.
1ids.
Brass Tamarind. % On, & Os.
utensils.
Srass vood-ash. 3 table 8 table
utensil and spoons. spoons.
‘vanali’.

Thus 8 may be seen from the Table IV, the
quaatity of cleaning aaterials wvere less for utensils
ussd over cattle-dung gas than that of firewood.

Iine takem for tho various uotivities in wvashirg
the utensils were standardised through sreliminary
experinenis as given in the Tadble V.
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AR V¥

TINE TAKEN FOR VARIOUS ACTIVITIES IN wASHING THS
UTZRSILE, LIDS AND *IDLI PLATR'.

n the case of u s
Iype of Astivity.
utensil. t . -
S88.
Brass diping off nil. )
utensils the soot.
and
‘vanalit.
«d0= Sesking in 15 "
valer.
Brass Application 2 2
utensils. of tamarind
-V
Brass Serubbing with variadble. Variabdle.
uatensils agh.
and
‘vanalit.
=30 Rineing ia 2 2
vater.
Aluminium 3erudding with Variadle. Variadle.
iids, ‘win'.
*1dld :
plates’,
-do- Rinsing in Y 8
water. -

As oan be seen from the Tadble ¥V the only variabdle
was the tims Saken for sorubdings as all other aotivit-
fee vere standardissd.

Ihroaghout the experiment, care was taken to vash
vith the sume spesd, sffort, force and tyye of move-
aents to the eoxtent poseibdble. .
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deagureseat of Fuel. '
Zatsle-Dung Jag, The rate of flow of gas vas meas-
ured by sizple displacsasnt method. A gas jar completely
filled with vater and eovered with a ground glass cover
vas inverted over a deehiwve-shelf plaged in a trough of
vater and the cower wvas earefully roemoved under the
vater. The burner was detached and gas vas led to the
shelf by means of a rulber tubs. Gas was oollected for
& known period of Sime in the jar Yy displacement of
vataer. Aifter turalng off the gas, the levels of water
inside the jar and outside vere equalised in order to
equalise the pressure of the gas solleeted to atmospherie
Jressure and the wlune of the water ocllected was meas-
ured by pouring it in a measuring oylinder. This was
repeated twice and the awverage rate of flow aof gas per
sscond vas found out. The atmosheris pressure and room
tenpsrature were noted. Ry applying the gas eguation,
P« BT, vhere Iy ¥ and T stand for pressure, wlume and
tenperature measured in adssluts soale of the gas ooll-
soted and K 1is & enstank, the wlumne of gas per second
at K.T.P wvas caloulated. By agpropriate mmipulation
of the raegulator, ths rate of flow of gas under high,
medium and lov flames were obtained. This was repeated
on two days and aversge was taken. The readings are
given in Tadble Vi.
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TABIL Vi.
RATZ OF FLUW OF GATTLY-DUNG GAS,

e

um Low e
Replicates. aovd. flame level.

lmlh.
131 c.e 10t c.c 8% .0
2 173 oo 129 o.c 81 c.o
Average. 180 o.e 115 c.e 82 c.o

8y knowing the rate of flov of gas per second under
high, sedium and lov flame and tine taken for oooking
under high, medium and lov flame:, the total valume of
gas oconsumed during the entire period of ocooking wvas
caleulased.

Elrewood. 3defore stariing the sxperiami, six plieces
of firewood S0 bes used for cooking were weighsd with a
vendor's balange. At the end of the experiment, the
reanant stumps of unhurnt firewsod wvere vithirawm, the
raing end extinguished and pieces of chareoal were
dtalodged By tapping into & %is container. The remant
fir swood piecss wors weighed. The differense detween
the original and final veight of firewvood was taken as
the wveight of firewcod used. The live oocal pleces were
collected frea the inside of the ‘ehula’ hy means of
toengs, leaving the ash, and put in ths $in container
and oovered loossly te put out the fire. i¥hen woh?.
this vas veighed. As oharcoal has also fusl value and
could be further usei as household fusl, the firswood
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squivalent of oharcoal residue wvas estimated, ulaé the

toonversion table® ziven 4n the report of ¥National
Counegll of Applied :oonomic Research (1959)‘. vherein
' vesidue

the snargy equivalent of firewod and chareoal Jor a
maund is shown as 165¢ 326, |

Preparations, namely rice, cabbage *porial' amd
*sambar' wvere chosen 0 be presented 1o the tasting
panel for apyraisal for ommparison of the effects of
oooking with the two different Tuelis on a cersal,; pulse
aud vegetable. 4 ?oheel type' of soore sard wvas used
on & three-point ssale far each yreparation in relation
to the solour, doneneen, taste and smell of the foods
ocooked, using the two fusls. A sample of the soore
oard is given in the Appendix VII.

Pour judges whi» had previous experience with wme
of soors cards, from i homsgenous group of members with
the sams type of e.lueation, trauining and of the same
age group (beitweeri’22-28) wers seleoted $o constitute
the tasting pmmel.

Ounes tablespoon of rige taken from the middle of
the ocooked portton, adout half a tabdlespoon Qf qaadbags
tporial' vere ssrved an & porcelain plate and two tadle-
spoons ¢f *sambar® and two pleces of potate into a owp
aarked I. 1Ihe other seriesof sample foods oooked over
the other fuel was served in dishes sarked II. The next
4day She order was rsversed so as not to give any clus to
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IV. 2:<5ULTS AND DISCUSSIONS

The data odtained ia the experiments conduoted as
desoribed in the previcus chapter, wvere studied in re-
lation to ths thres aspectis of home sanagenmsnt, namaly,
tiae, energy and monsy and with regard t¢ acgoeptability
of foods cooked and yensral ocleanliiness, convenience,
oare and saintsununce during handiiang of the fuels.
Apysiication of the findings in the hoae was considered.

1) iiae Hanagement,
8) sgoking {las.

The time taken for oooking the items oonstituting
the three neals, nunely, rice, milk, sgge, "sambar?,
*i4ii', *wppuma’ snd cadbbuge °‘porial’, using firewood
and sattle~dung gus as fuesls raspectively, is given in
the Tadles VII Gelow,

TABL: YII.

TOZAL TIMZ TaRsd FIR CUIKING THE THAdd MZALS, USING FIRB-
WOO0D AdD CATTLE=-DUNG GAS A3 FUSLS.

-1igs takeq in sinutes, ~ Aversge ~rarcent-

saving age of
R = S -l
(% (M (3-K EAg
L] 192 253
2 172 253
3. {3 ] 243
4 131 248
Average. 9 243.2 70 8%
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As can be seen from the Table VII, the $ime taken %0 600k
the meal, using esttle-dung gzac as fuel was T0 uiuu:hu
less than the tine taken S0 000k the same meal, using
firewood as fuel. This differencs was found to be aig-
nificant beyond one per cent level vhen statistioal analy-
sis through analysis of variance and *4' test were done,
as shown in Appendix vill.

Tabie VILI show: the average tiae taken %0 ook the
various items at stages: 1V sensoning, 2 delling of water
and 3 oomplestion of sovoking,

TARLE VIl

AVLRAGE TIMg Cakai suld CuUKING THE VARIAUS ITaMB OF THE
THHES MEALS UsSIuG FIauw00D AND CATTLE-DUNG GAS AS Prushs.

31
Utensils Iteua. Fuel. W Total

used. time.
Iron *1411°. 1)Cattle~ - 6,90 22,0 28.%0
‘fvanali'. dung gas.

2) Firewood. - 18.2% 26,0 44.35
Srass Bgss. 1)Cattie- - 4.50 3.0 T.%0
*dekshi®. ‘ dung gss.

2) Mirewood. - 6.3 3.0 9.1
Brass ‘Samnart1)Cattle~ 1.5 5.9 45.0 $1.78
pot. dung gas.

2) Firawood, 2. 35 10. 35 50-0 82.50
Brass Cabbage ﬂﬁaﬂl‘» .79 1.2 11.0 14.00

‘dekshi’. ‘'porialt dung gas.
2)¥irewod. 1.75 2.00 12,0 15.7%
Brass Rige, 1)Cattie- - 10.50 1383.0 43.%0

t. duny gas.
v 2)Tirawsod. = 21.75 45.0 66.7%

Yanali'. "Uppanatt)Catsie- 2,75 8,00 11,0 21.7%
dung gas.
2)3’1“%. 20?5 2&.1’ ‘6«0 ‘1 090

From Table YIIl, the tims taken %0 oook the various
itens of msuls individually may be noted. In the caase of



milk, for bdoiling fyur and a half gups of mailk, the
averaze tims taken with firewood was 10.75 mimutes .
and #ith aattla-dung gas, 3.5 mimmtes,

The averaze time takon t»> bail four eggs wvas
9.75 aimitos, using firevoo as fusl and 7.5 mimtes,
using sattlsedung as foslj thus 2,25 atmtas vere
savsd by the usn of aszttla-dung gas.

Ths avarage tise taksn to 300k Psumbar? was 82,8
aimitas, using Fi-swood as faesl and $51.75 »imtes,
using oattlir-dun; gas az fual, thus a saving o7 10.78
minites wis res:ited,

In the ease »f 71411s%, the avernze timo taken
to 300k ten *14lis?, using firewn d as fual v-s 44,728
mimstes and 28,5 nimtas with a2ttle~dunz gas, thus
18,75 wirutes wors seved by ths usze o7 33t lodung
2:8 fuel,

In the asse of sabbuze *porival?, the average
tizne takon t> oook the sabhage vis 15,75 simulas, wusing
firawodd 3nd 14 mimutas with sattle=Gurg gas, and thms,
on XN avarale, l.75 atnutas wor: saved,

Time takan t5 2005k rize was, >n an average, 58,78
mimutes, using firowo>: as Mel and 48,50 nimtos,
using ssttlowdung gas as fusl, Thms a2 saving of 18,78
sirmites res:itad by the use of suatilee=duny g3, a®
goaparsd with ths use of firewood.

Tho time t ksn 5 3ook ‘up:uwmmt, using Tircwond
as fusl, was Pedsrded as 41,5 sinutes and ty 2e t:ken’
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over the use of gattle«dun; gus was 21.75 nminutes. The
£88 cooking therefore seawred a saving of 19,75 ninutes
as conpared $0 firowood ocooking. -

e differance in the tims taksn 8 ook, using
the two faels, wae least ia the case of cabbags and
higheat in *uppumat, *idli* and ‘rice’, whid oonsisted
of & larze amu:it of cvreal. Thewse differensges may e
explained by tne faet thal the total cooking time is
analysed by thae stages = sensoning, bvoilings of water,
completion of ovoking, as shown in the Tadle ¥II. The
time taken for the atinge 2 seems 0 be the chiesf fugtor
determining the difference in onoking time, vhich is in=
fluendcad directly by the quantiisy of watar used for aook-
ing. The shape of the utensil whieh deoides the aurfaoe
area exposed for evaporation in the utensil is another
factor.

») Iime fer .
The tiee takea for sorubbing the utensils while

wvashing them, a8 per the yrocedures desoribed on page
is shown is Tuble IX.
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TAALR IX.
TINZ TAXS T SCWEBING THZ UTINSILS AFTR
<« JOKING -
T in Minuts Sawving
Replicases. tt - ung Pirevood. u::.
?A’ (» B - A.
1 4.8 14.4
2 4.1 12.4
3 4.5 10.2
4 4.7 10.5
Average. 4.% 1.9 T-4

Jn statistieonl an:lysis of the datz given im Table IX
using the *$' test as given in the Appendix IX, the
differenoes in tiae laken for scrubdbing the utensils
after mktsg; axing the two fuels, wias fixed S0 be
significant bayoad ane per cent level.

ihe utoaslils used aver firswood needed AR averase
tise of 11,9 aloutes of vigorsus scruboing $0 remove
the 800t, whils those ussd over catils-dung gas needed
only 4.5 minutes, on an aversge, as there was scarcely
any sool sdharing io them, s illustrated im Figure 8,
page 57. The saving of tise in the scrubblag of uten-
siis used over gae burner, uaing cattle-dung gas, was
T.4 minutes, smounting to 63 per cent.

$1) HMapexeseqt of Money.

Ths gas consunption for the total oocoking time in
terme of litres ocalculated on the basis desorided in
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UrENSILS
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TARLE XI. )
PIRBNOUD SIAUMSD BURLEG S)IKING THZ THRTT MRALS.

Amgount of Amount Pirewood Amount of fire-
Reglio-  firewood  of char- equivalent wood used after

ates. used. goal res- for char- eorrsction for
idue. ooal res- gharcoal rasidue.
1d2e.
b  uS. 0%, 08. Ld., Os.

1 4 1% 4

2 5 4 10.25

3 4 9 8

4 4 1 T
Average per .4 11.75 T.31 556 4 6.2
Average per year (365 days). 1595 -

Thus the {igures in Table X1 ahow: that 1595 Lbs. (66.9%
naunds) of firewcod per year were nesdsd for cooking the
meals for the reference family.

Daily 10 oo of kervsene were used as ignition fuel.
Thistatalled upto 3,65 litres per year.

The firewood used for the experisent waa purchased at
the rate of 83n? per asund of 24 pounds. Thersfore the cost
of firewood eonsumed amounted 0 Bn58/52 per year. 7The kero-
sens for ignition purposss was bought at 25nP per bottle,
which contained TOO ce of rerosene. Therefore the cost of
kerosene used amsunted to 12.1/30 per year.

In conmuon msieu, twice or thrice & year, the *chulas’
are changed. 3ut the dMarners are used iadefintitely. If two
chulas are dought every year, the cost of the chulas is only
R0.0/T5 perggenr. There is mo cost of maimtenance in the
case of ‘chulay; wvhile oattle-dung )
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gas plant needs painting of the motal drus $0 prevent
corrosion with water. Tahle XII shows the comparative
monsy expendliure involwed for doth fuels.

TABLY XII.

ABCURIING SXPEMDITURE IAVOLVZD IB THB USE OF CATILE=-
PURG GAS ARD FIRZWOO0D YUSLS

Itenus of sxpenditure.

Goas of 'ohula’.
Hainsenance aharzza,

cost of the fuel. - 9 -« 52
Coat of Lianition fuel. e 1 - 30
Total per year. 00 - 00 6 - 57
Saving of cov-dung zas

over firewood per year. - 50 = 57

From the figures :iven fin Tabdble XII, it is svident
that a saving of Ra50/57 per year is schieved by the
use of cattle~dung gas in the plage of firewcod as @
fuel.

Zhans_and inssallagion J08%.

The iaportant fagter $0 be taken into acoount is
the ooat of inatallation of the gas plant which would
be gonsidered hizh for any sinzgle household equipment,
when compared to the ocost of the 'ohula’, which is 3TnP.
The coat of installation is Ba 400/00, as given by The
Division of 364l 5¢lenos and Agricultural Cheaistry,
Indian Agricultural Research Inﬁlmﬁto”. vhigh compe~

-
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rises of cost of material for the phnt‘ 5 303/00
Cost af construction mateials. 57/00
Labour oharzses. ‘ 40/00

Through this saving the installation eost of #&400/00
oan be realised within sight years. If the labour is
sapplisd by the famlly, the investment aould Bo Tesow-
arsd in seven ysars.

#ith respeet to the capital oullay for the gas
pant, even if the yearly saving dy the uss of this
fuel is used towards puying off tha intersst at a rate
of 4 per cent and art of the oapital, the entire sum
may bs puid ia ten yewrs., Thus the gualtle~dung gas
helps to offect saving in money to ths homemaker.

111} MERY Asnagenent.

Differences in the mumber of special tasks performsd
during the use of fuel in cooking, such as bloving, flane
oontrol and 114 adjwstment, recorded, sre given in Tabdls
X111 below.

TAALE XIII.

SP3CIAL TASKS VYERFPORMSD DUAING QUOKING, USYNG FIHZWUOD
AND CATTLE-UUHG GAS AS FPUZLS.

Type of tasks motions.

Blowing. 0 000 0 11113111 14

Flume control. 12121212 12 M 9 2% 271.5
Lid adjustment. 172518 20 9.9 20 19 21 17 19.35

Total. . 31.9 50. 75
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As shova in Tadle IIII, 00 bloving vas mu-sn;y
vhet the gas burner wvas used, On the aOnirary, oa an
average, dlovin: vas dons 14 $imes during the 249
mninutes of cooking, uming firgwoed as fusl. wWhen
analysis of varianse and *$* test wvors done, as shown
in Appendix X, the &ifferenco in dlowing was found to
be significant beyond oue per oeal lewsl. *Flamms
gontrol’ vas done on an awverage of 27.5 tiwes in the
oase of firewrod and only 12 times in the case of
ocattle~dung gas. This difference wvas also found stat-
istiocally signifiomnt Yeyond one per sent lawvel vhen
analysis of varianoe wan done and *t' test vas applied,
as shown ia Appendix XI.

I'ne differencs betwesn the mumber of t.i.n of 114
adjustesnt in the cune of the two fusls ves net signif-
foant as 5 por cunt level as the flane had besn kapt at
" an eptinum lovel, to prewent Wwoiling over, vhen analysis
of variance and application of *4' test were done, as
given in Appauwdix Xil.

Henoe thers was saving of tasks by the use of gattle~
dung a8 as & fusly, thus leading & conservation of
onergy. 1Ihe saving on bhlowing vas sspescianlly adwantag-
sous besause bloving was found %0 be very tedious and
fatigue~produsing. In addition 0 energy saved through
this saving of tasks, the $iae suved ia ecrubbing the
wtensils reyorted ia Jege aB nay alec be used as mtinr
estinate of energy suved. Thus by the use of oattle-dURE

1
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gss, 63 per oent of energy spent in scrubbing could be
saved. Vigorous sorubbing for 11.9 ainutes wvas found
by the iavestigator o b fairly tedious wvhile serudd-
ing of utensils ueed over cattle~dung gas feor 4.5
ainutes vas easily acoomplished.

iv) 2akasehility of Foods Cooked.

The averass soores obdtained for tho ap,earance
{ coleur), donenwesez, smell, taste of rise, 'saadar'
and oabdage *porial® ars given in the Table XIY.

The data showr: in Table XIV was analysed statist-
ically as shovan in Appeadix and the differences
vetween scores for euth Quality of rioe, cabdage *poriali’
and sambar oooksd over oattle~dung sas burner and 'adula’
vere found to bde not sl nificant esven at five per cent
level. Therefore it wvas proved that ihe foodstuffs
gooked using oattle~dung gos were as jalatadle as wvhen
oooked using firewdood as fusl.

dhile oooking wvas done over firewnod, the oooking
pPlace vas sooty due to the ash eseaping out of the *chula’
while blowing. Als: while handling ths *chula® and clwan~
ing 1%, hands ware soilei with ash arnd charcoal, Horeover,
during wvashing the utensils, hands were soiled and nesded
4raat oare $0 ba elomnsd. Utensils used over firewood
even after vigorous sgrudbing for a long time had traces
of soot and lost their original ghoss, while the utensils
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used over oatile-dungz zas had retained their lhi!v'
appesransce.

After three Mours of gooking, it was aecessary
to remove the oal and ashes from the 'omula’ %0 redsee
saoking. The odmla needed wiping off the socot adher-
ing %0 1t onoe or twioes in a week if not more often.

Soot depoaited on the wvalls of the kitshen nsar the
*chula’. Bat the walls armmabove the gas bhurnor vas
clean. This implies the kitohen walls need wore fro-
quent white-vashingz or painting if firewod is used as
the fuel for gsooking, than m.mld require 1f catile dung -
gas 1is used. Also in the case of firswood thers vas -
the need for & large dry place for storage. vet fire- ) .
wood had $0 be dried in the sun before use. PSrooure-
ment of 4ry firewnod is difficuls in rainy seasons.
The oattle-duns z38 was stored in the gas plant ftself,
alvays resdy to be useds When firewood had to be bought
from the market vhenr the previous supyly was over and
the labour inwolved in 16 depended upon the distance
betweoen the housebold and the aarket. Murther blg lozs
had 10 de oud or split {0 ¢onvenient sizse. The sattle-
dung gas plant needed only a fev minutes to 4dilute the -
dung and feed the plant. Firswood, if ocarelessly handled,
caised injury to the hand whils gsattle~dung gas fuel
casased no suoh prodblem. Jonstant attention was needod
%0 keep the fire going. The smoke emitted from fireweod
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vas irritatiag o the eyes. The kitochen where rtro-:
wood used as fusl nesedsd special chimneys and this
vas not 80 in the case of the gas fuel. <Cattle-dung
gas therefore is safer, cleansr and a sore convenient
fuel than firewood and hence cooking over catile-~dung
gas vas very satisfactory vhen conpared to firewood.

Azalieation of the ~bove Fiodings,
for a Home.

Adout one-fourth of the homemakers® tise spent on
oooking eould bde suved By the use of cattle-dung geas
-fuel instead of firewood. Cooking may be completed
20re quickly and the saved tiae can be used for other
activitieas. IMais is vory advantageous for :: inexperi-
onoed homsenakers and hocemakars who have @ provide
food sarly to sehuol-going children or career woasen.

Sinos larger the mmount of foods 0cooked, greater
the saving of tise, 1% is very advantageous $0 big
households, joint families and sven for institutions.

A great deal of fusl can be saved by using cattle-~dung
gas for heating vater for bathing.

As mentioned esrlier, cattle-~dung gas can be
utilised for working an iron and fan.

The Zresatest advantage is in the reduction of
tias spent in washing utensils. 30th enargy aad tine
is saved by the use of cattle-dung 2as as the houses-
hold fuel, thus siaplifying the work.
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The use of oattle=dung gas in general helps %o )
raise the stanciand of living.
Egr the Nation.

AS mentionsd earlier in page 1 , if the three
ndred sillien tons of cattle=dung gas which at
sresent is used for the fusl purposes ocould be divert-
ed $0 manuring, adtout nins million additional tons of
grains ocould b produced. This would help towards
solving the food yroblam. Najumdar (1981)37 estimates
that this quantity of duag is equivalent to four and
s half millien tons of Ammonius Sulphate, which would
need twelve factoriss %0 produce it. Fash such fastory
requires a fiasd inveatasnt of twenidy five orores eof
Rupess, of vhich, ten crores is of foreign exchange
component. Jven though the iavestment for oattle-dung
gns plents needod 10 utilise the dung would b%e apyrox-
fimately the smme as thut of the twelwe fastories, yet
the total foreign requirement of che 120 orores could
be saved because the skiil snd materials available
within the country are enough $0 ereot the gas plants.
As the rav aateriale are readily available for the gas
_ plamk than for chemical fertilisers and transportation
oost would be reduced o the miniaum Bocause the gas
slants would de syread throughout the country, there
would boj%e« for any eslaborate saochinery for ,roduction
snd distributien of menure. All these faoctors would
sring dowa ths oost of nitrogen fertilisers by thirty
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per cent, as v'hnd by Majumdar (1961)27. This would
be & substantial help t0 the agriculturist, as acoord-
1ag to Majuadar (1961)77, ut present sixty million rural
households durn dung as fuel, sguivalent to thirty fiw
sillion tons of eoal and if the same amount of dung is
fed in the gas plants, gas fuel valued at 210 crores
of itupees oould ba odtained as a free fusl, lHence, &
pertion of eleotricity, korosens and goal used novw for
household purpeses ocvuld de replaced with oattle-dung
gas and liwrt‘ud tovards industrial use. Outting of
trees for fuel purposes enuld also be miniaised, as
disoussed earlier, %y the use of ostth-d;ug gas.
Inastallation of the oattle-~dung gas plants and .
use of cattlee-dun  gas would thus lead to detter stand-
ard of living for individuals and ultimately for the

nation,



V. SUMMALY AND CONCIUBION.

This study vas undertaken to assess the value of
cattle~dung gas as & household fuel. Two ideniioal
reference meals for a family of three ajult ammbders
were ooocked, one using firewood and the other using
cattle~dunyg gas, as fuels. The time takea $0 gook
sagh series of the meal, cost involved, special oare,
acoeptability of oolour, donsness, smell and taste of
foods prepared and generul sonditions of cleanliness
and oonvenience vere studied. Given belov are asome -
characteristies of using cattle~dung gas over firewoods- .-
(a) A saving of 23 Der cent of time fer cooking Shree -

asals for a funily of three vas noted.

(») fhere was & saving of 63 per cent of time taken
for scrubbing the utensils wvhile wvashing thea
after their use for gooking.

(@) ™he foods ocooked using oattle dung gas vers as
agueptadble as that oooked using firewcod as fuel.

(4) Cattle=dunz gas was found $0 be & clesnsr fuel
than firewoed and inourred less fatigue in the
subssguent cleaning 3f uteansils used over iS. -

The high ocost of installation say be made good over
& period of seven t0 ten years.

Froa every mmnagerial aspect, the cattlo~dung gas

-

proved to be a superior subdbstitute for firewood, i
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¢ Joe sup is squivalent to oight ~unjes.
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