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There are several dimensions to the firewood

burning issue:

Howto eQonomise on its use

Howto grow more fuel wood

Howto develop substitutes

This preliminary paper is limited to a survey

of what has been done or is being done with regard to

the question of economical use of .firewood through

improved (cooking stoves) chulahs, What kind of

improved chulahs have been developed, how they have

been extended in the field and with What results.

Limitatiop of time and resources has restricted

the coverage of the paper but it does provide enough

ma~erial fcrr starting a discussion on this neglected,

albei t vi tal subject from the view point of energy,

households, womenand heal the



, 't£1 E:IIluen:t Cntllah for the Rural Women

Thereis~agrowing realisation today among
'socic ..ogists ahd ,deveJ.opment experts that mere economic
growth and technical innovation do not by thelnsel ves
constitute development. Urgent attention must also be
paidt6 amoliorating the working and Ii ving conditions
of the underdeveloped. Improved technology and. a
stronger economy must be narnessed to serve this end.
Only thus can the people - the poor - truly benefit
from'the fruits of 'development and proceed towards
that freedom of spir it and mind whibh is the ul timate
human goal.

"To the uninitiated andunques tioning mind, the
, . cry 'for an improved chulah might sound irrelevant and

)'almos't esoteric. Bowever, a cLoser, harder look soon
reveals the important and far reaching significance
of this issue.

The f chulah' is that ubiquitous device which is
tied UP with the daily life of the family especially
the women. Urban womennow have electric ranges, gan
or kerosene stoves to cook on. The rural womenhave
almost .ho choice and no alternative. A vast majority
of these womenspend a large part of their time in
procuringiuel, tending fires and cooking to nuEture
their families. '

The cooking device that they normally uSe is the
open-fire chulah made out of mud or bricks or stones,
and fuel is usually fire wood or cowdung or agrieul tural
residues. These smoky, primitive unhygenie and wasteful
chulahsconstitute a national probl'em, affecting health,
housing, "fuel economy and forest economy.

Therefore, providing an improved chul.ah, by
doing away With some of its major draw backs, is as
besic a need for the rural woman, as safe drinking-water,

. Sanitary toilets, houSing, primary health Case and primary
education. The attempt here is to s1:;udythe dimensions
of the problem, its sOeio-economic implications, the
efforts at developing an -improved model/design, the
difficulties faced With extension programmes and finally
suggestions as to possible lineS of research and
development for the future. '

I



.Drawbacks of the Open-f~re Chulah
.:-. /

Before talking ofimprovements,i t.,would be a good
idea to study the drawbacks of thecommo~.1'yused open-fire
cnulah. The first, thing tllat comestd mind is the
smoke; \-fhicn. .is ';irri ta,ting ahd ii,rijurj,;ous tq the eye's. It
also'p~ackens\;the room', making /it gloomy and stuf(Y.
This andthe,opetl natU,fe of the fire ar~ hazardous, to
health and life since'/the risk of accidents is high.

Secontlly, the constant bloWing and fanning
required for lighting and tending the fire, are tedious
and conSume and inordinate amount.of time and energy.

Thirdly, cooking time itself is slow, the heat
cannot be controlled or adjus ted to suit ,different cooking
needs.

Fourthly, in hot, damp climates, the intense direct
heat of the open chulah causeswofuse pers~iration and
severe prickly heat. For examp+e, in West Bengal this is
a commonproblem and often leadS to serious skin ailments.

Next, one comes to the dra~backs wi~h respect to
fuel consumption. In the common..qhulah, tpereiS great
wastage of heat and therefore, o.(preciousfuel. It is
estimated that in open-fire cooking only 5-10 ~er cent
of the potential energy in the fuel wood is utilised.

. In view of the world wide fuel' crisis, fuel economy
and conservation, gains. added importance. Shortage of
fuel wood iSa crisis of rural areaS. With the depletion
of fores ts, .more and more time hc3.sto be spent in. collecting
fuel :wood or substitutes for the. hearth- e. g. the acute
problem faced .by the people of, Chamoli district in· Uttar
Pradesh, a similar' problem Was heard from women0,£ as far
a place as Mizoram•

. , :

The use-of' cowdung cakes" isuneponomiCal consider-
'ing the labour and time required for cp:+lecting, dung
making and drying the cakes and· the low hea16 efficiency
of this fuel. The dung.ltipuld be far, more valuable as
organic fertilizer for the soil or tQ.,vr6duce methane
in a gobar';'gas plant. Other :t:ue+~~;i.ke kerosene, gas
or coal are not feasible either, ',becaUSe; apart from
the expenses of pr6Ces$ing:and~rarisport9-tion the
rural population has little: a,9ceS's to them.



Research on biogas .and' solar energy for fuel is
promising but achieving a breakthrough Ion a maSS scale,
is yet a lOng way-off. Simul tanequ~g-nd serious ,research
isr,equir,ed on simpler~.i:-ntermediB:-tetecbnology, which
would be appli,cablein thei;mlnSl,diatE:/i;uturE:and :practi-
cable in thellios tpr,irili ti ve ,ar'eas to'reach the:poorest
of the poor. ' ~' '!

"What "is needed is aneffic.tent chulah which is
safe smokeless,ecooornical in ter:;ms"of fuel and time
and where the heat can be controlled and adjusted. Further,
it should be portable and cheap ito build and there should •
be scope for adaptation to' the jspecial needs of a particular
region or comml":'1.ity. This might sound like a tall order
but it i§ s~ely not impossible in a world where such
i~pressive advances have be0~ made by science and technology.

BriefRevi~ of Resegrch

'In India~ efforts at 'improving the indigenous model
started early' enough. In/the early fifties, the Magan
chulah and the HERL(Hyderabad Engineering Research Labora-
tories) chulah were dev~loped. The HERLchulah design was
exported to various oth,er countries and gained acceptance
in a modified form in Egypt and Ghana•

..

The Magan chu:l;<ahprovided the prototY1>e for the
Lorena stove, which iisbeing propagated vigorously in ,
Gautemala and other/ South American countries.

Both thes.e designs were tried out and publicib
in India in the fifties ~ but failed to achieve the
expected succ~ss and acceptance~ The reaS.ons for thiS
failure will "be dealt with later., ,..

I

Polytechnics and other technical institutions and
uni versi ti tes have experimented w.ith chulah designs from
time to time. The planning ReSearch and Action Institute
at Lucknow, developed and tried out a. 9~sign at Bakshi-ka-
Talab in V.P. in the fifties and early sixties. In 1970,
the National BUildings Organization published a study on
the efficiency of several chulah designs., Fifty £1ve'
different chlllah designs' used in various 1>arts of :the
country were Collected; 0'£ these nine' were Selepted for
systomatictesting at the PRAIlaboratoriel5, to study their
relative merits and efficiency. Out of these, the two
most satisfactory models wer~<,tested', i,Q USers hbmes and
their opinion ,obtained., finally, :.tw.o'designswere,selected
by PRAI-one for stoves using soft coke or coal and .thE:
other using firewood.



;,; In more 'recent times ~ an improved chulah design
has been suggested by Dr. Salariya of ~unjab Agricultural
'University,; The Central Mechanical Engineering Research
Institute at,purgapur has also developed a new chulah
model;.; , ' .

Interest alld experimentation on an economically
smokeless cooks tove 'has been evident in other parts of
the world too. An improved Rice - Hull stove has been
developed in the',Philippines and is ,gaining sider
accepta,rlce as other energy sources, become Scarce.
International agencies like FAO{Food and Agricultural
Organ,;isation) and' UNICEF,have been aware of the importance
and need for an efficient chulah and have icollected and
published designs and ideaS .from allover the world and ,
have founded some extension programmes. Several international
appropriate technology organisati,.ons are keenly i.nterested
in finding a suitable cookstove model specially for
propagation in r"urul: areas.

Improved Mpdels

HERLChulah
+

ResearCh ona .II thermally efficient ,cooking stove
which would be sim~le and cheap and could be built with
earth and earth products by Village craftsman and housewives
themselves" - was started at the Hyderabad Engineering
Researcp Laborato'r les in 1946. The chulah developed at
H:EBL, waS ,als6 knoWnas the Raj~l chulah» after the Director
of the Institute who showed keehinterest in the project.
The new design was qui te a b,reak-throughinnovation at
that time. ' ,

It was' designed 11as a, simple structureli built of
only ml1d,or brick and mud plastered with fine earth. It
consisted of an 'L' shaped duct With one, two or three

'holes fO,r cooking pots and an opening for 'tFi'e firewood.
'At the end of the duct was an arrangement for a big pot
of water ,"where ~hehotgases, before going out, would
be further utilised,thus providing an automatic sUP1Jly
of hot water for the family.' The gaS.es would finally
be taken out of the cooking range by means of a chimney
which could be made of clay pipes, bricks, country tiles
or metal. The thermal efficiency of this chulah was
claimed to be far greater than the usual open chulah.



L1t' $ntnevs.~ wayS' th~ flaIne,!$ Jt!,aintained
by a hatura+;>dt13,~,tensur;ed";:~'JF'jt.!ledef'ip.· Firewood,
cOWdung calres :orother combustible '::Ii1t";&1-'ofhou,s ehold
waste can be used as fuel, all holeS' ate· to be covered
or sealed while lightingthe:fire and cooking, otherwise
back draught or smoke could occur. 'All three holes can
be' usedatt one, time.

, . This 'designc~n also be adaPted for bUrning coal
or cha-rcoaLand enLarged for use in institutions. Later
on,i, alternative dgsign War.:,evolved where the sloPtJing fire
waS :eplaced by astraight one; "the f+oor' of the first •.
holo where the fuel was burnt "'!.askept wpile the floor
of the ducts and remaining cooking holes. were raised 3"
above the floor, leaying·an opening of 2" below the ro,of.

, Th~ last duct before the ~Slter heater was tapered.as
before and provided wi th,a ,damper suitably shaped for
futher regulations of draught. A clay barne 1" x 1"
X 6" could also be placed in the centre of the second

. or third ,cooking hole :;and could serve as a hurdle for the
gases to .be·liftedtow,ards· the pot and transmit moreheat-.

A mould was als'o developed at HERL to facilitate
fabrication of this model~

Maganchulah

. The Magan chulah, named after ShriMal.:anlal Bagri,
was developed atWardha at about the same time as the HERL
model. The principles us~d were similar' - a.n,internaItlue
to connect the different hc:"es to. the fire hole,. a chimney
to carry away smoke anq also to provide the necessary
draught to light and maintain. the fire.

However, the suggested method of building the chulah
was 'different. <.For this, first a solid, block wasto be
made but of a mixture of mud-Clay, fine~cut', hay ahd
cowdung. When this .dried, the cooking' holes were ,to be
cut or 'dug out of the. bloqk sO,that their centres .formed
an eqUilateral triangle. Then the 'holes had to be joined
by tunnelling through, to forman indirect slopping flue
to the chimney·. ,These could be made of pot, tiles, old-
tin, asb-estos ,or zinc sheet. Iron grates, were to be
placed iil'allthe cooking holes. The bloc){ was finally
carved into a sem1"",c.ircular shape. .

,Variations and modificatio!lSof the~e two s to,.ve
deSigns have been experimented with over the yearS.
tlTypically, design modifications changed the outward
shape or size of the stoves, altered the internal
course and/or cross-sectional size of the fluechSnriel~,
modified the fire-box size and/or shape, rearranged
the location of dampers, and incorporated s~1ghtly
different methods of and materials for construction
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of 'the;stov€?'. ":~$p~tH~li:Y':thebhiinney~i '. ,'I

"':,1: ......';, .."," '.: .•'....,..' -,'"

"g'akihi Ki:l,'I'~;~_9JllQ·ah"{PR.AJ.-l!•.esig1?')
• .' ,:. ::. "". ' '.' ,; ': -: • :.' ,: ." ., - - -.' 0;' -: ~' .• -' - __ ; • ,", , ,",

This design incorporated adjuS:tm~Qts and modifi-
cations based on tne,observatipns made from difierent
series of:'experiJnen'ts'., Tner ~wa,s provision fpir,t>roviding
2J pots S'eatsand"'tVio ctarn.p~·rs,one!.l0I'~zontal'an9 the
6ther .'.ver'tical. Wlth th,is arrangemep,t~ it waSt-lO~$ible to
regulate heat in thE;,first pot seat.· •A second d~'per
prOVides retention of thehe6lt in the. second. potis seat
and that the same time allows ff'~e movement of smoke
bec?use it is pet'forated and thUS is not dist~bed While
cooking. This arrangern'e'.ut' is useful as houseWives often
forget to regulatEothis damper:., .' .,

This model 'with a: dimenSion of ,3O",x 16"x'e" waS
mbre compact than the models de~.j.gnedear:lier.T.he chulah
could be made out ofa mud and bhoora mixture, the chimney
of locally made burnt clay pipes •. First, ,the block waS
built up and then the pot •...seats andfiuE::'Were to b,e .carved
out, then the whole structureto'pped with mud-paste. A
cowl covered the Chimney top to prevent pntry of rain water.
The cost was minimal as indigenous materials Were used.

,,' 'A,mould was also designed 'to faci~itate rapid const-
· t:ucticih"ctccording to techniCal syecifications ,in' rural
;,:j:area~;•. 'The mollle;lwas made of, iroil, in several' bits' and
,:the';t;ost was about lis.80 in the' fiftieS.. ," , . ,. . -

I

~ PBAI Model S~'ted in INBO'StudY'_~

'The new PRAImodel for a firewood s'tove is a
mod'ified simplified verSion of the-'Bflkshi-ka~Ta:.ab ,
design. This C011S is ted' of"asquaremudhlock with one
open-ended fire-hol€ cum main pot~seat,': a second 'pot-seat
just· behind and a right-angled fluEf leading to a down
cast chimney. The compactness of this des,ign ascompar,ed
to previous desig!J$ was "a point in its. favour. Anotfl.er
improvement was the open ended main pot-seat in which'
chapathis coUld be roasted on the tawa', and puffed on the

~~~~fa~~~e~~e:~~li~~ad~~~~~u~: ~~i~~~:ted:h~~ed::r~~
kept as close as possible to the traditional snape and
deSign while introducing the crucialmodificatiot)S.
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The chulah design beIng propagated in Gujarat is
atso a two-hole type, the~himney with a cowl being in
the samestraigh't. line as 'the pot-seats. The flue is
flat and straight, the fitehole is large and a damper
is provided' b~tween the tw~ pot-seat?

"f'udhiana besign ..,,/

According to Dr.'Salariya or Punjab Agricultural •
University, Ludhiana, ..'thiS model was designed "so that
heat losses through the walls is utilised to heat water".
The new chulah is similar to the commonchulah excevt

. th&tits outer casing forms a double walled chamber
which s ei ves as a 'water-jacket. ,It's inside is lined
with water through .:the funnel provideda:t the rear top
of the chulah and the hot water .oan be drained out from
the tap fitted at a lower level.

The water jacket is 5 cm thick allover and has a
capacity of 30 litres. The chulah measureS 62 cm is "the
length go cms is the breadth and 32 cms is the height.
ThiS ftesign gi~es an economy of 9% which is achieved by
heating water while cooking is going on. The cost would

"be about Rs.40.

The overall economy could be further improved by
embedding it completely in mUd, i.e. by covering it on all
sides bya 10 cm. thick layer of clay or bricks and ,clay.
This Wduld insulate the water - jacket and reduce heat
losses. to a minimum, re'sul ting in' considerable economy
of fuel.

FAOApproved Desigll§.

The FAa Has collected wood-stove designs from' all
over the world. The oneS seleQted for their series on
Rural home techniques, are based on similar principals as
the designs developed in lndia~

The suggested methods of construction are:

Either the stoves can be moulded directly
from the Clay-mix or



:Btrilt'''bf br iclts mould'~d'.from clay-mix vvhich
'a:re~then,aun, dr,ied.Qr~bui"intiirl:anoven. A
cobk'er'fu.bw.ded>:~h:>!n,';olaywouldlas t,'a:pproxi-
matelyone ;year,''Whileohe of. sun-dried, br icks
could be expocxed 'tola.st muCil:hlonger.

Basic'G:li~c1•.e~Jne::>.. for PrJ?.Per.Use of Improved._Models

The designs re,commei¥1e,dare Qoth of the high platform
and low platforIJlwpe;with' s.traight or indirect i'lil.les to •
the!ichimney,and'with the number of pot-seats reqUired by
indi vid ual'us'ers .'.'

Certain basic guidelines must be observed in order
to ootain.efficient fUnctioning of all these chulah design
as wood burns comparatively quickly with a very long 1lame,
req4iring little. oxygen.

1•• the hearthmus t ,be blocked, with limited
air-intake tdehsure controlled combustion

,2. flues, for flames and fumes,must be built
in 'to concentrate heat at the';cooking"'holes
before it is carried out of tfie stove.

the chimney is essential to ,lead,Qff fumes and
provide a draught of air which is neceSsary
for combustion. .

for cleaning, all openings sh()uld be closed
first and the' ashes removed from the fire-box.

for laying. the fire, a base of wood - shaVings
ot' other available tinder or crumpled paper
should be made, then small pieces of.wood
added and topped by larger logs chopped to size.

to increa~~:heat, the fuel door must be Closed
with the Cover leaVing open only thesniall hole
in it. To,lower the heat, the hole in the
cover should be half closed. . To extinguish
the hole should be completely closed.

7.' pots and Pans should fit the cooking holes
closely. The base of the cooking utensil
should be 3-5 em. (1-2") below the surface
of the hole. .



an unused cooking hole s houldalways be covered.
~or smalle~ sizeq Pans, rings or plate washers
:qanbe~~<;:d. 'I

" .. ;.

the cooker should be cleaned regularly and all
damaged ,t>i.(?cespatched immediately •

..1 j:, ,.' ,"' ~

the chiIllneYlllUst be maintained by cleaning and
removal of a1.1'800 t at least once in six months.

The USe of wet or di¥llpwood causes damage to the
chimney through accumu+at1~~Qf 'pi'tch-resin leading to
;risk of fire. Heavilycotedi crimneys should be replaced.

Designs for Coal Stoves

Fire wood is the most commonly used fuel for the
ruralcookstove, but coal and charcoal are also used in
some.,regions where they are easily available and compara-
tivelY.,cheaper as in vVestBengal and Bihar. Hence, some
improvedl1lodelshave been designed for coal stoves too.

,. The,' HERL ':'model could be c;ldapted for burning coal.
Two,Dpepipgs are provided adjacent to the two pot-seats
for clc'ahing out the aSh, and grates are placed on the
pot-seatS.. The openings for the hot-water pot, the chimney
and the flue, remain the same.'

.' I

. ". 'Tpe NBO·stucty also selected a coal stove with the
two C\9q~i.ngholes with grates, aLn internal flue joining
thernto' a'chimney:, with a damper and provision of 2 holes
wi tlj .ic:"OV~rs'ilri front, for cleaning. out ash. The damper
qas.;<'to.,b'E;"rhanouveredto induce draught· to light the fire
qUic~lY,$.ndto;regulate ii;- : ,

';,); Extension Efforts arid Their Resul is
-',~ - '.'/ ~ , ~

'. 1.,

.~Havi'ng discussed'f?hevarious design and modifications
\of tp:e'Chulah".that have"been developed,bne comes now to
the extension in.the field~ .'

.In the. fifties, the proj~ct for an improved smoke-
less ohulahwiis;, taken 4P at the government level and sought
to be implemented by, the Ihrectorate of Extension. The
scheme lj/aSone'Q,f ,sev,et:q1'otqers for; communitydevelop-
ment and socialw.elfar.e, entrusted to the gram sevikas
or village level work~rs,' for propagation. Targe,ts were
fixed and the workers did what they could. Obviously,
their efforts were not adequate in approach or in terms



of perseverance and zeal. The s8l:hemeis sUtiJj;.Josedto
have failed b?dly" a49 bc~9~fired. 'So muc,~$0 that, the
nl?w;c,hulahsh~d to be d.esi7'oyed to calm irate Villagers
whose,houses had 'filled'upwith smoke>from the smokeless
chulah. The Bcq.em~wos dropped and s<i,llce then, consider-

'_,abh?';scepti~isrnseems ,~o !?,&vegriptJe(j,concerned goyern-
".ment,'offi'cials,'reg2i'ding the smokeless chulnh.<' ,

. '

, ' In mo-r~recent times, ,the .National BUildings
1 Organisations' haS'tried topropog~te the improved and

, slmplifietl mOdel' of the Chulah (Now PRE design). They
build them in their demonstration HouSing Clusters in
nine Rural Iiousing Wings allover the country. They
have also exhibi te:d the model at Trade apd Agro Industrial
FDir~ and at other 8i tes. They too report poor 'resyonBe
and poor acceptahce ;of thesmokelesB'chuiah.

The refisoilSfor this negativerespohSeare not too
difficult to understand. When the early !Smokeless chulahS
were tried out - the psychological ands( .cio-economic climate
in rural India WaS not ripe fori t. Not enough, research
was done before advocating the new designs tothe,rural
users. There was a gap between the research and the,
practical demonstration stage. For example, in the NBO
study, orilyurban and not rural users were asked to try
out and comment on the selectedmodels~

The new chulahs were bulky, fixed to the floor and
,;evehtoo compliCated for' the illiterate Villagers. These
,responsible for implementing the,' pr.oJect didinothave
" the patIence and time to .explain\the functioning properly

to, u$er~ For example, the importance of keeping all
fire-holes covered while lighting, thechUlah and cookirig,
Was not impressed on the USers. Thus back draught was
created, &110. ca~ect, smoke tof16W back into t.he room.,
Also, qUite often the design specifications were ript
followed accurately while constructing the chulah~
Defects resulting from this could mEan increased fuel
consumption and other !JrobI emSmakingthevillage,rs wary
of the Chulah. " ,. '"

Recognizing'tf:H? importance of correct C~nBtructi.on,
the voluntary organisa,tiop,AEPRO '(Action for Food ",
Production), includes c6nstr,uc~ionof chulahS in their
training progr'armnes f,6rmns0nS'from all overt'he country.



AIthough simp;:Leenough. the chu].ahs must be o.aretully
constructed i;L'theefficiency cl'aimed, for them by the
researchorganisatioI1S is to 'be experienced by the
village.

'Another factor against exi$ting designs is that
ofportabili ty; Sgecially in northern India, womendo
not like to have fi~ed kitchens. They like- to be able

,tomov(? 'the chulah indoors or. outdoo~saccording to the
., "'$~aS'~rriJ.hd· to their convenience. Further south, thes e

;', ....:'"cd~slgns·cduld findgr'eater acceptability if properly' •
-, jlhtr'(:idlice¢l - .its.,kitchen prieeis'strong among-people of
'tr€:$,~--:reg1ons;" '. . ,.__ ,,'

"-To'¢!ay,witha shortage-of firewood and the energy
criSiS, tite' C't)nditions 'of life' has' changed even in the

:,.rtrrai 'ateas..Greater 'i'iwar'eness' and expectation of the
masses '~ndes t->eciall'Y~r~using of women to some extent -
the whoJ,.eclimate is verY.9-j.fferent from" t~;tty years
b'ac1C.? "The time i~, ripe 'fo~ 'Ser ious efforts at development
of appropriate modelS' and s\lst~ined extensioll programme8.•
But·,projects must be- carefully Wor15.ed''Out and systemati-

, cally introduced if acceptance by the people is to be
gain,ed. Experience in the field Shows thatyJ here adequate

)0' gro1;ih<;lwork has pr~cededthe introcluction of the improved
models and where care has been taken' to comniUnicate
j.ns :trac ti<;>t1S,CindgUidelibe~~ 'regaJ;ding proper handling
tD"users,"-these models have proved'successful and have
been' accepted. Of c'ourse, fuI'ther research bn deSigns
±.s'''cal·led for,' but more crucial is the fo-rmulation of
the correct methodology for introdu'-ction' and implem~ht-'
ation of the programme.

" ~~'J '~,' _ ' .' " •. , ..

, . The people must be persu8ded and convinced of· their
.•, "'efficiency 'in terms of fuel, time, convenien6e, elimination

.of 'smoke and other advantages. Only then wUl this
.. irn~ov'ed' smokeless f·8.el-saV-ing cookjing .. deviees find wide

acceptance among thos e for whomthey are intended.

The extension schemes on the smokeless'chulah
are beirtg imple.mepte.cfsteadily in Gujarat..This seemS
to be the only State with a 'visible and encouraging
programme.

Under the t Gram Safai Scheme' and Rural house
Reconstruction Schemes, 10,945 smokeless ovens were
installed between 1976-79. In 1979-80, the State
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Government' PI'bYided.l\s~12lnk·bS forVentiIations and
smokeless ovens to some 8,000 heu.seS in rural Cl,reas•

As in the case ot'swi,itary .1atrines,the :ihterest
and ins p.1.r0. tion of, Sri Iskarbhai}"atel and·-the good work
of the Saf~~· v'idyalay'a hasc.qni;ributed largely to' the.
effecti v~L:iml)leE,lentation ~~ogramme~\ . ,.

; ..:>..< ~.., ".- .. " r;' .'. " .
Agen9:iesl.uce. UNICEF··and J~A.RE:·have.disburs e't !undS

·to several States for rural development schemes -whiph,tncluded'"
,in8tallatio!l of smokeless chul.abs •. -:One such.ScAeme·;is the
'Composite Programme for i~omenand pre-school Ch44r:en'.
(CPWPC )1.lndertaken in KerCl1a, .with UNICEF .,aid.· HoweYer ~

> there ...is no :readily 8.vailable data as to eX8qtlyhow--·.lDany·
chul.apsha:ve beeXllllStalledand .qt wl1at· c..ostJ, In·j;Jynjab -"_
and 'Haryana' too, some imprQy'edc,(:ll..j.l~ .lJ.ave bee.n.i.ns"ta+.l.ed·

_.bllt, there' is no "l,arge .sGal~·orOQns1..ste~t ·progr-amrne. ....
.' .;~_ " . ~._ ".__', ;i

--"-'W'j,;.:tJ;i the- ne'W.~·-intere.S'\.afli;iawareness of~l;lec.oncept .
.pf soc.ial.;,!orestry, the.telat~d issue of the smokeless,
fqel •. saving chulah is be,) nnfng \o~·draw the atte-ntion

.:'.of the. POwe!"s ..that be." "'L .

" .,. "It is noted·thZ,t foss.i.l. fuelS are non~removable ...'
and ,are., be.i.ngQ.e~~€:ted 'ralJidIy\ " In contrast, forests a~,e
rene.wab+.Gal1d'i,i;proper~y nU¥uredQind managed, -can-Jneet .
to.--morrow' senergy needs,. :Mri:.': 1Vl.S. ~wamino.than. ,point§ ~ou.',.
thai; uIn the·.y.ears tcr c0lll:e,.6oUl';ltFies whosewea.+:t,h, .
depend$ main1,.y:on re,ne\tJableresources wlll bethe;o~. w.:no'
are economically .$trongii •... ~

. ..Keepingthi,s view point in focus, the twi.n.'proj~t:s
OfS.l~loke).ess fuel saving ovens and villitgewood--:lots to
s ervil;e their energy needs, i:!.m~i).e"as Very ·reJ.eV'ant:·so~utions.

, .. --.... in .the.economicsof developme.nt,. These projects neep to be
taken. up witb:· vi.gou.-r.,:' Research on a .rea1is.tic'pra.ti~aJ.
basis should go on side by side with effective implemen-
tation of.-v..iabl-e scheme8.'~· .

-.
'. -.~"Some'R&D .organi~.at.io ..n.smust ~ome ~orward ~' ,iJick

up the". cball.enge.
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1 . There are an estimated 100 million rur?l households
in India. These households mainly depend on firewood and
qowdung cakes as fuel for cooking their food and he3ting
water. Their access to commercial fuels (electricity,
coal, kerosene) is limited. Table 1 shows the patt~rn of
energy consumption, by source, in India's rural and urban·
pouseholds.

~. Cowdung is likely to continue as an important SOurce
of fuel since India has a large livestock population -
estimated at 366 million as per 1976 Livestock Census. In
fact, the consumption of ~ung as fuel between 1961 and 1971
increased from 22,,15 crmt to 26.91 crmt*.

in. the present pattern of use of dung as fuel. The question
is how to make the best use of dung, which is/¥enewable sourcr

of energy, for fuel and otherpurposes.

I
~
l
i-

'I'

I
~

4. When dung (cakes) is burnt as fuel, the fertiliser
potential of d:mg and ·thenutrients it could provide to the soL:
are lost. And ",Thendung is used only as fertiliser - compost
- its fuel value is lost. Besides, the prevalent manner of
using dung '1S fui is highly inefficient .-the thermal efficie~-:~~l
obtained is less than ten per cent of its potential calorific
value, 230 kcal per kg. against 209 koal per kg. Considerable;
losses are also observed in the prevalent method of compostin:r
without cover - time taken for maturing is }yct.iccn120 to
150 days and losses up to 45%. It the mannure is composted
under cover, the time taken for maturing is reduced to 90 to
100 days with losses upto 25%. However, if the dung is
digested in a gas plant, the :'1igestedslurry takes cnly 7-1~'~.



Besides using liung in a gas-plant, the gases generated could be
used as fuel. (1)

. .

tE~rest in developingbiogas plants?# usiJ;1gdung 'as well as
, ~ ':; o· ,

human excruta and agricultural wastqs fOr fuel and fertilizer.
.' , .

6. Many counmes including India have heen engaged in
research on developing 1:he most efficient and economical
type of bio gas -plants t:.os'lit in"Hvidual households,
communi ties and as energ'lZsuppliers for agrical tural and
industrial purposes.

7 'TI"E first
long before any
only 80,113 gas

biogas plant \-!a'sconstructed in 1946 in India
other country except Germany. By Harc!! 1980
plants had been set 'up in India.

8 Tge khadi and village Industries Commission is the
principal agency in the country involved in R & D, extension
and subsidisation·of biogas plants. Planning Research and
Development (PRAD) of U.P. Government is anbther agency which
has notable contribution to.R & D on bio ,gas generation and
utilisa.tion. A brief i10te of R & D work on biogas by
important agencies is given in Ap-)endix I.

9 An overview of the status of these efforts is
provided by the Department of Science and Technology (OST)
in its Annual Re-port 1979-80:

BioG?_@.Technology. and;JL~ilisation:
Recognizing the importance of biogas systems
as a source of fuel ~nd fertilizer and for
utiliz"ltion of agricultural residues, a time
bound, results oriented All Injia Coordinated
programme covering this area involving several
research centres, has been sponsored by the
Department. Th2 first phase of this project was
over by March 1979. Considerable progress has
been made during the first phase;' and the work
plan as envisaqed at the time of formulation

(1) Bio gas Achievement and Challenges·, M Sathinathan,
AVARD.



of the project has almost been completed.
The significant results achiev21 n this phase
are: design and fabrication of a comparatively
cheaper design namely 'nanata Biogas Plant'1
development of ferro cement gas holders1

development of cheaper and high capacity,
industrial burners; optimisation of various
parameters to use alternate feeds su¢h'a$
castor meal,water hyacinth, and othera.~~icult-
ural residues; effect of the addi tio1'l.,6fvarious
additives like uiea, urine, organi.c Ilnd il1\$:t-
ganic salts for increased gas produ.ctit:)t1·?J:te.

,.' ... "t··\ <

As considerable worklhas alreadv:.rbeeridone on.· th,,:faml.ly sl.ze Ihogas pants, varl.O\,4Saspect:;;..of
community type biogas plants have been ta~en
up in the second phase of the All Ihdj,,& Coordinated
project. Khadi and Village Industries'Qommission

Bom.bay, Pla'1'lingand !\ction Research Division
Lucknow, Structural Engineering Research Cent~e,
Roorkee and Central Buil1i'1g Research Insti tUt;:.8,
Roorkee are implementing the project in colse
COllaboration. Intensive and extensivesJ,it.dies
on commu1lity type biogas ulants from the 50411'0
economic adminStrative, .~anagement and techhical
aspects are being conducted. To evolve
appropriate design d:J.'taand suitable norms i;or
wider a'9plication of biogas technology in ,different.
agroclimatic regions of the country and di:ffering
economic conditions, investigations on gasdis-
tribution system, anticorrosion paints, masonry
strUctures, leakage problems, soil effect and
permeability, etc are under progress. Six mom~
munity plants of different designs and sizes are
being installed; and for these plants the
spade work relating to preliminary survey and
study of the base line ene~ requirement of
several villages has been completed.
Six regiomal centres in different parts of the
country have also been established by KVIC to
study and evaluate the performance of different
designs of plants and to collect data on an
yearly basis for comparative analysis. A'
progra,une in collaboration \-lithState extencsion
agencies has been started by PRAD, Lucknow
to train masons/supervisors to improvejh e
workmanship in the cons~ction of the plants.
At two centres viz. Maharashtra Association for
Cultivation of Science (MACS), Pune and' Punjab



Agricnltural Univ8rsity (PAU) Ludhiana
R & D 'l.-Torkon use of agricultural resideus
and studies relating to digestion amd
t1icrobiological aspects, are in progress;
the development-of 'Kachra' biogas plant
tqu'tilise industrial agricultural, domestic
wastes h ....$ been supported. At MACS, Pune
promising resilits hhvebeen obtained
on· the odigest-Lon o:f drycowdllng cake, isolation
of methano-bacteria and optimisation of fer- •
mentation parameters. At PAU, Lu~ana,
the design of the Kachra gas plant is being

\ perfected and data in respect of different
"kypesr of biomass and,il:.tl<f digestion parameters
has b2cn collected.

10 The procedure for instu.llation of biogas plants is th at
a rural household has to apply on the preseribcd form to either
one of the "17 state officOD. of the KVIC or to the state Kh2di
Khadi and Village Industries Boards which exist in 21 states
and Union Territories. The same network provides technical
and financial assistance includin"g (i) scrutiny of proposals and
recommendations of financial assistance (ii) the survey of site
for location of plant and (iii) supervising the construction and:
ensuring its ~is~t~ry operation.

11 For' subsidy, KVIC is Dot the only source now. The Ministry
of ·'\17riculture has also startc;'dto provide subsidy of 25 per cent

3to small and marginal farmers for biogas pl~nts of 2-3 m
ca1?3citv; an1 50 per cent for biogas plants installed:in hill
and rnti fie·~ tribal 'lreas. A general subsidy of 20 per cent
is provided for all household biogas p~ants not covered by above
categories. KVIC also has a scheme to provide75 per cent sub-
sidy for all gas plants constructed by Scheduled Castes and
Scheduled Tribes households (inclusive of subsidy available

In addition, loansmn also be arranged from banks for the
following purposes: (a) for latrines @~. 400 per latrine, (b)
loan for.gu.s utilisation i.e. for fitting of additional pipe



line, to be given according to the requirements and (c)
in case sufficient gas is available and is to be used for

'generation ofrnotive power, additional loan @~. 1200 per
H.P. of the engine.

12 A Statewise list of biogas plants installed~to.
1979-80 is given in Table 2. Four States (Gujarat , HaDIana
Maharashtra_ and UP) account for more than 50 per cent of
the plan~s. Between 1976 and 1979 the number/of plants in-
creased from about 27,000 to 80,000.



13 Although ~henumber0f bioga$ pla~~s in India is ~7

like'ly to goupto 85,000 by 1980-81., the progress is strikingly
slow considering th.3t (a) the first biogas plant \"(3.sconstructed
in India in 1946 long bGfore any oth::;rcountryexc9pt Germany
(b) the;re are about 100 million rural households in India an.
•• .r . . , '.', 'J :., ' " ~ ", .•; ~ • ~,~

even one per cent coverage means one million biogas plants:
an~ (c) China whicn entered the field at a late stage, around
1973-74, has reportedly cQnstructe9..7.miliion plants - an
impressive performance even in allow3nce is made for about 3

.' .

million plants which it is believed are not working.

14 The reasons for I~dia's poor progress are partlY
technical and partly or0anis2tional.
15 There are undoubtedly some unresolved technical issues
which several Indian R & D insti~utionsaTe trying to tackle.
But it is dif"'fOicult to ascribe the slow progress entirely
to this -factor. The revie\'.Tby DST of India I s R & D efforts in
biogas technology for household biogas plants acknowledges. .
that 'considerable progress has b8~n rrade during the first
-phase •••••• The significant results acheived in this phase
are~ design and fabrication of a comparatively cheaper design
namely J.:J.nataBiogas Pla~ I But there is no" visible push to
instal ·them on any apprecii"iblescale.

There is also a view that India's progress cannot and
should not be compared wi·th th"lt of China. It is argued that
the design problems related to biogas plants in China are
relatively easy since the Cl'1ineseare interested primarily in
fertilizer (and little in fuel) frombiogas plants:

At present, there is unnecessa~T controversy
between two gobar gas models - one designed
by KVIC (I:1dia) and the otrer by China



People rail to understand that theIB is little
ground for comparis on bet\'leEmthe two des igns as
tpe priorities of these two countries are
entir@ly different. China is more p~e-occupied

'-withthe manufacture of manure than bio-gas
production. Consecuently, even human excreta, pi-
ggery waste agricult:ural resi ''1uesare used to
produce maure. India on the other hand is more
concerned with both manure production and fuel
saving measures (2).

Solving the Fuel Problem: The development of
biogas in an important route to the solution
of the fuel problem in the coutryside, and
therefore of concern to the entire rural
populatibn. The use of biogas, a fuel obtained
from inexhaustible biological sources, as a ,
replacement for ..solid fuels like coal and,
firewood has brought about a radical change in
the hist:.'oryof fuel for rural areas in China.
It is an important technical innovation which
not only solves the fuel problem for farmers
and rural inhabitants, but also saves vast
amounts of coal for the state- It thus plays
a significant role in stimulating both industrial
and agricultural production and in building up
cooperqtion in the countryside. In Sichuan

(Szechuan) province several hundeeds of
thousands of commune members now have biogas
1'hey have trans formed themselves from firewood-
lacking families into firewood-surplus
families. (3)

17 The organisational aspects of the problem therefore
deserve greater attention. KVIC prOVides some clue to these
problems:

In the wake o~ energy crisis the government
intrOduced Central Subsidy Scheme in the year
1974-75 and the Ministry of Agriculture fixed
the responsibility of release of subsidy
in some states to state governments and in
some states to KVIC. KVIC, however, continue
to implement the scheme in till,border and
tribal area under the liberalised pattern of



assistance for weaker sections of the
,community; In 1979-80 consequent upon the
decisionoft;1'1c'Na'tional Development Council,
the' su.bsidY 'co~ponent 'of the g:)bar gas scheme
was transferred'to the State Sector under the
head I developme'nt'of lac'll manurial resources'.
The commission, therofore, had to implement
its ~cheme within the available limited budeta~r
resources.

The State Government prov~des capital subsidy
to -c.hecX·'::.entof 25 per ~~ent after the comple-
tion certificate has beon ,issued by KVIe's
technician/supervisor. Tha bank$ usually'
charge interest .at 12 per cent on the loan
and the loan is repaid in a period of five years.
In the past, the c,3,pital subsidy used to be paid
by the l;'linistry, 0 f Agricul t;ure, Government ,')f
India, through KVIC. Unfortunately, since
1978-79 the scheme of capital subsidy assistance
has been passe,d.bn,to the state governments,
The stategqvcrnment;s.usually accord relatively
lower prior~t:;rtb'1-'neb:nstruction of gobar gas
plants andconsequontly the scheme has received a
set back. .KYIe 'has approached the government for
bringing ·the capital sli'bsidyscheme again at the
centre so that:'hq g()I1Jargas activity could again
gain the lost rnoment~rn.

Gobar gas plant has also received a set back
due to unprecedented escalation in the cost of
construction of critical raw materials viz.
cement "lndsteel. 'rhese -'lrenot '1vailable at
controlled rates in a sizeable quantity.

In certain areas, due to haste, the quality of
construction has not been upto the mark. This
has adversely'~ffected the gas generation.
The ~pervisbn has to be improved, especially
at he, time of constl11ctionand after cC'nstruction.



be installed on a.large scale in a short period within t.he
confines of the KVIC or the state govcrnmen~ As Jyoti
and Kfrti Parikh .have observed 'the introduction of such
s<'cmingly sensible new technology has failed in the past for
"rant of appropriate management and organisational structures #

•and consequently, for want of social partic~pation by persons of
various income groups' (4). Ashok Khos;J..aalso observes
that though 'in principlo, biogas has much to offer to the p08r
••••• utilises waste materials to generate •••• rich organic
fertilizer for agriculture ••••••••••• eliminates infections
diseases and improves public health ••••• yet in practice
biogas technology has generally not been successful' and
ctncludes with a proposal to establish a Corporation for
manu~actruing and marketing of biogas plants(5).

19 Action Tor Food Production (AFPRO) a non profit or-
ganisation vThich has rendered VFl.luableservices in developing
minor irrigation has now entered the field of extension of
biogas plants. It ~as set up demonstration-cum-training units
consisting of a team of five persons each (an experienced
technical supervisor, two skilled masons and two helpers) to
train local masons while constructing the biogas plants. It
also arranges training courses.
20 Under the Community Polytechnics Scheme of the
Hinistry of Education, 35, Polytechnics have entered the
field of rural development sinse 1978. In one district in
M.P., the community polytechnic is reported to have been
delegated full authority by the Collector to implement the
biogas plants extension programne including issue of cement
permits etc.; and the farmers have been greatly enthused.
1'4) Mobilisation ~nd impacts nF Bio ~F'l.S Technologies,

Jyoti and Kir~~ Parikh~ IIASA, 1977
(5) Technology Research and Development Enterprise, Ashok

Khosla 1980



21 The disbursement oC:subsidy is re:?orted to be s6

dilatory, and notr::r:-...:cfrom mal-practices, that its co~
tribution to obstructing the:;:progress of theprograrnme ~s not

inconsiderable. No innovation has been '1ttempted in this

matter •. If technical assistance. iSfT\ade,avai.lable f.rom in-

dependent sources like AFPRO,commun:i.typblytcchnics and o-ther
•g0vernmGntal"'lnd non-government:1l agencies in rural gevelopment

. \

field, it should. be possible t,) d.:isburse the subsidy through

banks themselves vnlich provide the loan component. The banks

in turn shauld be able to claim the refund of the subsidy amount

from designated sources. This \·Jill eliminate ·the necessity of the

individual farmers having to run from pillar to post.

22 An equally s.erious aspect of the problem is poor maintenance
of the plants. Though no reliable figures are available, it is
believed that quite a l'1rge number ·")f the 80,000 odd plants

installed in India are not functioning. It is necessary there-
fore to involve a largen~er of voluntary qnd other organisations

in '-he esse'l-t:i::ll t,:1sk of helping the households to maintuin the

pla.nts. This aspect is 'lot on theJ.genda of any official or
non o·Ffici3.l 0rgani.sations:

], ~
.~,{~;:~i~S

23 Sp~cial attention also ne(::1.s·'to be given to the"'human ex-

creta based plants. For example, inrrany plantations there ,:lre

workers' colonies including ll.trines provided by the plantation.. , . ,

ffiClnaaement. A systematic progreliTlmecould be undertaken to

introduce biog3.s plants in all such areas. Similarly in urban or
semi urban areas not connected w~th the sewage system, the

workers colonies attached ~Jith public and private undertakeings
could be fitted with biogas plants to meet both fuel und
lighting needs.

24 Region,3.l imbalance-ooi-nootheGxtension of biogas· plants,

noted in Table 2, also needs to be corrected.· One rrethod



,J ~

,<!ould'Q~-to id~n\;I,.fy enc01..1~age·and aid v0:l:untary aria other
" >': "l' " '

technic'<\+ insti~l;4-t:ions, especially in tl1e ~t-ates lagging

behind# ~o provi~~ a shoulder. '

2!)r.rl)e Dep~~tment of Science and Teqhqo.+ogy sholild
'. \ ":,,\ '3.1so p.ul:l.\t~h a s~cial six mon'thly rer;>ort Qn thE) ,"YQr:K of its

rrech1"1ic'1l.C01mitt'12eand :Jesign Extension for ptogas tech-
I'

c •::

•26 There is also nE,edto learn morc systematically
;'r0m the t~eld suooosses and f~ilures. DST!KVIC!Ministry

of Agri~u+ture/AFPRO may:t~erefore spo·1~r son1e Gase studies
of ·the biQ9Z3,splan-ts (in operatio,n or dormant):f;()~ an authentic

.\

feed back to R & D institutions, funding and 'extcn~ion

27 For household biogas plants, training should be

provided to at1e"1st one malc'lnd r:me female mcmber of the family.
/

28 Fo+, promotion of community size biogas p).a,nts on' a
significant sc~le and on an assured basis it is ~eqcssary

to give serious ,thought to the suggc;stion madq by .:[yoti and

Kir; ti Parikh that 13. pricing Y,)oligy for purqha.sc,:~of farmwastes
~,tR: -.

.>.~nd'·;distribut;.ion of gas and,':erti1izer' should be adopted I as
an essential tool to ensure that no one is worse of by the

introduction ofbiogas pl::m'ts and thus to motivate the required

particip'3.tioq. in the scheme'.
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Institutions Engaged in Research
Q.!l9-__~~'y.f@.19P.I!!.ep.:t~_Q..rL Bio.:-..&isin J...r:ldifJ..

In 1960--~61,the KVICadot-,ted a design of a biogas .
planti!' In this LJlant the 'digester WaSdivided into two
chambers by a parti tionwall. The gas holder has a gUide
ilipe erected in the centre of the digester. It wa~ fed
near. the bottom of the first chamber. The slurry" travel-led
over the partition wall and left from near the bottom of
the second chamber. The gas holder had vertical members at
intervals to stir the slurry when the holder was rotated
to and fro. This arrangement effectively prevented the
formation of matt on the surface of the slurry. This
design worked so well that ~lants insta1~ed in 1953-54
were working without a break till 1975. The KVle has' not
made any significant changes in the basic design of the
J:-llant since its adoption in 1960-61.

Hov.lever, KVIChas carried out considerable amount
of Research and Development worl.~covering various aSpects
of biogas technology •. They have developed atmospheric
burner,s v,ith high efficiency (55-60%). They have also
developed gobar gas lamps and adapted diesel engines to
"':ork on gobar gas. In the diesel engine only about 10
to 15 J:-lercent of the oil has to be used to fire each
pO .•..\ier stroke.

!P~ JS.~L:g:-9.?§_ElanJ~.
The fermentcltion tank or digester is made of

brick and cement mortar. The gas holder is fabricated
from mild steel sheets or form fibre gla~s reinforced
)olySf ter. The former though cheaper has to be scrubbed
and painted before use. Once installed they have to be
periodically protected ifrom corrosion by painting at
regular intervals adding to maintenance costs. The latter
though expensive will not corrode leading to lesser
maintenanc e coSts. Pipes carrying gatS are either of gal va~
niseu iron or black polythene with an internal diameter of
not leLs than 32mmand wall thickness of 4.7 mm. Poly··,
thene pipes are cheap and easy to lay. InSide the house
galvanised iron pipes are used. The use of specific
construction material and accessories increase the cost



of KVIe plants. It has been estimated that the gas
holder and cernent together apcount f'or40% of the total
cost of installation., The cost of the KVle VI ant, and
the use of difficult to ~rocure construction material ..
has been the major Ilmi tat ion in larbe scale ado1>tion.
The use of a steel gaS holder leads to increased heat
10s8 ee., re;'ul ting in IO"V'J temiJerc,tures dur lng the cold.
Seacons. At 10\'/ temj.)erature, the methane producing
bacteria are not able to function at their optimum level
hence thequant;ity of gas produced is considerably redu.ced.
AsIa a steel gas ,holder requires an equipPed ,Ivorkshop
to fabricate them, thereby limiting the extention capability
of the iJlpnt.

! .1

The KVle is now concentrating its- R &D efforts:

to reduce: the cost of construction of gobar
gas pI ants; -

to ensure successful functioning of gobar gas
'lants in cold regions or in high al titud(;s;

3 us e of other al tE:rnati ve raw materials viz~
other organic was-tes as a substitute or to
sUPJ.JlemcntcowdUJ:,g.

improving the gas burners having a higher
efficiency ,:md developing a 10U96 gas eng~ne
by redesigning thfo?existing petrol and diesel
engine.

The Il~RTtook up re.s earch of apaerooic f erment-
at ion of cowdung in 1939. In 1949, Desai set up a pilot
~lGnt With a Separate digcEtcr and gae. plant. A flat Cover
was bolted to the digester top and gases could not escape
leading to bursting out of the digester. This plant
was abandoned.

In 1952, Patel's deSign haVing the gas holder
over the digcLter i~self was incorporated in the IARI
deSign. The chief advantages claimed Jor the lARI lJlant
was that it is cheaper bot in cost and in scaremateria:l)s.
Unbiscui ted bricks and mud mortar was us Ld to build the'
digesters. 8ubsequently,biscuitedbricks, mud mortar
and cement pointing was used. A thinner guage of mild
steel .)lates for the gas holder was also used.

The deSign was cheap, but, owing to the trouble



they gave in use, the IARI dcsign never became popular.
Almost all of approximately 500 plants installed between
1955 and 1957 were abandoned in due course, because
inex•.:)ensiveness ViaS. achieved at the cost of efficiency
of performance.

The 2lanning Re:~earch and Action DiviSion of the
Stat t;: Planning Insti tute, U. c'. has been inter eS ted in
biogas technologies for nearly "tvvodecades since 1957.
Thtough the Gobar Gas Research Centre at Ajrnital it had
been ex~erimenting on a number of different plants which
have been designed by Ram Bux 5ingh. These plants were
designed with both stirring and heating arrangements and
were suitable for thOSe regions where the temperature goes
below the optimum required for proper digestion. This of
course made the initial costs very high. The folloVJing
types of digesters were developed and their standard
drawings prepared:

a. single stage digester
b. two stage digester
c. batch feed digester
d. digesters for cold climate areaS

,

In August 1976, ~CA} news letter had brought out
the design of the n~LOgas plant vvidelY1Jrevalent in China.
The JRPD got Jnterested in the plant and the construction
of the first ;,.llantbased on the Chinese design was cOIDl;.Jleted
in A.'ril 1977. The constructed c.Jlantwas then coated v!ith
two covers of enamel paint to avoid gas loss due to
absorption in the cement ~laster.
The .. l:JR~~D_.2a~.,?f.aD.!~ ..op_._J..a}}§.~.?-...fl:.s.~t

The plant is made of bricks:and cement. It is
a sort of well, dung and built below the ground. A
sIc ping outlet and inlet reach the bottom of the well on
either side of the fermentation tank and have'their
openings at the ground level. The iJlant iB fed dail¥
and an equal quantity of spent slurry flows out through
the outlet. There is no separate gas holder. The gas
h01der ln this type of plant is a brick and re~nforc~d
concrete dc~meshaped structure or a flat slanting roof
of the digester it.::;elf.The mainoifference is that the
gas holders ufld the diges ter ar'ecomblned in one unit.
i hen the gas is formed, it ascends towards the top of
the dome and pushes the effluent down. 'l'hedisplaced



level of the effluent thus provides the_necessarypressure for the gas.

~he following conclusions ~lerged after workingthe pilot pl;Clnt:

1 The cost of a 100 cubic ft.~lant will be
less than holf thG cost of a ·KVIe plant ofthe c<llnesize.

2 Local maSons available in villages Can do allthee onstruc tion\l'ork
3 The rate of gas ~roduction compares favour ably

with conve~tio~al plants having a steel gas
holder (0.04 Mper kg. of cattle dung at
24-27-8) .

4 Life of the plant Will be longer, because thereis no steel drum h~nce no corosion.
5 Maintenance costs will be negligible
6 The effluent obtained from the Janata ~12nt

is richer in phosphoru,;::and potaSSium conten.cs
by 2.5. to 6.5% and 7.2. to 18.5 % respectivelyas compared to previous models.

7 The tJlantis less susceptible to temperature
Changes on account of being underground, hence
a better yield of gas is obtained during wintermonths.

Successful experiments have also been carried out
at Ajitmal to run international c9mbustion engines
~ith biog2s. PARD have also developed a gas plant usingwater Hyacinthas as an input instead Of cowdung.
A.~TB.6 -

A~:plication of Science and Technology to Rural
Areas which is a part of Indian Academy of Sciences,
Bangalore, has done considerable research work covering
the technical aspect of b iogas technology. Research
covering Optimisation of Plant Dimens~ons was carried
out bYA K1N Reddy etal and the TaSu!ts lJublished in .
July 1979. It was found that a minimisat:Lon of th~ cost



of the cost of the gai:' holder alone leads to the narrow
2nd dce J:.! diges ters of the l,.VICdetngn. If ins te[ld~ the
total capital cost of the gaD holder ~lu3 digester is
minimis ed~ the optimis a-Cion1cads to wid(= ;"":,ndshallow
digesters ~hich are less expensive. ~uch plants were
25 to 40% cheatJer and their i.Jerformance waf; also
slightly better than the convcntionc.I KVle J,llant.

2. Thermal Analysis of biogas pl,-n:li
3. A novel biogas plant incorporating a solar

water heater and solar still.

LEERI has done ;;,>ioneering v"orkhith resJ!C?ct to
digestion of night soil for gas L~'roduction. From the
parameters obtained from resec:rch~ NBEHI 1 designed a
gas ,Jlant for the digeE'tion of night soil and cO\\ldung.

It \vaS found that gns produced from 100 percent
night soil v','aSabout four times the volume of that
iJroduced from 100 per cent covvdungon the OD.Ejisof weight
of volatile solids addec'; and s.bout biice time the volume
on the baSiS of weight of volatile solids destroyed.
It was therefore obvious tl18.t night soil is much better
ma.terial to digest and ga:::ify than cmvdung~·hence addition
of night s()ilwol~lG increa;:.:e gas l:?roduction •

.~~gS!E~,tj:3.. :::,.C. i,ep t j. f i c_...I1~,;:~.e.2.r~c.h.~.cn.g:.§;

Hesearcil covering subs ti tu tion of mineral oil by



biogasha.::; been'cal~ri8dou.t~ bv Mtcorts I,'ciontific Research
Centre. ReEe;irch w<::'i.~ doneqn~ the folloviinb aSl:Jects of
di€sel . engines: .

1. D(::,t<..'rminJn[;biog2c~:i:;ntroduction .:.;ystemcend
their metering;

2. Extent oJ po;.:;siule rc.'plc:,celuent of dlesel fuel
;)y biogas;

3 Commercial methods of scrubbirlL~.·Shc:gas .
for hydrogen sulpbi(~;e c.nd carbon, di,p:X:i~e;

4 Effect of rffi, biogas on diesel engine life;

5 Method:. of accelerating genera.tion of ~iogas;
and

6 Posr, ib il i ti es of biogas on moUile 2j;JiJl ica tions

Kirlosk8.r has done res earch covering' the u.::;e of
biogas in diesel engines. ThE. research ctt?trtcd 111.1976
and they developed an on,;.;1neby 1977. They have been
rhF,rketing the,se pumps since June 1977.

138;:: ically, the Engines develup<:;Qare based on
d..u.").lfuel operations. The combustion chamber is filled
\I,'ith ':.:homogerieous mixGu:re of blogas v/hich i:~igni ted by
a ::ornell qu,:.;ntity of' dies el oil. The 1'1<::111ereacLes from
the S)r,3.y tip to all parts oj: the combu,stj.on chi,.mber.
When the gos gets 2xh~u.stcd, the engine on its own
swi tchel3 over to die:: el,.1 tbout the sLLglhC.st interruJ.>tion.

Engines :from 5 to 12 He are available. They Can
be either water or air cooled.

The Soils Department of this UXl1versi ty L) carrying
on research vilth rf'.:spect to feed1ng materials. Use of
materials like fruit 2nd v~~getCLble\,astes and agriculturnl
residues, like straw, are in progress.

The Dnivertity i;;,; also carrVihg out research,
comparing .Giogas P12nts of various design::::, includ1flg



.Cther lnsti tu te::.; "-1 ho are carry ing out res earch
and development v',ork on bi gas tecbnology jn India are
gi ven belm' ~

1•. Agricul tural 'rool[~ Hesearch Centre
;juruchi C8mpus

:) 0 Sox 1+
Bardoli 39L~601
Gujar,jt :.:.tate

3 Centre of ~ciences for Villages
Departjjjent of Lnergy and Environment
l/laganwadi
\'iardha L~42001

2 Central Salt 8.. :f.1arine Che1t1~cals Research Instt. ~
Bha vnagar 36L~O()2
Gujarat State

L~ FAG/UN Hegional LJrojE:ct HA0/75/004
Improving Soil :/ertj.lity Through
Or,g-mic Hecycling9
C/o Ulmp~ POBox 3095
NeVIDelhi 110 003

5 Indian Institute- of Technology
)ovv'ai
Bombay 400 076

6 J ndian Ins titute of 'rechnology
Ivladras 600 036

7 Indian Institute of Technology
Bauz Khas
New Delhi 110 029

8 NE~tional Ins titute of as te Rec) cling Technology
A/18 Juhu Apr::.rtments
Juhu Hoad

Santa .~Cruz( \:)
Bombay 400 049

9 National Sugar Insti tute
Kalyanpur
.anpur 209017

10 PSG College Of 'I'ecbnolobY
Palarnedu
Coimbatore 641004



1: Hesourcei3 Development In:::ti.tute
1100 Quarters Area
Dh'opal 462016

12 Shri .i\.MM MurugoPt-><.=l Chettiar heBearCi1 Centre
'Thc1.rmnani .
i"v1adras 600 042

13 00bic Industrial Consul tantE;5 V N C Road
f~dhavoram Milk Colony
Iv'Ia'dras 600051

14 "bri Pa.ra3akthi College for Women
Courtallam .(via '1.'c.nkasi
'l'amil Nadu 627802



KVICaccepted -the plant designed by Peltel in 1960-6t.

~rom then till 1975 it h~d constructed about 15000 plants
"-II over India. BC~c:1useof th~-' E;n(~rgycrisis 3. 1'1d the neod b:) t..:(!iP

-llternative SO'_lrces of energy, -J. grc3·ter emphasis F'.J.S given

to their biogas 1")rogram,lc;:L1dbeb:J(;c,n 1975 ·to 1980, nno-ther 65000

KVIC has bc~en t~he pioneering organis-u:tion carrying
out 1argE~scale implc~m2.ntat.i:m v;or]'. 'rhey have a nurn..oer of

offices all ovc:r IndiQ, vThich provide tecrnical and financial
guidance. 'They help to arr'l.nae loans from the banks aw "lell

as provide manp0itverto c.)ns-truc't these pl'3.nts.

Ho\,:rever,thorn '1re cert--:li) inherent limi i:ations \tlith the

"'l(."signFhich ~ould impede large sc:110 implementation. The use

of steel to fabric'J.te the" gas holder is one. Steel is not

aV3ilable 'e~sily 'lnd to f'bricate gas ~olders from it, equipped

workshops "ri·th tr:1ine1, personnelJ.re needed. Gas holders ::tre
fabricated where fac:i.li ties3.re 'ivail;ll)le and then transported

to the 8itee
KVIC 1130S dnveloped t.he beE;t infrC1.ctructural facilities

for 1:1rge scale c:,xten-tiol1 ()E bio g2..8. I-f,ovJevcr,they are

cuns tructing plan'ts which ",lere adopted by them in 1960-61.

They are not c:~m8tructing LTG.natak)del Plants as ·yet.

their safe disposal. A few nlants that have been constructed
by ;'1"~;-~RIuse night soil"1s ,the ma.in input. ·'T;ERI has



constructed ::t ?lant at:-he"Jagpu.r CEmt.ral ~Tail \,!hich utilises
the night 'Coil of t1:.,'.::~inhC"lbit:1nts:":1]j. t.he gtlS prrxluced is

PRl\D is helping::hc ext ",ntion. of the Jan·=t.'!:abiog3s jJlatlt

rjevolc.r)(~~db::{'h8 Gob:-"J.rG"1.3 Rese'1,rch St1ticm, Aj i tflrU.

10,000 lJ:'lll.:-~l"l:a·na.'1t.s in 197'1-80. '1".) construc't a Jan3.ta ?L}nt,

i,t .N'S f(Jl t thil't tIle first step should be tor:) t,.'u in maSi.J(1S:md

the ~)l'1.Tt is n~'Otc00s':·,ruct'OoClpr:y?u()rly, ,th;)()ssibility of
lea]-;:Qgc;8is vcr~t l--'igh. This is '1'KJjc:r lL,1i'Ot':lt,io·J. in 1"J,rge

scale im.ple'Tl.(m1:~i:i.Y'1 .C"« ,sHch a 21ant'O. Tr"incd mdsonr; have to
be 3.V'OliJ.3.ble for 'Ot"'1(,~CCF1.st.ruct.i "'.1. of such olmt.s.

In 1978, A2I?RO decid(~d to ge't i '.1v·:) I VC):'l. in '[:hc; field

or: Cl.npro:::>ri:::ltctechnol0gy rel·ated to Z\gricul tur3.1 ::l.ndr<.ural
!JcNclopment. 0:1(':: ·..·f dy) tcc1'nc11cgies [;:clec'ted by AF!?H.O

fCT Pro',1ot.ion 'J.i1ri·;xtcntio·1 ~Jlr: bio0,:=llK.

AS'PF~O dc:cid(~d 'to .syr:Jce:natically DrC);notc the Jan3.ta
biog.cIS plant 'through voluntary QgclciUt~ opc'r;l,ti';l.g crt 't~e



biog ..?s pl"l.nts, it tiT"lS"_ffiperct.ive th3.t masons be trained

in ccnstrncti;-'n tech'l.ir:UGS. 1',ri+-,11this in mind, APPRO or-

ga-1ised seveFll regio.n.l tFlining \r'orkshops during 1980

3.ndh "lve plan.n(~-J -,-"anymore fi)r 1981. 'rhe masons are spon::::ored by

v-3.rious vol unta.ry :'lgencie2,. HO'llTever, due to 1.3.ck of ma;:lp0'lrl(~r~Cld

fin:: lcial l>.2~.,ource::i, only 10 masons can be trained ct one time.

AFPRO has also be,:=onn~taine 11:'.0 construct a num_ber of

plants fc)r vJ.rious org:mic3tions. 'They are al':Jo instctlling

a J-anatu Plan't vThich '\-lorks '_ls:lngri.ght soi.1 in ~'!est Bengal.

In the pas·t APPRO has bc~()n 0 :~ly connc~cted Hi th Extention

i:lOrk. H:J\-leVer, during 1981, they p L-:m 'to construct about. 50
plants which would use a mixture of .lirne stone and surkhi ins:tead

of. C(~me~Tt. If plants c.::;n be cons'truc'ted using the abov(~

subs-ti tut,c , it 1101.11'3. reduce ·thE~costs inclJ,rred for ins·tallation

by 3. size:lble0.ffiounJc 3:::; well as improve ·the viability of large

scale extention.

Stec~l 3.nd ce'TK,nt are di fficillt. to procure ::is well as'

cxpe:l;:.;ive. If 'J. pl=:mt, Cern bel.2velopod 'i,Vit~hout using these,

the.; pro':otional 'IJO"tent:i:ll of such ''l pl~nt is tremendous.

Agricul i'ural I'cK'l::., '3.nd Eese::lrch Ccnt.r', Bardoli has been

COl1,c:'·nlci:,in.g a '!-'r'1bcr elf g3.8 p13n't,c3 for cooper,'}tives, edu-

cational ins"i"ljt.ions as \,re1.1 as ind.ividuals. The pl·:mts

cunstructe~-: were based on the LVIC di?"~'ign. Lat(~ly ,they have

started constructirl<] Jane,ta bioq;J.s plc1nts al;:1o

Centre of sciences for villC:tges is loc.3.ted in v'Tardha.

"his orqanisation h3.S const.ructed 14 plan·ts fnr sl>lall in-

dus-tries '3.nd bout 101 plants fc)r individu':-J.l users. The



fina'"1cial resources for their 0iogo.s pr0gr-l'fnle has been given
r=roffiDap'1rtme'Jt of Sciencei1nc1 Tsch'10Iogy. Besides

construc":i.on, "chey -:In=: also involved in ':l'caching .:1nd training

I'.as,:::;d'}: P~)ona;ib,,;1 is a veil"tJ.:.1'taryorg::misation. 'r'hey

rLlve c··ms'tructed :l num.b~·rof pICln:::s for Indusi:::ries, cooperQtivGs
"-'.1d over' 137 p]Jm'ts for i~1(livid'_Fll f:lrmer,c3..'hey are alE:o

involved :Ln tea6:ing :'1.1-1;1 tr~ ining of mas"::msfor plant cons·truction

S:Ltuat:.ed in 13ohp21, this Institute; is i1 voll.l:'1tary agency.
'L'hc~yh:1veci)nE-:;truct:edbioq'.t2 pLF1'tS f(')r Indus'tries -7 small

industries - 15 co.:..)p(~r""'.'t.ives":'2, 90vernmen't instit,utions _ 2,

i'Tt~~rnational bank - 1, and many i'1J.ividual :Earm.3rs.

A nurnh:';r of 'J'::l1er O~-0i1'1iscl'ti<:>1S clnd Ins'ti·tutes are
involved in Training ana 2xtensio~ 0f biogas pl~nts. Some"

1. r.'hri h"IM >!.urucn,nnaChettiar Research Centre
Th~rama~i, Madr~s 600042

? Sobic I"')'1T3trial CO:18ul tClnts (";x'c,:;;ntion. tr. Promotion)
5 V'JG RO<1d, I1adhav'.r:et1Tl'IiU:C',~lony
t/I,"ldr::ls 600051

3. Sri Para.sakthi Coll,~ae -for l<)men (.::eaching and
Tr,].inirn only) Court;'}: lClm (Via) T2nkasi, 'ramil lhdu
627802

4. ;.forth E '"l,st(-lrnRFlil1tT:1y (Promotion and Extention)
Gor-'.khpur 273001

5. '1::J. ~imlal Im;::i t'ltE~ of 'f';ls'tc~ H::.!cycling Technology
A/18, ,Juhu Apartrnc;rl'ts, ,Juhu Road,
Q -·n'c'·", r·-,.lZ (1,7),...,/' •.•.:.,... \...10 -J..' .~~

Bo'n.biJ.Y400049



6. Ire D:;lhi - (Teaching and Training)
Hauz Mhas, Ne'\.'l ")<Jlhi 1100029

7. lIT Hadras .(Teaching :1::11'l'rJ. Lling)
~'lad.ras 16(1WOC36

8. lIT FJOm.bClY C~'e:1chinCJ=md 'J:r:J.ining)
POv,J,::d, D~'m_bay400076
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