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Enoro; in many foras is vital for national, economic sad social
developmaent . The (i=mportance of energy vas brou.ht. isto sharp
foous since the 1970’s oil shortage which escalated the prices of
convonﬂona! energy. Sinoce '.h_o;-u attention has shifted ¢to
alternative sources of energy. Fc;r a country Ilkg India, where
resources are scarce and developaent essential, it is isperative
that a strong infrastructural base be achieved for {t's growth.
(.lno‘ of the critical components is the generation and supply of

cheap unergy.

As an aiternative source of energy ,blogas technology is boinj
promoted in India in a mass scale in order to meet Il dia’s ;:me of
the rost 1aportant enurgy needs ie. cooking energy ( constituting
more than 70% of the total energy needs in rural India).Biogas
technology has received special attention because of the easy
applicability , ,the vastness of the country and lnfrutruc;tural
deficiences which exists regarding the supp.ly of power to al‘l

corners of India. : .

Alongwith providing an economic and practica! altersstive for
energy generation , biogas technology also provides wvarious
advantages to. t;me uger. Biogas provi’dos cheapsar fuel ssd energy
for lighting and domestic purposes, prevents or decreises
defore‘statxon s provides the farasrs u‘ith cheaper and enriched
manure for their fi~rlds, .and lastly but not ths lsr-:a.;‘z; IRPTOVE &
the environwmsnt by kecping the kitohe ooclesn ¢ hypesale

devrel o th, drudpgerey for wousn,



1.0 (INTRODUCTION

Dut of all renewable technologies presently being promoted and
considered biogas technology is the largest in terms of scale of
development, operations and-covarago. Among al) other technolo-
gies.this is a technology selected as the National Project in the
Country’s overall economic plan. This implies that thfi technolo-
gy s not only most relevant and 1important in meeting people’s
crucial component of energy/environmemnt needs, but also that {t
has developed into a fairly stabilized and standardized design
and their demonstration 1in actual ftield conditions has been
successzful. In fact, biogas technology would rate {tselft very
high in rejation to any other renewable technology when consid-

ered along the selection criteria as shown in Table 1.

Following the evaluation of biogas technology, it is clear that
biogas technology meets three major requirementl tfor a technolo-
€y Judged to be ready for mass scale diffusion or commercial

vtillization

) marketability of the technology meaning substantial d¢mand,
potential market share and supply situstiong

b) technical teastibility of the technology meaning that {t can
be readily mass produced to satisty cheaply & wide range of
demands :

c) technology can be manufactured or used at a high rate ot
profitability both in terms of financial <(i.e. 1individual
user or business venture) and economic (1.e. added
productivity and socisl bsnefits generated for the society
or the country).



Table 1 : Rating of Selection Criteria for Rec:.iewnble Technolcgies
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1. Meeting most important energy needs (cooking/heating) 1in
ruvral India.

2. Technology utilizing only locally available feedstock/fuel
(e.g. agro-waste, fue!wood, animal dung and nightsoil etc.)

3. Technology with tarily long history of development {n tndia
both in terms of R&D and pilot demonstration.

4, Technology with “airly high degree of development {n the
senge of sts dardization.

S. Technology ready for mass promotion and diffusion.

6. System that can be construced, repaired and masintained by

locally available skilled persons with some minimum train-
ing inputs.

7. Tachn01039 being actually used by a large number of poten-
tial users in rural India.
8. Large scale national level planned programme of diftfusion

almost {in commercial scale.

9.  Degree ot national commitment in terms of financial out-
lays, organizational and other infrastructural support,

10. Leve! ot local peoplies’ participation and NGO involverent,
1%. Lovels of economic and social benefits (direct &nd indi-
’ rect) both at 1individual micro as well as at national

macro-level (e.g. saving of forest & fuelwood, efficient
use of feedstock, providing sanitation and healthy environ-
asnt etc.)
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2.0 RIOMETHANATION TECHNOLOGY: BIOGAS SYSTEM

This 1is essentially a -uIE}plo stage process technology, which
takes place under exclusion of air (anaerobic oconditions) and
mainly consists of two parts ¢

The tirst a very coaplex part called ‘acid phase’' in which the
organic n;ttor ot high molecular combinations {s rendered by
micro-organisms into lov molecuilar fatty acids The second _.part

of the fermention or digestion process is the ‘alkalic phase’ |{n
which the methane bactaria turn the fatty acids and alcohol
mainly into methane and carbon dioxide, which i{s coamonly known
as ‘biogas’. Methane i{s the medium heat vilue combustible compo-
nent of biogas. Thus, to put it ;lmply, the biogas technology
involves the anerobic fermentation of organic waste materials,
such as. animal dung, night soil, agricultural waste, etc. in a
fermentation tank or digester in the presence of micro- organisas
to produce a gas, called biogas, which contains about 60% math-
ane and 40U% carbon-dioxide along with traces of other gases likse
nitrogen and hydrogen sulphide.

Thy individual transformation processes as outlined above have to

be adapted to one another. This 1is achieved in practice by
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1. For technical description of biogas technology, see, "T.K.
Moulik, Biogag Manual, The Ministry of Agriculture, Govern-
ment of India, Delhi, 1979; Tata Energy Research Institute,
Fixed Dome Bjiogas Plants : A Design, Construction and
Qparation Manual, TERI, Delhi 19873 Action for Food Produc-
tion, Congtruction Methgodology of Fixed PpPome (Janata)
Birogag Plant, AFPRO, Delh{ (undated); and BORDA, Biog=g 1
Hanual for the Realizatjon of Biogag Programmgg, BORDA,

B8Breamen, Germany (undated).



leaving the tirlt.filling of feedstock several days in the diges-
ter, betore feeding the plant anew. Thus the natural process can
develop without dlsturba_nces7

In india, there are basically two types or esigns of blogas
plants that are being promoted :

- the tloating gasholder or Khadi and Village Industries
Commission (KVIC) design.

- the Chinese type fixed dome design or Janata [lants.

In KVIC type digesters, & floating gasholder is used and gas
accunulates at _tho top of the digester, the gasholder rises,
providing a variable volume for gas storage. Howvever, the pres-
gsure of gas produced remains more or less constant. On th= other
hand, in the fixed dome Janata type plants, the gas collector,
the domes and the digester form one unit and the whole unit |is
completely let into the ground. In this design, the gas generat-
ed pushes down the slurry into the inlat and outlat tanks. In the
process, the gas gets compresged and the pressure of the gas
rises. Thus, the gas pressure changes according ¢to the gas
volunme, The outiet chamber has to be sized as to hold the gas
volume to be stored (approximately 10% of the digester volure).
Due to the geometrical shape of the dore, gas pressure with the
displaconﬁnﬁ system varles considerably between O and 150 c»
water colusn-alwvays according to the type of consztruction. In

Table 2 , the main technological parameters of the two designs

are compared,

2.1 Bes:des the technological parameters, there are sose impor-
tant factors that determine the efficienoy of the entire process

ot biogas production as enumerated
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1) grperrtuwe -
Various strains of bacteria thrive at different temperatures.
For the biogas designs under discussion, the Iideal temperature
tor the rethane producing bscteria is in the wmesophilic range
i.e. 20‘5-35%. Thus, the plant should be fed during &sfternoon
hours when outside temperature is highest. Under favourable
conditigns. i.e. constant high temperature the time for digost;on
(retention period) may even be shortened. The rate ot biogas

[
production is doubled for every 10c rise in temperature ranging

from 15; to 552.

i1) PH-Value

The Ph-value indicates the concentratifon of acid or alkalic state
of the liquid. A PH-value of 7.0 i{s designated as neutral. The
ideai PH-value for wmethane formation Jies between 6.5-7.5.
Animal dung and night soil have normsally this ideal range of PH-
value. OUn the other hand, fresh green vegetable waste if used as
taadétock ensures the danger of acid formation and delays the
process of methane formation.

111) Carbon-Nitrogen (CiN) Ratig ¢ .

Feeding the plant with feedstocks of different nature necessi-
tater the ideal ratio of mixture, on which depends the composi-
tion of biogas and thus its dalorific value as well as the gquan-
tity ot gas produced. Carbon and Nitrogen are the chief nutri-
ents for micro-organisms. The methane bacteria consumes carbon
25 to 30 times faster than nitrogen. Therefore biogas pfoduction
will reach optimum when Ci:N ratio is between 25:30:1%. Anisal

dung has a favourable C:N ratfo.
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“Tatle 2
Parameters
1. Systeus
2. Constru-
ction

10.

Materials

Main coet

factors

Constru-
ction

ﬂeat
Insula-
tion

Gas
Tight-
ness

Feed-
stock

Produc-~
tivity

Main-
tenance

Costs

Regular filling'faedstock
and {irregutar discharge

Concrete blocks/bricks/
quarry stones, sand, lime,
cement.

Cement, bricks

Can be built by seilf.High
demands for masonary skil)
skill.,

Underground construction,
thereby heat insulstion &
constant temperature;}
effect of heat insulation
can be even increased by
building the plant under-
neath the stables.

The gas storage dome has
to be given special treat-
ment for gas-tightness and
protection by paints.

Agricultural waste, even
fibrous material, animal
and huaan excreaments,

LY

Time of digestion 50-60
days, gas yield 0.15-0.35
ce per cm digester volume.
The plant being sbsolutely
gas tight,

iIf tibrous materials added,

the plant needs to be
wholly cleared once or
twice annually.

Comparatively low (almost
half of the other model).

the productivity
goes upto 0.4-0.6 cm daily.
'

- e .

Regular filling feedstocM
and regular diccharge
via. overflow.

Concrete blocks/bricks/
quarry stones, sand,
lime, cement,steel.
Steel,

cement, bricks.

Construction by selft
porsible. Gas holder has
to be produc .d in work-~
shop. .
Loss of h:at through
steel gas holderg
insulation of the gas
hoider problematic.

Not PrOblGDﬂtiCr

Animal and human excre-
ments ochopped and pre-
treated agricultural
wastes in addition only.

30-60 days digestion

time, gas yield 0.3-0.6

cm daily per cm. digester
 volunme.

Gas-holder (steel) has
to be painted annually
and to be replaced after
10 years.

Relatively expensive due
to steel requirement
(constitutes about 40%
of total cost of plant)

i



iv) golid Content of Feedrtock

A high content of solid matter (20-25%) leads to increase in gas
production per digester volume. On the other hand, the macro-
organisms require adequste water. The optimum level of scolid
content in the feedstock should normally be between 7-9 per cent
of the total weight. Dilution of dung or other feed materials is
necessary because in natural state the solid content of these
materials ranges between 10 to 25%. Generally a dilution of 1:1
to 1:2 is recoamamended as being ideal. To put it 1In practical
terms, the normal recommended dflution for cow dung is 4 parts of
dung to be wmixed with 5 parts of water.However, due to cost
considerations, Janata mode)l plants are promoted in large num-
bers. Also, in spite ot the fact that various organic matters as
feedstock «can be used tor biogas plants, lsrgely the main feed-
stock used 15 cattle or pig dung. Very few biogas plantgs are
latrine-conrected 1or nmightsoil i1nputs.

lt shoutd be noted that dung from ruminants (cattle, human etc.)
is most sppropriate for biogas plants due to its homogenejity and
1ts 1noculation with aethane bactorin‘iﬁ the intestines. Gas
vyield trom dung as compared with other meterials (e.g. agricu.
wastes’) ts, however, lower due to the fact that decomposition of
the teesdstock has already taken place during digestion in the

intestines.

A weil balanced anad undisturbed process i{s basic condition ftor
maximum gas production. It is therefore of importance also that
no chem:cals. detergents, other toxic substances etc. be led into

the piant.



v)  Utiljzation ot Biogas /

Biogas 1s a valuable energy carrier, consisting ot 50-70% methane

2
and 30-50% of co as welil as low quuntities of various gases

(e.g. h2s). It is almost 20% lighter than air and has an igni-
tion temperature of 650.0-750.6.

Biogas can be used for ditferent purposes. However, the most
important uses 1n India are tor domestic cooking/heating and
occasionally lighting. A tamily of five in India would consume
about 4.25 m3 ot gas per day tor cooking and lighting purpose -
an amount that is easily generated from the cattle dung of 3-5
cattie. Several -pecnal{y designed biogas burhern and lamps are
commercizlly avajlable in India.

Another important use of biogas {s a fuel for both petrol ano
diesel operated internal combustion engines for water pumping.
Practically only the carburettor has to be adjusted to the opera-
tion with bilogas. Biogas operated engines have longer life.
Indigenousliy manutectured dual-fuel (80% biogas: 20%
diesel/petrol) engines are commercially available and are in use
in {nara.

Stmxlgrly. biogas operated generator for producing olactrfcity is
also indigenously manutactured and commerciailly available. Howev-
er. since large amount of gas {is required for the efficient
running of generator, only a big-si1ze community-type plants could
attord to use the generator.

vi) Utjlizetion of Henure

The discharge or outflow or Siogas plant known as siurry has a
relatively high fertilizer value to the far-ors. Also, the part

of the dung, whioh was otherwise burnt ss cooking fuel in the

-



form ot dung cake is saved and avallable for rich organic manure.
The slurry has & higher fertilizer effect that usual decomposed
dung si1nce 1t contains more nitrogen and is readily soluble in
water. About 30-50% of nitrogen escapes into the air in case the
dung 1s air-dried, while nitrogen escaping from digested slurry
after more than 10 days of'etorage amounts t; about 10-15% only.
It 1s.,theretore, & fact that the value of slurry as a fertilizer,
if used direotly in the field as it comes out of the plant |is
higher than when used stter being stored and dried. In Indis,
for example ,mostly slurry is stored and dried before use in the

tield.

3.0 DIFFUSION APPROACH §N BIOGAS TECHNOLQGY

3.1 in 1974-75, total number of family size (2m3-68m3) individual
biogas plants were 10,710 in lndiaf By 1986-87, 1t reached to
836.198 a quantum jump ot more than 80 times in a perioca of 12
;éars. Given 'the specific yequirements of feedstock supply
(mainly cowauﬂg), for family size biogas plant (at lepst 3-5
cattlie), the potentisl market size or Qser group in India {s
about 25.million rural househoids. The National Project for
Biogas Development (NPBD) is essentially aimed at this market
segment .fur\ deployment of the technology through an organized
delivery ;ysten. Fresen;ly, the planned target for diffusion of
biogas technology is at the rate of 0.2 ni]lion pér annum.

The strategy of diffusion of biogas technology in India can be
Clearly understood in identifying the critical landmarks in the

history ot the programme (g8ee Table 3) . It 18 to be noted that

while the perioa till 1960 '8 could be termed as a critical
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pariod tor indigenous development or biogas design and Iimited
aenonstra§10n projects, 1870's should be termed as the growth
period 1in terms ot planned R&D efforts and mass deployment pro-
gramme. The Fuel Policy Committee of the Government of India, in
the wake ot fuel crisis of 19%0'., strongly recommended the
popularization of biogas plants as alternative sources of energy.
The success 1n developing a vastly cheaper Janata Model (tineg
dome, Chinege-type) during this time, made it easier to plan for
enhanced target for plants to be promoted with concomitant re-
source conmifaent by the governaent, both in terms of finanoclal,
phystical And'-anpowor resources. However, along with mass-level
diffusion programmé since 1975, simultaneous efforts on R&D 1iIn
relevant sareas as well as critical demonstration and ¢training
programme continues.

Apért from providing an aiternative energy supply based on local
available resources, the biogas programme in India {8 also aimed
to bring otnerébenetits e.qg. enriohed‘manure. alternative gainful
use of available biomass, checking deforestation and soil ero-
ston, i1mprovement ot health and sanitation. »

3.2 Till 1970’s, the biogas programme in India has been rela-
tively centralized and operated through normal government bﬁ—
reaucrgcy, apart from KVIC. The initiative and administration of
biogas progresmme 1in this period has been largely a. top-down
procesa in which the concerned government dopartnoﬁtl (efither
KVIC till 1870's, Agriculture Ministry and DST duringl19709-19801
and DNES from 1980s) took the lead and responsibility for . imple-
mentation. In other words, emphasis in India in this period has

been & mags transtfer of technology to the target group-

10



Table 3 : Critiocal Steps in Historiocal Evolution of
‘Biogas Programsme in india.

P I R e e e

L e e e R

Early 19th Century
(1800-1920)

1938. st the Indian
Agricul tural Re-
search Institute,
Delhi.

- 1840-1950s, at

various research
institutes.

1851, by JJ Patel

1954, by JJ Pate!l
1955, when 500 KVIC-
mode! plants ins-
talled with Govt.
support, but failed
subsequently due to
design defects.

1860, first govt.
sponsored programme

1960s8. at various
national research
institutions, with
setting up of Biogas
Research Station at
Ajitmal, UP.

1970, tossil
energy crisis

fuel

1875-80, national
mess promotion pro-
gramme with emphasis
on relatively cheaper
Janata model, offici-
ally supported and
involving both govt.
and NGOs including
“KVIC.

.
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Historically referred early attempts to dev-
lop biogas technology.

Serious attbgpt for development of indigenous
technology.

Spurt of indigenous development research

First standardized floating dome KVIC-model
developed.
Flcating domae design improvea.

First government supported demonstration

programmes.

KVIC taking the biogas programme as a part of
its regular ongoing development prograames.

Renewed interest in biogas research.

Importance of Biogas as an alternative energy
source recommended by Fuel Policy Committee.

Biogas as a major programme for diffusion

under Agriculture Ministry, promoting multi-
agency and multi-design projects.

11
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- 1975-80, by the Dept.
- of Science and
Technology, Govt.
of India.

- 1981, a planned tar-
get of 0.4 million
plants in the
remaining 4 years
of 6th Plan and
inctusion of biogas
in the Prime-
Minister's 20-point
programme.

- 1981-creation of the
Commission of Addi-
tionai Sources of
Energy.

- 1982, setting up of
Department of Non-
Conventional Energy
Sources under the
Ministry of Energy.

- 1984-85, Crash pro-
gramme with a ‘target

of 0.15 million plants

and the proposed 1.5
million plants during

the VIIith ptan period.

1985-86., creation of
State-level specific
and exclusive nodal

agencies for imple- -

mentation of renewable

energy programme.
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All-India Coordinated Biogas Research and
Experiments through a network of national
organisations and institutions.

National Project for Biogas Development
(NPBD) launched with enhanced target.

Organisational interface for overall policy
review and coordination of renewable energy
programme.

Exclusive implementing and administrative
government organisation for promotion and
R&D of renewable technologies.

Planned enhanced target.
Network of official organisations and NGOs

at the State leve! were involved in deploy-
ing biogas technologies.
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from an external system (e.g. research institutions, experimental
stations, government departments) through a network of official

and non-official agencies.

in an official sdministrative system, as it operates in India, it
would require a network of institutional and administrative units
at difterent levels o; operation right from th‘ national to the
States/district/blocks/villages. As wmentioned earlier, till
1973-74. it has been the single model-single agency approach with
KVI€ as the only focal insiitution.r KVIC has its network of
recognisz or afftli;tod network of institutions throughout the

country which has been utilized in deploying the biogas technolo-

ey.

By late 19708, when Siogac became a part of the nationa! planned
programﬁe, the institutional arrangeﬁantg have of neoéssity
graduatly become relatively more structur;d on the one hand and
broad-based o; the other. The monopoly of KVIC has been replaéed
by a multi-modol-cun-aufti-agancy approach in which a larés
number of-official and non-official agencies have been invo{ved
in implementing the programme under & common fiscal arrangement

in terms of sbbsidies and cash incentives. ' '

3.3 Just as the subsidies have béen gradually raised to attract
more customers in consonance with the urge for achieving expanded
targets. d_programme for cash incentives to private motivators at
tﬁe local villade/b)ock lgvél for gttracting customers, fees for
turn-key cqnstruction by private @asons or entrepreneurs and easy

bank loan chilitios have also been initiated in India from 1970

13



onwards. In the early 1980s when NPBD wasgs launched and Janata
Model was introduced In large-scale, it became necessary to
initiate & systematic training programme for the masons, which
perhaps was the first organised attempt for creating technical
manpower at the local village level and thereby directly involv-
1ng the potential users.

There have been a number of organisationa{ strategies for effec-
tive diftusion of biogas technology initiated in recent years 1in
India. Firstly, in order to achieve the demonstration effect to
the maximum and multi-benefit impact of biogas programme and also
to raducé the administrative costs, there has been deliberate
plan to intensify deployment 1n a cluster of villages <(cluster
approach) as against spreading it thin over a large number of
dispersed villages. Secondly, in order to expand the size of the
potential market segment, there has been a planned programme to
popularize medium-size community of group bidgas plants. Third-
ly. the 1mportaﬁca of manure production in biogas plant as equal-
lyv important Vobjective‘has received critical attention {in the
popularization programme in [ndia. Four£hly, there has been a.
planned Aintensive publicity campaign on biogaé technology wusing
" 8ll kings od media and methods auring the last few years which
has made the Indian public relativefy more aware about the biogas
technology and the national programme. Lastly, 1{t h#s been
increasingly felt necessary to integrate biogas programme in
India with other ongoing r;ral deveiopment activities which
necessarily brought aboutlcloca bollaboration with and assistance
trom various developmental departments of the government and

NGOs. - -
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4.0 STAGES IN THE ADOPTION PROCESS
4.1 The adoption process is charsacterized by five well-known

stages of scceptance t awareness, interest. evaluation, trial and

sdoption.

.

Mass-media. such as, television, radio, mewspapers etc. play
an importamt role in making the prospective user aware of the

biogas technology and about the national biogas programme. But
it should be noted that the awareness created due to exposure to
these media do not necessarily lead to active interest. In a

study, for example, it was observed that hardly 1 per cent of the
biogas adopters exposed to these media actively searched for more
intormation (interest stage) about the technology. Thus, the
awvaremess created by exposure to mass media can be termed as a
‘general awareness' about the technology as merely a ‘stored-
information-yet-to-be-activated’. Hovever, in recent years, with
intensive mass-media-~campaign in India, the chances of multiple
expnsures have become high to the extent that it may arouse
sufficient i1nterest to more potential adopters.

=~ Almost all the biogas adopters were found to become really
interested in the technology only  through credible personal
contacts. The credible personal contact could be close
relatives/friends, village leader, social worker, local NGOs,
govt, otficial etc. . In other words, the awarness created
through this person-to-person contact, if appropriately and
convincingly communicated, are most likely to arouse active

interest. It was observed that about 70% of those who becanme
aware through this process were actively interested.

- Once the active interest was aroused, most of the adopters were
found to asctively seek detailed information from various credible
sources : concerned government agencies/officials or NGOs at the
Jocal tevel, visiting the actually operating biogas plants in the
village or a nearby village or the plant owner indicated by the
credible personal contact at the first instance. 1t is at this
stage. the demonstration projects became an important facet in
the adoption stages.

- Having obtained all the relevant information, the potential
adopter wusually passes through a stage of evaluation and trial,
in which @il the input information observed or obtained are
critically examined and discriminated upon in relation to adopt-
- ers’ own gsituation. In this stage, actual operating plant owner
in his own village or nearby was found to be best credible
sources of information supported by detailed relevant information
from official or NGOs. Also, the training camp for the local
masons usuatlly become a live field-demonstration, during which
the trainee masons are required to construct & few plants in the
village. 1t was observed that of the 70% people who hecase aware
and got interested, about 40% of them passed through these stages
of evaluation and trial. : '
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- It was observed that about 30 to 40% of the people who passed
through the evaluation and trial stage, ultimately adopted the
technoiogy. It should be noted that for various reasons (e.g.
design detects., lack of required facilities etc.) about 10% of
the adopters in India were found to discontinue the use of
biogas technology after a lapse.of time. Thus, about 80 to 9S0%
of those adopted the technology were found to be continuing the
use of it with varying degrees of regularities and efficiencies.
- The time gap between awareness and decision for adoption was
found to vary between 1 to 5 years in 1970s - an average of 2
years. However., with the recent development of infrastructure,
organised delivery system and the conspicuous demonstration
ettects ot large number of operating biogas plants in easily
accessible vicinity, the time gap has been reduced drastically to
about an average of 6 months.

4.2 Factors Influencing the Diffusion Process

There are generally three main factors influencing the diffusion

process. These are as follows :

4.2.1% individual Indifferences

People differ markedly in their penchant for trying new technolo-

gleé. [In other words, there are {nherent differences among

individua]s in‘theit response to innovations i.e. innovativeness

or innovation-proneness, irrespective of their socio-economic

characterisgtics. Thus there are those who are apt to be early
’

adopters: others adopt the new product much later.This is clearly

evident when we examine the time gap between awareness and deci-

sionrto adopt biogas as discussed above.

On the basis of the time gap between awareness and decision to

adopt, the biogas adopters in India can be broadly classified

into the following categories as shown in Table 4.

4.2.2 Role of Personal Influence

Personal influence or person-to-person coinunication between a

potential beneficiary and a cosmunicator of biogas  technology

plays a very important role in the adoption of the ‘technology.
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Table 4 : Biogas Adopted Categories

- s e e - e R A R M e EE G G G SR M G E S e Er N e e ER e W WR G Y SR T an M A M W S M P G - s E e e e e e e

Categories % of adopters’ Time taken to decide to adopt
after being aware

- . WD - = S e e G M e S e he e R An MR R M e e e e e M Nm ER e A= R e em M e e MR A MR M e v G A v W e A - =

Innovators - 1 Within 6 months
Early adopters é 6-12 months

Early Majority 30 1-2 years

Late Majority 40 3-4 years

Laggard 20 4-5 years and above

- - MR e e e A R A e SR W e e v P A e W R SR e e S AR W AR e n M G R Mn SR G T SR A W SR M G S e W M e W - e e w

This is more so when the communicator is a credible, respectable,
knowledgeable and dependable person. In fact all through the
adoption stages, persgonal influence is a big contributing factor
in the process of final decision making to adopt.

In atl the evaluation studies, it was consistently observed that
friends/relatives, the local developmental officsals, the field
su#arvxsors. the trained workers/masons and the local NGOs were
thermost influeptial personal sources during awareness and inter-~
est stages. 'However, during evaluation, trial and adoption
stages, contacts with the chal biogas imﬁlemanting agencies (NGO
or ofticial department), the owner of an operating biogas plant,
the mason and‘tabricators of biégas equipment, the banks wvere
most useful sources. |

4.2.3 Influnces of Technology Characteristios on the 'Rata of
Adoption

Every t;chnology has its own {nherent characteristics, which
affect the rate of adoption. Five characteristics seem to have
an especially important influence in the adoption rate, as dil-

cussed below
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&) Relative Advantage
Compared to traditional cooking system, the following advhntagos
of biogas system clearly appear superior

- Clean energy (mathane) without any tnoker

- No sooting on utensils and Jall, requiring less labour to
clean.

- Provides enriched manure and saves dung from wasteful use as
fue)l (dung cake) for use an important organic manure for
agriculture.

- Cleanliness of digestion process (hardiy any flies or bad
odour) of the slurry output, i.e. improvement {n living
condtions.”

- Multiple use or biogas-cooking/heating, lighting and as fue.
tor pumping water or other agricultural operations,electricity
generation etc.

- No labour requirement for fuelwood collection and dung cake
making, ghus saving forests and agricultura)l wastes for
other useful purposas.‘

- Relieves drudgery of women in their work in cooking, col-

lecting firewood etc.

- Status symbol for a rural family. VIKRAM SARABMA! L 5R ARy !
OIAN INSTITURE OF MANAGEMEN
b) Compatability VASTRAPLIR, AHMED ABAD-380x>:30

Technotogies differ in their degrees of compatability in terms of
existing values anq expérioncen in the social system. In terms of
compatabillity of biogas system the following observations could
be made @

- Cooking is the primary energy need in rural areas nnd‘biogas

is compatible because it addresses itself to iqlv. this
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primary need in more efficient and cleaner way as compared to
the traditional technology.

- Raw materials as feedstock used for biogas systems are
otherwise used either as fuel (dungcake) and manure. So
handling cowdung as foedstocé, ~ usually considered as "pure®
igs consigstent with existing traditions and practices.

- ‘Unly when nightsoil 18 used for biogas it creates resistance

due to "impurity” attached to it.

c) Compigxyty

Compared to traditional tochnologieg in practice, biogas system
is certainly more complex, particularly in relation to technolog-
ical bprocesses and design parameters. However, for daily opera-
tions, routine maintenance and use, it is simple enough to be
understood by even jilliterate rural people. It should be noted
that in case of major operational disordef or design defects, it
requires trained technical help and therefore‘to that effect, it

is more complex}than the traditional technologies.

d) Divisibility

Except 1in relation to size of the plant, feedstock; plant model
and end-uses, biogas technology as such is indivisible. One must
have the basic digestion-process as an unit. Other equipments

related to specific end uses are optional for the plant owner.

e) mpunjcabjlit o ‘
Some of the resulits or advantages of biogalAsyston are galmost
instantaneously and conspicuocusly observable. The clean blue

flame of methane gis without any sooting effect, recdiuction of
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cooking time. saving of dung for manure, smokelessness, reduction

in drudgery Of working women are extremely communicable results.

What 1s not easily and instantaneously communicable is economic

benetits since there is no direct cash flow of income and other

indirect benefits, such as, value of enriched manure, saving of
v

tuelwoood. general hygienessanitation. However, all these indi-

rect benefits can be rationally and persuasively described to

nothers.

4.3 Diffusion Approaches

There are bassically three diffusion strategies :

i) The "top-down’ strategy in which centfalized agencies are
entrustea wlthrtask;

ii) The ‘bottom-up’ strategy where individual and voluntary
initiative is harnessed for the effort; and

iii) The “"franchising’ strategy where the advantages of c¢en-
tralized ggencies are couplied to the stfangths of entrepre-

neurship.
The bi1ogas programme predominatly uses the first and third

strategies and to a lesser extent the second strategy <(although
itncreasingly more in recent years). Thus it is a mix of three
strategies. Ditfusion strategies viewed as an approach to tech-
nology adoption can be categorized in five education approaches.
As would be shown below, India’s biogas diffusion strategies use
a mi1x of these five education approaches with varying degrees of
eﬁphasis.

4.3.i Motivation Approach

In recent <years, this approach has been increasingly used Iin

India. A number of video and TV strips uisng typical cinematic
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socifl stories with main focus on introduction of new technolo-
gres 1n rurgi India are produced and screened all over India. In
téct. the mobile van with minjiature technologies along with
these video or regular 16 mm screen projections are 1in use.
There s hardly any exhibition,or big fairs in India, where these
technoiogies ofgen along with the mobile van and‘ above c¢inema
shown are not in the show. There are even comic books, puzzle
games anod si1mple rhymes devetoped for education. There are
also attempts to i1nclude these technologies in the curricular of
pPrimary and secondary education. At several places poermanent
energy parks' are established where all the technodogies are
there to be seen and fiddled with by the visitors. Lastly, the
importance of motivation approach in biogas programme could be
seen 1n designating the village level.local stimulator as motiva-
tor who 1s given cash incentive on the basis of his/her perform-
ance.Similarly. national level annual competitions between States
and within State competitions and well-publicized prizes for both
quafitatlve éﬁd quantitative performances are other means for

stimuiating extra motivation among the>promoters of the biogas

pProgramme.

4.3.2 Creative Approach

Apart trom training camps, workshops, and seminars, where free
sharing of i{deas and experiences occur, there is hardly any
Plannead weffort to use this approach. In fact, out of the five
approaches, it 1s probably the lowest in rank in terms of planned
emphasis. However, a note ;hould be made thaf & large number of

NGUs involved 1in biogas diffusion programme do often use this

)
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approach 1n small discussion groups of the beneficiaries in
identitying ‘felt needs’ within the framework of existing socio-

economic conditions and development eftorts.

4.3.3 Analytical Approach

The mason-training camés regularly organised all over the country
is perhaps the best example of this approach being utillized
while the masons sare trained and actual biogas plant construction
is 1in operation. The gathering villagers in the camp for 2-3
weeks tind an opportunity to understand the technological aspects

more rationally and analytically.

4.3.4 Planning Approach

Perhaps. this is the second most important educational approach
used 1in biogas-diffusion strategies. "To see is to believe" |is
the dictum highly émphasized and the predoﬁinant place of the
‘demonstratidnj projects or plants take’ in the strategy |is
obvious. . The potential beneticiaries are encouraged to visit the
successful ‘demonstration plants’ or a show case in actual fi;ld
conditions. Field-days are organised by the implementing agen-

cies apart from training camps.

4.3.5 Didactic Approach

This 1s undoubtedly iha most pronounced approach in use in In-
dia's biogai.diftusion strategies. Having considered that biogas
technology _il_dovolopod and available in fairly acceptnblo‘ and
ctanda;dzzed tform along wfth sufficient successful demonstration
| eftects. _thid widely known ‘-hét gun_apﬁroach"il used. Esspn-

tially, this approach considers that the ‘technology is given and
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means 6f 1nducing users acceptance should be devised.’ The deliv-
ery system in terms of implementing organisations, financial,
physical and manpower infrastructure supports are clear {ndioca-
tors of the predominance of tﬁis approach. Also, taking a view
that potential target group 1s ready for technical intormation,
construction manual and users manual for biogas have been .nade

avallable.

5.0 SOCIQO-ECONOMIC CONSTRAINTS
A close examination of blogai programme clearly reveals that it

is subject to a host of socio-economic constraints operating both

at micro and macro levles.

5.1 Micro-Aspects

The wmicro-aspects of socio-economic constraints concern itself
with biogas technology and access to it. It is concerned with
biogas techqology's availability and {its utility to a specific

person or grsup of persons. These constraints may come broadly in
terms ot user constraints, economic constraints and technical

constraints.

$.1.1 User Constraints

These constraints refer to hindrances for biogas diffusion and
adoption to reasons within the user or person itself as mainfest-
ed in the following ilsues‘t

a) Lack QL Motivation .

The biogas technology has certain deterministic characteristics
that keep a large number of rural houses away for active consid-

eration  for adoption. As mentioned eariier, an average family-
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size biogas plant requires 3 to 5 cattle to provide necessary
input of dung. The rura! households which fulfi{l thil cattle-
ownership requirements cannot account for more than 15 per cent
of the total population i.e. not more than 25 million households.
Since cattle dung is the major feedstock in India, to a large
ma jority ot rurai households having no access to required amount
of dung, the biogas technology is preceived to be too irrolevént‘
~ to be motivated.

Closely related to this basic consfraint are the two important
constraints of space and water. A 3 m3 f[oating- dome KVIC-type
plant requires about 27 m2 of land area for the élant and the
compost git, ¢+ ig a'sc sdvisable to build the plant within
s1x-meter radius of the kitchen in order to provide efficient
supply of gas for cooking. But in villages in 1India dwellings
are otten clustered so closely together in a network of narrow
lanes and alleys that a villager is constra;ned in ﬁis motivation
to own a plané due to non-availability of required land area near
homestead even when having aochs to required amount of dung.
However. the problem of spacé is largely overcome by introducing
fixed-dome Janata plant, which being underground does not exclu-
sively occupy large space.

%carcnty of water lsian equally serious resource constraint in
many villages. To onabi. a biogas plnn@ to operate cnéothly.
dung and water are mixed in the ratio of 4:5 by volume. For many
~ households water has to b‘ o.rfiod from a far-offt uill or other
sources. Fetching thonocol-nrquu-bbr-of buckets of water for
_ biogdo_p!ant adds gddlttonal burden da-pohtng‘tho motivation.

,Lastly,,.and perhaps one of the most demotivating factors is the
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fact that-biogas plant does not produce any direct cash- flow of
income. All the benefits appesar to be notional only. Since cash
income is the crucial motivating force for & large section of
rural population. its absence removes any immediate incentive to
adopt biogas plant.’

b) Lack ¢f Intormatign

In spite ot vastly improved information campaign on biogas pro-
gramme , and in spite of enl;rged organisational network, there
are many villages and villagers who remain still unaware of the
relevant  details about the biogas programme, @.¢. whom to ocon-
tact:l how much {8 the subsidy and where to get it; who will
construct: and who will repair in case of breakdéwn etc. Partly
this is due to vastness of the country and widely dispersed
relevant market segment to cover. With the concentrated
cluster-approach and with large increase in the number of biogas
. plants installed. the information gap over tﬁe period has become
considerably ngrrower as compared to 1970’s.

c) Laok of Statf or PSkilled Manpower

As mentioned earlier, except for construction and repair for a
major breakdown, biogas operation does not require any particular
skill, but himply manual labour. Since construction and major
repairs are taken care ot by the implementing organization, lack
of such a skilled manpower within the adopter family should not
pose any constraint.

d)  [nadequate incentive

Oon nn'avofago, 2 fnnfly-lizo biogas plant, depending on sizes (2m3
't044>-3). bojtc Rs. 5000 to Rs. 8900. The rate of subsidy lnqju-

.;yb“both Central Government and State Government on an aver-
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age varies between 33% to 80% (The rate varies between landhold-
ing categories and for scheduled castes/tribes and in hilly
regions). Thus, we may assume that a biogas adopter in India has
to 1invest sround Rs. 2000 to Rs.. 4000 on his own. Against the
investment of such amount, it works as a disincentive {if one
considers only the direct cash flow of income which is nil. For
many poor rural households, with meagre or almost nil purchasing
power. the situation is indeed the way it is described above.
However, many rural hougeholds to consider positively the contri-
bution of other benefits, even if notional, and to them invest-
ment in biogas 18 economic in the sense that the investment can be
repald within a period of 2-4 years, considering the gavings i{n
terms of manure, firewood, agricultural wastes, kerosene etc.
Thus to the group whose priority need is immediate flow of cash
income, biogas does not appear to be providing'suffioient incen-

tive tor 1nvestment considerations.

e) Social and Cultural! Unacceptabjlity

There are no particular social and cultural factors which could
inhibi1t the acceptance of biogas system excapt in two situations.
Firstly, becaus? there are strong inhibitions about the use of
nightsoi1l ana even about cooking foog over gas generated from
slurry containing nightsoil, connecting latrines with biogas, in

1 ,

spite ot considerable propaganda, iq generally resisted.
Seqondly, and po;haps the most serious cultural constraint is the
role and uta£ul of uo-on’in decision making in a predominantly
-patriarchal male-dominated society. The most oconspicuous and

immediate beneficisries of biogas technology are thb village
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women. Bﬁt these benefits are not usually given high priority by
the uecision—ﬁakur, the male head of the household. Because of
this attitude of the male decision maker, investment choices
otten goes against biogas as a non-priority. Also for the same
reason. when plants break-down. often they are allowed to remain
nouf or order for a3 long period without repair or attention, and
eventually many ot them are 1rreparably damaged and never re-
ptaced by a3 new one.

One more seri1ous constraint in the biogas programme is
related to commonly practiced open grazing cattle rather than
stall-teeding. As a result 40% to 50% of the available dung
tvarving betweeﬁ regions) are not directlv available for biogas.
So long as biogas programme remains almost totally dependent on
cattle dung/pig drops, as it obtains today, this becomes a limii-
ing tactor both in terms of expansion of market segment as well
as etficient running of plants. Given the eéohomic situation and
age-ola social practice, stall-feeding of cattle cannot be per-
ceived to be practised widely in the near future and therefore it
wouid remaln a constraint to that extent. In fact, a number of
evaluation reports revealed that about 20% of the non-operating
plants were due to inadequate and irregular feeding, including
inadequate 1nitial charging because of unavailability of suffi-

cient quantity of dung.

f) Reluctance to [nnovation/Change

Given the attitude of male decision makers towards women, given
the fact that biogas technology does not yield direct flow of
cash income, &and also the fact that cooking fuel is available in

rural India ailmost always at zero private cost, there is initial
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reluctanée to change into biogas system. This tendency may be
termed as ‘risk-aversion® or lack of innovativeness - the beha-
vioural trait which gets strengthened with the factors mentioned
above. _ .

€) Lack ot Eunds to Acquire the System

A large magoilty of rural households have a very limited pur-
cnasing power.As mentioned earlier, in spite of higher subsidy
rate many ot these households would lack the» necessary small
tunds to sacquire biogas plant. Even when bank credit {s made
available this group of people is too low to be able to obtain
this cteditAfacility.The problem {8 compounded by the fact that
investpent in  brogss does not vield anv flow of c¢ash incore
required to repay the loan.

h) Education Level

Because of tﬁe inherent characteristics of the biogas technology,
it hgs<hgen adupled largeiyigy a yelativg{&igigher socto-economic
gtveta in tﬂe rural households. Al though, spread of biogas
technology 1n recent years has beenv increasingly reaching to
smali ana marginal farmers, the level of education seems‘ to
influence considerably the decision to adopt. In all evaluation
gsurveys 1t has been shown that the percentage of educated (dif-
terent levels of schooling) among the adopters are guite high-
only 5% were illiterates during 18708 as against 28% in 1985-86.
1t appears that education makes 1t easjer for the person to
conéeptualize and be convinced sbout various direct and 1indirect
benefits ot.bxogacltechnology as well as to- understand the basic.
technological parsmeters. Prevailing high {lliteracy level

(about 70% to 80%) in rural areas may, therefore, sct as a con-
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straint for biogas technology.

i) Labgur Scarcity

Rural! areas are normally characterized by surplus labour s{itua-
tion except during particular busy agricultural operﬁtions.
Labour scarcity therefore hardly ever pose a constraint in the
viogas programme. However, 1n some States and regions +trained
and skilled masons are not locally available, which necessitates
importing skilled masons from other areas causing delays. it is
tor this reason a wide-scale mason-training programme hag been
undertaken 1n India to meet the local requirements. It seens
that-it would take at least another 5-10 years to fill up the gap
given the drop-out rate of trained masons from biogas construc-

tion acuivaities.

5.1.2. Alternative Competing Factors

Two important outputs of biogas technology are biogas as fuel
tused maynly tor cooking/heating in India) and enriched manure.
In Indian villages. the competing fuels like sagricultural
uasteS/rlreuéod and dung-cakes are available " through
collections/gathering almost at a zero é?ivate cost. The conven-
tionat cooking technology Ilike traditional stoves, although
highiy energy 1inefficient, are generally home-made with local
materials without any cost. Biogas technology, therefore, Iis
positioned unfavourably in cbmpotition with existing . practices

and technologies as far as individual villager is concerned.

Similarly, composting dung has been the traditionally practised
method among the Indian farmers for organic manure production.

This is also an operation at almost no cost. The only motivating
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factor tor biogas, therefore, is the saving of dung from wasteful
use as dung cake and enriched manure.

Thus, it 18 clear that unless a.villager is convinced and per-
suaded by a host of other benefits, (short-run and long-run as
well as monetized), biogas technology faces an vunfavourable
competition with the traditional practices and technologies.
Fortunately, as the labour time required for collection of fire-
wood/agricultural wastes have been increasing due to deforesta-
tion, increase in rural labour wage and often pressure from women
for clieaner fuel and relief from drudgery, there has been {in-
creasing positive evaluation of benefits of biogas system as
compared to alternative traditional practices. The possible
alternative use of birogas for lighting and water- pumping engines
has the added comparative advantage fsr biogas technology.

- inappropriate Entry Options

ldentifying potential target group in a village with adequate
cattle and water resources and creating a conscious ‘felt need’
on a priority basis among them for biog;s are the essence of
working mode tor the promoters. It also requires, in the exist-
ing socio-ecopomic structure, a legitimization and acceptance of
biogas technology introduction from the village Ileadership.
Given the caste/class conflicts in the villages, this is often a
long arducus educational/extension task. On the other hand,
without creating preparedness as outlined above which entails a
certain degree of popular local participation, the  entry of
promoters - most often external - is not only inappropriate but
alsc wmay create backlash effect. In this rogard. local NGOs

working in the area for sufficient period on various development
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projects as compared to government bureaucracies are in definite
sadvantageous situation. Often, in order to achieve the target in
terms of number of plants instalied, many promoters overlook this
aspect and cause ultimate failures of the programme.

- credabitity of Technology Promoters

Perhaps the w®most important and crucial aspect of the channel

tactor 18 the credibility of the promoter in the eyes of_ the
potential target group. The promoter’s credibility is generally
judged by the past ;arformanco not only in relation to biogas

technology but also in relation to other activities that the
promoters are@ lnvoived in the past. The performance of the
promoters 18 not simply evaluated in terms of technological
knowiedge/competence, but on factorg like his ability to deliver

in time, his social relations, his interactions with villagers

and various other personality factors.

- Technica) Familiarity 9t the System

A8 pointed out above; it 1s not enough éhat the promoter has
adequate tamiliarity with the technology and social system. It
is equally important that the potential users of biogas develop
enough tamiliarity with the technology, so that it is not treated
as a mere 'black box'. The basic parameters of the biogas tech-
notlogy shouid be made known to the users for its efficient man-
agement, which means a purposive user - oduoatibn programme.
Observing an operating biogas piant and interactions with the
plant owners can provide useful insights to the potential wusers,
apart !ron relevant literature. Similiariy, ob-ofvinc the details

of the construction of biogas plant during mason-training pro-
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gramme can be important input. The mainfold increase in number
ot installeada plants spread all over the rural areas and the
intensive promotional programme through a ‘cluster approach’
provide easy access to the potqntia! customers to gain iﬁforma-
tion about the operation of the plants. Only when such pre-
insta{lation user-education programme is neglected by the promot-
er in ‘top-down' approach of biogas programme, there is likely

to be tai1lure 1n the ultimate adoption-process.

- {nadequate Promotignal Strategy ang Lack gf Timing

{t is clear from the sbove discussions that an appropriate promo-
tional strategy 1s largely dependent upon existing socio-econom-
ic conditions and the level and kind of exposures to biogas
technotogy. Usually, an appropriate promotional strategy should
have a relevant mix of approaches keeping the target group in
mind. The basic aim of the promoter or the phannel is to wensure
sufficient degree of mental preparedness ana motivation for the

acceptance ot biogas technology.

Often the promoters are bound teo hurry through the biogas pro-
gramme and installation of planis in order to achieve the target-
ted number of installed plants, without sufficiently preparing
the grouna through user-education and legitimization process.
This inevitably leads to wrong timing of the entry ‘into the:
villages with two possible consequences : first, outright rejec-r
tion or stiff resistance to the introduction of technology;
second, uninvoived and passive acceptance of the technology by
some either due to bureaucratic force or fear of creating dis-~

pleasure to the promoters or even simply to please the promoter
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in crderlto gain some other benefits through him/her. In this

process, the biogas plant is usually not properiy taken care of,

inefticiently used or not used at mll.

- Lack of Post-jnstallation Services and LLack of Follow-up
Activities ‘

Adequate and reguiar post-installation services and follow up are

the gine~qua non for successful biogas programme. This is all

the more i1mportant tor the decentralized and dispersed nature of
the biogas installiation spread over large number of villages in
the country. There are various kinds of post-installations,
small and complicated problems develop in the 1installed biogas
plants ranging from construction faults to negligence of the
ptant owners, which need rectifiéations and re-education. There
18, theretore, the necessity of foilow up monitoring and easily
accessible post—installation services. lt was observed in evalu-
ation studies that about 20 to 30 per cent‘ of the 1installed
plants remained non-functional or 1n sub-optimal level of func-
tioning due to lack of proper maintenancé ottén requiring minor
repairs. Keeping this in view, financial provision has been made
in india’'s biogas prograﬁma for repair and retrieval of the non-
functioning or sub-optimally functioning plants., There is also a
recent proposal to start mobile repair/maintenance van to provide
post ~‘installation gservices. Somé promoters, mainly ‘NGOs. con-
sciously plan for follow-up and post-installation services as
well as gﬁaranteeing troubleffroe operation of plants charging
nominal fees from the plant-owners. Also a ready to fill com-
plaint cards are often distributed by many prﬁnoter:, on reoceipt

7/

ot which post-installation services are organized. However, such
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services are not streamlined and organized on regular basis Ly
many promoters , due to various reasons, such as, manpower short-
‘age. administrative costs and often sheer negligence of responsi-
bi1lities. It 1is to correct this situation a regular follow-up
surveys are organized since last 5 years on a scheduled manage-
ment i1nrormation system (MIS) covering the length and breadth of
the country. These annual evaluation- surveys are entrusted to
recognlzed research institution/organizations outside the govern-
ment syvstem 1n order to ensure unbiasness of the information.
Apart trom these evaluation studies, there is also a MIS-operated

1n each ot the States by the nodal implementing agencies.

5.2 Macro Aspects

Hacro-lévet constraints are ‘relatively extraneous’ to the biogas

technology reterred to policy matters, 1nformation deficiency and

institutionat problems. |

5.2.1 Intormation

There are tow interconnected aspects of information; first,

suitability of the research tor the intended purpose and second,

knowledge orf the availability of the technology including its

technical and economic utility.

Let us take the second aspect first for discussion. In this

connection, we may refer to the history of development of biogas
'

programnme i1n I(ndia as ;hown in Table 3. it is striking to note

that the experimentation with biogas digestor dates back to

1930s and initial motivation for biogasification has Qoon the

cheap source of energy and better quality manure. Serious inter-

est in indigenous developmeut of biogas technology started at the

’
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Indisn Agricultural KResearch Institute (l1ARl), Delhi around 1938.
The motivating factor for |ARI scientists was the realization in
early 30's that there was a loss of 40-60 per cent nitrogen in the
standard anerobic composing. With the experience of initial
successes with the German "Edelimist"™ anaerobic process at the
Ingdi1an Institute ot écxenca. Bangalore, [RAI scientists started
a , farge scale study tor preparing synthetic manure from town
retuses and other waste materials. It was interesting to note
that the initial i1nterest in biogasification in India was pri-
marily with manure and not with energy or gas, neither was cattle
dung the reed;tock for biogasification research.

The tocus of [AR| research turned to cowdung and gas when the
scientists visited the Sewage Purification Station at Dadar,
Bdmba} in 1938. The Sewage plant had an anaerobic sludge diges-
ter., out of which gas was used for running trﬁck fﬁ: disposing of
garbage and :He gigested slurry was sold to the farmers near
Bombay. The beginning of the present biogas design was made.
The intensity ot research gnd diffusion of biogas technology with
emphasis on energy started with fuel crisis in 1970s.

By 1960s various research institutions became seriously involved
in biogas research and experimentation. An exclusive Biogas
Research Station was established in Ajitmal in UP in 1960s, which
concentrated its research work on Chinese-type fixed dome model,

uitimately coming out with the cheaper Janata Model in 1970s.

By 1975, the bDepartment of Science and Technology (DST) Govern-
ment ot India, took up biogas technoliogy as one of the important

areas for technology research. Instead of haphazard spread of
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research, 'DST sponsored an All India Coordinated research and
experimentation programme involving large number of research
institutes and organizations in the country. The focus of this
coordinated research programme was both on hardware (technologi-
cal parameters) and software (social, economic and management
problems).

By 1970s. with the enhancement and enlargement of biogas techn-
olgy and the 1incoming inputs from the coordxnated‘ research
programme., researcheable issues are being continuously identified
in order to teedback the input into the research system for
deveioping suitable technology for intended purpose. In general,
there are few thrust areas for research identified in the process
a5 shown below:

- Cost reductjion either through new designs, use of cheap con-

struction materials or use of new more efficient microbial
processes.

- Diversification ot tfeedstock. apart from cattle dung, agri-

cultural wastes, water hyacinth, nightsoil, oil-cakes etc. are
identi1tied tor R&D.

- Use ot gas for other than cooking/heating e.g. internal

combustion engines, electricity generation etc.

- Etficient biogas gquipments e.g. stove, mantie for lighting,
generator, carburettor etc.

- Economjcs ot bjogag for various and Qggg

- Evaluatjon and Management of Biogas Programme

- Egggligg of large-gize communjty plant.

From the toregoing, it 1s clear that at macro level there has

beep continuous attempt to direct research on biogpl technology
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suitable for the intended purpose.‘ Many useful resultsg of this
research programme are put to widescale use and application in
India. However, there are still gaps 1n many of the areas men-
tioned above and hence the continuing efforts on research. In
this connection, the mention must be made about the establishmgnt
nt Regional Biogas Training Centres which are intended to cater
to the needs specific to particular regions. Three such centres
(Coimbatore. Tamil Nadu 3 Udaipur, Rajasthan; and Puse, Bihar)
were set up during the Sixth Plan period. Four more such centres
in MP (Indore), I[ll Kharagpur (West Bengal), Palanpur (Himachal
Pradesh) and Ghazipur (UP)> were set up subsequently during 1986~
868. These centres provide technical and training support to the
State Government and Programme Implementing agencies for effec-

tive and accelerated implementation of the biogas programme.

5.2.2 lnstitutibnal Support

There has been a conscious and deliberate att;mpt in |India for
indigenous deveiopment of biogas technology. The broad objec-
tives ot the R&D projects in bibgas have besn to reduce the cost
of installation of biogas plants by way of using new types of
construction materials and optimization of degsigns with reference
to biological and engineering parameters, exploration%of new feed
‘matetxall. other than cattle dung, development of ‘process and
design.packages for altgrnato feed stocks including low and high
strength wastes to bring about system improvements on volumetric
efficiency and subsirat. decomposition rates.

The central nodal agency, DNES has sponsored and_oupportod about

60 R&D projects coveing various aspects of biogas technology at
: J
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national laboratories; indian Institute of Technologies and
Universities i1ncluding Agricultural Universities. There have been
considerabte achievements made under the ongoing research.
proiecte as outlined in the DNES Annual Report, 1987-88. Howev-
er. most of the research resuits are presently at the fileld
priot - testing stage rather than tor mass diffusion programme,
e.g. birogas using water hyacinth and bioges wusing distillery
waste. Many of these research instituteg are involved in popula-
rising the technologies devioped in the surrounding demonstration
areas.
It is only since 1980s, when the biogas programme was greatly
expanded that a number of well known commercial manufacturing
~sectors 1in India have shown interest considering the large market
segment. Many of them, on their own have developed linkages with
DNES and other R&D organizations. The interface, thus developed
between R&b organisations/DNES on the one hand and the commercial
sector 18 lilkely to be strengtheneda further as the programme

continuous and expands.

5.2.3 Policy Directives

The National Project on Biogas Development (NPBD) is the plan
commitment of the government with required financial and {infras-
tructurail outiays. The biogas programme has been envisaged with
the policy objective of not bnly to provide energy at local
leveis wusing agricultursl uast;c and dung but also to have a
direct and indirect relevance to save forests, inproéouont in the
environment, employment gereration, upgrading of health and

hygiene, social and womens' welfare, bio-fertilizer production,
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.gricultuf. and drinking water 9to. In fact, the production
process ot the biogas system with multiproduct outputs meeting
multi-end- uses, 1in which primary production process output
(agriculture residues and cattie dung) as by-product become an
input to process energy and fertilizer (slury manure). 1t is
this 1ntegrated aspect of biogas technology which finds its
strength in policy and programme commitment of the government
support.

While ¢the ©policy directives in relation to the relevance of
biocgas technology in meeting cooking needs (for which electricity
and tossil fuel derivatives are not the alternatives iIn near
tuture) 1n the rural areas and in providing enriched manure are
clearly 1n consonance with the objectives, the subsidies and
prices of oil/kerosene/diesel/ electricity too seem to be competi-
tive and otten unfavourable to biogas system. This is particu-
farly so when biogas is i1ntended to be used for pumping irriga-
tions/drinking Qater or lighting or electricity generation. Since
the total potential market segment for biogas system cover only a
part of \rural households and sinée the cooking energy need is
overemphasized as the most urgent application of biogas technolo-
gy, the problem of competition with other fossil fuel @anergy
sources are compounded to the extent that the economics of biogas
technotogy are unfavourably compared.

In response to such unfavourable comparisons, the sympathetic
Policy makers refer to private individual investments in the case
of biogas technology as compard to no direct private ocontribu-
tions to thovfossil fuel based centralized tthnqlogiOU. Irre-

spective of arguments and counter-arguments regarding biogas.
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technology, there are hardly any disputes and conflicts among

the 'government policy makers about the relevance of e¢xpanded

biogas programme.

5.3 Economic Constraints .
Here in this saction an attempt is made to to analyse the econom-

ic constraints at the macro level on the following aspects :

$.3.1 Unaffordable Investment/Acquisition Cost and Lack of Funds 1
Sincq 1981, the annual budgetory allocations from Central Govern-

ment tor NPBD in India varied between Rs. 300 to 400 mwmillion.

This budgetory allocation cover subsidy, turn-key job =fee (Rs.

300 per plant), promotional incentive (Rs. 50 to Rs. 100 per

plant tor the motivators), Regional Biogas Training Centre,

training, organisational and manbowar support, post-installation
service costs (Rs. 500 tq Rs. 1000 per plant repair), publicity
and research. In 1987-88 for example, the approved budgetory
allocations for NPBD from the Central Government was about Rs,

440 mxllion.“Apart from central subsidies, some state govern-

ments also igive additional subsidies and cash incentives for
NPBD.

The annual achievement of biogas plant installations have been
about 0.2 mi]lion plants. About 70% of the total investment on
‘NPBD from Central Budget is accounted by subsidy. it thus appears

that NPBD in India is highly subgidized programme. For a de-
veloping country like India with competing claims of other devel-
opment sectors &nd almost crippling revenue shortage, the cost of

the biogas programme as revealed in the budgetory allocations do

N

seem Qigh. On the other hand, it is the lack of available fund,
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particularly the subsidy which compels State Implementing

Organigsations to reduce the annusl target of plant incstallations.

5.3.2 High Operational and ﬂaintenance Cost

About 20; to 30% of the total annual! budget for NPBD is the D&M
cost, which is also on the high side. As mentioned earlier, this
is largety due to dispersed and decentralized mnature of the
programme covering the length and breadth of a large country like
India. Also to be noted is the fact that a substantial part of
this D&M Cost 158 to create required infrastructure in terms of
trained manpower ‘and physical facilities, which inevitably |is
high oue to Jlumping eftect 1n the initial years and therefore |is

likelv to taver-off as the programme progresses over time.

5.3.3 Unpredictable Cost of Feedstock

The NPBD or India’s household biogas programme is almost eolely
cgependent on cattle dung as feedstock. Since the biogas plant is
privately owned by the household and its size is normally based
on 1ts acecess io cattle dung from its cattle holding the cost of
teedstocks 18 not a macro level aconomic'constraint, neither is
it unpredictable. However, 1f the feedstock is diversified into
agricultural wastes and widely used, which otherwise could have
alternative and more profitable use, there could be situations
when iho?cost of feedstoc: would become high and unpredictable.
But even in this eventuality, although very unlikely for NPBD in
near future, for an individual househoid depending on his agri-
cultural production, the co:t'considoration: would be less

lmportgnt.
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5.3.4 Lack ot Competitiveness Relative to Traditional Competing
Technology

The traditional cooking stove is obtained at a zero private cost.
The same .1s true tor the traditional fuel e.g. cattle dung-cake,
tirewooo and agricultural wastes. So, to an individual household
investment 1n biogas technology, which do not produce any direct
cash-tlow or income, apparently seems to be unworthy for invest-
ment, unless. all the benefits - tangible and i1ntangible - are
monetized and seri1ously considered. On the other hand, at the
mecro ieve), biogas technology is highly competitive in relation
to traditional cooking technology because of saving in dung
manure., tirewood and agrlcdltural wastes in addition to other
social benetits like sanitation, health and relief in drudgery
for women.

The biogas technology appears to be equally_and favourably com-
petitive when cohpared to other end-uses such as, electric or

diesel pumpxng:for irrigation and drinking water.

5.3.5 Ilnadequate.Financing and Incentives

The majpr element in the budgetory allocations is the central
subsidy. For the last tew years, depending on the 1installation
costs of ptant., the central subsidy ig given according to size of
the gplants at a flg} tagg instead af g\gggg?ntage share of the
Gost as done bc(orqg_ Also, the rate of subsidies differ accord-
ing to the socio-economic status of the target groups, as shown

in Table 4.



T-ble 4. Central Subsidy for Biogas Plants (198&-¢89)

Cspacity of For North Eastern Assan, HP, For scheduled Fer all
Plant Region States J&K and castes/tribes others
(m/day) (except Assam other Hill as well as (General
& Sikkim) areas where beneficiaries Catego-
the cost of in notified ries)

construction desert dis-
158 very high tricts.

1 - - 1250 1000
2 4410 2840 2350 1560
3 5490 3660 2860 1800
4 8580 4390 2860 2140
6 8020 5350 2860 2610
8 8020 5350 2860 2610
10 8020 5350 28€0 2610

o e - = = = m = e e M = mm mm am Am e Am P = = = v = . . . B > S @n wm em e SR MR Mm Em em e e e ww er e G e e e

lt is noted i1n Table 4 that the rate of subsidies 1s kept con-
stant bevond 4 m3 size of the plant. This is to discourage the
tender zy of beneticilaries to i1nstall more than required size of
the plant. Recently, there are serious considerations among the
policy makers to reduce drastically the subsidy rates beyond 2 m3
s1ze plant and increase the subsidy rate for 2 m3 size plant with
a view that tof most rural housholds 2 m3 si-e p}ant 1s suffi-
cient tor their energy needs for cooking and heating. This may

also save substantial among in central revenue.

The <cost ot construction, ot biogas plants, over and above the
subsidy, 18 ﬁet by the beneficiaries either through bank loan or
through their own pefaonal savings. Like subsidies, lower th:in
commercial interest rates on bank loans are made available to
economically and socially backward classes and regions.
Subsidies are given in kind in the form of construction materials

e.g. cement, bricks, steel etc. In certain regions and for a
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certain éroup o. beneticisar:es subsidy amount 18 sufficient to
cover almost the entir¢ cash compone it of biogas installstion
costs, martxcularly. tor cheaper Janata type plant :nd when
{abour cost is met through family labour of the beneticiares.

For those where the subsidy amount 1s not sufficient to cover the
cash component, there is always a demand for increase in subsidy
rate. However, the present rate of subsidies as shown in Table
4 is generally found to be sdequate and acceptable to a large

section of the beneficiaraies.

~

There are three cash incentive schemes for NPBD: first, a turn-

kev tee (Rs. 300 per plant), cash incentive tor motivators (Rs.

per plant) and repair of non-functioning plantg-(gs. 500 to Rs.

1000 per piants). While the turn-key tee is generally considered

to be adequate, the cash incentive for motivators or promoters is

perceivéd to be too low to be effective. it 1s recently suggest-

ed that the motivators be given extra responsibility of facilitat-
ing commissiohing of plants beyond identification of benefici-

aries, processing ot applications and site selection and to that

extent the incentive may be raised to Rs. 100- Rs.200. Similarly,

considering relatively small number of structurally defective

non-functioning plants and the positive motivational impact, the

repair cost 18 suggested to be increased to Rs. 2000 per plant.

In fact, even in the.present scheme, the repair cost 1is not

strictily restricted to an upper limit of Rs. 500, but there is a
provision to consider each .case on merit.. _‘_,

§$.3.6 Non-profitability of Biogas Technology

Economics of biogas production have been oaninod by several

~
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3 - . . o .
autnore 1n Indta. For an individual owner, although benefits are

many. ther 1is no direct incremental income tlow to the femily
arising out or the investment on biogas plant, For an individuai
tamily, it is only the notional saving money on traditionai fuel
and manure - both generally wnan-menetized benatitk, uw&aually
collected traditionally =zt zero private cost.

In spite of the above mentioned limitations, the benetit/cost
analysis of biogas plant in India, both for the national economy
ag well as for individual households are tound to be positive and
tavourable, using the following assumptions 1t

- the volume of gas and fertilizer slurry produced by a volume of
cow dung compared to the fertilizer value of thedung it used |in
scientitic composting:

- the wvailue of the biogas in terms of equivalent energy from
kerosene, electricity, soft coke, agricl. wastes and dung cake.

- the value of the manure; and

- indirect cosgs and benefits,

However, it should be noted that the results of benefit/cost
analysis of biogas plants vary widely depending on the uses :nd
actual benefits of biogas production, public and private costs

associated with the development and utilization of methane.
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3.See for example, T.K.Moulik, "Cost-Benefit Analysis of Indian
Biogas System : Case Study", ESCAP, Bankok 1981; T.K.Moulik, YA
Critique on Cost-Benefit Analysis of Biogas Programme,: in M.M.
El-Halwagi, Biogas Technology, Transtfer and Diffugion, - Elsevier -
Applied Science Publighers, 1984, pp. 106-110; Parikh Jyoti K and
Kirit S. Parikh, "Mobilization and Impacts of Biogas Technolo-
gies," Energy, Vol 2, No 4, 1977. pp.441-455;3; and Tata Energy

Research Institute, Bigogag : A Viatle Energy Option for Develop-
ing Countriee, TERI, Delhi 1981.
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Given the variations in the results of benefit/cost 'rnaslysis &and
considering only the monetized benefits of manure and energy
vis-g-vis alternatives, biogas plants are in general tound <o be

profitable both for individual as well ag for the nation. 1f,
however. several non-tangible benefits are considered, the eco-
nomics of biogas plant becomes extremely profitable. To a pri-
vate household, the total investment on biogas plant is repay-

able within 3-4 years with internal rate of return of 13.53 to

58.97 varying with increasing sizes.

6.0 TECHNICAL CONSTRAINTS

Some of the technical! parameters of the Biogas technology have
already been discussed earlier. Biogas technology for rural
househoids in India, as it is promoted presently has some tech-
nology-specific constraints, as described below :

6.1 Difficulty of Operating and Maintaining the Technology
Systeam

With ensured acgess to adequate quantity of feedstock i.e. cattle
dung and water; there is hardly any complexity or difficulty in
day-to-day operations and maintenance of the\biogas plant. The
daily slurry making in proper mix of dung and water (4:5S) and
teeding the slurry into the plant can be easily accomplished by
evén an unskilled labour. Two things mneed to be manually
checked: first, it may require some stirring by a stick at the
mouth of the outlet for regular slurry outfliow due to thick depo-
sition of slury and closure of the mouth; and draining of water
in the gas-carrying pipe through one or two nozzles fit into the
pipe and aligning the pipe in a downward slant. Except these

daily operating activities and minor maintenance, biogas plant do
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not poge any ditficulty.

However, 1t the conatruction or plant is rrructu ally defective,
it tnere is cracking of the wall, 1f there i8 any leakag2 and |{f
the alignment ot inlet and outletg are not proper, then it r.-
guires skilled labour to correct the situation.

6.2 Inadequate Raw Materials/Feedstocks

Thie 18 often found to be a serious constraint even to the

extent of limiting the potential market segment in India. The
problem becomes crucially important at the initial feeding or
charging stage when the plant requires a substantial amount of
dung. A 4 m3 plant, for example, reguires S tonnes of dung for
initial charging. Even 1if a househoid has adequate number of
cattie for providing dally requirements of dung, a huge amount of
dung at any one point of time is difficult to obtain, unless one
s;arts accumulating dung for the purpose sufticiently ahead. As
a resuit, many plants in India, even gfter completion of constru-
clion, remainﬁuncommissioned for 2 long time due to lack of re-
quired amount of dung for initial charging.

6.3 Poor or Inadequate After Saleé Service

It has been pointed out earlier that there is sufficient scope
for improvement in follow up and post-installation services,
particularly in those places where the biogas programme {8 run
directly by & bureaucratie government department. The record of
NGUs in this regard is comparatively better. The recent govern-
ment policy for organized follow-up and retrieval services |is

likely to improve the situation.

47



6.4 Lzck of Technical Know-tow

Utten biogfas niente are constructed by untreined cr ill- tra:ined
mesons without proper understanding ot the technical knou-haw,
which inevitably results in faiiure. The @hortage of traired

masons 1s telt bitterly, particularly, for Janata Pilant, which

requires speciftic skills. The mason training programme in l-idia
‘therrore 18 an important element tor the succes of bioge: d:fru-
gion.

At anocther level, there seems to be apparent neglect {in wuser-

education i1n terms of 1m;art1n§ basic minimum technical Bnou-how
to the beneticiaries. Wherever such attempts are made seri-
ously, not only the plants are tound toc be operating efficiently,
but the user participation i1n the programme 1s active and extreae-

ly heiptul,

7.0 SUMMARY AND CONCLUSIONS

The biogas dif?usion programme i8 characterized by multi- model-
cum-mui{ti-organisations approach. Also, there are several criti-
cal elements involved in the programme right from scientists aad
R&D organtsations,v State level nodel agencles,
district/block/vilhge level functionaries, large number of NGOs
and a number of manutacturing commercial sector as well ag pro-
vate entrepreneurs and masons. To do a comprehensive study
ot biogas technology in [ndia, it necessarily requireg informa-
tion input from all these important tactors. A mere structured
questionnarie is not sufficient to elicit reievant {Information

from all these sources. It also requi-es person - to - person
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discussions with all the relevant officials and non- ocfficisis.
Also 1mportant is the tamiliarity ot the resear:zher about the
basic technolugical parameters of the technology as well s about
programme administration and socio-economic conditions of rural

India.

The study ot household biogas technology reveals a number of
socio-economié and technological constraints, such as, almost
exclusive dependence on cattle-dung as feedstock, predominance of
cooking as end-use of biogas technology, limit of potential
market segment based on land and cattle holding, reduction ot gas
production in winter months i.e. low temperature, the crucial
role played by the trained masons and their local availability,
the important role played by personal influence and demonstration
proilects and sclentitic regular monitoring and post-instatlation
services, the important role played by subsidies and the overall
plan comm1tmeﬁ£ of the Government in terms of financial and

infrastructural support.

The study also indicates the importance of R&D efforts and R&D
institutions. The socio-economic constraints revealed in the
study pointgs out major thrust areas for résaapéh e.g. cost

reduction of biogas plant through better des{ggz; use of alterna-

tive construction materials, efficient microbial processes etc.
N :
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