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I  ISIRCDUCTIUR*

iiv«r l i u t  n s  learnt to appreciate cooked foods* 

fuel mm to oooupgr «a  Important pises in  Id * bon*. 

Today be uses fuel net only fo r cooking purposes bat 

else Ibr ligh ting and hasting.

There ere nmj varieties o f  household fuels in  

use e l l  over the world. Aooog these, so ft soke, keros­

ene, charcoal, firewood, osttle-dung-eeke end gee ere 

the important fuels used in  ladle* as reported by 

Rations! Couaoll e f Applied Soononio ?e search (1959)'. 

sene o f  thooo, oueh mm wood end osttlo-duag should not 

bs used ss fuole hsoouas o f  their eooaonio value fo r  

ether purposes. For ins tan os, ooarly forty s i l l  ion 

tons o f  wood or# burnt ee fuel in Indio every year, 

sensing a  heavy depletion o f forest reserves, witieh 

are essential to sheet floods and so il erosion 

(jiaghavaa,19$$)^« Likewise, as stated by iokanathan 

(Rational Council o f Applied .oonoalo Moooaroh,1959)*, 

in  rural areas, shoot 500 m illion tons o f wot oattls - 

dong, which is  a  very valuable assure, i s  burnt ana- 

nally  fo r  cooking purposes. I f  this mount i s  used 

ss Manure, i t  eon holy to produos shout nine a i l  lion  

tons o f grains annually.

The chief reason fb r using f i rewood and oattle - 

duag as fuels is  tho non-avallability o f satisfactory  

substitutes. Bene* arises tho flood to find inexpensive 

and satisfactory fhols to replace tho use o f the in -

firewood for oooking purposes.
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4 tow attsapts havn been sads- ill tbs recent years 

to ftad H tiifao to r/  substitute fuels tor firewood and 

«t(U «-d u n g  apeaially tor the rural areas* Spools! 

e ffo rts  are beta, > token to the Oeanuaity Developnent 

Bio oka to a n t  M tU ^ d ta g  to r  aaaarial uaa through 

introduction o f eattlo-duog gas plant* Tha cattle-dung 

ga« plant designed By tha Indian Agricultural He soar oh 

Institute la  ana such effort to that diroot ion* Tha 

principles iim lv td  to tha nunsrous cattle-dung gas 

plants which are popularised to tha rural area la  that 

cattle-dun** and otter organic vaataa arc feraentod to 

giro  o f f  gaaoouo hydro oar ho ns which aro drawn o f f  aa 

fuel* 1 sawing a nitrogenous reside^ with onhanosd aan- 

u ria l value. I t  was envisaged that oonstruotion o f 

auto gaa plants ate uaa o f  cattla-dung gas would holy 

to solva tha pro hiss o f fuel* deforsatatlon and loos 

• f  oattls-dun; aanura simultaneously, according to 

laahaae sad ahoah (1961)5.

Hows war oany psopls do not know tha sxiats nos o f  

th is gas plant ate it s  tem oais advantages dua to lass  

o f  publicity sad tofenaction. Moreover whils aaay 

cl alas arc being ateo regarding tha workability and 

advantages o f  the cattle-dung gas planist m  data aro 

avail tola to indicate their values tor the hoasnaker. 

Iterators the nate fo r *  cooperative study o f  the 

savings that ssuld aaarua Iron the uaa o f oat tie-dung 

gas plant tor popularising these plants la  vary grant*
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This Investigation Has ban  undertaken to throe 

Light upon the a a lU l l l l ly  o f Un settle-dung gas as 

a  household fuel fo r evoking purposes In relation to tbs 

expenditure o f tins* nosey and energy.

This study was designed to oospore w ttled u ag  gas 

with firewood by seeking standardised seals with re fer­

ence to time taken, fuel oonsuaption and costv palat- 

a b llity  e f  the foods, attention needed, oleanllnees end 

convenience.

I t  is  hoped that the findings e f  th is study w ill 

enhance the use o f the dung gas plants and save the 

precious aaaurs fbr feed production*

A  •
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u  rtatisrf m  s.i truths*.

Sanderson 0 9 5 * )*  « la U «  that the ultimate soores 

o f o il forma o f energy available to man to the sun.

Hoot to a . fore o f energy and It  eon ho quantitatively  

measured* Solar energy to essential for plant l i f e .

The plant tissues beooae foodstuffs to animals. Moots 

and sal sal excreta euro used as foo l, Rowland (1955)^ 

potato oat that the materials such as wood* o i l  or ooal 

formad from ancient plant and animal I l f s  have combust­

ib le  components which tarn in  oxygen or ta  M r* giving 

rise  to f ir s .

A m y (1955)* defines, "Fuel Is  a  material whloh 

when burned furnishes boat energy at a reasonable cost*. 

Different fu e ls  catch f i r e  at different temperatures, 

owl and (1955)^ dsfinss * Ignition fein t* so the temper­

ature at whloh a  substance catches f ir e , the lower the 

ignition point Of n fuel* the easier i t  is  to start a  

f ir e  with i t .

According to fartington (l95T)^t the value o f a  

fuel depends primarily upon l ie  beat-producing capacity 

per unit nass or c a lo rific  value* which 1c expressed as 

the number o f British thermal Units o f  heat evolved by 

the complete combust ion o f one pound o f that fu e l. A 

British Thermal Unit (S.T.U ) o f heat is  defined as 

•the amount o f beat taken In when one pound o f water is  

heated through !•? * , and As equal to 390 calories* the
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*3oab Calorimeter* 1* ths apparatus used is  the labor-* 

atory fa r  determining the siller 1 f ie  value o f fuels*

The value obtained by using "Be*b Calorimeter* is  the 

gross value and henoe is  higher than the net e a io r lfle  

value obtained under ooanon household oonditions. th is  

is  due to incomplete combustion and loss o f heat through 

radiation under ordinary oonditions*

A ll fuels dentals the combustible elements, sttob as 

carbon and hydrogen, along with the non-ooabuetible mat­

e ria ls* such as mineral salts* nitrogen, carbon-dioxide 

and asiature (Avery 195&)** the ca lo rific  value o f a 

fuel le  reduced when the proportion o f non-ooabustible 

aatorialo  lo  increased* Krishna and ftaaasveuy (1932)® 

elate that moisture In a fuel reduces it s  heat-producing 

power* not only by reducing the proportion o f combustible 

materials* bat also by absorbing part o f the heat prod­

uced for its  vapourisation*

tfoaver and Poster (1954)® state that tbo liqu id  fuel 

when converted into a vapour o f fin e ly  divided state burns 

mors affectively* because the fuel e ffect In so lid  or 

liqu id  fuels is  produoed only i f  the substances ere firs t  

changed into vapour by heat or give o ff  gas by chemical 

notion. Aooording to Haslett (1953)*®* the cost o f the 

fuel io  am Important factor* and the coat depends upon 

the hind* eeomiM  ̂ Of produotion, ava ilab ility  and trans­

portation. dht further adds that fuels d iffe r  in  the 

esse e f  handling* maintenance o f cleanliness o f tbs work



i r w  whirs t l»|  art used* labour involved ia  reasoning 

the residues lo ft  a lta r htrn laii and atnvtititnat o f 

storing. Krishna and ftaaaawaay (1952)8  «U ta  that tho 

••lootion o f fuel data oot depend upon it s  boat value 

alaatf but alaa upon athtr factors suoh as fraadoa froa  

sacks* « « m  and oonpleteness of ooabustion, rapidity o f  

burning and sparking*

fo o ls  f a l l  under three main oatagoriesa nanely*

( l )  solid fuels? i l l )  liqu id  fuels* and 4111} gaseous 

fuols. Of these* seas a r« naturally ocourtug fools and 

sons ere aamifoetured.

41) so lid  F a tli. S o lid  fuols are usod la  thoir solid  

state* for exaaple* W4d« soft ooka* peat* lign ite*  

oharooal and coka, fttaa s%  bo natural fuels llk o  wood 

and deal or sanafaeturod fuels llko  ooks sad ahareoal* 

(a ) Wood, wood la  an antique fuel* Krishna and R*a» 

swaay (1932)8 stats that wood ia  ooaposed principally o f  

•o llu loso and ligne-cellu lose, also o f guaa* resins* 

o ils *  inorganic uattor and aolstore* the proportions o f  

whioh depend on the kind o f wood* the season in which 

i t  ia  oat sad tits extent to whidi i t  has boon allowed 

to dry. Heart wood (otherwise called duraaen* the hard 

central region o f  the oooondary xylon) no a rule baa n 

higher heat value than aapwood (oailed  as aibumua, the 

soft peripheral region) t fo r the heart wood has greater 

concentrations o f organie substances suoh as tannins
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ooitorlng naitor, s a lu  o f lnar^anlo aoido, which 

oeour u  I s f l l lm i lo s i  la  o>U < »U t or «  topoilU  

within tha w ill itm lf. Bio ho at valuo of suoh wood 

la oonoldarably anhanaod by thooo deposits (Krishna
A

•ad Ranaswony 195t) *

According to Krishna aad naaaavaay (1932)9» tha 

aih oontont or mineral aalio  o f  wood is  found to d iffe r  

w ith  trooa o f tm  m m  species oat fro * d ifferent loo - 

t i i i i i t t  depending on the to il and A ia » U «  conditions* 

the ash oontont in  wood usually varies fro * one per 

oont to  four per cent, hot In  oartain woods, aa in  tho 

hoart wood o f  Anogoioouo la t i fo lia  (Volin  Sagas), i t  

in no high an eleven par oont.

Kit tar and Fletcher quoted by Krishna and ftanaowany 

(1932)^, g in  tho cieaical percentage composition o f  

wood when ooaplainly froad fro* wator as carbon 50* 

hydro gan 6, oxygon 42.75 and ash 1*25* After data m in­

ing tbs oa io rifio  v s la *  Of hundred ard f i f t y  epoeiee

o f Indian woods on sore noiotura and aah -fr«a l»ts ii,
a

Krishna and Raseswany (1992) otata that tho average 

boat valuo o f Indian wood lo  5016 oalorioo par pound 

and for ooaifora tha value 1* s ligh tly  higher, bo lag  

about $180 oalorioo per pound* tha ca lo rific  values 

o f «o*e aossoo varieties o f Indian wood a n  given in

tho Appendix I*

in Bnoyclepeedie iJrltaanioa1'  on tha stratified ainaral

.* *
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formed by the motion o f decoy* heat mod {V « .i « r «  upon 

accumulation o f v «g a t «U «« mod wood/ or oollulooo amt tor 

la id  down for ages. Vhen plant tissue in ohandti into 

ooal i t  loans it s  motor« oarboa monoxide and methane 

contents.

Xhe ooal rolatod fools arm post* lign ite* bituminous 

ooal and anthraoito. rfsaver and 70s tor (1354)^ remark 

that plant and animal nattor decayed and aattod together 

form post which ean bo dried and used as fuel. Mayors 

o f peat covered by an il and rooks loss water and gases 

and ohangs in it s  crtsmloal nature doe to the pressure o f  

the material on top* giving riso to lign ite  or brown 

ooal. lacraaaad pressure gradually changes the lign ite  

to soft ooal or bl luminous ooal. Hard eoal or ant hr molts 

ropresanting the lmtoot otageo la  ooal formation is  prod- 

used under spoolml oonditions e f high pressure* Aosord* 

lag ta Partington (t957)^» bituminous anal bums with a  

bright am»ky fleam. Anthracite has a  high ignition point 

and burns with a  b r illia n t lustra* gives very l i t t le  nooks. 

Coke is  also a  variety o f amorphous carbon derived from 

ooal.

( * )  Charooal. ibtalned when wood io  destructively  

d is tille d  or by incomplete burning o f  wood. I t  io blank 

end burns rowdily* leaving l i t t le  ash and emitting no
y

ameke* ms points*! out hr Partington (1957) •

(d ) Jthor -o lid  ruels. Sew duet* leaves* twigs* waste 

paper* oow-dung-enkes* husk* cooomat shells and ether

4



*

organic wastes a n  also used as tools.

( i i )  ItisJid tools. «*artla£ton (1957)^ states that liqu id  

tools are obtained fro * n fataftla  o il*  anlaal o i l  or pot* 

roloua. rtaw r ml  tostor (1954)"* remark that pstroleua 

i s  a natural nixtars o f hydro oar bans and obtained fron 

tbs earth sod fro* petroleum nay bs obtained natty useful 

tools* snob as* gasoline* kerosons* tool o i l  sad paraffin  

by fractional d is tilla tio n * which io  tho process o f separ­

ating a liqu id  acoordlng to rang# o f boiling points. Gas­

oline is  used as Motor too l, a c a r d in g  to Encyclopedia 

Britann iea"* liquid  tools weigh loos and occupy lass  

space than equivalent aoount o f  so lid  tools. 11 so they
*

produos high boat ia  le ss  furnace spaos* bora Instantly 

sad cleanly sod require l i t t le  ash roooval sad re lative ly  

l i t t le  at toot loo.

( i l l )  Gaseous fuels. Gao io  composed o f molecules cont­

inuously io  notion, they have a tendency to diffuse* 

vhieh io  the toadwssotal essential tor gas flow. The 

specific  gravity of a l l  t l*  fuel gaoeo io  less Umb a ir  

assept liqu ified  petrolou* gases* vhieh are one sad a 

h alf to two tines SO heavy as s ir  (weaver and foster^ 1954)^* 

Gaseous tool# oan be grouped uadar three aain types* 

sueh as natural gas* coal tar derivators and «healed deri­

vations.

(a )  Goal Oso. This is  obtained am s  by-product o f  

destructive d is tilla tio n  o f coal* vhioh is  a process o f 

heating in  the absence o f a ir* as stated by Hansratn (1951)'**
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Weaver asi fee le r (1954)® resark that eoal gee consists 

chiefly  o f h fd fopa  end aethane with sons ear bon eonos- 

lde and nitrogen. Eaasrath (1951)12 points eel that 

eeel gas is  very poisonous due to It s  carbon Monoxide 

content and else i t  tarnishes silverware*

(b ) Producer 0*s- j?roducer gas is  gel by burning 

seal with H alted  oxygen to fo ra  carbon aonoxide, says 

Hanerath <1951}®®* Recording to Weaver sa l Foster 

<1954)®* producer ja s  contains nitrogen* carbon sonoxids 

and hydrogen* I t  la  vary poisonous and is  used as In­

dus triad fuel* o r to heal sobs ovens or to run gss 

engines.

(o ) natural Oas. Qcnaiate chiefly o f nsthans cocur- 

lag  naturally and it  is  puspod cat d ireetly  to the house­

hold and it  is  an e ffic ien t and dean  fuel according to 

Hassrath <1951}*®. I t  i s  available in countries Hies 

Salted States and is  aon-ooourrant in  India.

(d ) Water Qas* According to Hanerath <1951)*®* water 

gas is  produced by passing stssa over whits hot coal or 

sobs sad I t  consists o f hydrogen and carbon aoaoxide.

C ljP  ♦ C -e 00 ♦ H j)* water gas has so l i t t le  odour* 

that leaks in gss connection in a  hone would not be 

detected easily  and accidents say occur. So coal gas 

or natural gas is  nixed with water gas to give a dot sot- 

able odour*

(s )  Acetries* (Spbg) 1* produced by chsniosl action 

Of water on oalciua carbide as stated by Parting ton< 1957)*.
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Ca C3 + 2HJ) ^  Cm (OH)^ ♦

AM lyltat u m 4 in kht process o f outUag and voiding 

M i a la  iMoauai o f U f  o a p «il|  to giva intent* hM l 

(Baaaralh ̂ 9 5 1 )'* .

( f )  t t f f O f l i  to**# «* •  * * » •  fro*

liqu ified  products oonststing o f propane (C^Hy) and 

baton* ( C ^ Q) «  A comparative study o f go* ranges 

using propane gas with eleotrio  range oonduoted by 

United States Repartee at o f Agriealture (1 i»55 )^ revealed 

that aore heat energy is  u tilised  by gas range using 

prepane than e leo trie  range*

U )  Cat tls-iHiag Gas. This organie fuel gas is  o f 

resent discovery. So teas (1956 )^  remarks that i t  is  a  

produet o f putrefaotlve breakdown o f  organic notorial* 

suoh as aattls-duag sod other wastes through the action 

o f anaerobie organises* which break down th* orgaais 

components. I t  is  furtnsr stated by Ootaas (1956 )^  

that the aneerebie organissa use nitrogen, phosphorus 

and other nutrients present in the organ!# wastes* to 

dsselop their s e ll protopisen, but reduces the orgaais 

nitrogsn ooa pounds to snasnia oral organis aoids and the 

unutilleed oarboa sonbinsd with hydrogen i s  liberated  

in  the fora o f methane (GH^) gas* whioh is  oonbustibls. 

flltwr of  l H a

Msat asy also bs produced by other forma o f energy, 

fu e ls  are not the only sources o f energy for oooking 

purposes. U eotrie ity * nioro waves, in fra  red waves- and
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solar ta trc j « l «  produon boat vhlali M y te u t il 1 sad 

fa r aaoklag purpoona. Atomic artargy la  also u i i l lw d  

la  produoa teat* Sal I I  la  not uaad la  any bouMhoU 

a l jr tM a lt

(a ) a lao trio itr. Vhao a w r r w l  o f a la o lr la lly  

p «M i through a  oonduotor* teat la  produaad* Tto 

teal prnduoad la  proportional to tte raaialanaa o f farad 

la  tte passags o f Ilia ourrant through tha ooaduetor*

Tte teal thua produaad la  tranaaittad by aooduotion to 

tte aadla to to teatod through approprlata darioao 

•uoh aa toaatar* bailing Plata* ooffaa &wn parooUt* 

ora* Tte ahaaaaa o f aaaka* M a ll or ate ara ad rant- 

agaa o f a lae trla  darloao along with tte possib ility

o f rsadjuataant and rsgulation 0 to i*tt,1 9 5 3 )^ »

(b ) Ia fra  dad tfason* tfarss from about 0*03 to 0*0(1000
waves

oaotiaatara aad ara known aa in fra  rod or hoat J Arary
g

1955) * Tutelar In fra rat quarts I m p s  aa a  aouroa o f 

In fra rod radiation van latroduood raoantly and in  

ardor to do rooking* t&aaa I m p s  had to to plaoad In 

approprlata oqnIpMOto aa stevi ty Atuorldgo qt al 

(1956)**.

I m r t d j i  f t  ftt (1991 )^  found thnfc o *«t  f r o l l t f f  woo 

aora rapid a lto  tte In fra rod quarts laap unit than with 

tte aoaaonly used alaotrio  unit «uid thorn waa nolthor 

adoantago nor dl aadwnntago fo r tte I m p  unit aa to tte 

quality a f  foods oookad*

r



n

Nlorowam arc «l«e (n m i* w aw i ritiab art fiv «  

lathtt la  ltagthf about 1/TQQth the Ittgth of radio

v a tu  ond alaotronio m n  is  set baa* but i t  i s  energy
#

as fusion (1957)** points out. ihe further rosaries 

that alaotronio soon* are devises is  whioh a aagnetron 

tuba or gooerator is  used as the aaans o f changing 

alaotronio waves into alorowavea. Is  bar axparisants« 

tins spent on sooting is  alaotronio ovens was found 

to bo fro* h a lf to on* tenth o f that required by the 

* oonvsntional astbod* and as such as or to rt nutrionts 

lib s  asoorbio aoid# thitoine, riboflavin* niaoin and 

asino aoido aro retained*

(o ) Solar h t rc f. The radiant energy fros ths sun

is  solar anargy. Xelkes (1958)** points oat that in
•

order to u t ilis a  solar energyv i t  should ba oeaoant- 

ratad through dorioas known os solar ovsnsv by using 

reflectors or sirrero* aadi so "spherical parabolic 

rsflootors*# "oylindrioal parabolio re fie  otore* and 

piano a lrro ra . Os eloar days, solar ovens with f it s  

to seven square fast o f solar energy eonoentrating 

area, osn supply about 750 to 1000 B.T.U heat per 

hour tod this host i s  su fficient to heat five  to seven 

pounds o f water to boiling point in  one hour. Ths siss  

sod shops o f  eooklng utensil a and their capacities for 

absorption a f  solar heat are additional detarsloing 

factors fa r  ths toount that osn bo cooked. ^Practically 

a ll types o f  foods can ba prepared with the use of*
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i » l « r  o h m  u  m om  by Itlk o i 3)m  found

that vegetables cooked »4Ut alnlaua quantity o f  water 

la  (h i solar o w n  m n  i x n U ib I  ia  taste, texture 

aad oolourj M a d  foods Ilka bread, ro lls  and eakss 

had good taxtura} roasts had highly pleasing flavour 

aad tenderness. Telfces (195#) ̂  also found that tbs 

oooking tins varied with tha intensity o f solar rad i- 

atlani an alaar days, tha cooking tins was approx* 

laataly tha sama as with tha usual gas or a laatrlo  

raag9  and on hasy or partly cloudy days* tha oooking 

tins was longer*

a i.lttft.ttl Mat-ffl t*  iq  taUft*
Vary vnluaole data regardlog foals have bean 

eollasted through a  study ooaduetad by tha National 

Council o f Applied eonoaio Ha sear oh (1959)** Through 

surveys conducted by randan sampling nsthods with n 

household aa tha sampling trait, tha oonparatlva study 

a f tha pattern o f aansunption o f fuels to Delhi, cal* 

outta and flasbay s itie s  shoved tha following facte*

The percentages o f fsnulies which use cattle-dung 

cakes aa fuel are found to bo as one in Doshay, 27 to 

Delhi aad 2B to Calcutta.

From the data eollseted fron tha a it la s  o f Delhi,

Calcutta and doabay, i t  ia  found that there la  a high
v

positive correlation between the inoona o f a  household ^
K

and it s  total energy consun?tion. However a point o f  

intaroat ia  that tha nuabor o f namhara ware also high

I
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la  tb«M  houirtoUia*

jf*ar oa^lla expenditure par aonth on fuel* fo r cook­

ing cork# out to 8s. 2/46 la  Doabay oityi Re*1/52 la  Cnl- 

outta o lt j and fC.l/Tt) la  Delhi olty*

la  household a In tho areas going under the ouw o f 

o ltiea  or toons In India, firewood la  the aajor aouroe 

o f fuel for cocking and kerosene Ibr lighting* Use o f  

firewood and charcoal tor ooeking purposes Is  doereas- 

lag as the urbanisation o f the area increases, giving 

place to acre e ffic ien t and costly fuels such as kero­

sene and gas* la  the coal-hearing areas Of north and 

£ast India, soft coke and la  the western areas, oharooal 

Is  the aajor ltea o f fuel for cooking* In Boabay, kero­

sene and gae are gaining Importance as cooking fuels* 

la  rteoeral, tho rural denes t ic  fuel consists o f firewood 

and dung-cake for cooking purposes sad kerosene for ligh t­

ing purposes* the amount o f oat tie-dung used see—d to 

ho higher where It  Is  available as horns ■ production or 

free o f cost*

Coasoquoaooa o f burning firewood is  viewed with 

great eonosrn by Rational Council o f ioMoaio Hceearch 

(1959)*♦ The firewood supplied from the forest area 

would sect only one sixth o f the total requiressnts and 

the rest is  to coos free non-forest areas* This high 

rate o f setting from non-forest areas la  injurious to 

the maintenance o f a healthy no real natural oyole* 

Coneequenoos o f burning oattls dung for fuel ins



telriam tal to our ooonony. Aoowdlng to 1956 oeneua,
«a

m  s i  von In Indio (I960) , tha liveetook, excluding

poultry in  lad in  oonoiotod o f the fo llo v in g :-

Cottle*

Buffolooe.

Sheep.

Cento*

ttoreeo and poniee*

0thorn (Dookays* 
pigo# oanela, 
mules* etc*)*

1587 Lnkho. 

44* *

59* •

554 *

15 -

is  *

Total*•• 5045 boktto*

la^ ia ik  {f!M 0 )^  divldoo tha oattlo into throo nadn 

categories on tho basis o f  tisoir u tility * Thoy aro •  

'draught typo* providing aotlve power» 'u ilk  typo* 

giving s ilk  and 'hoof typo* providing neat.

Hatton Singh (1961)®  claims that *Gobar* (an oow- 

dung in eallod in  Hindi* nouning tho boot thing produced 

by tha oattlo) is  tho aalti pro duo t* uhilo a ilk  and 

draught power aro only tho by-products o f tho oattlo*

Tho propar and legitimate u m  o f cattle-dung io  oo 

nonure* Howovor dung io  usually put into various other 

uooo auah oa fuola and fo r cleaning floo r*, national 

Council o f Applied ieenonlc neoeareh (1959)* estimates 

that in  rural tones* about 500 m illion tons o f  wot dang 

io  dried into ookoo and burnt every year* I t  io  elec



estimated that 300 m illion tan* o f dt*g w ill f i n  nin* 

hundred thousand tan* o f nitrogen and four hundred and 

f ifty  thousand tan* o f phosphorus pwtexlda which are 

equivalent to 450*000 ton* o f aiasonlaa sulphat* and 

2*25 a lllio n  tons a t  phosphate fe r t ilis e r * . Assuming 

an average o f  astro, yield o f  tm  pound* o f  grain* par 

pound o f  nitrogen* nine hundred thousand tona o f  nitrogen 

w ill give nine s i l l i e s  tan* o f grain* annually* apart 

fron ether benefits such a* general improvenent a f  th*

•o il structure resulting in  f o r t u i t y  a l l  round*

IHs problem o f rural doM stle fuel supplies should 

ha tackled and rsaolwod at looal level booausa in  th* 

rura l areas th* fu sl aoonoay is  not influenced ^  price, 

whlls in  th* uroan areas* the fu sl eoonony i *  almost 

wholly non#tIsal and the pries renaln* th* only soononi* 

factor to b* considered* therefor* the Counoil o f Applied 

ioononlo Besaurcn (1555) reeonmend* the cattle-dung gas 

plant ae on* o f th* solutions.

Cattle-dung i * *  plants, a * illustrated  in  Figure 1, 

on png* 19, designed by the iffla ttltu n L  a m ard t In stit­

ute* oonsiets a f  n well (A )* which serves a* the ferment- 

ation tans* the tan* la  cowered with a  natal drum (B ), 

which acta a* the gas holder, la  in let tub* soanects the 

fernentatlon tank with the eattla-dung nixing tank. An 

outlet oonneetn i t  to the slurry p it (5 ) • A gas outlet 

tub* (X>) 1*  led out fron the drum.

Pally fresh dung in  diluted is  th* nixing tank with _
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trdnî
water an* lntro&uea* Into the fermentationK̂ where the 

fermentation takes place* The gas forme* is  accumulated 

la  tbs gas hoiter fores* into the outlet pips by the 

pressure o f the drum* S i is  taken to the kitchen through 

pipes. The digested material se lls * slurry overflows 

fro * the top o f the well and collects in slurry pit* 

(Tamahaae and Ohssh 1961)®»

Rsmdas (1 9 t2 )^  states that the design o f oat tie-dung 

gas plant has been nodifie* and 'two-staged digesters' are 

installed. Be points out* the eat tie -dung gas plants with 

two-staged digesters are advantageous hsoauss It reduces 

short-circuiting which is  not always sasy to prevent and 

gas collection Is  staple and renewal o f sapar^oent water 

is  easy.

Joppich (1957) ̂  gives deta ils  o f three types of 

oattls-dung gas plants use* in Germany. They are *Schmidt 

’iggergluss* typot *hsher* type and 'Kronseder* type.

*ccfami*i 5g#ergluss* type la  shown in figure 2, on 

page 20. This gas plant is  suitable for fares o f 570 to 

1900 acres. Jow-dung, urine and chopped straw are nixed 

with thin digested slurry in a m all mixing tank and 

transformed into a  pulp* f i t  fo r pumping. The pulpy flu id  

la  brought into a fermentation tank protected from a ir  

(oxygen) an* ligh t and methane fermentation takes place. 

The temperature i s  maintained between 77* F and 88®P by 

blowing atasm in . In order to eliminate the straw layer 

on the surface o f the llqp id , thin slurry is  taken-from
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Um  bottom o f tho Iw k  I f  th# central pomp M l forced 

oo i  strong Hush into tho straw layer* with tho help 

o f *  s m U  elootrlo motor* tho flush is  tarmed round 

sod moved upward mod do waver <t by m teleseepe~llke tats* 

working o f the flush tvioo m day fo r stout 10 to 15 

mioutes is  su fficient to destroy the strew layer* Tho 

geo produced is  tho tank io  etored in s  separate goo 

teoh end the elurry is  stored ia  a opooiml tend for 

manorial par posse* Fresh materiel is  added daily  and 

the slu rry  is  removed ease in  too or throe weeks*

Th# * «eber* typo* illustrated  ia  Figure 5* on pegs 

22* eeasiete o f  two fermeatattea tanka* one tuak fo r  

tho otorago o f digested slurry and oos fo r gas* Tho 

fresh materiel i s  f i lle d  into the small mixing teak 

inside the oo waned* Simultaneously* a thin slurry flows 

from the bottom o f the fermentation tank placed at a 

higher level* into tho mixing tank* This flush enters 

tho mixing teak* causing a eiroular movement.* By this.and 

with the sucking o ffset o f  the ooaioal outlet at tho 

bottom* the fresh material is  mixed into a  palp f i t  fo r  

pumping* Other organ io  wastes are added into a second 

mixing tank outside tho cow-shed* Tho pulp enters the 

oentral pump end io  forced into tho fermentation teak*

Four ooaioal wooden besae are fixed ia  the tank* which 

by moving up sad down while f i l l in g  or removing o f 

digested material prevent ebotrustisn o f gas rising by 

the straw layer* When the strew leper beoomee thick*
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l i  la  resowed and the liquid ia  taken to the fie ld s .

'Kronseder' type o f g w  plant ia suitable for p ro f- 

ld iag gas for cooking purposes in aaudl fares* la shown 

in Figure 4 ®o page 24# a  tub sp lit  in the longitudinal 

axis floats in a cesspool. Tbs liquid  fements inside 

the tub* Tbs gas produced is  oollooted in the tub from 

where it  ia taken to the Kitchen through a rubber tube 

and the slurry ia renewed by renewing the tub*

f  M ttr ? I J>f .g »lU a la
Aeharya (19 57 )^  carried out expo r  leant a to oxanine 

eoae o f tbe factors whleh Influence the production o f 

this eeabuetlble gae and vanure during anaeroMo digestion  

• f  hullo ok dung usd other organic aateriala* He found 

that a  period o f fbur weeks for digestion at 50°C ia  neo- 

assary for obtaining the potential gas per pound o f dry 

natter in the added dung* and about 4*9 o .f » l  o f gaa per 

pound o f  fresh bnlloefc dung in  produced* The gen contains 

55 to 60 per cant o f nethane. Dilution o f bullook dung 

with water in  r  tio o f t i t  o r 1t1i was found to increase 

the rate o f gea production, the proportion between the 

quantities o f old elurry present in the fermentation tank 

and fresh dung add -d dally  was found to be on iaportant 

factor in controlling the rapidity o f decomposition and 

gas production. 4 proportion o f four to one between the* 

quantities o f old slurry and fresh dung was found to be 

satisfactory* but the rapidity was found to increase 

with increasing proportions o f lnooulum o f fresh -dung added.
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The production s f  gas warn at it s  boat vhon the fermentation 

ehaabers were f i fty  to sixty tines the voltiae s f  the dally  

addition s f  hi Hook dung* Addition s f  nutrients, fo r rapid 

anaeroble di$e*tionv lik e  nitrogen, phosphoric sold, did 

net eobanoe or increase the gas production due to the eu ff- 

ieieney s f  nutrients already present is  the bullock dung 

need* The orgacds eater!a le  ooataioing balanced quantities 

s f  hsai-eellu lesea, oelluloees, groundnut shell and sugar- 

sane oaggasee yields* on aaaerohis digestion, coasldorable 

quantities s f  oombuetible gas possessing s  high o a lsrlfio  

value rich is  methane* Materials rleh i s  easily feraent- 

able carbohydrates such as Jsggery* nolaases, potato, 

eaiss grain, gave a gas s f  low c o lo r lfie  value and rich  

in hydrogen. The thermal value o f the abovqbentlotted 

biological fuel gae was about 590 3.1.U* The gae prod- 

me ties  was affected by the development o f  acidity. is  

Ootaas paints out, the dee treble pH fo r gas

production ranges between 6.3 and 7*5, the opticaua being 

above seven.

Advantages .sf_e^t.tl»dhias..Ass...glmMft*.

The manure man be fermented i s  a  oaa ller space with­

out product Ion s f  any obnoxious gaaee that are found i s  

the ordinary p ractises s f  fom enting dung in  heaps and 

also the tin e  taken to os^plets the assure ■asking va r ies  - 

froa  three to five  months in  the ooaasn nethods, such as 

ooapoeting, while i s  the gam p lant, i t  takes on ly shout 

seven Is  ten deys, reaarss A chary a (W 5 7 )^ *



&

J Op pi oh 11957)22 « U U s  l l a l  tha w ^ r io r U y  # f  

daag gre p l«aU d lgt«tad  M eurt la  quality Imm imn 

prsvad through tha fsot that farre tea* reportsd in - 

eraaaa la  tha y lsld s tight to tan par rent affcar 

applying tha ilgH ta d  slurry to potato* basts* gra iat, 

and other ora pa aid about tan par oant to th irty par 

aant a ftsr applying to grata last*

fh# digaatad soanore la  sbaolutsty odourleaa re 

thara la  m  farthar dasoapoaltioa to taka plaoa on tha 

digsataa aanura ooalng out* Ootres o la las

that Ideal sanitation la  ansurad by tha uaa o f o a ttls - 

dang gas plants baorere tha aanura doss not contain 

pathaganlo o rgsd aa i a d  la  not oondudn is  fly-bread­

ing* aslf-su fflo lanoy  and slnp lio ity  o f daslgn* fresdoa 

fraa gas haaarda iira othsr ad van tags* o f rettls-dung gas 

plants, as statsd by Kajtndar (1 ^6 1 )^ . hajuadur (1941 )^  

saggaata to ret up gre plants* ore fhr areh yU iaga a l l  

orer tha country# red fhrareaa largo benefita by such a  

atop through rertog o f othsr foals and aanura* 

tttit .qf

Tha gre glvan sot by tha plant aaa ha pot into various 

urea suoh as fa r  hasting rooaa* hasting watsr red as a 

foal far purpoaaa o f  soaking In tha houeahoida* running 

stationary re  tors* fo r driving ahaff-auttara* H are  grind- 

ara* working o f refrigerators* driving trustor a, fo r prod- 

u at ion o f a lsotrlo lty* re olaired by Joppioh (1957)22 • 

Harklrst Singh (195B)®  points out that ret tie-dun^ gre
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o n  N  a U l i t K  n  fua1 fo r  cooking* fa r  U ^ U o g ( fo r  

rooa h oo lin g i Im lia g  appliances, fo r  Iron ing olothas, 

fo r  ehurning a llk  and working fans*

a iffU fi Wfldt to ftirta in  tejamla. jag*V«m.,l*at.
9 W fft t t5 £ ,
d o it /  | l!W ) ttporiaontod  on wood* oharooal* 

kerosene and o io o tr lo il/ ^ v iih  •  v io v  to study the r e la t-  

iv e  fu a l ooasnaption* ooat and cooking t ia e . Har find ings 

•howad that wood was not m f i r s t  olaas fu a lt as i t  was 

d i f f ic u lt  to aaln tain  i  constant toaporoturo with i t i  

• •p ee la lly  i t  was iioa d vn iogooa o  20r deep fa t  fry in g  

whsro s  constant tanperature o f  the fry in g  awdltaa was 

required* Longer tin s fo r  ig n it io n , frequent blowing, 

a  greater emission o f  anoke and s o ilin g  o f  the oookiqg 

u ten sils  duo to soot d eposition , wore cone o f the pract­

ic a l probleas with regard to firewood* Charcoal was found 

to bo a Cottar fu ol than wood fo r  i t  did not g iro  r is o  to 

snoko, nor did  i t  hlaohsn tha cooking u ten sils* However* 

hands wars aoilad  whlla tran s ferrin g  tha ohsrsoal to the 

•a ig r l*  nr stows* Char so a l was aoaparat 1 u »ly  eas ier to 

lig h t  and gars steady* d ire c t flan o. Cooking was alow* 

honoa ocoking tin e was increased* Charcoal piaoos had 

to ha a tirrad  ones In  i  whlla because o f  the ashaa* Tha 

aah fornad on ooabn t io a , oowared tha renalnlng oharooal,

thus re s tr ic t in g  oonpLoto eonbuation* In  order to rev ise  

the f ir e *  tha oharooal had to bo s tirred * while doing so,w

tha tanporature o f  the product oookad was oon»id*rab ly 

lowered and i t  took aoaa tla a  before the o r ig in a l tanpar- 

ature waa raaohad* Kerosana was found to bo tha nest



economical fu e l w ith to |hi wmatt i f  fu e l consumed*

i im  taken and oast* I t  m s «aqr to l l ^ t ,  gave steady 

and Intense heat. E le c tr ic ity  was fuund is  g ive  steady 

heat* but the tin e  taken fo r  cooking v u  r e la t iv e ly  

higher than that w ith the other fu els* because the s o ils  

through which e le c t r ic it y  passed took a long time to got 

heated and t  run s a lt the beat to the seeking u ten e ll. The 

quantity o f e le c t r ic it y  used was la  d ire s t proportion to 

the tisa  taken fo r  oooklng* Seeking was accomplished with 

ease and e ffic ie n c y . There were no problems ouch as smsks9 

odour and s o ilin g  o f u ten sils* However* tbs in i t ia l  oost 

o f  in s ta lla tio n  and the running oost ware high*

La lith a  (1361)*^, through a p ilo t  study o f  four house­

hold fu els* namely* forewood* charcoal* kerosene sad e le c t­

r ic ity *  w ith reference to  seeking time* consumption, ooet 

and convenience* found that time token to seek r is e  and 

beans was longest When charcoal was used and firewood ow e  

neat. Kerosene took le es  time end e le c t r ic it y  took the 

le a s t tin e . The order was reversed la  the case o f  oost 

involved* E le c tr ic ity  and kerosene were found to demand 

le e s  a tten tion  them firewood ant charcoal when used as 

fu e ls . Hors labour woa put la  h i olssn the u ten s ils  used 

over firewood than over other fu e ls  because o f  the soot* 

fu e ls  vers found to  have no o ffs e t  oa the pal a t a b ility  o f  

foods oooked.

la  the abov^beationsd studies* comparison o f various 

fu e ls  was dons by cooking standardised swede o s ie r  id en tic a l 

oondltions.
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XX! iX<*iiXH29IAL FftOC£)UH3 .

the M p a riu n ta  la  th is  study vara baaed aa cook­

ing standardised aaa is fo r  a  day fo r  a reference fam ily , 

using two d iffa rsn t fu e ls , naaely, firewood and c a t t le -  

dung gas aiaultaaaoualy# AX  other oonditiona being 

id en tica l*

XM observations aada fo r  aaaaaaiQK tbs r e la t iv e  

a e r ita  and disadvantages o f  aalaotad fu a ls  were*

i )  f ia a  taken to  aook the aaa is,

i i )  Special a tten tion  required to  regu late tha f i r s ,

i i i )  Tiaa taksn fo r  sashing and rin s in g  tha u ten s ils  

a fte r  oeoking, 

i s )  Quantity o f  fu e l used, 

and v ) Pal at a b il it y  o f  tha foods oooked* 

the experiments involved*

(a ) S election  o ft  

i )  Fuel a,

i i )  .Squipnenfc,

i i i )  Foods,

and iv )  Cleaning r&ate r ia ls .

(h ) Standardisation O f the prooadurass

i )  L igh ting and naintaim ing tha f i r s  in  gas burner 

and *obula*,

i i )  Cooking,

i i i )  Cleaning tha u tanaila .
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<$■

t s j  Measurement o f  fo o ls ,

sod v ) fudging the pa la ta ta ility  o f  tbs cooked foods* 

( « )  observation and recording o f  ro sa lts  a

ntJmlBi

\

( I )  Fools. <ts fa r  the oattle-dung gas, the source 

selected  m o ths cow-dung gas plant created Is  s  fr ien d 9*  

house, ss per the given  descrip tion  on page f t *

To ensure o steady supply o f  gae at uni fort* pressure, 

d a ily  too bucket# o f  oat tie-dung, d ilu ted  w ith two buckets 

o f  ea te r , sere added to  ths feed ing tank o f  the gas plant, 

the dung was o s llee ted  fro® the sane three an iaa ls *  one 

b u ffa lo , one one and one o a lf -  to Maintain un iform ity o f  

q u a lity  o f  dung d a lly .

Commonly a va ila b le  firewood in  Coimbatore, being 

tamarind vood;wtu se lected . Two hundred and fo r ty  pounds 

o f  firewood, sold as pieces o f  about three fe e t  length  and 

one pound weighty wore purchased in  one lo t  to la s t fo r  the 

en tire  period o f  the experiment* the p ieces were s p lit  

lon g itu d in a lly  to  ensure uniform thickness without a lte r ­

ing the length  o f  thro# fe e t , d ried  is  the sun fo r  two 

days end stored In  a room*
*

( I I )  Soulament. the equipment used in  the study consisted 

O f, gas burner, 9 Chula* , u ten s ils  and measuring devices.

das Burner. An iron  burner as shown in  Figure 3 wo 

pegs 3 1, was used w ith cattle-dung gas. I t  consisted o f  

a  hollow ring w ith o r if ic e s  fo r  the passage o f  gas, four
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prom otions to so rts  as roots fo r  the u ten sils  and a llow  

space fo r  tbs flo a ts  to  host then, o  load pips to  oonnoot 

w ith tho gas lin o  sad a  c ircu la r regu lator fo r  tho gss 

supply*

♦Chula*, k  baked pottery * ohuls* with s  s in g le  pot 

soat as shown is  Figure 6, os page 33, was purchased at 

the lo c a l aarfcet* the d isaster o f tho pot seat o f  th is  

* Chula* was id e n tic a l with that o f  tho gas burner se lected , 

so th a t, the arcs o f exposure o f the bottoa o f  tho u ten sil 

to  tho floaos was id en tica l In both oases* As pointed out 

by Monroe and 3*1 th (1934)28, the area O f contact w ith the 

heating surface is  one o f  tho determining fo o te rs  is  u t i l*  

Is a tlo s  o f  heat*

U tonsils* For socking,two id en tica l sots o f  u ten s ils , 

each sst con sistin g o f ,  ss shown in  Figure 7, os pago 34, 

a  eaat iron  *vmaail* (A ) fo r  preparation o f  *uppuaa* s i  

* id l i * ,  a brass 'dekahi* (5 ) w ith alualn iu * l id  fOr b o il­

in g s i lk ,  ogg and oathago, a  braes pot (C ) w ith l id ,  to 

oook r ic e  and a  brass pot ( t )  w ith  l id ,  to  cook *seabar* 

wore selected* The capacities  o f  these s te n c ils  wore 

adequate to oook tho calcu lated qu an tities o f  the food 

preparations* The *vanali* was selected  to  serve s  

double purpose, to  bo used as a sterner fo r  preparing

* id lie *  bff f i iH n g  an aiuaistua * id li*  p la te  (1 ) and a
\

specia l doac-sitaped l id  (F ) .  Additional d e ta ils  o f  the 

s  tonal Is  chosen are given  is  Appendix IX* They were * 

id en tica l in  shape and voluae and the s a te r la ls  o f  .which
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Pi B

B FIGURE JT

ONE S E T OF UTENSILS USED 
FOR CO0KIN0



they M r t  sa le*

P la in  whit# p o re tla la  quartar p la ins and oupa* s ta in - 

la ss  s taa i appons and g la ss  tuablars wars solaotad fo r  

sortin g  tha foods prsparsd to  tha panal o f  judgsa* 

Haasorlng Pawlsss. Ksasurlag dari oaa wars naadad 

fo r  walghing tbs foods and f ir s  wood, M anuring voluaas 

o f  liq u id s  and fo r  raoording tin s .

S o lid  FOodss For v a lg d i^  tha foodstu ffs* 500 &*&ms 
oap asltj d la ta tio s  soala was solaotad. For oondlsents* 

standard M aturing tpootu wars ussd.

Liquid at A sat o f  standard ssasuring oups gradu- 

atad in  ounoas wars aslaotad to oaaaura s ilk  and watar.

A 50 a .o . Manuring eylin dar was ussd fo r  measuring 

karoolns* usad fbr starting tha f ir  a*

Flravoods A oagstabla sandbr*»  balance w ith two 

pans and a sat o f  walghts o f  pounds and ounoas was ussd 

to wsigh flrswood sad raanaat piaoas o f  oharooal.

Tins i A tin o -p isos  was soiaotod fo r  raoording 

tha tis in g s  iarolvad  in  a l l  the a o tlT it ia s  o f  th is  study.

A stop-olook was ussd to  rsoo 'd  in  saoorvls tha sorubbing 

tiaaa  notad.

( i i l )  Foods. Koala to  bo oookad wars solaotad on tha 

basis o f  a  day* a n u trition a l raqu irsM nts o f  a  rsfsrsnos 

fa a lly  oonsiating o f  ona adult sa ls  and two adult fsaa lss- 

an doing sodarata work. Tha n u trition a l raqu irsM nts o f  

th is  fa a lly *  m  roooMandad by Aykroyd at riL (1962) and 

tha foods ara glean in  Tahlas I  and 11.
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TABL& I .

DlXM aSQUIHatJhlS 4 FAHIMf 0? aiHiSB ADU££ H3<33RS» 
08$ HALS OOISS tWJ^<«7£ WORt AID TWO ?HMALES OOIHO .

MODERATE yOiBC*

lu tr ie n ts . Han. Woman 1. woman XX. Total*

C alories. 9000 2100 2100 7200

Protein  in  g* 82 6? «T 216

Vitamin A in  
1*0.

♦000 4000 4000 12000

Vitamin C in  
ng*

$0 m 50 150

Caleium in g . 0.8 0*8 0*8 2*4

Using the requirements mentioned is  Table X« the 

foodstu ffs  union *ould supply theae needs were chosen. 

The coet o f  the foodstu ffs  was ©al aul *ted oa the basis 

o f  p r lM i la  Coimbatore ro t a i l  a w itt l la  October 1961* 

Q uantities o f  provisions which would be headed fo r  the 

whole experiment were ealou lated e& the oasis o f  foods 

oho sen. the d a ily  requirement o f  foot s tu ffs  fo r  the 

reference fs a lly  mat the cost 8$n given  in  Table IX*
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TAIL* II

QBAJIITY 4X3 &)5T Of BUS fUODSTUTfS CtfXSSK fOH tm
DAILY M£AL< ^

j j|  food s tu ffs  used* Quantity 
in  Oss*

Cost.
<*?)

t . d ies  f l ) « r  (parto llad )* 8 25
i *  Uaak gras dhal flou r* 2 6
3* Ceeoout* 9 6
4* KU k. 36 72
9* dggS* f 60
6* Ksd gras d ial* 3* 19
7* Ittatoaa. 8 18
8. Taaarlnd* 1 6
9* Cabbage* 10 16

10* S loe* 16 30
11* Wheat raval* 13 91
12* Cucusber. 6 12
19* fia n ta in . 9 9
14* Olngelly *11* 6 3

f e t a l  oest# fta. 3/07

Cost per head per dear* a* 1/02

Using the foodstuffs sen Honed la  Table II v 

tbs day’s M 8u mm  drawn, as shown In TtU« 111*
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Ta il s  h i

M&IU ftM A DAT FQ8 TH3 RSFIHffllSIS FAMILY-

Breakfast. Lunoh. Dlaaer*

U d li* . Rios* irfheat *uppuaa*.
Coeenut chutney* Oarrot*

duouaber
ealad*

Plantain fru it*

SEgf* Cab&sge
'porial *.

Milk*

Milk* potato

Butter
aU k .

Proa the bm j  g im  la  Table XII* preparations which 

required ceokiag* n a ily, a ilk t * id li* a eggs* 'w abarS  

cabbage ' porial* 9 rice* * up puna* vtr« w ltatvd for the 

seeking niwrlM At la  this study* excluding chutney* 

salad* h ilU n U k  and plantain fruit*

Xa order to calculate the aaeunt required for 

stendardlaatlaa aad experlasntation rselpes for *ld li* 

glean by Dcclkaohar ( 1^ 9 )^ ° aad for tsaatoar* end 

*eppuaa' by Sarojlnl ( 1958) ^  were eeleeted* The 

laiectlgator developed the ether reelpea for rlee and 

cabbage •portal** Recipes are given la Appendix I I I  

to VI. Caleulated quantities o f dry previsions were 

purohaeed la eae lot la  order to keep the qad Ity of 

foodstuffs purabused to be kept oonataat throughout 

the experlaeat* They were cleaned aad stored la  tin 

container a with close-fitting lido and labelled. •
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^ U (o « s t g re w  a h illie s ,  cabbage and a ilk  vara

bought d a lly *

»V Cleaning M aterial a. Tamarind paly* s ifte d  ash and 

’ v ia * vara solestad fo r  o lo w ln g  brass* iron  and 

aluainiun sioraUt resp ec tiv e ly . A duster and a  bundle 

a f oooomit f lh r *  » a  selooted  fo r  v ip in g and scrubbing 

pur passe.

The procedure* fo r  the a c t iv it ie s  a f  tha experiment 

vara f i r s t  standardised aa described.

vara fo llow ed  fa r  each fo a l*

t l »  a x  Bara»r. aah t ia .  Uw tu rw r w  U * M ,  I «  

rago lo lo r vaa turoad on to  a llo y  tha ta lle s t  supply o f  

gaa and tha tu rvrr ligh ted  with a  aatah atiabc* Iaaad ia ta ly  

tha u ten sil oonsarnsd vaa placed aa it *

I t  was found necessary to a ffa a t three le v e ls  a f  hast 

v h ile  using tha gaa burner* itansly high* asdlua aad low* 

da pending aa tha aathod a f  cooking employed* This was 

achieved t^ v tu m l^ i tha gaa regu lator fu lly  th ree-fourths 

ar h a lf a ro ta tion .

[*tt i through prelim inary experiment at ion , three

p ieces a f firevood  v ith  tvo crossed at the bottea and one 

aa tap v ith  tvo ounces a f Chips a f  f i revood spread over 

than,vers found to  ho sa tis fa c to ry  to s ta rt aad maintain 

a  steady Haas* ton sa tis  oentiae tree  a f kerosene vac 

used ae the ig n itio n  fu e l fa r  lig h tin g  the f ir e *  )ne
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liM iit  after ligh ting ttw f i r *  H lh  a natch e t lo k ,' the 

utensil was kept 9a ths • ehul a*.

la  order to sa l at ala a steady flame* vhm ivir tha 

* otula* was congested with a » k « t blowing o ff  the smoke 

with a blow pipe waa resorted to. ttoking the firewood 

and changing tha pooltins o f the firewood pieces also  

were done to fa c ilita te  burning* *ben the turning o f  

the firewood pieoee wee searing eompletion, new pleoea 

were placed* I t  wae alee noted in the preliminary 

experiments that a fter about threo hours o f stoady burn- 

ta|i andk ash aol ohsroosl got ooUeotad inside tha 

*ohuia* , obs true ting elro* lation  o f a ir* Therefor# they 

were raked out* every three hours period o f oooklng*

111 theae stops wore oarefully recorded for assessing 

the labour involved*

( * i i )  Cooking* The re d  pee fo r various items o f menu 

and the oooklng eeqpenee vet* standardised*

*1011** Oooklng prooeduren fo r * ld ll*  was sligh tly  

modified from the conventional method is  order to fa c il­

itate  standardisation, simplify stops in oooklng, minimi00 

experiftlture o f time and attention needed vhilo oooklng*

It  was considered desirable to have dry parboiled 

rloe ground into 00arse flour and black gram dhal into 

fine flour aad stored fe r the entire period o f ex perl- 

moat in order to minimise variables* In preliminary 

experiments after trying proportions o f rise  flour to* 

black gram dhal flour so 2*1, i l l  and 4*1, proportion
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t f  r lw  A m t  and ttaak g m  dual flo u r o f  4*1 was 

sa tis fa c to ry  and th ere fo re , adopted to  prepare te t te r  

fo r  * id l l* *  The raoipe fo r  * « l i *  wa* standardised 

as snown la  Appendix I I I .  B etter was prepared fo r  ten 

* ld lie *  eaeli tin e  m  t te  " t o l l  p late* had depressions 

to asks f i r e  * ld lie *  a t a  tim e. Steaming was carried  

out i s  fa llow in g  wm  tier i T te * w m U *  fo r  s tew in g  •'/ 

• id l l ’  with h e r  oops o f  water was p i seed on the f i r e  

te  h e ll*  As water wae te ln t  helled * a  o le  an white 

sloth  wae eeietened w ith water and spread ever the 

f l d l i  p late* sobering the depression In to  eaoh o f  

whioh one-th ird  cup o f  h a tter wae poured. When the 

water in  the ’ m a i l *  started  bo ilin g* the * id l i  p late* 

with the hatter woe placed in  the * va ita li* In  tolcfti 

the le v e l e f  h e llin g  water wae w ell below the le v e l 

e f  * ld l i  p lates* «m  was eloeed tig h t w ith  the doae- 

sheped lid *  the ba tter wae thee stew ed  and the done­

ness was taken as ooapleted whan to e  m ixture deds net 

adhere to  the blade e f  k n ife  inserted Is  tte oexttrs* 

fin e  taken to  eteaa • ld lie *  over the burner wae about 

ten nlnutes t o i ls  these ever toe  'ohula wae about 

tw elve tenutes fb r options donenese. th erefore these 

tia e e  were allowed fo r a l l  subsequent • to lls **

♦ U a w 1. Title wae cooked by the oonaonly used 

aetnod* deoifn  a tm la te is te  fo r  *uppuaa* is  g iven  

la  %hj Appendix I¥ .

3x«* the u ten sil for bo iling egg was kept en. the
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f i r *  with two Md *  half w ps o f water* four «gg « 

were put into the boiling water and oooked fo r thraa 

almites to got soft-boiled  «gg«.

Milk. Poor and a h a lf oupe o f milk woro taken la  

tho utensil and planed on tho firo  and brought to 

boll* Whon tho milk boiled and fowned 09 to tho b ri*  

o f tho utensil# I t  wao renewed from tho firs *

Rios* The nothod adopted fbr oooking rloo Involved 

using Just adequate quantity o f water as described by 

woarsoa et s i (1948 )^* Xhe quantities o f rloo sad 

water otandardiood woro 499 &* o f rloo and 7# oupo o f 

water* The rater wao bollod and washed* oleaned 

drained rloo woo added* The prella lsary experiments 

showed that about 40 nlantoo were optim a tine to 000k 

rloo to the desired dononeee.

Cabbage "tO rla y . The •conservative nothod* o f cook­

ing vegetables* as elaborated by Holt (1950 )^  which 

involves oooking o f  vegetables la  a  l i t t le  water In t  

tightly closed utensil for about ton to fifteen  alnutes 

was adapted fo r preparing oabbaje *p o ris ll • fo r ««d> 

set o f experlaents# a big cabbage pur oh seed was out into 

two equal halves* longitudinally* fo r use with the 

oat tie-dung gas aad firewood* After discarding outer 

danagsd leaves* cabbage was chopped Into uniform pleoea 

( i *  x 2*) • the out pleoea »*re aixed thoroughly* and tho

otsodardiood quantity taken for preparation as par recipe 

given ia  Appendix V. Throu«h Preliminary experiaents
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i t  m  observed that about seven minutes were required 

la  tbs gas burner u d  about twelve minutes la  the ease 

o f  * shale* fo r  oooicing cabbage fo r  obtain ing id en tica l 

preparation.

* Saabar*. the reelp* fo r *sasbar* powder was stand­

ardised aa shown in Appsndlx f t  and prepared in  ono lo t  

and stored la  a  dry container to last th ro a t the experi­

ment and tbs *sasbar* prepared an shown in Appendix 17 

in  the preiU iaary  experiments i t  was shown that tec 

total tins taken fo r preparation o f sacs bar was approx­

imately 5§ t-» 63 minutes for gas burner and •fouls* 

respectively*

Sseaeaoe o f Cooking. Tbs cooking o f  ths two m a le ,

9ns using settle-dung f w  as fu o l and ths other using
Y '

firewood as fa st wore planned to be carried^ siau l tan- 

comely* so tea t the atmoepherie conditions o f h^aid ity* 

roos temperature* pressure and a ir  oarreots would be 

the sene fo r  both.

Follow ing ths customary pattern o f breakfast* 

luaeb and dinner* aad useping is  view the frequency Of 

use o f the u te n d  ls »  the aequsnoe o f cocking the d i f fe r ­

ent ite a s  arrived  St vast s ilk *  * i d l i * » egg* *eeabar* * 

cabbage • p o r ia l* * r io e  so l 'uppumm*. The oooking was 

started  st 11.30 a .a . over ths *ohula> and St 12.20 p.a* 

over ths gas burner d a ily  so that the completion o f  

oooking ths sea ls  in  bote oases oeinoidod s i about 4 p.m.
UpffH

This tim ing was deeided^to su it the convenience O f. the
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panel o f  judges.

ThrougbAal tbs aM klag tx ^ w ia m li each n t  o f  

u ten sils  wms» rotated evenly is  th e ir  uae o w r  the 

gas burnar and the ’ chula* , la  order la  eq u a lls « any 

d iffe ren ce  that itear be la ten t la  the u ten sils*

the fallow ing set 1 v illa s  vara demei- 

1) Stirring o f  tha food so that they a r« M l boiled 

over or oharred « t  the bottom. Tha number o f times tha 

preparations were stirred  la  both oases w u  standardised.

i i )  Bloving in  ease o f  tha •ofeula*. 

i i i )  Flame con tro l whig* meant adjusting tha regu lator 

la  case o f gae burner and adjusting tha firewood through 

poking* raking in  tha aaaa of * ohuia*. 

i f )  Ad jus tea a te  of tha l id s .

411 these * o t iv lt io s  wars noted sad recorded*

jsf. J lr ra U a *  procedure fa r washing u ten sils*

aasunts o f  t ia a a li^  agents used vara standardised as 

fo llow s* Tbs four u ten s ils , l id s  and the *1411 p late* 

used over cattle-dung geo were oo lleo ted  near the sink.

The u tan a ils  were soaked a fte r  vhisb the food p a rtlo loo  

whleh were loosened in the u ten sil wore removed with the 

aid o f the oooonut f ib r e . The outer side o f brass uten­

s i ls  wars assured w ith tamarind pulp moistened with 

water, fo llow ed  bp scrubbing w ith seiatenad coconut 

fib r e , dipped in ash* first Inside ami then the outside 

of the u ten s il*  The scrubbing was continued t i l l  .the
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surface m  shiny and than was rinaed in  water* fo r  

* ran a l l * » th* asm* procedure was used except that ths 

app lication  o f  Uaarl&d pulp was oo itted * Ths procedure 

vas even aors simple fa r  ths aluatnlus l id s  sod * ld l l  

p la ts* • Ho prelim inary wiping o f  food p a rtic le s  vas ia -  

w lv*4« rhsy vsrs scrubbed with ’ vim* and rinsed in  

water*

frseedura Is  wash atonal Is  usad cvsr firsvood wars 

ths sons as in  ths earn* o f  cattle-dun* gas sxcopt that 

o f an add itional wiping o f f  o f ths th ick  deposit o f  soot 

found oa tho satsida and bottom o f  tha u tan a 11 a. Hence 

ths a tsn a ila  texen near ths sink wars f i r s t  wiped with 

a  dry dustsr for out minute to remove ths soot dsposit 

to  on oxtont possib le hofors soaking. Also scrubbing 

tha u ten s ils  w ith moistened ash and coconut f ib r e , sa 

ths ou taids, tho gradual removal o f ths blaok soot could 

bo soon through ths bias'* strsaks I t  formed aixsd with 

ash* Ihs scrubbing vas continued t i l l  ths strsaks stopped 

appearli^* Ths u ten s ils  vara than rlnssd with water* 

Consequently M s qu an tities o f  clean ing agents usad ware 

d iffa ra n t*  Through a prelim inary experiment, tha anounts 

o f clean ing agents to bo usad vara standardised la  both 

s e r ie s  a f experiments as given in  ths lab ia  IV*
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CL3A1 X9 0  m m n  m m  r o s  u a s h im o  t m  u t & s i l s ,  u r n
AMD UBU ?LAI 2*

UtsusUs.
___ a>ifnjUY Bita
C a t t is -a u n g n

J m
rtwod

Alusinius •fia* * 1 tabls 1-1/3 tabls
plates sad 
IMS.

spoon. spoon.

Brass
utensils.

Tsaarind. i  9a* i  0 ^

Brass tfood-ash. > table 8  tabls
utsnaii and 
* was a il*.

spoons. spoons.

TIms i t  sap bs assn froa ihs Table XT# the 

qpaatit? of elesning materials were Isos for utensils 

used over oat tie-dung gso than that o f firewood*

Ties takes for the iw loa* aotivlties is  washing 

the utensils wsrs standardised through preliainary 

experisents so g lm  in ths Table V«
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7AMrf f

tins tmm wm various acuvitiss is vashiro tm
UT2SSI1S* UBS ASB *IB« FLATS' •

Xypa of 
uteaall.

Aatlaity.
j & m  K^mJAXkmsiMtIn  the omaa o f utanalla 

gaa.

Braaa
atanalla
"vaamll*.

flying off 
IN  eoot.

9 U . 1

Soaking la 
water.

15 15

Srmaa
atanalla.

Appllomtlon 
of tawarlnd 
P>1«»*

2 2

Srmaa
atanalla
and
*vmnmli*.

Strutting with Variable, 
mah.

Varlmhla.

-4- ii lowing to 
water.

2 2

A ln lB in
114a*
*1411
plmtee*.

Strutting with Varlmhla. 
•via*.

Varlmhla.

• * - Slowing in 
water.

* i

Aa w a  b« Mtn fro * the Table V Um  only v a r ia U i 

was U »  tiaa lalnm far t«rabM agi m  a l l  other ao tia it - 

&#• were lU o to d la a l*

Xhro-igfcaut Aha «9 *r la a o t f oara vat titan to waah 

with I N  mama ayeed* effort* ferae and typo of aora- ' 

mania to I N  extant poatltle .
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ttM iM ram t .vX-jatokt

f l fa  °* » * «  o f gaa waa man­

ured t f  simple llt p U o n M t  sethod. A < u  i «  ooupletely 

f i lle d  with w U r  and «ov»r«d viU i a  ground | U m  «over 

« u  inverted e n r  a V w h l«M )w lf  p i seed in a trough o f  

water and tin a m r  van carefu lly resowed under the 

water* Tbs burner waa detaohed and g u  waa led to the 

shelf by mean o f a rubber tube* Oaa waa oolleoted for 

a known period o f tlae  in  the ja r by d lnglsoaaant o f  

water* After turning o f f  the gas* the levels o f water 

ineide the ja r  and out aide ware equalised in order to 

equaliee the freeware o f the gee eolleeted to ataoepherie 

pressure end the volune o f the wator oolleoted waa aeae- 

ured I f  pouring i t  is  a  Measuring oylinder* This waa 

repeated twiee end the aeerage rate o f flo e  o f geo per 

seooed wee found out* The ataoepherie pressure and roou 

tseparators were noted* by applying the gao equation,

TV m g f ,  where #* V and T stand tor pressure* voluae end 

teaporature neaeurod in  absolute seal# o f the gao oo ll­

eoted and a lo  a  sonata nt* the voluae o f gao per second 

at S*T*f waa calculated* By appropriate aanipulation 

o f the regulator* the rate o f flow o f gaa under high* 

aediua and low f l u e  ware obtained* This wee repeated 

on two days end average was taken. The readings ere 

given in  Table VI*
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TASL3 VI

h a h  m  s u n  of G k ttv & -w m  sas>

VslnM o f caa oer second
Replloatea. n a n u i o

lo re l.
Moutan
flsne
le re l.

Low nans 
le re l.

1 181 e .s 101 e.e 3 ) e.e

t 179 e*e 129 o.o 81 e.e

Awerage. 190 o.e 119 o.e 32 o.e

jgr kaovlnj tin n U t o f flow o f goo ptr Noond under 

high, n d iu i and low flawe and ties taken for oooklng 

under high* m 41ih  and low f la n s *  the total vCOIu m  o f 

gas oonsuaed daring the ontlro period o f oooking waa 

calculated.

firewood. Before starting tks experiment* six pieoes 

o f fir*wood to to sad  for oooking wars weighed with a  

reader's balance* At tha end o f  the experiment* the 

reaaant stuaps o f unkumt flrowood wero withdrawn* the 

fcuroii^ end extinguished and piooas o f etoareosl war# 

dialodgad hy tapping into a tin  container. The reauuit 

firewood pleoes won weighed. The difference between 

the original and fin a l weight o f firewood was taken ae 

the weight o f flrowood used* The lir e  ooal pleoes wore 

oollsotsd frea the inside o f tho 'chula* by neane o f 

tonga* leering tha ash* and put in the tin eontainer 

and oorerad loosely to put out tho f ir e . When ooolad* 

this was weighad. Aa ehareoal haa also fuel rat ue and 

oould be further uaoi ea household fuel* the firewood



* conversion U U i*  g iw i  in the report o f national 

Oranall o f Applied :oonoaio Reeeertii (1959)S vhoroin
\neu'ctuc.

too energy oqu lva leot o f  flrevoed  « i  ofoarooal fo r  a 

wand I t  ehew a t 165? *26*

ftoilftff fto ..g & * l* »U m .a £  Jfryitr-

Preparations, neat l y r io t *  eabbago * poria l* and 

*oaabar* were ebottn te  bo pretented to  the t u t la g  

panel fo r  ep p ra ittl for oeaptrlson o f  the o ffo o to  o f  

oooking v it o  too two d iffe ren t fe e ls  on s  c e rea l, pule# 

and vogotable, h ‘ check typo* o f sooro card vao uood 

on a throe-point sea ls  fo r  e t o  preparation in  re la tio n  

to  too eolour, denoaeett taoto and aae ll o f  too foods 

oooked, t t ia g  tbo too fu o le . A eaaple o f  too sooro 

card io  given  In  the Appendix V II .

four judges vise had previous experieooe v ith  uoo 

o f  sooro o ffd tt  fr o *  a hoesgonouo group o f  te th ere  v ito  

too ease typo o f  edueatien, tra in in g  and o f  the ease 

age group (b9lween22-28) were eolootod to  eonstitu to 

the tastin g  penel.

0m  tablespoon o f  r is e  talma from toe m iddle o f  

the oooked portion , about H a lf a tablespoon o f  oabbago

* portal* were served on a porcela in  p la te and two tab le­

spoons o f  *aasbar* and two p iece* o f  potato in to a  on? 

aarkod 1. Tbo other aerie  oo f eaaple foods oooked over 

toe other foo l vao served in  diohoo narked 22. the nest 

day the order was reversed so as not to g iv e  any olue to
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I f ,  .̂ JSULTS A»9 SlSCUBSIOHS

the data obtained In the experiment* oonduoted as 

dtw rlted  in the previou•  chapter, w «  studied in  re* 

latino to the three sspeets o f  hone aaaagenent* nenely* 

tinof energy « d  none/ and with regard to  acceptability  

o f  foods cooked aai general cleanliness, convenience, 

ears sad aslateo&uic* during handling o f the fuels. 

Application o f the findings in the boss vss considered*

i> tine Hanaaoaent.

• )  iftyftAflg Sk&s.
The tin e  taken fo r  cooking the ite a s  oon stitu tin g 

the three s ea ls , m aa ly , r ic e , s i lk ,  eggs, * eaafear*, 

* ld l i * t 'uppuaa' and cabbage * p o rta l* , using firewood 

and oattle-duag gas as fu e ls  resp ec tiv e ly , i s  g iven  in  

the Table YU  below.

TABb-i T il

Toxxb r ia i  imslss i'M a o M im  m m  taum  nsasa, usiig f ir s -
mm AIH 3 ATTL3-DUIQ OAS AS FU513

t in s  taken in  olrm teo. Average ?eroent-
S ep liea tes. C a ttle - firewood*

saving
o f  tin e

ego o f
tia eanag gas. ia  Min. saved.

(A ) (»> (3  -  A) ~p*100

1 192 253
f 172 253
3 181 243
4 131 243

Average. 173 249.2 70 m

(
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Aj* aan feo m m  trtm th# Tsoi* VII t th* (la *  taken to eook 

th* a *a l, using cattle-dung gas as fu *l w m  70 alnut** 

less than th* tine takoa to oook th* saa* » * * l ,  ualng 

fir*wood am foo l. This different** was found to 1m  » lg -  

nlfloant o*yond on* por o*nt level vhsn statistica l analy- 

ita  through analysis o f varians* and *t* t**t w*r* dons* 

a* *hown in Appendix ¥111.

Tahio VIII enow;' th* average tla * taken to oook th* 

vsrleo* it*m* at stages* 1 Masoning, 2 to llin g  o f water 

and 3 ooapl*tlon of cooking.

TA2 L& v ia ,.

AVtjuas m «s iAiwiii ion oauasa am&  various itmz of twt 
th»8X mass u&xm mm*m  and gas m ronis.
Utonsil* 
used.

Hosts. Fool. Btasss o f oooklng 
Stag* Stag* Stage 

___ V. -  g._____3a__
Total
tins.

Iron * Id l l» .  1 )Cattle- SO d*30 22.0 23.50
1 vanali* • dung gas. 

2) Firewood. 18.25 20.0 44.25
Brass 2gg*. 1 )C atti*- 4*50 5.0 7.50
Mskehi*. dung gas. 

2 )Firewood. . 0.75 5 .0 9.75
9ruw * Samhar* 1) Cattle* 1.25 5*50 45.0 J1 .7S
pot* dung gas. 

2) Firewood. 2*25 10.25 50.0 62.50
Bara** Cshhags 1)Cattl*~ 1.75 1.25 11.0 14.00
*d*kshi*. * portal* dung gas. 

2 )Firewood. 1*75 2.00 12.0 15.75
Brass Sloe* 1 )Cattle- d* 10.50 53.0 43.50
pot. dung gas. 

2 )Firewood. - 21.75 45.0 06.75
’Vanali* • 'Oppuua* 1) Cattle- 2.75 8 .00 11.0 2U75

dung gas. 
2 }Firewood. 2*75 22.75 10.0 41.50

From fab le V III*  th* t la *  taken to oook th* various 

lt *a » o f meal* Individually any h* noted, la  th* oase o f
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a llk , fo r boiling four « d  «  h a lf sup* o f « i lk 9 tbs 

m r^ s « tin * tnkan with f i iw w d  v u  10*75 B lm tti 

end with gss9 1*5 alnntes*

?h> t fo n ^ t 11m  takon t-> bolt four aggs was 

9*75 a lm to ii using f t w w ?  ss fu el m &  7*5 slnutesi 

using sattla-dung as fh a lf teas '*25 minutes usrs 

sarsd by tha us® o f o^ttl^-dimg pis*

?hs esurag-.? tins taken to soak *saabaF* was 63*5 

minutesf using fi;*ewood as ffcsl and 51*73 mirrai«s» 

using oattla-dong fss as fuel, thus a saving o f 19*75 

aln ltas was rea lted *

In tlw o f H dtis** th« ftvsrafa tins taken 

to sosk tan * ld lls *9 using ftrawow! as fas 1 wss 44*35 

alm tss and 39*5 aiiuitaa with sittla-dang gas, this 

16.73 minutes vrsrs saved by tha use o f tattle-dung 

g.*s foa l*

la  tha ossa o f oafcbaga *p©Fly»l*9 the averags 

tioa  tnkw to soak the oabbags was 15*75 mim^as, using 

firewood and 14 alnutes with sattle-daag g?s9 end thus, 

on s i avafs|3, 1*75 elnutas m m  saved*

Tins t*k»n to soak risa wst, on an avarnge, 95*75 

aim  tea, using flmwood as fu el Mid 49*95 aiimit#sf 

using sattl>-dunf pis as fttel* fin s  a m r !^  o f 18*78 

ulnutss resulted by the usa o f settle-dung gas* as 

aoaparad with tbs use o f firewood*

The tin * t  ken to  soak *ep;uaa*, using firewood 

as fU »l9 n s  resorted as 41*50 uinutas and t l  see liken"



o w  the u m  of cattle-dun^ gae was lt * B  nimites. ’ the

gas cooking therefore scoured a saving of minutes 

as compared to firewood cooking.

Iha difference in the tins taken to ©ok, using 

the tee fuels9 see least in  the ease o f cabbage and 

highest in *uppu»a*# 't o i l*  end *rioe*, v h l*  consisted 

o f a large aao&it o f oareai. fheee differences nay he 

explained by tile feet that the total oooking tin * lo  

aaelyoed by tho stages -  seasoning boiling o f water« 

completion o f seeking* aa shown in the table V II. the 

tine taken for the stage 2 seems to be the chief footer 

determining the difference in oeoking tine* which is  in ­

fluenced d irectly  by the quantity e f water used for cook­

ing* the chape o f the utensil which decides the aurfaoe 

area exposed fo r evaporation in  tbs utensil is  another 

fsotor*

*> Xtaft..£tK JlagrtLfiK■flftftfrtost.

the time token for scrubbing the utensils while

washing them, an per the procedures described on page 

is shown in  Table IX.



TAUL3 IX

t m n  TAE3SI r*? :!*Sr& B lW S  TH3 UT:?cniLS ATT*
SXKIHC

J O a i  Jg . H V B te fti . y
^ t« i r dun* Vlr* * * j ;  w^ #

(A ’ m  B -  A.

1 4 .8 14.4
2 4*1 12.4
3 4 .3 18.2
4 4 .7 10.5

Average. H i r n i

3a sta tist lea l a a a / ii i  o f tbs Bata given i s  Table XX 

asing tbs *t* tsst as given is  tbs Appendix IX « tbs 

different* i t  tins tabes fa r scrubbing ths utensils 

after cooking, a titg  tbs two fuels, was fixed to be 

i ig n i f im t  beyoad one per seat leve l.

lbs utesalls used over firewood needed as average 

ties o f 11.9 aioutea o f vigorous scrubbing to resows 

tbs soot, vhlle those used over eattle-dung gas needed 

•oiy 4«$ siautes* on an average* as there was scarcely 

any soot *dharing to then* m i illu strated  Is  Figure 3* 

page 37. The saving o f tise  in  tits scrubbing o f ate** 

o ils  used over gas burner* using oat tie-dung gas, was 

7*4 minutes* auounting to 33 per cent*

*i> H W H M f nV P,C IjgB.OX.*,

Jftftwgfctaa, a t
The gae consumption fb r the total cooking ties in

V

torus o f lit re s  calculated on tbs basis described in
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urtHS>L*

F( GtURE 8- *
<jsej> net- e*rrLE-$v»& ^ hS

F/Oi</m  S'-ft

UTENSJL-S USE* OVER RtREWODV
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71R8WOOD ®MIW3 2)M£M tftl THRfS MSALS*

T A M  XX.

d ed ic ­
atee.

Aaeunt o f Aaount Firewood Aaount o f f i r e -
firewood o f ohar- equivalent wood used after
used. 90a l res- for char- correction for

Idas. coal res- charcoal residue.
Idea*

Lb.
1 4
2 3
3 4
4 4

Average
dap.

per 4

0*.
13 4
2 10.25
§ 8
7 7

11.75 7.51

Os.

5.56

5*7

4 6.2

Average p »r /car (365 days). 1595

Thus the figures in  Table XI shows that 1595 Lbs. (66.$ 

sounds) o f firew ood per pear were needed for cooking the 

aeala for the reference f  sa lly .

Dally 10 ee o f kerosene were used as Ignition fu e l.

This total led upto 3 »(^  lit re s  per year.

The firewood used for the experiaent was purchased at 

the rate o f SS&P per send o f 24 pounds. Therefore the oost 

Of firewood oowenaod amounted to 8*50/52 per year. The kero­

sene for ignition purposes was bought at 25nP per bottle* 

which contained TOO ee o f kerosene. Therefore the oost o f 

kerosene used accented to He. 1/30 per year.

In oonaon practice* twice or thrice a pear* the *chulss* 

are changed, tut the burners are used Indefin itely . I f  two 

chulae are bought w r y  year* the oost o f the chaise i t  only 

Sio.0/75 pergpear. There le  no coot o f natatenanee in tha 

eaoa o f * chela* while cattle-dung
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gas plant need a painting o f  the natal, drum to prevent 

oorrosion with water* Table XIX shows tha comparative 

aoney expenditure involved t o  hath fu e ls .

tkWL® XU
aseuRum sxiwtioas ijjvuvsd is ths uss of CAms-

3030 QAS AJ© FIRgyoOD Jims

liana of expenditure. .^M k taq  i&gati*.Juttla-dung Pirewood* 
xaa.

Ooat of 'ohula*.
a* n>. 8* of. 

0 v 75
Maintenance ohar/?a. 1 0 - 0 0 —
Cast of tha Dial. — 58-52
Ooat of ignition fual. — —J-T-fL
Total par year. 1 0 - 0 0 ■8

Saving of gov-dung gas 
over firawood par year. — 50-57

From tha figu res  s i van in  Table X II f i t  ia  avidant 

that a saving o f  8*50/57 par year ia  aohiavad by tha 

usa o f  eattla^dimg gas ia  tha plao* o f  firewood as *  

fual.

tha important faster to ha taken into aooount la  

tha ooat o f  in s ta lla t io n  o f  tha gas plant which would 

ha aonsidarad high fo r  any s in g le  household equipaentf 

whan compared to the cost o f  the ' ohula* » whidi i s  57nP. 

the east o f  in s ta lla tion  i s  &*400/0Qy as given  by the 

D ivision  o f  B o ll aoienoa and Agricu ltu ra l Chemistry# 

Indian Agricu ltu ra l Rssearoh Institu te^*# whiah comp-
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r lM t  o f oost o f m ttrlftl for the plant 4*303/60 

Cost o f construction u l « l « l « *  57/60

Labour ohargos* 40/00

Tbroagh thin aaei(& thn installation  mm t o f 400/00 

onn bo realised within night y »ar«« I f  the labour is  

supplied hr tho fwelly* the io n a tw a l oould bo reooe- 

erod la  nevsn years.

ilth  rsopoot to the capital outlay ib r  the gas 

plant* aeon i f  the yearly saving by tho a a* o f thin 

foal in uned towards paying o f f  the into root at a rate 

o f 4 per oent sad part o f the cap ital, the entire a n  

any be paid in  ton years* Thun the oat tie-dung gas 

help# to effoot earing in  noaey to the hoasaaker.

i l l )  Aqrgy Ksoagaqent.

Differsoona in  tha mmber o f a peda l tasks performed 

during the use o f fuel in  oooklag* such aa bloving* flano 

oontrol aid lid  adjaataunt* recorded* are given in  Table 

1 X12 below*

TABLE X1U

special TAst3 v m s m & m  s m i m  oaoKino* m t m  fihzwoqb 
Am CATTIX-wm OAS AS PU3L8.

type o f teats notions* ^

_______________________ X
Bloving. 3 0 0 0 0 11 t «  ft  H  14
Timm oontrol. I f  I f  12 12 I f  34 29 22 25 27.5
Lid adjustment. 17 23 18 20 15*5 20 15 21 17 19.25

Total. 31*3 50.75
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As shows in  Table X III* so blowing wss n a w aM r; 

whss U s  gM  hunwr wss used* On ths oo a tn ^ r i M  so 

average* hlavdn^; wss dens 14 l i s t s  during ths 249 

minutes o f  evoking* using firewood as fu e l, When 

analysis o f  verianos and *1* te s t vers done* as shown 

in  Appendix x f ths d iffe ren ce  la  b loving wss found to 

Os s ign ifican t beyond oos par cost le v e l ,  ’ Flaae 

control* wss dsns sa m average s f  27*5 lis a s  la  ths 

ossa o f  firewood and on ly 12 t in ts  la  ths sass s f  

cattls-dung gas, th is  d iffe ren ce  was also found sta t­

i s t ic a l ly  s ign ifica n t beyond sas par osat le v e l when 

analysis s f  variance wss dsna and *1* te s t was applied* 

as shown in Appendix XI,

Ths difference between ths mteber s f  tiass s f  lid  

adjustment ia  ths sass s f  ths two foa ls was net e ig n lf- 

isant at 5 par osnt lavsl as ths A s m  had bean kept at 

aa optimal level# Is  prevent Soiling ovsrv when analysis 

s f  variance and application o f *1 * tost wore dons* as 

gives in  Appendix XII*

Hsnos there was saving s f  tasks by ths use s f  cattle* 

dung gas as a fuel* thus leading to oonaarvatlon s f  

energy* The saving on blowing wae especially ad van tag- 

sous bsoauaa blowing was found to be very tedious and 

fatigue-producing* in  addition to energy saved through 

this saving S f tasks* ths tlsa saved in  scrubbing the 

utensils reported la  page 98 s g  also be used as another 

sstinats o f energy saved* Thus by the use s f  cattle-**1**®

1



gaov 63 p «r «w l o f  oaorgy apont in  scrubbing oould bo 

a m d * Vigorous scrubbing fb r 11*9 ninutoo iron found 

bp tho ls v M t lg a lo r  to bo f a i r ly  todlouo while oorubto 

ins o f  n tonoiio  aood ©uor oattlo-dung son fo r  4*9 

ninutoo warn s u l l y  M eoo jt liih H *

!▼) iHattfrfrtl \ U  ,q lJ fraH  

Tbo a v tn s i  oooroo obtained fo r  (ho appoaraaoo 

( colour) t doooBHMSt oomI I *  taoto o f  r ioo *  * s » t o r *  

ond oabtogo 'p o rta l*  aro g itoa  in  tbo Tabio I  IV .

tho data atoovr. in  Tabio XIV was analyaod s ta t is t ­

ic a l ly  an shown in  Appendix and tbo d ifforonooo 

totwoon oeoron fb r  oath qu a lity  o f  r ioo *  oabtogo * p o r ia l• 

ond tonbaf oookod owor oattlo-duag gas burner and 'ohulof 

worn found to bn not ntgn lfioant oron at fiw o par oont 

loca l*  fhorofero i t  %iaa pro rod that tbo foodo to ffo  

oookod using oattlo-dung gaa woro ao palatable an wbon 

oookod using firewood to  fu e l*

(iv)

.toils oooking van dons over firewood* tho oooking 

plaoo was sooty duo to  tho ash aoeaplqg out o f  tbo * d ia l a* 

while b loving. Also while handling tbs * ohula* and ^Loan­

ing i t *  bands were soiled  with ash ond charcoal* Koroocer* 

during washing tbo u tensils* hands woro oo ilod  and needed 

groat oaro to to  cleaned. J tonsils  uood over ftrovood 

even a fte r  vigorous scrubbing fo r a long tia o  had traooo 

o f  ooot and lo o t  th o lr o r ig in a l g loss , whilo tho ntonoiio
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o u t  o w r  oa ttle -dm g gaa had ratalaad th e ir  shin/ 

appearanee*

A fte r  three tours o f  cooking* i t  u u  necessary 

to raaoee tto  ooal « d  ashes from t t o ’otaala* to  r td tM  

aooklng. Tk« o to i*  noodod wiping o f f  t to  soot ad to r -  

log  to it  ©no* or tw ice to a  soak i f  not worm often .

Soot da pool tad on t to  w alls  o f  tto  kitchen naor ( t o  

* ehula*• But tto  walla ares oboes t to  gaa Humor was 

olaait. This im plies ( t o  kKohan walls naad noro fro *  

quant white-washing o r  painting i f  flrowood i s  uosd as 

tto fua l for socking* than would require i f  eat ( l a  dung
t

gas is  used* Also in  t to  easa o f  firewood thorn was 

tto  naad fo r  s  largo dry place fo r  storage* wot f i r s *  

wood tod to  ha driod In  t to  sun before use* (’rooura- 

asnt o f  dry flrowood la  d i f f i c u l t  in  rainy seasons.

Tha oat t la-dung gas van s to rad in  (ha gas plant i t s e l f *  

always rsady to to used* Whan firewood had to to bought 

froa  tto  aarfcet wton tto  presto us supply was owsr and 

tto  labour iaaolvod in  i t  dspondrd upon tto  distanos 

tostwaon tto  household and tto  aarket* Further big logs  

tod to  bs out or s p l i t  to convenient also* Tto c a t t le *  

dang gas plant needed only a few minutes to d ilu te  tto  

dung nod feed tto  plant* Firewood* i f  care less ly  handled* 

caused in jury to tto  hand while cattle*duqg gas fu el

soused no auoh prohi an* constant a tten tion  wan needed 

to keep tto  f i r e  going* Tto saoke emitted from firewood

v



m *  irrita tin g  to the t ft s . Tho kitahen where f i r e -  

« m 4 M «d  as fool needed special ohianeya and thio 

vai not ao in the oaaa o f tho gao f(M i* Cattle-dung 

gao tbarafora io  safer* oloanar and a  oora oonvenient 

fuai than f i rewood and benoe cooking over cattle-dung 

gao was vary eatlefaotory when ooapared to firewood.

AaaUfiUtta..<Htta /ifraTf XUrtlMt*.

1L<& «  T.

About one-fourth o f the hoaeaakers* tiaa spent on 

oookiag aould ba saved by tba uao o f settle-dung gao 

• fuel inotaad o f firewood. Cooking aay ba ooapleted 

oora quickly and tho saved tiaa oan ba used for othar 

activ itie s. z t i »  ia  vary advantageous for a * in sspsrl- 

anaad hoaeaakers and hoaasakers who Kara to provide 

food early to eshuol-gsiag ahlldrsn or career vooan.

Siaoa largar tho aoount o f foods cooked* graatar 

tha saving o f tins* i t  is  vary advantageous to big  

households, joint fa a llla s  and avsn for institution*.

A groat deal o f fuol oan bo saved by using oat tie-dung 

gas for hosting water for bathing.

as mentioned ea rlie r* eat tie-dung gas oan ho 

u tilised  fa r  working so iron and fan.

The greatest advantage is  in  tha reduction o f  

tiaa spent in washing utensils. Both energy and tins 

is  ssvsd by tha use o f oat tie-dung gao as the house­

hold fu e l, thus simplifying the work.
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The k m  o f  cattle-dung go* la  gnw ral telps to 

ra lM  Uw s u o lw t  o f U v ias*  

fttt Iftf IfrUfeBt

As MRllomdl e a rlie r la  page i * i f  the thr*f 

hundred > U U «a  tons o f oattle-dung 900 which at 

present lo  used for the fool purpoooo could bo divert­

ed to manuring* atout nine s i l l  ion additional tons o f 

grains 00old bo produoed* This would help towards 

solving tho food probleau Haj under ostiaatos

that th is quantity o f dung is  equivalent to four and 

a h a lf a l l  lion  tons o f Aaaonlia Sulphate* which would 

nood twelve factories to produoe it*  Saeh such factory 

requires a flood investment o f twenty fir e  eroros o f 

Rupees* o f which* ton erores is  o f foreign exchange 

component. in n  though the investment fa r  oattle-dung 

gao pisate needed to u t ilis e  the dung would be approx- 

lea tel y the seas an that o f the twelve factories* yet 

the total foreign requirement o f tho 180 ororea could 

be saved because the d ctil and ante r ia l a available  

within tho country ore enough to oreot the gaa plants.

As the row materials are readily available fa r the gas 

plant than for ahead cal fe r t ilis e rs  and transportation 

cost would be reduced to the miniaum Because the gas 

plants would bo spread throughout the country* there 

would bo^neod fo r any elaborate anoblnery for production 

and distribution o f amours* A ll those factors would 

bring down tho eest o f nitrogen fe rt ilis e rs  by th irty
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psr M a li m  viswod by Majuadar this wouidI
b* a substantial halp to tbs agrioulturist* as accord­

ing to ftajuadar (1961)*^* at present sixty a illlo n  rural 

households burn dung aa fool* squlvalont to thirty fia t  

a i l  lion  tons o f ooal and i f  tbs saas amount o f  dung Is  

fsd in tbs gas plants* gas fusl valued at 210 ororss 

o f aupsss oould bs obtalnsd as a frss fu s l. Hones* a  

portion o f olootrioity* ksrooons and ooal used now for

houaobold purposes oould bo roplasod with osttls-duag
>

l i t  and diverted towards Industrial use. Cutting o f 

trsoo for fool purposes oould also bo alnlaised* sa
k

dioouoood earlier* by ths uss o f oattle-dung gas.

installation  o f ths oattle-dung gas plants and 

uss o f cattls-dan ; gas would this load to better stand* 

ard o f U sing for individuals and ttliiaatsiy  fbr tbs 

nation.
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V SOMMAiiT ASTD COBCUJSlQlf.

This study Mat undertaken to m m u  tbs value o f 

eattle-dung coo oo o household fuel. Two id sot tool 

rsfsrsaos osoXo for o fa s ily  o f thro# adult aasbsrs 

wsre oooked, ooo uslnc firewood and tbs other using 

oat tie-dung os fuels. Tbs tins M o o  to oook

soah ssriss o f  tbs seal* cost involved, special oorst 

aooeptsbility o f ooLourt donenesa, aosli sod toots o f 

foods prepared sod general conditions o f oteanlisess 

sad eonvenienoe wars stud lad. Olven below ors sons 

characteristics o f using oattle-dong goo o w  flrcwoodi- 

(a )  k saving o f 28 par coat o f tins fo r cooking thrss 

osolo fa r  a  fo s ily  o f thrss wan nstsd.

( t )  fbsrs was a saving o f 83 par osat o f tins taksa 

fa r scrubbing tbs u tonal Is  while sashing than 

aftsr thsir uaa for cooking.

(a ) Tbs foods oooksd using oattIs dung gas wars as 

acceptable as that oooksd using firewood as fuel.

(d ) £sttle-dung gas was fbund to bs a cleaner fusl 

than firewood and incur rad la ss  fatigue in  tbs 

subsequent cleaning o f utsoailn used over i t .

The high ooot o f installation  any bo aado good over 

a period o f oovon to ton years.

Pros every imnngsrisl aspect, tbs ealtls-dung gas 

proved to bs o superior substitute fa r firewood.
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