72
AGROMS &

51I0GAS,
. the Brown
Revolution ?

social aspects of introducing
biogas technology in developing
countries,with special emphasis
on the potentials and/or
consequences for the rural poor

STUDIUM

VNC  GENERALE

B" -
i

';296(20
L _



22
AGROMEY

Ln 110y

BIOGAS,
the Brown
Revolution ?

social aspects of introducing
biogas technology in developing
countries,with special emphasis
on the potentials and/or
consequences for the rural poor

LIBRAR g—_@ag-‘é-

Intornational Leterencs oent
for Community Walel Supply

This publication has bheen prepared for a study day with the

same title held on June 2 13984 in Waaeningen, the Netherlands.
This day was jointly orcanised by the Raromisa Foundation, the
HHollané-China Friendship Crganisation and the Studium Cererale

of the Agricultural University in Warenincen, the Netherlands.






TrtrCAuUCEioN. e et v e i it it e i

TN iyt R gt 8T

Biogas Technicue nd honlications

Biogas Technolaay In

InCin. i

Techroloay

Biccas Technoloay

frecormendations

3

Corclusicns,

L T T

w






1. Introduction

During the last decade the idea of applying bioqas diqesters
in developing countries has aained popularity. The results repor-
ted from the Chinese Peonle's Republic, where biogas technoloay
was introduced on & larae scale, and to a somewhat lesser extent,
the experierces from India, have made biogas technology a main
issuc for manry Third terld a-vernments, fcreian aid oraanisations
ard individual development workers (see e.q. Rorda, Kijne).

Undoubtedly, the main reason behind this are the increasina
aifficulties which develonina countries face in obtaininc cheap
and durable eneray sources., To mention some typical problems:

On & national level many Third ¥orld countries are heavily depen-
dent on the import of fossil fuels, using up a larae part of the
often scarce foreian exchanae. At the same time larce areas are
rapidly deforested, at lecast partly because wood is still the most
important local eneray source in a number of developina countries.
The resulting erosion problems are larqe-scale. Manv families bhe-
longing to the rural or urban poor require an ever larger part of
their income and/or time to obtain the minimum amount of fuel rec-
essary fer basic activities such as cooking etc. At present it is
widely believed that biogas technology could solve the above men-
tioned and other related problems.

As a result of this a considerable amount of information rela-
ted to biogas technoloay and its introduction in several Third
World countries has become availeble during recent years., However,

a substantial part of these data deals only with purelv technical



and/or economic aspects of biogas technology such as desian, rer-
formance, maintenance, economic analysis of in- and outputs, price
comparison with other fuels, nutrient value of the residue etc.
(see e.g. Eggeling, van Buren). In contrast, little emphasis is
placed on the social aspects of introducing biogas technoloqgy in
developing countries. Moreover, since the information concerninc
these non-~technical and non-economical aspects is scarce and wide-
ly scattered throughout a large amount of case studies, no cohe-
rent picture seems available.

Considering all this, it can truly be said that at the roment
kiogas technology is quite uncritically advocated as another new
panacea for the Third World, followina in the wake of the Creen
Revolution, windmills etc.

For this reason it seemed important for the Agromisa Foundation
and the Holland-China Friendship Association to jointlv orcanize
a study day and to publish this book focusing attention on the so-
cial aspects of introducing biogas technology in develonina coun-
tries, with special emphasis on potentials and/or consequences for
the rural poor.

Firstly a short outline of the contents of this book. Chapter
2 is a review of the biogas technique and jts potential apnlica-
tions for the non-technical reader. In the followina three chan-
ters a summary is given of the available information which car he
deduced from the large amount of case studies. The chapters are or-
ganized geografically as follows:

Chapter 3 reviews the state of the art of biogas technoloay in the
Chinese People's Republic. In this country biogas is most widely
spread and propagated by the government, and importantly, at least
initially in a number of areas the introduction of the biogas tech-
nique was a result of purely local initiative.

In chapter 4 the reasonably widespread experiences with biogas tech-
nology in India are summarized. Here the situation is not only cha-~
racterized by a widely different social structure compared to the
Chinesé People's Republic, but introduction in India is occurring
via a massive, covernment-initiated topn-down approach. The re-
sults vary greatly.

"In chapter 5 some, often isolated cases, of the introduction of bio-



gas technology in other countries will be described.
In the concluding chanter we will present a synthesis of the ma-
terial from the previous chapters with which we will try to eva-
luate the potentials and consequences of biogas technoloqgy for the
rural poor as well as the relevant factors and/or local prerequi-
sites to be considered.
Furthermore, the experiences with biogas technology will serve as
a starting point for a more general discussion on the strateaies
(of which technoloay transfer is one) for improvinag the position
of the most marginal groups in developing countries.

An outline of this discussion will be given below; more details
can be found in the concluding chapter of this book.

First we will mention the point of view taken in this book.
Cur development objective will be the structural development of
the socially/ecconomically mrarqginal groups in the Third World. in
most cases the rural poor, i.e. small and marginal farmers and
landless labourers. A structural development will at least include
the lonaterrn: accessability to 'basic needs' (consumption, work,
education, power) and the reduction of inequalities and dependence
at an indivicdual and/or villaqge level (local self-reliance). Any
development strateqgy which initiates and/or consolidates this struc-
tural development will be 'appropriate' in our terminology. This
global criterium ray seem rather trivial, but, as will become clear
in the concluding chapter of this hook, only after exnlicitly sta-
ting the proposed development cbjectives and strategies, will it be
possible to arrive at more specific local prereauisites for the
‘appropriateness' of development stvateaies. It should be pointed
out that the choice of development objectives and the ensuina stra-
tegies also 1involves a political choice, which is not often made
explicit.

As a next step we will at ienqth discuss technology transfer
versus orqanisation as 'appropriate' strategies.

At this point a remark on the usace of the term 'technoloay!'.
In this book the term technology will include the whole collection
of knowledge (a general framewnrk of ideas about human surroun-
dings), know-how (insight into specific processes and their tech-

nical as well as organisational way of control) and the actual



techniques (tools i.e. particular pieces of hardware) to solve
clearly defined problems. It should be strongly emphasised that
this definition of technology implies that any culture, society
or social group can and has the right to give shape to their own
technologies.

Using this concept of technology will enakble us to explain the
strong interrelatedness of technology transfer and oraanisation as
‘appropriate' development strategies and also enable us to formu-
late common local prerequisites for 'appropriateness'.

It should be noted at this point that the concept 'appropriate
technelogy' is nowadays in general used in a much narrower, often
solely technique-oriented sense, by the more professional but also
by other development aid organisations who have discovered 'appro-
priate technology' as their new paradigma.

In the second part of the concluding chapter we will discuss
the ‘appropriateness' of biogas technoloqgy. We will also pay atten-
tion to the consequences for the rural poor where bioaas technoloay
is only appiied by other, in rost cases wealthier arouns. A nurker
of local prerequisites are bri=fl: surmarized in the followina, to
indicate our line of thought. These are rouqghly divided into two
groups, which are however not mutually exclusive:

Cultural/social prerequisites: considerina the cultural aspects,

the first question to be asked is whether the technoloay is adanted
to .the traditions of the society in question. Relevant facteors in
the case of biogas technology are the existing ways in which people
deal with possible inputs such as dunq and/or niahtsoil, the way
food is prepared in case biogas is to be applied for cookina purpo-
ses, and the possibility to build the new technoloay upon existincg
skills. On the social level the organisational aspects of the tech-
nology are the most important. The technology should preferably be
introduced cooperatively to a group of families/people rather than
fostering actions of individuals since in the latter case inecauvali-
ties between individuals and/or families might become larger. This
implies the need for some basic form of organisation at village and/
or small community level, as well as a maximum amount of partici-
pation from the start of the program introducina the new technology,

resulting in a technology that can be understood, controlled and



maintained by the ccmmunity itself. Attention should also be paid
to the direct or indirect impact of introducing biogas technoloqgy
on the employment situaticn, with special effect on the tradition-
al division of labour between mer and women.
Eccnomical/technical prerequisites: under this heading various as-
pects could be mentioned. First of all the economic viability of
the technology in terms of costs for building, maintenance and in-
puts versus profits on outputs. It remains of course to be seen
if the technology is affordable for the rural poor, which will de-
pend on the availability of individual and/or collective credit
facilities which will not lead to increased dependence. Indirect
effects are for instance the changing market value c¢f the inputs
(such as dung) and of alternative fuel sources (such as wood). Se-
condly, some of the more technical aspects involved are the riaht
environmental conditions for operating the system, the local avai-
lakility of the necessary materials (thus reducing derendence on
transport), polluting effects etc.

The book is concludad with a nurker of recnmmendations for

development aid agencies.
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2. Biogas Technique and
its Applications

2.1 INTRCDUCTION

This chapter starts with a short description of the
process of biogas generation (anaerobic digestion). In the
next part-some technical and environmental constraints for
the anaerobic digestion process are discussed. This part is
followed by a description of the currently most widely used
dicester models in developing countries, together with their
technical advantaqes and disadvantages. The chapter is con-
cluded with a review of the most popular arqguments used for
application of biogas in the Third World. For the contents
of this chapter we used raterial from Sathianatan, Stuckey,

and Kijne, whom are hereby acknowledged.

2.2 BIOCAS? WHAT IT IS AND HOW IT IS FORMED (AFTER SATHIANATAN)

All dead plant and animal matter decay. It is nature’s
oldest method of disposing of waste. This decay or decomposi-
tion is carried out by tiny micro-organisms called bacteria.
It is known that some bacteria (aerobic) carry out the decom-
position 1in the presence of air and others (anaerobic) do it
without air. When the decomposition takes place in the pre-
sence of air the gases gradually escape and a heap of manure
(compost) is left. When a heap of vegetable or animal matter
or the rushes and weeds at the bottom of a pond die, then the
water first turns acid and gives out a rank smell, and then
gradually begins to turn alkaline, and you notice bubbles
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rising to the surface. Sometimes these bubbles burn with a
dancing flame at dusk, giving rise to tales of will o' the wisp,
the fire fairy of the marshes. .

This phenomenon was noticed for ages, but man was not able
to explain the cause or imitate it as he was able to do with
other things. But during the past one hundred years the patient
itnvestigations of many scientists have unlocked many of the
secrets of the decomposition process. We now know that when
anaerobic decomposition takes place, a mixture of gases (main-
ly methane and carbon dioxide) and residual undigested matter
are left. The gas methane burns with a hot light blue flame
in excess air. The knowledge of the biology and biochemistry
of methane bacteria has developed slowly over a long period of

time. Unfortunately this knowledge is still incomplete and

.superficial in many respects. Much time and effort will be re-

quired to bring our understanding of this group of bacteria to
a level comparable with that of many other groups of micro-~or-
ganisms. All the same we have gained enough information to
copy nature's process and produce methane. We have been able
to understand better the raw materinls that best produce the

gas and also the conditions under which this is best produced.

BIO~DIGESTION OF PLANT AND ANIMAL WASTES

) It is possible to imitate nature's process of anaerobic
digestion by putting organic wastes like cow dung into insu-
lated air-free containers called digesters. The digester is
fed with a mixture of water and wastes called slurry.
' The anaerobic bacteria responsible for digestion cannot
survive with even the slighest trace of oxygen. So because of

" the oxygen in the manure mixture fed to the digester, there is
a long interval before methane-forming digestion starts taking

place. During the 'aerobic' period the traces of oxygen are
used.up by the oxygen-loving bacteria and large amounts cf car-
bon dioxide are released. Digesters are of two types:

1. Batch-fed digesters which are filled all at once, sealed

and later emptied when the raw material has stopped pro-
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ducing gas, and

2. Continuous-load digesters which are fed a definite guan-
tity at reqgular intervals so that gas and fertilizer are
produced continuously.

Most of the digesters used in developing countries are of
the continuous load type. 1Inside the digester each daily load
of fresh slurry flows in at one end and displaces the previous
day's load which bacteria and other microbes have already star-
ted to digest. Each load progresses down the length of the
- digester to a point where the methane bacteria are ac;ive. At
\ this point large bubbles force their way to the surface where
the gas accumulates. The gas is very similar to natural gas
and can be burned directly for heat and light, stored for future

use, or compressed to power heat engines.
[.igestion gradually slows down towards the outlet end of
the digester and the residue begins to stratify into distinct
: layers (Fig. 2.1). The non-~gaseous products can be used as or-

ganic fertilizer.

PHASES USEABLE
- FRACTIONS

GAS BIO GAS COMBUSTIBLE
Gas
SCUM > FERTILISER
LIQuiD
1OLOGICALY
SURERNATANT ACTIVE

N

DIGESTED SLUDGE

> FERTILISER
soLID « SPENT  SLURRY

i INORGANIC sSOLIDS [ waAsTE

Fig. 2.1: Layering of by-products in the digester.

Layers not proportional to actual situation.
(from Sathaniatan)
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BIC-SUCCESSSION IN THE DIGESTER
Once the oxygen disappears the steps leading to the diges-
tion process for producing methane begins. This process involves
anaerobic bacteria feeding on the raw organic matter.
~Anaerobic digestion consists of three phases:
1. Hydrolysis
2. Acid formation
3. Methane formation ,
These processes are carried out by two sets of bacteria,
the acid forming bacteria and the methane formers. The steps

leading to methane formation can be described as follows:

HYDROLYSES:

Bacteria which are the work-horses of anaerobic digestion
have a cell membrane, through which their food has to pass.
Whereas soluble substances which are not of large molecular
weight can pass through the cell membrane by diffusion, sludae
particles and large polymers cannot pass through such membranes.
Bacteria release what are known as extracellular enzymes into
the medium in order to break down the sludge narticles and larae
molecules into smaller molecules that are soluble. The process
of hydrolysis is somewhat similar to that of the hydrolytic pro-
cesses that occur in the digestion of food in the stomach and
intestines of the human being. There are many enzymes to hydro-
lyse different materials. These steps may not be necessary if
the raw materials consist of soluble and simple oraanic substan-—

ces occurring in nature.

ACID FORMATION AND METHANE FERMENTATION X

The bacterial cell yains energy and chemicals for cell
synthesis through biological oxidation by oxidizing the organic
substances that can pass through the membrane and enter the cell.
In anaerobic digestion organic substances are oxidized by aceto-
genic bacteria to simple compounds, of which the volatile acids
are the most important.

Certain specific bacteria convert the volatile acids pro-
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duced in the acid formation phase to methane and carbon dioxide.
The mixture of these gases is known as digester gas, gobar gas,
or biogas. This gas generally consists of 30 to 40 percent car-
bon dioxide and 60 to 70 percent methane. The methane fermen-
tation is known to be carried out by a specific group of micro-
organisms known as methane anaerobes and also to have long gen-
eration times. Although ubiquitous in nature, these organisms are
sensitive to environmental conditions. They do not multiply
fast enough below 10°. similar to a majority of the bacteria,
they have an optimum temperature of 35°C (the mesophilic range).
The acid bacteria are capable of rapid reproduction and are
not very sensitive to changes in their environment.

As different kinds of bacteria become active, the by-prod-
ucts of the first kind of bacteria provide the food for the other
kind. The reactions in the three phases have to go on simultan-
eously. If any one of the reactions (especially acid formation)
precedes the other reactions, it will lead to an upset of the
cdigester and conseqguent inactivation of the other orcanisms.
Biclogically, then, successful digestion depends upon achieving
and maintaining a balance betweenr those bacteria which produce
organic acids and those which produce methane gas from the or-
ganic acids. The balance required for an optimum production of
methane depends on many factors. The more important of these

are discussed in the next section.

2.3 CONSTRAINTS FOR THE ANAEROBIC DIGESTION PROCESS (AFTER KIJNE)
As explained in section 2.2, the anaerobic digestion pro-
cess is based on the stimulation of the stage-wise bacteriolo-
gical breakdown of organic matter, producing a combustible mix-
ture of gases and organic fertilizer. The variety of bacteria
specific to this process reqguire the total absence of oxygen,
a particular temperature range and a degradable organic feed

with specific carbon:nitrogen ratio (C/N).

OXYGEN
Digester designs are necessary in which the organic matter to be
digested is not in contact with oxygen from the air. Leakages in
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the digester will release produced gas, and allow oxygen to en-
ter, which may inhibit the anaerobic bacteria. Of all the dif-
ferent bacteria that are active during the anaerobic process the
methane forming organisms are the most sensitive and strictly
anaerobic. Even oxidised minerals such as nitrites or nitrates
can inhibit those bacteria (NAS, 1981).

TEMPERATURE .

Most digesters are commonly operated at the 25-35° range.
As remarked in section 2.2, some of the bacteria do operate at
other temperatures but especially the methane producers are very
susceptible to a sudden drop in temperature of even a few deg-
rees., The occurrence of process disturbances due to temperature
changes can be reduced through adjustments in the building de-
sign. Depending on the external daily and seasonal temperature
fluctuations and the suddenness of these, digesters may have to
be insulated and in some cases even heated. Illowever, most of
the simple household digesters which are in operation in tropical
rural areas are hardly insulated and unheated because of the

favorable environmental temperature.

DIGESTER FEED
The growth in numbers of the micro-organisms during anaer-
obic digestion is related to the ease of availability of the
reéuired feed for the bacteria in the form of nutrients. The
rate and degree of decomposition reflects the capabilities of the
bacteria on the one hand and the resistance of the substrate com-
‘pounds to microbial attack on the other. The more biodegradable
the digester feed, the greater the quantity of methane generated.
Ty

y Rt veremd
a

The particle size of the sclids in the ctermines the

-
s1Z<e g ECl2 £
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I
‘contact area with the bacteria and the biodegradability.

A large number of different organic waste materials can be
fed to an anaerobic digester. Most common are animal manures,
humanvéxcreta, crop wastes and aquatic plants. The animal
manures are most widely used.

" The main advantage of animal manure is that it is easy to

"collect in reasonable quantities, already in a degracdable state
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and easy to mix as a slurry. It is most appropriate for biogas
production because it is already inoculated with the required
anaerobic bacteria from the animal intestines,

Other feedstuffs, such as crop wastes and aquatic plants
will require pretreatment (choppinc, scaking or decaying) to in-
crease the surface area liatle tc bacterial attack and to break
up the cellulose-lignin cell protection. Because plant material
has not been decomposed as animal manure, it may lead to higher
gas production values, However, it may not make up a homogenous
slurry and can start floating and form a scum layer, or may sink
and fill up the digester. 1In both cases operation management
has to control and correct proper digestion conditions intensive-
ly.

The bacteria require a feed with a C/N ratio within the
range 25/1 to 35/1 (Golueke, 1980). 1If the C/N ratio is kevond
the desired range the nitrogen will be exhausted while there is
still a supply of carbon left. (/N ratics which are too low
cause an excess of nitrogen ir the form of ammonia (NH3) which
can be toxic to the bacteria. Nct cnly will the rate of decom-
position be affected by the C/N ratins but also the composition
of the biogas. C/N ratios that are below the optimum of 30 will
produce biogas with hich carken dioxide values.

The C/N ratios of a feedstuff can be adjusted throuah the
remcval of solids, the addition of feeds containing high carbon,

or by addition of feeds with a high nitrogen percentage.

WATER

Dilution with water is also neecded to make up a slurry com-
position that contains a sclid ccncentration of about 8%. The
solids concentration of the origiral manure will be about 25%.
Digestion of a slurry with a too high solids concentration can
cause a concentration of toxic material that may inhibit bac-
teria growth. Low water contents will alsc reduce the spread
of bacteria through the slurry, which will affect the digestion
efficiency. 1In a contiruously fed dicester the bacteria may
even stop functioning completely. If the slurry is too dilute

it will become physically unstable and settle into senarate
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layers.

The amount of water that is required depends on the total
amount of digester feed used and the rate of dilution required.
Different digester feeds have different chemical compositions
with regard to the solids concentration.

The composition of cattle manure will differ according to
the species and age of the cattle and the husbandry system fol-
lowed, including the cattle feed and watering practices used and
the method of handling the manure. The degree of exposure to
the environment will alter the quality of the manure. 1In gener-
al it is roughly advised that cattle manure should be céiluted
with equal quantities of water, while poultry ranure, because of
high ammonia concentrations, should be diluted four times as
much. Availability of, and easy access to the required quanti-
ties of water for making the proper slurry dilution is essential.
Means and ease of collection, as well as the availability of
labour will determine the maximum size of the digestion opera-

tion.

2.4 DIGESTER DESIGNS (AFTER STUCKEY AND KIJNE)

In this section some technologies available to carry out
digestion will be briefly summarised, and their stage of develon-
ment assessed. Also the ancillary technology involved in heating
mixing, and gas storage will be examined. The primary techical
reéuirement of anaerobic digestion is that it be carried out in
airtight reactors with sufficient volume for the biological re-
actions to be carried out without stress. Based on external
limitations such as capital cost, treatment efficiency, net en-
erdy yields, and operational skill, the technology available can
range over a spectrum from very rudimentary to quite sophisti-
cated. The fact that anaerobic digestion has been used in prac-
tical situations for over 80 years demonstrates that it is a
viable technologys However, problems can arise when it is sub-
jected'to severe external constraints such as limited capital
and low operational skills as in developing countries. The fol-

lowing is a summary of the technical options varying from the
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simplest to the most complex.

BATCH AND 'DRY' FERMENTATION

This is the simplest option available, and operation invol-
ves charging an airtight reactor with the substrate, a seed in-
oculum and in some cases a chemical to maintain a satisfactory
pB. The reactor is then sealed and the fermentation is allowed
to proceed for 30-180 days. During this period the daily aqas
production builds up to a maximum and then declines. This fer-
mentation can be run at ‘'normal' total solids contents (i.e.
6-10%), or at high concentrations (more than 20%) which is known

as 'dry' fermentation. This desian is shown in Fiqure 2.2.

REMOVABLE COVER\ [——>GAS OUTLET

FERMENTING

TOR -—-— SLURRY
REACTO _~COVER FOR SOLIDS REMOVAL

F:-—-— LIQUID OUTLET

Fig. 2.2: Batch digester (from Stuckev)

From ongoina research it can be concluded that the staqe of
development for low solids batch reactors is guite advanced
(Stuckey) and the technology has been used successfully for many
years. At this stage it seems a viable technology, and its gas
production rates are competitive with semi-continuously fed

reactors.

FIXED DOME (CHINESE) DIGESTER

In terms of absolute numbers this is by far the most common
digester type in developing countries, and the basic desian ori-
ginated in China. The reactor consists of a gas-tight chamber
constructed of either bricks, stone or poured concrete. Both the
top and bottom of the reactor are hemispherical, and are joined

together by straight sides. The inside surface is sealed by many
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thin layers of mortar to make it gas tight, although gas leakage
through the dome is often a major problem in this type of design.
The digester is fed semi-continuously (i.e. once a day) and the
inlet pipe is straight and ends at midlevel in the digester. The
outlet is also at mid level, and consists of a fairly larae sto-
rage tank. There is a manhole plug at the top of the digester
to facilitate entrance for cleaning and the gas outlet pipe ex-

its from the manhole cover (see Figure 2.3)

Moveable Cover Fermentoation Liquid
Dome as Segment of Spherical Shell

Inlet Pipe

Bottom as invert Segment Residue
of Spherical Shel!

Fiot Bottom

Fig. 2.3: The fixed dome (Chinese) digester design
(from Tam & Thanh)

The gas produced during digestion is stored under the dome,
and displaces some of the digester contents intc the effluent

VoL . vy _ v
ueLweell 17) .0 I

. of water. This creates quite high structural forces, and is the

reason why the reactor has a hemisperical top and bottom.

At the present time there are approximately 5 to 6 million
of these digesters in China (Chan U. Sam, 1982) and a handful in
India and other countries. The typical feed for these digesters
is not homogenous and is usually comprised of a mixture of ani-
mal manure (ex,swine), nightsoil, and aqricultural residues de-

pending on their availability. Agricultural residues are usually
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pretreated by composting with nightsoil and a little lime before
digestion (UNEP, 1981). Typical gas productions are in the order
of 0.1-0.2 m°
Sam, 1982) with detention times of 60 days at 25°C.

In India this Chinese circular fixed dome digester was adjus-

gas/ m3 digester volume per day (V/V day)- (Chan C.

ted and changed into the Janata design. Both inlet and outlet

chambers have been enlarged to reduce differences in slurry level

and gas pressure. Through this change it becomes possible for a

man to enter the digester via the outlet. The manhole on ton of

the dome becomes redundant.

Advantages:

~ Underground structure. The digester can be built under the sur-
face and hidden from view. Construction of such a digester in a
courtyard will therefore not easily get rejected on aesthetical
arounds. It is covered by soil which supplies useful insulation
in colder recions.

- Gas preduction. Most indications are such that a fixed dome di-
gester generates higher quantities of gas than a digester with
a floating gas holder.

- Maintenance. Since the digester has no metal or moving parts it
will not require any maintenence. However, when cracks develoo
in the structure repairs will be needed. About once a year it
may have to be emptied to remove the sedimented sludae.

- Costs of construction. The construction of such a digester is
cheaper than of the one with a floating gas holder. However, re-
gional differences will exist.

- Availability of building materials. In most rural areas the buil-
ding materials for a fixed dome digester are usually available.
Some problems with timing of supply of e.g. cement may exist.

Disadvantages:

- Leakages. It is very difficult to make the masonry structure and
the cement plaster of the dome gastight. Fspecially since the
gas pressure can reach high values. Cement has the tendency to
get weaker and porous over the years, particularly if the cement
fraction in the mortar is low. Movements of the soil can cause
cracks to develop. Especially the inside plaster of the dome has

to be made very carefully.
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- Need for skilled labour. The fact that a very stronqg foundation
and a digester that is gasproof are required as cheao as possi-
ble, implies the need for highly skilled masons. Training of ma-
sons is essential. See the chapters on biogas technoloaqy in Chi-
na and India for a description of some of the training program-
mes.

- Gas pressure. The gas pressure is developed by the difference in
slurry levels in outlet and digestion compartment. Increased qas
storage will increase the gas pressure. Qften wastage of qas is
observed when cookinag is done on too high a flame. If too much
gas is produced, the effluent should be allowed to flow away or
the gas should be allowed to escape.

- Stirring. Aqgitation of the slurry is difficult in this type of
digester. Poking with a stick via the inlet and outlet is often
done but this is not very effective. Also, in this way the scum
layer cannot be broken. Sometimes a mixinag device is installed
in the dome.

- Loss of generated gas. Gas bubbkles released from the slurry in
the inlet and outlet are lost in the atmosphere. Since the sur-
face area of inlet and outlet is rather larage the quantity of

gas that is lost can be quite high.

FLOATING COVER (INDIAN) DIGESTER DESIGN

" This design is the most popular in India, and is used exten-
sively throughout the world being the most common type of dices-
ter used for treétinq sewage sludges in developed countries. The
Indian (KVIC) desiqgn consists of a cylindrical reactor with a H/D
(height/diameter) ratio of between 2.5 and 4.1 (see Fiqure 2.4).
The reactor is usually constructed of brick, although chicken wire
reinforced concrete has also been used. The construction does not
hévé.to be as strong as the fixed dome type since the only pres-
sure on the walls is the hydrostatic pressure from the liquid con-
tents.'Tﬁé gas produced in the digester is trapped under a float-
ing cover on the surface of the diacester, which rises and falls on
a central guide. The volume of the das cover is about 50% of the
total daily gas production, and the cover is usually constructed
of mild steel, although due to corrosion problems other materials
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Fig. 2.4: The floating cover (Indian) digester design

(from Tam & Thanh)

such as ferrocement and fiberglass have been used. The pressure of
the gas available depends on the weight of the cover per unit area.
The reactor is semi-continuously fed through an inlet pipe, and dis-
places an equal amount of slurry through an outlet pnipe. When the
reactor has a high height/diameter ratio, a central partition wall
is built inside to prevent short circuiting. Typical detention tinr-
es vary from 30 days in warm climates (e.g. Southern India) to 50
days in colder climates (e.a. Northern India). VWith cattle manure
at 9% total solids content, gas yield of between 0.2 and 0.3 V/V
per day are achieved. The typical feed of such digesters is usually
cattle dung, although substrates such as agricultural residues,
nightsoil and aguatic plants have also been used.

Advantages:

~ Gas pressure. Due to the lifting of the gas holder and its own



weight the gas pressure will be very low and not exceed 10 cm
water column. This pressure is sufficient to supply gas to
stoves and avoids wasting of gas due to a too high flame.

~ Scum removal. The gasholder can be removed from the digester to
break up the floating scum manually or empty the diacester in
case of blockages or repairs to be carried out.

~- Mixing. The floating gas holder can be rotated occasionally. The
mixing bars which are fitted inside the digester cause aaitation
of the slurry. Mixing of the slurry may lead to higher aas oro-
duction due to the increase of contact area with the bacteria
and/or through the forced removal of small gas bubbles from the
slurry. The daily rise and fall of the gas holder will alson break
up the scum layer. However, rotation of the gas holder is not an
easy task because of the connected gas pipe. Damage to the aas
pipe due to this rotating is not uncommon.

Disadvantages:

- Depth of digester. Diaqinag the requirecé depth for the dicester
is often a difficult and labourious job particularly in rocky
soils, This depth will also restrict construction of a diaester
in areas with a high ground water table.

- Gas holder. The gas holder is the most costly part of the diaes-
ter. These high costs are due to the high price of metal sheets
and the high quality welding. The demand for aas holders needs
‘numerous workshops that construct them. However, in a lot of de-
veloping countries these workshops are often situated around ur-
ban regions incurring high transportation costs and organizatio-

‘nal problems to reach remote rural digester construction sites.

A most serious problem of the KVIC digester is the corrosion of
the metal gas holder. Because the drum is usually floatding in

the slurry, rusting takes place very quickly. Particularly the
zone of the drum that is in contact with the surface of the slur-
ry and which is alternatively dipped under and exposed to air is
affected. Fainting of the drum is essential. Yearly maintenance
is strongly advised. Even though high gquality epoxy paint will
lengthen the life of the metal drum, it will usually only delay
corrosion for five years. Practical field experience reveals the

problems of the required yearly lifting of the heavy drum be~
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cause mostly no hoisting facilities are available. If yearly pain-
ting is done at all, the crucial contact zone where the drum mcves
in and out of the slurry is often not properly treated.

The metal gas holder is an ideal conductor of heat and transmits
most heat from the slurry into the air. Heating of the slurry via
the sun-heated gas holder will on the other hand not reach very

deeply into the slurry because the gas is an ideal insulator.

BAG (TAIWAN) DESIGN

The bag digester is essentially a long cylinder made of either
PVC, a Neoprene coated fabric (Nylon), or red mud plastic (RMP)
(see Fiqure 2.5). Inteqral with the bagq are feed inlet and outlet

J[#*F== GAS PIPE

ABOUT 70mm OF
COMPACTED BACKFILL

Fig. 2.5: The bag (Taiwan) digester (from Stukey)

pipes, and a gas pipe. The feed pipe is arranged such that a maxi-~
mum water pressure of approximately 40 cm is maintained in the bag.
The gas produced is usually stored in the reactor under the flexi=-
ble membrane, althouah it can be stored in a separate gas baa (Park
et al. 1981).

The basic design originated in Taiwan in the 1960°'s (Hoa et al.
1980) due to problems experienced with brick and metal diaesters.
However, the original material used, a Neoprene coated nylon, was
expensive and did not weather well. In 1974 a new membrane red

mud plastic (RMP} was produced from the residue of aluminium refi-
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neries, and was both inexpensive and had a life expectancy of

around 20 years {Hong et al. 1979). Due to its availability, PVC

is also started to be used extensively, especially in Central A-

merica (Umana, 1982). The digester can be installed easily by ex-

cavating a shallow trench slightly deeper than the radius of the
dicester.

The Taiwanese evolved the bag digester to treat primarily
swine manure, and this is the most common substrate in Korea (Park
et al., 1981) and Fiji (Chan 1981). Due to its low cost and excel-
lent durability the Chinese have also started producina these di-
gesters. Depending on the availability of the plastic, a ranid ex-
pansion in the use of bag digesters is expected in China, and in
time it may eventually displace the fixed dome type as the most
common in China (Chan U. Sam, 1982).

Typical detention times in bag digesters for swine waste vary
from 60 days at 15—20°C, to 20 days at 30-35°C. One advantaaqe of
the bag is that it's valls are thin and hence the digester contents
can be heated easily if an external heat source is available (e.cx.
sun). The Chinese have found (Chan U. Sam) that averaqge terwera -
tures in bag digesters are 2-7°C higher than dome types. park
et al. also found this to be true in Korea, and obtained cas pro-
ductions varying from 0.14 in winter (8°C) to 0.7 in summer (320C)
for swine manure.

Advantages:

- Installation., A bag digester is very easy to install. Yo swrecial
preparations and expensive constructions are needed. Transvort
of the folded bag is cheap. Danger exists for the bag to get
punctured during transport and/or erection).

- Gas pressure. The bag is expandable and causes the gas pressure
to be reasonably constant. Saubolle & Bachman (1980) reported
that these bags can withstand a pressure of 250 cm water column,
which is more than double the working pressure normally needed.

- Costs. These will depend on the region but imported bags will
cost about 10% of the KVIC-design digester or 50% of the Chinese
dome type digester.

- Durability. The RMP is resistant to UV-rays and erosion by acid
or alkali, whereas normal plastics are not. Digesters have been
inflated and deflated 6000 times per year with no apparent
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damage. The averace life of such a digester is estimated at more
thar ten years.

- Sludge and scum formation. Due to the narrow path the slurry
passes through the bag, the flow speed will prevent sludge to
get sedimented. As only highly diluted piggery waste is used,
problems with scum formation are low. Any crust formed will be
loosened through the expansion and contraction of the baa.

Disadvantages:

- Damage. Bag digesters are liable to damage and punctures are not
uncommon. Damage can happen due to movement of the bag in the
ditch caused by wind that can shake the bag and by rainwater
that may fill the ditch causing the bag to start floating.

- Environmental influence. Most of the times the bag is exposed
to all environmental weather changes and a sudden drop in tem-
perature can reduce the diqgestion efficiency. Rain can also cool
the slurry considerably which justifies an additional insulation

sheet.

ARGUMENTS FOR TRE APPLICATION OF BIOGAS DIGESTERS (AFTER KIJNE)

In order to promote the use of biogas diqgesters two different
categories of arguments have been brought forward.

Cne set of arqguments amplifies the benefits for individual us-~
ers. It should be mentioned that in a given situation it will be
hichly improbable that all these advantages can be enjoved at the
same time.

A second set of arquments to substantiate biogas development
programmes amplifies the advantages for the nation as a whole. Go-
vernments try to stimulate the use of biogas because it may offer
an alternative to firewood and thus may slow down the continuous
deforestation. Since biogas may substitute for fossil fuels (such
as kerosine) and the effluent of biogas digesters can be applied
as a fertilizer, the favorable effects on the balance of payment
are mentioned too.

In this paragraph we will focus ourselves on the potential be-
nefits for individual users.
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BIOGAS AS A SUPPLIER OF COOKING FUEL

Motives for the development of biogas digesters are mainly
based on their ability to supply a source of enerqgy which can re-
place the various cooking fuels which are generally used in rural
households in developing countries. The increasing scarcity of
these fuels has led to a growing effort to accumulate them and
has put a money value of them.However, as will become clear in
the following chapters, local fuel situations are extremely com-
plex. Access to biogas as a fuel substitute for some social groups
does not necessarily alleviate but can even worsen the fuel situ-
ation for other groups. Three common cooking fuels can be mention-
ed:

- Firewood. Woodfuel is the primary source of energy covering 90%
of the total energy demand in the rural areas of developing
countries. Introduction of more efficient woodstoves is one way
of reducing the consumption of firewood, substituting the wood
with biogas is another.

- Dung cakes. The use of dung cakes for cooking purposes is main-
ly employed in India and not so much in other develonina coun-
tries. Aspects of the 'dung cake economy' are discussed in chan-
ter 4.

- Kerosine. Users of kerosine for cookina mention as adventages of
biogas that it will stop the pollution of their cooking utensils
and the typical smell of kerosine cooking.

BIOGAS AS A SUPPLIER OF FUEL FOR LIGHTTING

Application is rather simple. In principle the usual pressu-
rized kerosine mantle lamps can be used. Although the quality of
lighting of a bioaas lamp is rather poor, a saving on kerosine
consumption can be obtained by using bioqgas fuel.

Biogas as a substitution of electricity has also been mention-
ed. Apart from the larger size of digester needed in this case
with all associated problems of cperation and maintenence, it
should be pointed out that a rural electrification program does
not in general intend to supply electricity to every household.
Only the richer classes will be able to pay for the connection and
the monthly bills,
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BIOGAS DIGESTER AS A SUPPLIER OF ORGANIC FERTILIZER

In most publications on and by most promotors of biogas the
favourable effects of anaerobic digestion on the fertilizing va-
lue of the manure is mentioned. Improvement of the manural value
is claimed to be due to the increase of the amount of nitrogen
available to the plants. The total nitrogen content does not chan-
ge during digestion. It is only the closed construction of the
digester that prevents early disappearance of the armoniacal ni-
trogen. In raw manure the nitrogen is held in a complex form and
will be released slowly. The quick release of nitroaen is parti-
cularly important in the tropics because of the instant nccessity
right in the beginning of the rainy season and the planting time.
It is for this reason that chemical nitrogen fertilizers have a
distinct advantage over organic fertilizers. Anaerobic diaestior
of manure will give a product which is closer to the characteris-

" tics of chemical fertilizers than the original manure.

In field operations, however, application of effluent to the
crops directly following digestion will hardly ever take nlace.
Fertilization of crops is needed once or twice a vear. Tffluent
therefore needs to be stored for the rest of the year. This sto-
rage can affect the quality of the effluent to such a dearee that
it might even lose all its acquired improvements over the oriainal
manure. Open pit storage of digester effluent is aeneral practice
in India, Thailand and Indonesia. Liquid efflent flows into a nit
next to the digester. Compared to the total surface arca of the
digester plant the size of this pit needs to be quite larac. The
prbblem of space together with the fact that cattle duna effluent
dries very slowly cause handling difficulties. Farmers are advised
to bind the nitrogen in the liquid with dry organic matter like
fodder wastes and straw to obtain a compost product which is of a
better quality and easier to store and handle. ¥ijne gives more
detéils and according to his findings the few farmers who try to
practice this device experience the difficulties of mixinc the ef-
fluent with the organic matter.

‘This implies that changes in the traditional farming practices
would be required to make full use of the benefits of the licquid

effluent. For example, transportation in drums will be reeded and
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quick plowing of the soil will stop further evaporation. The seas-
onal cropping schedule at the farms is a severe constraint that
will obstruct this change. Fertilization of fields with dry duna

is usually done during the dry season. Small heaps of manure should
be put on the fields and distributed only shortlv before the rains
start. This practice requires less labour in a period in which all

labour available is demanded for field preparation and planting.

BIOCAS i"IGESTFRS FOR IMPROVED SANITATION

It has been reported that an anaerobic digester can sianifi-
cantly reduce the number of bacteri», parasite ecqs, viruses and
other pathogenic organisms in the effluent compared with the amount
in fresh material (see e.a. UNEP, 1981; NAS, 198)). However, dif-
ferent oraanisms show different behaviour durinag the dicestion pro-
cess., It is therefore danoerous to rely on certain nercentaages of
die-off to ascertain the bacteriological safety of the slurry.

The desian of the diaester may affect the presence of oraganisms
in the effluent. Rs these may float or stick to the oraanic parti-
cles in the scumlayer or sediment on the bottom of the digester,
the effluent from the middle of the digester will most problably
have lower amounts of organisms. Note that in the Chinese dome type
desian effluent is removed from the riddle of the digester in con-
trast with the KVIC model from India where the outlet nipe extends
to the bottom of the digester.

Knowledge of this sanitation asvect of the anaerobic diaestion
process has been associated with the increasinag nroblem of human
waste manaaqgements in many parts of Asia. The larce majority of the
population living in the rural areas has to practice open air de-
fecation in the bush, fields or in omen pbits. Problems concernina
open air sqatting facilities do increase in the crowded clusters
of people who are living in and around urban areas. Rains and
floodings will deteriorate this situation. This has agiven rise to
sanitation n~roararmes for better control =»nd ranagement of human
waste in many developing countries.

As nightsoil miqght contain many rathogens, worms and parasites,
special precautions should be made concerning the handlina because

of contamination. Most latrine systems that are developed only need
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the removal of the nightsoil after a "composting” neriod of one to
two years. Then the excreta have changed into a black, dry and
bacteriologically reasonably safe product that does not smell.So-
cial constraints regarding the utilization are few.

Instead of using the nightsoil for composting in pits, it can
also be fed to a biogas digester, A current practice in China.
When only nightsoil is used, single family latrine diaesters will
not be able to supply a sufficient amount of gas for cookina pur-
poses. Community latrine digesters that are used by more peonle
are viable on this point. However, the use of flushina water with
latrine digesters which is needed for the eoptimalization of hyoai -
enic conditions, may upset the slurry composition. A aood latrine
utilization requires a lot of water and even disinfectants for
cleaning purposes, particularly when latrines are used by more per-
sons. The large amounts of water can dilute the slurry and affect
digestion conditions negatively. Disinfectants can kill the bacte-
ria that are required for digestion. Utilization of the bioaas
nightsoil for cooking purposes miaht be objected to by some recople,
particularly for preparation of food that is used for worship in
the temple. Sentiments on this subject will differ accordinec to
the different regions and different social aroups. Kijne visiten
and describes some types of latrine diqgesters currently in use in

India.

REFERENCES

Chan, G. (1981): Integrated BRiogas Development: Fiji. In: Biomass
Energy Projects; Planning and Management, Ch. 4 pp 120-139,
Pergamon Press.

Chan U. Sam (1982): State of the Art Review on the Tntearated Use
‘of Anaerobic Processes in China. Internal Report prepared for
ARUWUL .

Golueke, C.G. (1980): Basic Principles of Anaerobic Digestion. In:
Biogas and Alcohol Fuels Production, J.G. Press, Emmaus.

Hao, P.L.C., A.P. Yu and H.S. Tang (1980): Design and Development
of a Red-Mud Plastic Digester, Union Industrial Research Labo-
ratories, Industrial Technology Research Institute, Hsinchu,
Taiwan.

Hong, C.M., M.T. Koh, T.Y. Chow. P.H. Tsai and K.T. Chuna (1979):
Utilization of Hog Wastes in Taiwan Throuch Anaerobic Fermen-
tation. Food and Fertilizer Technology Centre, Taipei City,
Taiwan, Extension Bulletin no. 131.



33

Kijne, E, (1984): Biogas in Asia, Inventory Field Study on the
State of Development of Biogas Digesters for Household Use
in Tropical Rural Communities. Consultants for Management of
Development Programmes b.v., Achter Clarenburg 25, 3511 JH:
Utrecht, The Netherlands

NAS (1981): Methane Generation from Human, Animal and Aaricultural
Wastes. National Academy of Science, Washington D.C.

park, Y.D., N.J, Park and J.H. Lim (1981}: A Study of Capablity
of P.V.C. Bag Type Biogas Generator. Research Report of the
Office of Rural Development, Suweon, Korea.

Sathianathan, M.2., (1975): Biogas, Achievements and Challencaes,
Association of Voluntary Agencies for Rural Development, New
Delhi 110048.

Saubolle, B.R. and A. Bachman (1980): Fuelgas from Cowduna (2nd
ed.), Sahayogi Press, Kathmandu, Nepal.

Stuckey, D.C. (19€0): Technoloqy Assessment Study of Biogas in De-
veloping Countries. Prepared for the World Bank as executing
agency of UNDP Global Project (GLO/80/003)-Testing and Demron-
stration of Renewable Enerqgy Technologies.

Tam, D.M. and N.C. Thanh (1983): Rioaas Technoloay in Asia: The
Perspectives. Renewable Fnerqy Review Journal, vol S5(1).

Umana, A. (1982): State of the Art Review of Anaerokic Processes
in Latin America. Internal Report Prepared for IRCWD,

UNEP (1981):Biogas Fertilizer System, Technical Revort on a Train-
ing Seminar in China.






35

3. Biogas Technology in the
Chinese People's Republic

3.1 INTRODUCTION

In China the technique of waste disposal through fermen-
tation to produce organic fertilizer and gas is more than a
technology in the Western, i.e. industrial sense. In many
areas biogas is now a normal practice on the family level.

It was first intoduced by some communes in the fifties. When
the technique was fully developed it was incorporated in
government programs for loans for investments and propaganda
campaigns. This further erhanced biogas utilization. The
technique is based on the principle of the complete utiliza-
tion of resources which is still a necessity in many rural
areas. The technology improves environmental conditions, but
this is not the first priority for the authorities. The meth-
ane which is generated in the process was originally only of
lesser improtance, although this has become more important
recently. It was seen as a further step in the ancient prac-
tice of producing fertilizer by composting organic wastes.
The aim of improving rural health by controlling fecal dis-
posal was merely secondarily imposed when biogas became part
of the official program. 1In some areas the use of biogas is
still in early stages of development; the gas itself is in
these areas seen as only a bit more than a useful by-product
of the other functions, health and fertilizer.

outside China, most versions of biogas installations use
cow dung as the major substrate for the fermentation process.
In many cultures it is considered wrong to use human excreta
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3.2

for such purposes and agricultural wastes are often not used
because of the expected management and technical complications.
In China such taboos are less of a problem and the agricultural
function of biogas technology is backed by a geat deal of ex-
perience, both traditional and modern. Based on experience

from local initiatives a total system was created encompassing
the digestion of all organic ;astes in the immediate surroun-
dings, converting it fully to fertilizer and gas. Organic re-
sources are utilized and recycled instead of becoming pollutants:

the balance of the environment is better controlled.

SOCIAL STRUCTURE

The fact that biogas has been successfully introduced on
a large scale in China is unmistakenly related with the social
organization in rural areas. The great majority of agricultural
work in China is done collectively. State farms have always
played a secondary role, while the private sector at present
accounts for only 10-15% of the total area farmed.

The foundation for the present organizational structure
was laid during the Great Leap Forward in 1958, when the com-
munal system was introduced. The commune operates at three
levels, each with its own function. The highest level is the
commune itself. This consists of a number of villages and is
set up to have more capital and workers at its disposal. This
results in the following tasks:
- Support of rural industries requiring much financial and tech-
» nical backing.
- .Coordination of operations in the social sector, including

-t dmdmm moarnAan A
- ¢linics, sccondary ccheels

- Water management and land reclamation projects.

The land, the means of production, and the livestock were
considered to be property of all members of the commune.

Until recently the commune formed the lowest political as
well as economical unit. According to the original goals a
commune must possess a structure which guaranteed independence
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in economic, social, administrative and defense matters. How-
ever, communal policy was subordinate to national planning. Be-
cause the commune did not function properly as a work unit, it
was divided into smaller groups. Each commune is divided into
brigades, which are in turn subdivided into production teams.
Each team consists of 30-35 households. A team is the basic work
unit, and can operate fairly independently. Incomes of the in-
dividual households are determined by the total economic produc-~
tivity of the team, and by the number of labor points gathered
by the families.

Attempts have been made, especially during the cultural re-
volution (1966-1976) to transfer the responsibilities of the
team to the brigade level, and so, to finally disband the team.
The Dazhai production brigade served as a model for this. Dis-
pite its poverty, this village (population 500) was able to
become self-supporting in grain without help of external inputs.
A central aspect of this was the abolishment of all types of in-
dividual agriculture. Later research showed that an important
part of the figures from this village were false. The Dazhai
campaign had little success on a national level because the
farmers no longer felt directly responsible for the production.

After the demise of the Band of Four, emphasis switched to
increasing agricultural production and income in rural areas.
For this, three important reforms were carried out in 1976,

To begin with,the private sector and free market were given
new room to operate. Private lands now occupy 10-15% of the
total farmed area, although each individual plot is not larger
than a garden. The land is used to raise small animals, pigs,
or vegetables. Sales of these form an important part of the
family income.

The second reform introduced changes in the collective ag-
ricultural production system. Since 1979 direct responsibility
for cultivation of a field could be placed with individual house-
holds. Quota were set via a contract between the household and
the commune. Any extra yield above this level could be held or
sold by the household itself. This called for great personal
initiative, and the hardest working families were also the best

rewarded.
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Fig. 3.1: Stir liquid fertilizer frequently
(from A.van Buren)

[\l
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Fig. 3.2: Put in and out material frequently
(from A.van Buren)
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Three main types of these so-called responsibility-systems
can be distinguished:

- In richer communes with communal management and bookkeeping
special work by groups can be carried out on a contract basis.

- In communes with an average production and communal bookkeep-
ing, workgroups can be given contracts for longer and less
clearly deliniated tasks. The land is divided into smaller
plots, which families or groups can cultivate on a piece-wage
basis. Distribution of the earnings is done at the team level.

- In poor, isolated areas, where the commune never really worked
properly, but also in other areas, land is being divided among
the families, based on their size. The family is given free
choice in the production process, but does have to meet cer-
tain producton guotas.

The liberalization has met the economic expectations, and
annual family incomes of more than 10,000 yuan (f15000.-) are
not exceptional. However, there are certain disadvantages of
this system. Because the farmer is now held individually re-
sponsible for the production, the demand for labor has increased
and the population control policies are coming increasingly un-
der pressure. Especially the last described farming system
gives the family complete management of the fields. Purchase
of tools and other production means (especially hand-powered
tractors) by individual farmers is now possible. Poorer farmers
often do not have the means to do so, and social inequalities
which were earlier only noticeable on a communal or a regional
level are now increasing.

The last reform took place in 1982. At this time communes
were denied the management tasks which were originally one of
their main goals. The most important arguments for this were:
~ the increasing autonomy of the production teams
- the introduction of the system of responsibilities which made

possible trade contracts outside the communal system, such as
direct contacts with urban factories. It is hoped that ex-
cessive bureaucracy will be limited by this division of re-

sponsibilities,
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3.3 History

In some reports on biogas in China applications based
on historical experiences are mentioned from 1920 onwards but
in the standard Chinese bibliography on this subject (first
published in 1975) the earliest official sources referred to
are Western scientific papers from the 1930's; no Chinese
sources are mentioned prior to 1957. By that time there
existed much local experience. Many Chinese papers were pub-
lished during the Great Leap Forward but after this campaign
most information again comes from Western sources. After the
first energy crisis in 1973 biogas was presented in official
papers as a nhew "revolution”. To this day, however, most in-
formation on recent biogas production and consumption in China
is unfortunately based on personal interviews of Chinese
workers in the field during short visits and travel reports,
rather than on local research.

The use of biogas was first officially promoted in 1958
after a directive delivered in ¥Wuhan by Mao Zedong coincid-
ing with the start of the Great Leap. In the same year, some
scientific papers on methane fermentation were published. The
first applied reports appeared the same year. However, the
goals for the Great Leap were set too high. 1In the rural
areas this took the form of consolidating cooperatives into

. large scale people's communes that could theoretically under-

take all manner and scope of development projects combining
industry, agriculture, trade, education, and military affairs.
Biogas was incorporated into this program and thus was more
centrally planned than in the past. 1In this period, middle
large and large biogas digesters of the USSR and DDR design
were built to raise energy in cities and villages for the
smaller rural industries. The digesters were technically un-
satisfactory, a result of the incomplete transfer of the
know-how from abroad, rather than a low technical level in
China. These complications make an objective analysis of the
negative experiences on the various levels very difficult.

The poor results led to impopularity of biogas in the communes
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and eventually, to a general stop in the official promotion of
biogas technology at the end of the Great Leap. Many other
programs were terminated at this time as well. However, some
secondary applications associated with the use of biogas were
successful in many provinces, where water pressure devices,
lamps, etc. were invented by farmers using biogas. This tech-
nology was not generally applied, but was locally improved and
thus successful. These devices led to a second attempt *o in-
troduce biogas after 1970. 1In this period the problems which
were a result of the quickly increasing population reached a
peak. Fuel shortages occurred in many villages when the govern-
ment had problems supplying enough coal. In the communes im-
proved fertilizer comparable with the fermenter's end product
attracted attention. BAll these energy and fertilizer problems
resulted in the simultaneous reconsideration of biogas in many
places. Especially in Sichuan many team leaders in the com-
munes personally decided to devote themselves to popularizing
biogas technology. The Dashai campaign for construction in-
vestments in agriculture at this time enabled many production
teams to develope the applications of biogas. However, the
investment campaign was directed to collective investments while
the new biogas applications were meant for separate households.
In this manner the contrasting actions of the team leaders de-
veloped biogas in a different way than most other construction
investments. The local leaders were responsible for unequal
developments within the provinces (also in Sichuan) even where
the fuel supplies and other economic factors were comparable.

In a later stage some provincial leaders also supported this
favored strategy of biogas development on the political level.
The use of biogas was popularized in many areas of Sichuan using
various radio, newspapers, wall bulletins, and other methods

of propaganda. All information used in these regional cam-
paigns was based on local experiences in the villages with
available construction materials for the biogas digesters and
with the products of the digesters, which could vary during the
seasons. The use of biogas gradually shifted from a local in-
itiative to a common feature; the province speeded this develop-
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ment further by opening institutes for technical advice, the

‘so-called biogas bureaus. « ' " .

It is not surprising that in this phase of popularization
of biogas the first national conference on biogas was organized
to exchange practical experiences on the recently built fer-
mentaters. During this Mianyang conference in May, 1975 the
main principles of construction, as derived from these early
experiences, were defined and documented. Some social and
political statements were alsc made. These were that self-
reliance of the participants in the commune is the basis of
biogas application, that the state supports the farmer finan-
cially and that the team or commune should play a secondary
role. This policy of "self-reliance with public assistance"
was defined by the Biogas Development Office; it meant that
on his own initiative a commune member could purchase the buil-
ding materials to construct a digester for his family. The
production team would compensate in work points for the labour
used, which otherwise would have been for the commune, and the
government would provide free technical training courses for
special technician-candidates from the commune. The bank would
advance loans to the few who were unable to raise enough funds
to build their own digesters. The office was convinced that
the implications of this policy would stimulate more commune
members to build a family-sized digester; this later proved to
be a successful approach. The term "self-reliance" meant the
ﬁse, as far as possible, of the owner's private resources, i.e.
finance, labour, and management for the digester. The "public
assistance” amounted to the recognition, valuation, and insti-
tutional support of private expenditure, both by the owner's
own production team and by the state, through local, regional,
and national branches. '

Although it has been stated that self-reliance of the mas-
ses was the major point in the popularization of biogas, other
poliﬁical events, such as the rehabilitation of Deng Xiaoping,
made larger efforts in applied sciences possible. Research in
the technique of constructing digesters was intensified and
experiments were started to optimalize the process of fermenta-

tion.
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After the arrest of the gang of four a new Great Leap was
announced. The major aim of this was to rapidly mechanize the
rural areas before 1980. Between 1975 and 1978 the number of
biogas fermenters increased from half a million to seven mil-
lion. The second Mianang confererce in 1978 stood in the sign
of these stormy developments. Biogas digesters, including
large digesters for the whole commune to raise energy for ma-
chinery, were planned for over 1000 areas. The new small di-
gesters were built with a small, flat, round, removable 1lid
and a straight fill pipe. Some teams from Sichuan reported on
the functioning of the digesters built in 1975. An increasing
number of installations had collapsed or no longer reached full
production capacity; this negatively influenced the popularity
of biogas. The role of the biogas management, the training of
the technical workers in the construction of the installation,
and the uses of the gas were discussed.

The third plenar meeting of the Central Committee at the
end of 1978 stopped the new Great Leap Forward abruptly; the
new slogan "truth from the facts"” was launched. It became
known that up to half of the installations which were centrally
planned no longer functioned well; two million digesters could
no longer be repaired and another two million had severe prob-
lems. At a conference in 1979 it became clear that the main
responsibility for the installations had shifted from the
separate households to the collective, which resulted in a
stronger professionalization of biogas management. Biogas
was announced to be the main solution for the fuel crisis in
the villages. As a result of the conference, biogas was in-
corporated in the plans for state investments. A central in-
stitute was responsible for the total budget in all provinces,
but Sichuan remained the main province for biogas.

For the midlong term 40 million installations are cen-
trally planned for areas where about 70 million families live
with severe fuel shortages. 1In this project only small di-
gesters are used; in the city medium or large size installations

will be constructed,
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Fig 3.4:

.3

Bricking a dome without support
(from A. van Buren)

Bricking the mouth of the pit without
support (from A.van Buren)
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PRESENT ORGANIZATION

The family undertakes the management of the digester.
Their responsibilities consist of maintaining a watch over the
pressure gauge of the digester (burning gas when the pressure
rises above a median}) and feeding the digester daily with
kitchen wastes, latrine "night soil", and the rinsings from the
family pigsty. In return the use of the gas for cooking and
lighting accrues fully to the family. The production team
(as far as this still exists in the present dismanteling of the
communes) carries other costs, benefits and responsibilities.
It includes the construction labour time in its own accounting
and renumerates for it. Some of the means of transport for the
construction materials are furnished by the collective. It also
so provides the bulk of the fermentation material used to
charge the digester every six months and composts the mixture
of straw and pig manure prior to charging, which speeds up
fermentation. It is not clear at present whether the new
"total" self-reliance system for the farmers affects this help
from the collective. In recturn for the fermentation material
the collective covers the major (now less?) part of its fer-
tilizer requirements with the fermented high-grade organic ma-
terial coming out of the digester. This increased recycling
of nutrients in agriculture, necessitates fewer expenditures
for chemical fertilizers. It also benefits from improved waste
disposal and sanitation, and reduced deforestation (as far as
still present}.

SOCIAL AND POLITICAL FRAMEWORK

In biogas literature the social and political framework
associated with the introduction of this technology is poorly
described, in contrast to the well-documented process in India
and Thailand.

In Chinese agriculture an understanding of biological sy-
stems was already present long before energy was produced
through biogas fermenters. This agricultural and ecological
tradition, and the new socialist principles, give the basal
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acceptance of biogas a high chance. Until recently earnings and
consumptions were relatively undifferentiated. This, together
with the state-directed immobility of the people, allowed new
planning to be relatively easily carried out. The management and
use of biogas fermenters were thus easily integrated into this
society. Since the collective as well as the separate households
feed the fermenter, it is easy to distribute the gas and fertili-
zer.

When biogas was first introduced people doubted whether
such a fermenter would actually produce gas which they could
cock on. In some areas the gas was suspected to promote the
occurrence of tainted food. Others had doubts about the nu-
tritional value of bio-fertilizer. 1In many brigades model fer-
menters were constructed to overcome these doubts. In fact, the
cadres built the first fermenters on their private pieces of land
not only to convince farmers in serious doubt but also to try
out whether the type of installation was good enough and adapted
to the special local requirements. Besides training ccurses and

test fermenters, biogas was popularized tkrough films, exhibitions,

news items in newspapers and on the radio, wall drawings, wall
paintings and popular scientific booklets.

The responsibility for the functioning of the biogas fermen-
ter was the task of the specially trained technicians who, as a
re;ult of their biogas education, earned 10% more than during
labour in the field. Bonusses were calculated according to the
number of installed fermenters; only fully contructed and func-
tioning fermenters were counted. The types of fermenters in
China proved to be reliable and easy to adjust. Various types
of organic material produce biogas in differing designs of diges-
ters and with differing procedures. The only criterium of suc-
cess for a farmer's family is the amount of cooking gas produced
during the summer months (Sichuan). The dirtiest work in fer-
menter maintainance is the periodical cleaning. Since dealing
with faeces and wastes is in many countries more or less a taboo,
this type of labour is a key factor when introducing biogas in
third world countries.

In ancient China tradition, religion, and society placed
women in a position inferior to men. Some relics of the feudal
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system still exist today, as can be seen in rural marriage habits.
Since 1949 however, the position of women has greatly improved,
although the revolutionary slogan "liberation from heavy house-
work" is not yet outdated. The economic and social role of the
chinese female farmer in the collective and family is fundamen-
tally altered. 1In all communes the collection of fuel materials
and the transport of coal from the free market took a great deal
of time; the use of biogas reduced this labour to a minimum.
Furthermore, solving the fuel problems for cooking meant an im-
portant relief for many women. Womens' labour inside the house
has changed considerably since biogas met the fuel problems in
the villages. The women are still responsible for cooking (al-
though official reports state differently). As a result of bio-
gas introduction, the cooking time could be reduced from 4-6 hours
to 14-3 hours, although when guests are present the normal biogas
supply is often not sufficient and the traditional stove has to
be lighted. In areas where temperature in winter drop below
zero biogas is only a help in a limited number of months. The
usc of biogas improved the hygenic situation, especially in the
kitchen. The traditional fire is increasingly becoming a matter
of history, and typical female diseases such as eye, neck, and
bronchial diseases are diminishing.

The larger commune fermenters also help save time. Usually
these fermenters are capable of delivering electrical power a
few hours a day for each household. In dgeneral, biogas has freed
the women from the household and increased their role in the col-
lective labour, mainly in agriculture and small industry. In-
dustrial generaters have especially helped, since industry is not
seasonal, as is work in the field. Biogas has also increased the
spare time of the women; this time, however, is rarely used for
leisure. It is usually spent on secondary tasks such as nursing
animals in the house. Chicken, sheep, rabbits, etc. have been
introduced into the separate household, depending on the market
situation. Development of private enterprises such as growing
plants, herbs, mushrooms, etc. are also popular.
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4. Biogas Technology in India

INTRONDUCTION

hfter the Chinese Peonrle's kepublic Trndia is the second
most important develonina country where biogas diagesters have
been introduced on o fairly laroe scale. The introduction of
Liogas technology was mainly a resclt of the extensive promo-
tion activities by agovernmental and semi-governmental insti-
tutions. It was felt that bhiccas was relevant to the nation as
an additional source of encray and as a means to counteract de-
forestation. A historical review of the biogas programs is pre-
sented in nart 4.2. As was already pointed out in the intro-
duction of this booklet, technolcay includes the research ac-
tivities, the organisational network ard the extension services
that suppcrt a specific technicque. For this reason the insti-
tutional arrangements for the dissemination of biogas and their
constraints, especially from the noint of view of reachina the
poorer secctions of society, are discussed extensively in part
4,3, Part 4.4 discusses the constraints related to the tech-
nical nature of the digester.

Since the introduction of biogas in India is characterized
by a stronqg top-down strateqy, motivated by the nossible bene-
fits for the nation rather than for individual users, a next
point will be to examine from our point of view expressed in
the subtitle of this kooklet, the potentials (part 4.5) and
the socio/economic implications (part 4.6) of the current bio-

gas program in India for the rural poor. Related to this,
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part 4.7 describes some experiences with community digesters.

In the last part some conclusions are formulated.

HISTORICAL BACKGROUND

In the beginning of the 20th century the method of anaerobic
fermentation or digestion was successfully applied for .2wage
tr~~+tment. The first plant for treatment of sewage and
production of biogas was constructed in Bombay in 1937. This
inspired S.V.Desai, thke fcunder of the biogas digester in India,
then working at the Department of Agricultural Chemistry in

New Delhi, to explore the possibilities of using animal dung

and cellulose waste materiale for the production of biogas.

In fact, Indian kioaas research started at the Indian 2gricul-
tural Research Institute in 1939. Later on. N.V.Joshi, working
at the same institute, developed a small biogas digester which
was made available to the public. J.J.Patel, of the Khadi and
Village Industries Commission (KVIC) in Bombay, continued their
work 2nd cesigned ard developed a biogas plant in 1951, called
Gramalaxi Gas Plant (the forerunner of the kKVIC-plant or gobar
gas plant which was popularized on a large scale later on). It
was a continuous load plant in which the gas holder was used as
a negotiable cover on the open digester. The former could also
rotate, In the next few years several other individuals made
attempts to kuild gas plants at small cost. Also, J.J.Petel con-
tinued his efforts resulting in the desians Gramalaxi 17 and
IIX. Besides the KVIC, other institutes were working on the de-
velopmnent of biogas plant, such as the Gobar Cas Institute in
Etawah (U.P.), but it was the KVIC that started the introduction
of biogas plants among farmers, by means of subsidies and loans
without interest. Free technical guidance for the constructinn
wos also supplied. The actual promotional work was carried out
by the state level representatives of the KVIC, by the Khadi and
Village Industries Boards (KVIB) and by institutions related to
these Boards. The KVIC itself concentrated on the development of
gas burners and gas lamps. In 1979 the KVIC also aqot involved in
training activities for extension workers, masons and users.

The efforts of the KVIC in propagating and installing
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biogas plants were handicapped by the lack of policy support from
the Central and State government. The gqovernment policy was main-
ly geared towards rural electrification and increasing the availa-
bilty of chemical fertilizer. Under the pressure of a deteriorating
energy situation, caused by the o0il crises and the shortace of
firewood, the government decided to install one lakh (10¢,000)
plants during the fifth five year plan ('75~'80). A subsidy of

25% of the estimated cost of the biogas plant was granted by the
government; the rest had to be paid by the owner of the plart him-
self or via a loan. However, the banking institutions made hiah
demands upon the credit standing of the potential owrer: a mini-
mum of five to six heads of cattle and two hectares of productive
land was required. This could not be met by most of the population,
especially not by landless labourers ané¢ small marainal farmers.
This, and a number of other reasons, which will be cutlined in the
next pargragh, slowed the disseminatior of bioaas nlants. The tar-
get of 100,000 was not met; only about 70,C00 werc installecd of
which only 2/3 were in workinag order. These disapnointinag results
led to a withdrawal of the government supvort durinag the reriod
'79-'80, but the KVIC continued its efforts to nonularize bhioaas
plants.

Under the pressure of the KVIC renewecd efforts were undertaken
in november 1981, when the Department of Agriculture launched the
National Project on Biogas Development. The objectives of this rro-
ject were decribed as: "Conservation and use of organic materials
as fertilizer and energy through biogas systems in order to supnle-
ment and optimize the use of chemical fertilizers and to reduce
increasing pressure on demand for firewood and commercial fuel."
adhi, 1982 p.6). The taryet for the program was set at 400,000
biogas plants, to be achieved during the sixth five year plan ('80
-'85). The government has allocated an amount of Rs 50 crores (US$
50 million) for this programme. During '81-'82 a total of 35,000
plants were planned; the targets for the following years were fixed
progressively higher at 75,000 , 125,000 and 165,000 plants. Accor-
ding ‘to Kijne, it was reported that the actual numbers constructed
during the first year were 10,000 below the target and that during
'82-'83 a total of 57,500 digesters had been constructed. This
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implies that the total number of biogas plants installed in In-
dia is about 150,000.

Besides these programmes for the development of individual
family size biogas plants, the government has more recently star-
ted a programme for the development of community type bicaas di-
gesters in order to reach the poorer sections of the poprulation.
Both these programmes will be discussed.

It can be said that in particular the KVIC has been the main
initiator tor the pooularization of biogas plants in India.
Apart from the KVIC, a number of other, mainly small rural vo-
luntary organisations have contributed to the imorovement of
existing designs, to the development of new desians and to the
dissemination of these. In Cujarat state, especially, a number
of Gandhian institutions have concentrated or this technoloay.
These include the Khadi Gramodyog Prayog Samiti, Halpati Sewa
Sangh and Swaraj Ashram amonqg others. One aspect of the Gandhian
philosophy is directed at self reliance and group responsibility.
One of the beliefs is that happiness in life is also a result
of the healthy state of people anéd the hygienic conditions in
which they live. One mean to reach this is the introduction of
latrines, which in a next step can be connected to a biogas di-
gester, used to treat human waste end to produce gas for cook-
ing. For some examples see Kijne and Blankenberq.

Initially only cne type of digester, the go-called KVIC or
gobar gas biogas plart was propagated. However, nowadays also
other tvpes, such as the fixed dome (Chinese) type are keina

installed.

TEFE INSTITUTIONAL ARRANGEMENTS FOR THE DISSFMINATION OF BIOGAS
PLANTS; THETR CONSTRAINTS

INTRODUCTION

The national biogas plan set up to install 400,000 bioqas
plants during the sixth five year plan, consists of the follow-
ing major elements:

1) financial support to state governments for orcanisational

arrangements
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2) financial support to implementing agencies and village level
workers

3) financial support to state governments for various training
programmes

4) subsidies to different categories of potential users

5) supply of steel and cement at quota prices

These elements will be discussed separately in the following pa-

ragraphs. In this way a picture of the institutional arranaenents

made, the official scheme and the experiences with this scheme in

the actual implementation will ke civen.

THE ORCANISATIONAL STRUCTURE

A number of agencies are involved in popularizing the bioaas
technique., Among them are production agencies ( fabricators, acrc-
industrial corporations), financial agencies (varjous nationalized
banks, subsidy quinq organisations), voluntary organisations (so-
cial workers), trade organisations (fabricators, after sales scr-
vice crganisations, suppliers of raw material), technical acencies
(KVIC, SKGB, departments of Aariculture, district and hlock level
commitees). All these agencies have been brought together in a
joint effort to achieve the objectives of the scheme by nromotira
the biogas digester. In the past there has been a serious lack of
coordination of their activities. For this reason the National
Project for Biogas provides for the creation of specialized "kio-
gas cells" within the ministries of Agriculture andé Rural Develon-
ment, Already 19 states have received financial assistance for the
establishment of these cells. Their task can be described as: the
coordination of all state level activities concerned with bioagas
plants, the control of the achievements of the targets, the sup-
ply of suksidies, cement and steel, and the communication between
the central government and the implementing agencies at state le-
vel. In addition the cells also initiate and support research ac-
tivities. In Fiqure 4.1 the organisational structure in the state
of Tamil Nadu in Southern India is shown. Althoual. every state has
a different structure, it gives a rather good picture of the main
organisational elements. With the establishment of these cells

(directorate of Gobar Scheme), some decentralization to the state
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and district level has taken place for the first time. However,
experiences in the state of Tamil Nadu show that the cell is not
functioning properly. The following short description of the
furctioning of the organisational structure will clarify this
(after Blankenberg).

‘The biogas cell in Tamil Nadu is operating within the frame-
work of the Department of Rural Development and local Administra-~
tion. All the activities of the cell have to be anproved bv hich-
er level functionaries, which causes much delay in the implemen-
tation of the scheme. The biogas cell is preséntly occuried with
administrative procedures such as fixing taraets per block (ad-
ministrative units consisting of 100,000 to 150,000 peonle),
pukblishing progress reports, controllinag application forms, nay-
ing subsidies etc. and little time is left to maintain contacts
with the lower levels. The cell confines itself almost entirely
to written communication. Reqular field visits of higher functio-
naries to lcower levels to stimulate installation of bioaas nlants
are not urcdertaken. Instead, lists of orders are sent tc the dis-
tricts and blocks without qiving the sunport and advice necessary
for the implementation of the orders. The responsibility of hiah-
er level functionaries are too easily delegated to lower leovel
functionaries, who are in fact not capable to fulfill their tasks
properly. This certainly holds for the qovernment cfficers of the
Block Panchayat. (Every Block in Tamil Nadu is headed by a Pan-
chayat Union Council. These councils are elected bodies that re-
cieve administrative and practical support of civil servants. They
are entrusted with the execution of the National Extension Service
scheme of Community Development.).

‘Since the field officers are involved in a number of different
activities, of which biogas is a relatively new elerent in the en-
tire packet, the biogas scheme recieves little attention. In addi-
tion it can ke stated that the Panchayat officers are not suffi-
ciently familiar with the prospects and problems of biogas plants.
The following quotation from a study done in the Madurai district
is illustrative: "Panchayat unions....are loaded with work; they
cannot give full attention to the popularization of the scheme.
Moreover, they don't have enough technical know-how about cobar aas
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plants. They cannot be blamed for this since they are forced from
above to do the job." (Marimuthu, 19879, pp 66-67).

The major rart of the applications have to be cathered in the
field, but the field officers are not always able (due to lack of
transport) or willing to make reqgular fieléd trips. To stimulate
this, government officers nowadays recieve an incentive of Rs 30
per biogas plant installed. Whether this is enoudh miaht be ques-
tioned.

Before the supnort of the novernment was civen, the imrnlemen-
tation of the hioacas plants was mainly in the hands of the KVIB
{the KVIC representative at state level) and related institutions
(see part 4.1). Self-employed supervisors and those connected to
the KVIB organisations guided the implementation of biogas plants.
These supervisors are more active in the field and have a ~"reater
kncwledae of the technical asrects of a biosas plant than the ao-
vernment of{ficers, However, their orcarisaticns have a limited
ranae, since they are only active in a swmall number or even onlv
a sircle village, and thev have limited ranncwer available. Fur-
tmermore, there is resistance to cooperate vwith other non-covern-
ment and governrent crganisations. Hcowever, considering their
know-how and work methnds, one <an auestion the decision of the
government to concentrate on covernmental aaencies rather than on
non-qovernmental acencies to irrlement the biocas scheme.

It can be saic¢ that insufijcient knowledae arona Panchayat of-
ficers, lack of sunncrt fror hicher level acencies, restricted
number of field visits and a limited ranae of the non-qovernmen-
tal organisations have areatly hamnered the implementation of the
biogas scheme. The scheme has so far not been very successful in
Tamil Nadu. It is difficult to tell whether the situation in this
state 1is renresentive for the whole of India, but most of the
shortcomings are not unique to Tamil Nadu. This was confirmed by
Moulik, who found in his 1976 study in Haryara, Uttar-, “Madya-
and Andra Pradesh several shortcomings in the oramanisational set-
up e.g. "The promotion of biogas plants has been merely an addi-
tional burden on the personel of the Department of Aariculture,
who have been assianed to different levels of the prooramme...

The major responsibility for extension work and promotion has been
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left with the village level workers, already over-burdened with
a large number of development activities." {(p 51). The mannower
alloted by the participating agencies to implement the scheme is
totally inadequate. This is equally true of the state offices of
KVIC and KGBP (Moulik, 1982, p 58): "After installation service
facilities were extremely poor. With high breakdown rates, lack
of quick and proper service facilities were reported to be the
major complaints among the customers. There was no organisational
follow-up, with the result that a large number of plants remain

incperative for a long period." (loc. cit. p 49).

EXTENSION WORK

To stimulate the involvement of agencies in the promotien a&-
tivities and the actual implementation of the biogas project the
government provides a fee of Rs 200 per biogas plant on turn-key
basis. For this, the agencies have to assist in the constructior
of a biogas plant and guarantee the quality and functionina c¢f the
digester for one vear. The fee will be paid after comnletion of
the biocas prlant. The aqencies who receive this fce can he aovern-
mental or rnon-governmental. To mention a few acencies involved:
KVIC, Agro Industries Corporations, Dairy Develobment Corrcrations
and a number of public and voluntary organisations.

To stimulate the village functionaries for their heln with
the collection of applications, the motivatina of pctential hene-
ficiaries, the technical gqguidance or supervision of construction
of biogas plants, the government pays Rs 30 per biocaas plant.

Three types of extension agents can be distinquished. The
first type 1is the promotor. It is someone who has followed on
orientation course and who is able to explain to interested peownle
the first principles and advantaqes, as well as the financial con-
sequences of the purchase of a biogas plant. The second tyre is
the supervisor, who is either employed by an institution or self-
employed. He guides the process of identification, nromotion, in-
stallation and maintenance of a hiogas plant. Both the nromotor
and the self-employed supervisor receive Rs 30 per biogas nlant
installed. The reaguler employed supervisor does not. The third
type is the villaqge level worker employed by the qovernment. His
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main task is to advise the vil-
lagers in all types of aoricul-
ture-related affairs, biocaas
beinag just one of these. In some
states they also receive a fee
of Rs 30 ner biovas nlant.

In general the extension
workers are not very active in
aatherinag applications amona the
rural poor. The reqular emnloyed
extension worker is 'target-or-
iented', and must qather a {ixed
number of aprlications within a
limited period of time. The
self-employed extension worker
depends on applications for his
ronthly incomwe. Both have an in-
terest in finding persons who
easily adont a biogas digester.
These are generally the more
well-to-do rather than the noor

in a village.

TFAINING

As there was a sortage of skil-
led masons, the covernment has
started two types of traininag
procrammes to solve this problem.
The first trains masons and tech-
nicians to construct and main-
tain biogas plants, particular-
ly the dome of the Chinese type
biocas digester (see chapter 2).
Durina 1982/'83 150 courses for
20 masons each were imnlemented.
The second training course

trains people who will in turn
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train masons themselves. In 1984 40 of such courses for 10 train-
ees each are to be organised, so that 400 skilled trainers will be
available.

Furthermore, a third type of training is given to vrovide ba-
sic understanding about biogas plants, their value and implica-
tions to a variety of functionaries. These "orientation proqram-
mes" are attended by agricultural officers, bank managers and re-
presentatives of KVIC/KVIB, dairy cormorations, voluntary oracani-
sations etc. Five orientation proqrammes are orcanised every vyear.

As far as one can judae training facilities seem to be suffi-
cient. Skilled masons continue to be in short sunply, due to migra-
tion to urban areas and Arabkic countries, but this probler will

probably solve itself in the lona run.

SUBSIDIES

A central subsidy on a fixed amcunt basis for varicus sivzes
of biogas plants to different kinds nf tereficiaries is ~iven in
order to stimulate the diffusior of Iiicras nlants. » subsidv
scheme 1is given in Takle 4.1. The subsidv scheres are charnaira so
rapidly that this one is perhans already out of date. This also
brings about confusion among beneficiaries, wromotors and villaae
workers, who have trouble keeninc up with the newest rules. For
example, sometimes information which is already cut of date is
provided, resulting in financial problems.

Subsidies officially have to be naid in advance in order tn
prevent beneficiaries from havine to first suepply the amount them-
selves. Without this, many potential biogas plant owners would
have difficulties as thev are not able to provide the monev reouir-
ed, while bank loans are not easily given. Even if bank loans are
given, the interest to be paid is too high for a number of peonle.
Unfortunately, in many cases the subsidy was paid after the com-
pletion of the plant due to the extremely cormplicated procedure to
acquire a subsidy.Long waiting periods, even periods of more than
two years, were reported. As a result of the lona nrocedure for
subsidy payment, many people are forced to take a loar for a loncer

period than was expected, leading to hiaher interest payment. 1In



Tyre Size Total Scheduled tribes & Srall & marcgiral All other applicants
-3 Costs hilly areas farrers
(Rs) Subsidy (I's) loan/ Suksidy (Rs) loan/ Suksidy (Rs) loan/
Cen Stat Tot |self Cen Stat Tot |self Cen Stat Tot |self
KVIC 1.2 2000 - 1000|100G} 1000 - 800 800f 1200 - 666 | 6661334
Dome 2.0 2700 1506 - 150011200 1000 80{ 1080} 1620 750 150) 900|1800
wTe 2.C 4240 1500 670(2170712170 1000 | 736] 1736|2604 750 697(1447(2893
Dome 3.0 3450 1950} - 19507115090 1300 80} 1380) 2070 1000] 150)1150(2300
KVIC 3.0 5850 1950 975(2925]2925 1300 (1040] 2340} 3510 1000| 457{1457(4393
Dome 4.0 4370 2300| -~ 230042070 1500 248} 174812622 1200 | 9501215072220
KVIC 4.0 6700 230011050(33503350 15001040 2540] 4160 1200 25714575243
Dome 6.0 5280 2900} - 29002380 1900 - 1900]| 3380 1500 260{1760}3520
KVIC 6.0 8910 2900115551445514455 190011070) 2970} 5340 15001}470 297015940
Table 4.1: Financing scheme of Gujarat State, Total Construction Costs, Svisidies from

Central (Cen), State (Stat) Caverrment arnd their Tcotal (Tot). Also shown is
the amount cf carital needed as own i-nu’ (e.q. &s a loan), this for diffe-
rent social groups (Rs 10 = US% 1).

It should ke noted that the Gujarat State oovernment also provides an addi-
tional subsidy, mainly to comnensate for the larce differences in costs be-
tween the Dome and KVIC models.
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the interum prices can also rise, meanina that even more money is
required. Another point which needs some attention is the fact
that subsidies are paid in fixed amounts of Rs and not in »ercen-
tages of the actual price of 3 bicaas digester. The latter nav-
mathod is more realistic because prices are changina freauently
and differ from reagion to reaion.

The supply of subsidies could be one of the instruments of the
government to involve the poor in the biogas scheme. Small and
marginal farmers, as well as the neownle livina in "tribal and hil-
ly areas" do get more subsidy. In itself this should be apprecia-
ted, but three remarks can be made: Firstly, the subsidy is not
enough; even the smallest plant costs Rs 1200 and is too exvensive
for the poor. Secondly, no speciel arrangemerts are made for land-
less labourors. Thirdly, the people living in backward areas do
get special attentior, but these outlying areas are seldomly visi-
ted by promotors/supervisors. It is much easier for them ton reach

their targets in near-=ky places.

BANKLOANS
In the past there was a lack of cooperatior ané¢ interest by

the banks to provide financial assistance. This assistance, in ad-
dition to the subsidy, is recessary for most people, as theyv don't
have the money themselves. To stirulate the financial assistance,
the gevernment has urged the banks to participate in the implemen-
tation of the biogas scheme by means of bankloans. A number of
banks are involved in this "biogas low interest loan scheme”. The
State Bank of India and the Centra; Bank of India are the most
important among these. The present commercial lending rate is 11%
with a repayment period of 5 to 7 years for 6 m3 and 2 m3 plants
respectively. Interested persons must fill in the application form,
with the help of the supervisor involved. This form is alsc used
for the regquest for the subsidy. Tt is a certificate about the
sité, size and number of cattle required. The bank uses the fol-

lowing guidelines:

size of plant number of cattle required
3 !
2 m 3
3 m3 4
4 m3 6
3

8 m 10
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In addition to this certificate, which is meant to indicate the
amount of money required for a biogas plant, there is a certifi-
cate of credit security, since the bank requires a quarantee for
the repayment of the loan, either in the form of other persons
willing to take over the loan in case of non-repayment, or in the
form of goods and cattle to be mortgaqed. Land, the only commedi-
ty of high value, is generally (at least in Gujarat State) not
appropriate as security bhecause banks are convinced that it is im-
possible to mortaage land. Poorer people face nroblems in finding
guarantees, especially since they are often already indekted. This
leaves a poor farmer but onre alternative, that of going to a shop-
keeper or middleman to get a loan for a far higher interest rate.
Thus the poor have little access to the banking institutions be-
cause they have ncthing to offer as a gquarantneialas, it is just
these noorer orouns that are in rneed of a low interest loan to
improve their situaticr.

RTRUCTION O & FLANT

INPUTS FCR Till €

Twe importast inputs, steel and cement, are nceded to construct
a biccas plarnt. Steel is reauired for the construction of the walls
in the case 0f a stcel-concrete reactor, and for the cas holder.
Sipce steel 1. scorcee in ITndia, the aovernment is orovidinag steel
for guota rrices.

The supervisors will inform their offices how many plants will
pe installed tie comine year. The offices estimate the amount of
steel required and send ar. avolication form to the Tovernment Rari-
cultural Steel futnority, who makes the decision about serdina
steel. The arount of steel is generally enough for one yeer, but
scarceties stilJl do occur. Due to the lonag procedure reauired for
the cdelivery of the steel, steel may have to be bouaht on the free
market against higher prices. Mostly, only the well-to-do have ac-
cess to such markets.

The procedure for obtaining cement is more or less similar to
that of obtaining steel. Scarceties for cement are also severe. 2s
in the case of steel, the coverrment is providinc cerment at quota
prices. In Cujarat State for example, it was decided to sell 66.06%

of the cement production at quota prices and 33.3% a3t market
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vrices. Cfince the demand for cement was high, black market selling
was a profitable business. High prices were asked, which is obvi-

ously not very conductive to the development of biogas.

SOME CONCLUSIONS

In the foregoing sections we have outlined some of the main
institutional arranqgements that have been made under the National
Project on Riocas Developrent. The desian of this project makes
a rather favourable impression, but in the implementation staqe
several shortcomings can be noticed. These include the strong Lu-
reaucratic control of the "cell", the lack of field visits of aqo-
vernment officers, the limited extension work among backwarcd are-
as/people, the long procedures of bankloan and subsidy aprlicatior
and the shortages of masons, cement and steel.

The institutional constraints in the implerenting staae c¢f the
biogas program are only some of the problems; the others are in-

herent to the nature of the biogas technique itself.
CONSTRAINTS RELATED TO THE NATURE CF THE BIOQCRE DICESTEFR

In this paragraph we will confine ourselves tco the mcre tech-
nical constraints of the biogas technique. The potentiais of hie-
gas for the poorer sections of society in India will he discussed

in-a following paragraph.

INPUT PROBLEMS

Most of the plants in India are fed with cattle dunag. Human
excreta are seldom used, since this is unacceptable in the Indian
culture. In China these taboos are less of a problem. Use of aqri-
cultural wastes is also very uncommon, but their potential should
not be overlooked. However, studies of its potential show that its
use for gas production often competes with its use as animal feed.

Fresently, thus cow dung is required to feed the biogas plant.
The preceding Paragraph contained a list indicating how many cows,
buffaloes or bullocks are roughly required for the daily feeding.

However, before the plant begins to produce gas, the reactor has

to be filled with dung. For this initial feeding larce amounts of



65

FITFAN
NGNS ARTAT 1 N

- R LRSS
.,.//////,, o T2 \".\.\QZ
. LA {. .7 W \.“..m o

LA & g AV

Biogas service (from G.Eggeling)

4.3:

Fig.



66

covdung, at lzast two or three bullock carts full, are requireAd,
Farmers with a large number of cattle do not face proklems in this
respect: if they start gathering the dung a few weeks before the
steel gas holder is placed or the fixed dome constructed, they will
have enough dung available. For others, however, it can be a pro-
blem. Small farmers with few cattle have to purchase the duna or
gather it free of costs with family members, friends or emrloyers.
Usually they can gather it free of cost, but in areas wherc it is
scarce purchase is often required, often at fairly hioh nrices.
The best solution to this probler is to prevent the purchase of
large amounts of dung by starting to cather it lona before the
actual installation of the bioaas plart. 7n this way, hiah ex-
penditures for the initial feedina can ke prevented,

Cowdung for daily feeding should in principle be available at
the farm, in order to prevent time- and money-consuming dailyv rath-
erinrg acivities. However, this is not always the case. Nevertheless
the lack of the number of cattle required to feed a dicester is not
necessarily a constraint to install a bioaas nlant. RBesides the
commercial sale of cowdung, there is an informal circuit (see rext
paragraphs) in which it is possible to collect a considerable a~
mount of cowdung. It can be gathered free in villaces, con waste
lands or on the farms of friendly neighbours or patrons. Relevant
questions to be asked at this point are whether this free collec-
ting can yield enough to feed a whole digester, vhether it will
create possiblities for landless labourors (who don't have cattle)
and whether the dung will rise in value when biogas is becomina
common practice. The following pvaraqraphs will try to shed liaht
on these questions.

" Another essential input is water. This has to be mixed with the
______ , t0 ensure a nroner Jer-
mentation process. In dry areas this will be a problem and it might
take hours each day to fetch the amount of water needed. Further-
more, the little water available will be used for drinkinc pur-
poses first. Paradoxically, in dry areas firewood is a scarce pro-
ducg and in these areas there is an urgent need for other fu=ls,

such as biogas.
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TECHNICAL AND MAINTENANCE PROBLEMS

Many technical problems have shown up in the past. Tn ar All
India study ('76-'77) the following prcblems were reported by the
respondents (Moulik '82, p 21):

- Accumulation of water in the pipeline which connects kitchen ap-
pliances to the gas holder.

- Joints between pipelines and corks rusted.

- Leakage of water either from the nipeline or the pireline joints.

- Low production of cas in winter.

- Excessive accumulaticn of water in the plant durinag the rainy
season.

- The accurulaticn of carbon in the burners, requirinag reoular
cleaning.

- Daily preparation of slurry is monotonous and time consumina.

- Maintenance (checkina the gas holder, the outlets, the gas pipe-
lire and its joints, the corks and the burners, removal of ex-
cess wvater) was tire consuming and difficult.

As long as therc ware ne maior kreakdowns, the routine mainte-
nance of a plant was not considered to be a great oroblem. In the
case of major breakdowns, the owners felt that the maintenance of
the plants was a costly affair. Once in three or four years the
gas holder must be welded to prevent gas leakaces. Other repairs
or replacerenrts of hose wipne, pineline, cork and similar items in-
crease the cost of maintenance. The respomdents also felt that the
repalr services were a little kit expensive.

Most of these problems may have been solved nresently, since
the renewed support of the ~overrment in 1981 pleced much attention
on technical training. Eesides, some of the problems mentioned are
easy to solve, e.c. corrosion of the qas holder can be prevented
by puttina some paint or oil in the water jacket (if it is availa-
ble and not too expensive).

The problem of the rusting gas holder is typical for the KVIC
type digester. The fixed dome type, which is more vopular nowadays,
has other problems, such as leakages in the dome construction. The
government therefore provides special trainine for masons, to teach
them, among other thinas, how to stop the gas leakage with a spe-

cial cement mix.
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FINANCIALLY UNATTAINABLE

The per capita yearly income in India is very low. In Gujarat
State for example, the minimum daily wage for an agricultural la-
bourer is fixed at Rs 5%; in reality he earns even less. It is
clear therefore that for the poor an expenditure of Rs 2000, the
price of the cheapest dinester, is impossible. The subsidy of
Rs 1000 will not be enough to change this.

Another, more crucial point, tcuches the question of the rele-
vance of biogas for the poor. We will give special attention to
this point in the next section, as it is overlooked by most irsti-

tutions who try to introduce biogas dicesters in rural areas.

BIOGAS ANb ITS RELEVANCE FOR THE POOR

The majority of the rural populatjion in India is poor and is
living below the subsistence level. This certainly arrlies for
those who have neither land nor cattle. They lead a day-to-day life,
without knowing what the next day will bring. Often they are des-
perately looking for work, to earn a little menevy for food. hen
they can't find a job in one place, they will ado to another driven
by their needs. In general these people are always lookine for the
basic necessities of life. Obviou§]y, biogas has little to offer
to them, especially when we take into account their access to al-
ternative fuels for cooking. The dried duna cakes which they use
for cooking purposes are often free of cost. They can aather trem
from the roadside or they can get them from friends. Laroe farmers
sometimes allow their labourcers to usze scme of their cattle dune,
and they usually hnve no objection if the labourers take a few
bhaskets home. Other fuels are cften freely awvailable from the
waste lands or forest areas where reasonable amounts cf wocd or
twigs are still available free. Agricultural wastes are sometimes
sold, but many landlords allow their labourers to take some of the
wastes - home, This is in fact -art of the ceal with the landlord;
the lakourer supplies labour for which he gets a (low) waae and
some 'extras' in return, althouqgh there are some indications that
even these extras are grudged to landless labourers, especially in
areas with great tensions between landlords and labourers, for in-

stance South Gujarat State.
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It can be said that agricultural labourers without land or
cattle still have a degree of flexibility in the way in which they
are able to satisfy their daily fuel needs. An expensive bhioocas
plant is of not much use to them.

Neither does biogas have much relevance to the small and mar-
ginal farmers, with even more ~ccess to alternative fuels. Other
requirements such as cows, bullocks, carts, bicycles and fertili-
zer are much more urgently needed. Biogas, as compared to other
priorities has no direct economic berefit: it is not productive
but will only kenefit the owner in the long run. A cow on the other
hand will probably incdeed be considered nroductive.

Ve can conclude that seen from the point of view of the noor,
biogas is hardly relevant. However, it may be so for the mrore well-
to-do, who will enjoy the status, cooking, manuring and other con-
venience etc. of a biogas digester. Their use of a biogas digester
might have neqgative economical and social conseguences for thcse

who cannot afford one. These will be studied in the next paravraph.

SOCIO-ECONOM1IC IMPLICATIONS FOR THE POOR AS n RESULT OF THL
INTRODUCTION OFF RIQGAS

With the introduction of biogas dicesters some effects similar
tc those ncoticed in the Green Revolution micht show up, for ex-
ample the commercialization of firewood and dunag cakes. Mcore im~
nortantly, we would like to point out the immact orn the division
of labour amonq social arovps and sexes. Althouah the implications
of biogas micht 1ot ke as far-reachine and as structural as in the
Green Revolution, introduction of bioaas could have severe neaative
consecquences, certainly in areas where biogas plants are kecoming
common (see also corcludinag Chapter). In this paraaraph we will
discuss the implications in detail, drawing heavily on Kijne's

report (pp 43-52).

CHANGES IN THE FUEL ECONOMY

Firevocd:
Ir. many places woodcutting has developed into an income aene-

rating activity which is mainly carries out by the poorer villagers
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and which is sometimes even organized by entrepreneurs. A larae
portion of this wood supply is required for the timber industry,
paper factories and fuel for cities. Only the cheap waste wood
remains for the village fuel supply, and even that product is tra-
ded in many instances., Wood is used mainly by the richer social
groups in the village communities. Due to the scarcety of wood,

it has become a marketable cash product and is thus beina sold to

social groups that can afford these purchases.

Early adoption of biogas plants takes place with the 'better-
off' and the richer persons in the rural community. The installa-
tion of a bioqas plant minimizes their deman< for firewood. The
reduction of this demand can affect the fuel economy in a nurher
of ways:

- The richer families will mostly obtain their cookina fuvel throuah
the assistence of others. Abolishment of their nreeds for con-
ventional fuels throuah the introduction of biogas digesters
will reduce these employment onportunities and income aeneratine
activities of the poor.

- The reduced use of firewood by the rich will increase the availa-
bility of this fuel on the rarket. This micht lead to a lower
price on the village market, if no alternative outlets are availa-
ble clsewhere, which might give the poor a better access to this
traditional fuel. A lower price will result in reduced incomes
for the woodcutters and fuel collectors.

- It has been noticed that in some cases the richer farmers have
their fuelwood supply collected from their own land by labourers
in the form of wood, branches and crop stalks. Reduction of their
own demand for fuel will not imply that it will become freely
accessable to others in the community. Since this fuel has a mar-
ket value and a labour cost for collection it will prokably be
sold.

The net result of such changes cannot be predicted and it var-
ies in each particular case. Charges will of course only be consi-
derable when biogas plants are in common use with the top level of

the rural population.

Dung cakes:
The use of dung cakes for cooking purposes is practised in
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India and is related to cookinqg and dietary habits (the low and
persistant heat is appreciated for the boiling of milk) and to the
availability of other fuel sources. Dung cakes are even sold in
some cases, lut in general they are freely available to all villa-
gers., The use of duna cakes as a cooking fuel can vary quite a lot
depending on the local scarcity of other fuel and on the traditio-
nal habits of cooking. In some arec»s the use of aaricultural
wastes as cooking fuel is more common.

As has already been pointed out in paraaraph 4.5, the poor
have only access to droopinas from the roadside and/or the fielfs.
Soretimes they also get some duna (or other aaricultural wastes)
as nart of their wages. The cattle owners mainly aet their dung
from the stables, where the cattle are housed overniaght.

Agricultural develcpment might lead to forced stall feeding
and other chaiges in the cattle farminag svstem. This process will
endanger the duno availakility for the noor in a more structural
way. 1t 1s npot yet expected that to meet the dung requirements of
a Liccas diaester, cattle owners will keep their cattle stable-
beund for lorcer nericds, since the extra dung collected will not
outweigh the extra costs of fodder and water supply for the cattle.

Is soon as a family switches to a bioaas digester, the amount
of dunc used for cookine purposes is substituted by bionas, while
the dung itself 1is uscd as an input for the digester. In here lies
a areat danger, since the dune micht cet a price, havinag severe
consequences for the poor who relv on duna cakes for cooking nur-
poses. In arcas where dung is scarce, the poor will have to huy
their dunag cakes, the nrice will rise whereas in areas where the
amount of dung available is abundant, the duno might become commer-
cialized, making it profitable to hire someone to collect the duna
from the «treets and the fields. From a study by the State Plan-
ning Institute in Uttar Pradesh, Kijne revealed the followina:

" The study showed that before the introduction of biogas di-
gesters, between 30 and 50% of the availakle dung was converted
into dung cakes and burnt. This was done by the cattle owners them-
selves and no dung was given free of charge to the labourers. Fol-
lowing the installation of a digester the use of dunqg cakes for

fuel had dropped consideralv. Petweerr 60 and 90% of the available
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durg was being fed to the digester. This charage enlaraed the quan-
tity of organic manure from 50 to 90% of the total amount of dunag
produced. Adoption of the digesters is found not to brina any
change in the availability of dung to the weaker sections of the
community".

To us it is still an open question whether the introduction
of biogas in this case has had adverse effects or not for the poor,
since from the study as presented in Kijne's report, it is not
quite clear whether the duna had a price before the introduction
of the biogas digesters, neither is it clear whether the price

has risen as a result of this.

CHANGES IN DIVISION OF LABOUR

The introduction of biogas digesters will influence household
activities carried out by the different family members. Tossirle
changes in time and effort required will be discussed as far as
cooking fuel supply and cookina nractices are concerrcd, as well
as digester operation and maintenance. It should be noted that this
section is written from the point of view of a (srmall) farrme- own-
ine a biogas digester.

Substitution of biogas for traditional fuels will considerably
reduce the time spent in collectina a family's supply. In mest
villages, fuel is being collected by women, and the time and effort
involved varies of course with availabilty and distances to he
covered. Increased scarcety of fuel can even require the assistance
of children (often girls assist their mothers). Time spent for
fuel collection can be as much as two to three hours a dav. Collec-
ting fuelwood can have detrimental effects on the health of women
and children.

Cooking on biogas is said to be quicker and on averéqe comple-
ted within one hour in the mornina and one hour in the evenina,
while traditional firewood users require two to six hours a day
(Srinivasan, 1982). As biogas cooking leaves cleaner rots and pans,
time is saved by servants in rich households and by women in noor
ones. Kitchen cleanliness appears to be one of the arguments for
women to favour the introduction of biogas. However, such time

savings will partly be offset by labour requirements for the oper-
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ation and maintenance of the biogas digester (apart from its
construction). Extra labour is daily needed for dung collection,
water collection, digester feedina and slurry mixino and seasonly
for digester maintenance/painting, effluent disposal and sludqe
removal.

In general, the small farmer has fewer familv memhers and
lacks servants or hired labour, compared to the richer farmer.
Fxtra labour for the digester operation will have to be divided
between man and wife. As it is often the man who aets involved in
the digester operation, a remarkable shift in the division of their
labour may occur. It would of course be much more logical to vuse
part of the time saved by women (from reduced fuel collectinag and
cooking time) for operatinag the digester. From the flame-behaviour
in the kitchen women will immediately notice when special attention
is required which may avoid a disturbance in the qgas production.
As their interest in a prcperly functioning digester increases,
they might wish to et involved in the operation.

The little cattle that a small farmer normally owns, nroduce
only a limited amount of dung. Moreover, the limited amount of land
he has forces him to leave the cattle on the roadside. As he is
in need of dung to feed his dicester, he will also have to col-
lect all the droppings which his own cattle leave at the roadside,
vhich is a time-consuming job to do. Furthermore, little duvna will
be left for others.

Supplying the water to make up the slurry for the digester
can be one of the most labour intensive activities, at least for
the poor. For cattle duna a mixture of 1:1 is advised. Water col-
lection again is mainly the job of women (and children) ané some-
times impressive distances have to be covered daily. Fuelwood-
scarce regicns are mostly short of water as well! Net time savings
after the introduction of biogas will therefore be less noticable
for the poor than for the richer households.

One can also guery whether the time saved will be used prodvc-
tively. If there is a net result of time ard labour savings for
the individual woman, it is important to wonder who (e.a. husband,
mother-in-law) will control this time and labour. If it will be
controlled by cothers, it may imply her switching from one kind
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of hard labour to the other. When the woman herself is in control,
the time and labour may be used for e.g. resting, playino, educa-
tion or productive activities such as gardening or even field

work .

BIOGAS AND WOMEN

Though the preceding discussion already pointed out sore as-
pects of particular relevance to women, something more can and
should be said in this respect. The introduction of biogas affects
women in particular, certainly but not exclusively in relation to
their cooking activities.

Release of the environmental pollution caused by the smoke and
heat of traditional fires is an important health benefit for women.
Changes of the cooking environment appear to be a major benefit of
biogas (Srinivasan, 1982). The fact that cookino on bioaas produces
less smoke, means that eye and lunc diseases could be dirinishe:’.
Cooking on biogas also means that the cooking utensils will oet
less dirty than on an open fire. Thouah one would exnect cookina
practices to change only very slowly due to deer-rooted traditions,
actual evidence about the biogas adoption appears to contradict
this. Srinivasan reports that very few women reveal ary nroklems
related to the change to gas cookina, such as the taste of the
food, the fact that not all dishes can be  cooked on bhiogas or not
all pan sizes used, or problems of heat control anéd 'tendina' of
the gas fire. All praise the improved convenience, cleanliness,
cooking in upright position, time saving, health improvements and
above all, increased social status.

. The cocking on biogas requires less time, However, a neaative

aspect of this faci could be that the use of biogas might not be

w

uitable for every common dish. So, for some dishes which require
a lopg and slow cooking time, wood or dung still may be preferred.
Also the influence of cooking with biogas on the cookina nrac-
tices tﬁemselves and the nutritional value of food should be con-
sidered.

Despite the direct impact of biogas on women in particular, the
new technology is largely directed towards men. Men are approached

by promotion organisations, engaged in training programmes, and
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manage the digesters. Of course this is not surprising in view

of general development practices and attitudes. As long as men
continue to dominate the village scene (at least in its public
manifestations), this bias will not be easily reversed! However,
interests of men and women are not always similar, not even with-
in one family. What is ‘'appropriate' for men may not be beneficial
to women., Both parties may have different needs and priorities.
Where men do not consider a number of activities of women as work,
time savings in these fielcds may he much less appreciated by then
then by the women involved.

If the collection of firewood or dunag is a source of cash in-
come for a number of women, it may occur that as a result of the
introduction of biogas these women will be deprived of this source
of income. This reduction of cash income for women ought to be
seen as a negative benefit from hiogas, with negative consequences
for the food and health situation of children. The introduction
of community gas plants may entail a decreased influence of women,
as lono as community affairs remain a 'male business'.

The gender division »f labour is most certainly altered by the
introduction of biogas. Time savings occur mainly in the field of
women activities, mer undertake extra activities related to bio-
gas. Time savings for women might be endangered where the release
from firewood and dunq collection is replaced by highly increased
amounts of time and effort for water collection. As lona as the
workload of women is reduced, such a redistribution of work seems
appropriate given the existing unequal! cJdivision of labour (hard
working days for rural women in particular, at least the poor
ones). Both interests have to be carefully considered in order to
verify a positive outcome in each particular case. A crucial proint
in this matter is who actually is doing the work. There may be
time saving on a household level, but not for the individual

woman of the household.

COMMUNITY BIOGAS PLANTS

In the foreqoing sections of this chapter we have confined
ourselves to the pros and cons of family size biogas diaesters.

In this section we will have a look at the pnotential merits cof
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a community biogas plant. A case study of a Gujarati villaae,
based on a study by T.K. Moulik in "Biogas Enerqy in India", is
used to give a fairly good idea of the problems and prospects of

~ these community plants. Special attention will be given to the
position of the poor.

Compared to the family size biogas plants, a community bioaas
plant (CBP) is more economic because of its larger scale, but as
will be shown, this larger scale is also the origin of a number
of technical and maintenence problems. Moreover, a CBP has the
potential to reach the poor who have no cattle. A great disacdvan-
tage of a CBP is that it makes high demands upon the organization
and cooperation. Firstly we will describe the programme for the
promotion of CBP's that the government of India has launched,
along with the programmes for introducing family size bjioaas plants
(described in 4.2},

COMMUNITY BIOGAS PLANTS PROGRAMME

The government considers the CBP as an instrument to solve the
energy problems of the poorer sections of the population. Tt was
reported that by Februari 1983 20 CBP's were operational and 30
were nearing completion (this figure includes village community
digesters as well as some institutionally manaqged diqgesters). For
1983/'84 a provision of Rs 5 crore (US$ 5 million) has been made
available for the construction of 100 digesters. The subsidies
as a percentage of the capital costs are as follows (Kijne' p 26):
- Village Community biogas plant: 100%

- Other community/institutional plants: in rural areas: 66%
‘ in urban areas: 33%
- Instituiional biogas plants: hospitals/teaching institutes: 75%
dairies: 50%
- Community biogas plants organize? by commercial organizations: 25%

The sizes vary between 30 and 145 m3 gas production per day
and can supply cooking gas to 30-140 fawvilies. Most of them have
community toilets installed and the night soil is being mixed with
cattle dung. Some digesters have a separate inlet for aqricultural

wastes.
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A CASE STUDY FROM KUBADTHAL VILLAGE, GUJARAT STATE

The initiative to install a community biogas nlant was taken
by a voluntary agency, the Vimla Gram Seva Samaj Trust (VS8S8).

The VGSS Trust was created by a well-known Gujarati industrialist
whose main purpose was rural development. The VGSS aimed at par-
ticipative community action through the community kiogas plant.
Various class and caste groups vere expected to partake and the
plant was specially meant to benefit the poorer groups. On the
average Kubadthal village is rather rich (90% above Rs 1000 per
year, of which 35% above Rs 5000 yearly) and its infrastructure
is well developed. As in most Indian villages, the socio-economic
structure is highly stratified and at least 30% of the villagers
telong to the lower castes.

A detailed technical ond ecoromical feasibility study for the
installation of a community biogas plant was carried out by a semi-
governmental agency. The agency ascertained that the CBP was eco-
nomically attainable. A meeting was organized where the villagers
and the villace leaders were informed of the pros and cons of cer-
tain operating conditions.fAbout 23% (123 households) of the inha-
bitants acreced to take part in the project. A huge floating metal
gas holder plant to be constructed. In 1980 the start was
made. However, during the construction of the plant, it collapsed
twice causing the total cost to rise by 88%, to Rs 389,000. In
December 198C the plant was finished. The digester was designed
to supply 140 m3 cas aily, sufficient for the 123 households.

A)l their houses would be connected with pipelines. Vhile the
iritial plans called for the use of nightsoil as well as cattle
dung, social resistance about the use of human excreta chanqged
these. All kinds of problems emerged during the implementation
phase. Water supply became a problem. The higher construction cost=
resulted in higher prices than earlier expected for digested manure
and gas. It was also stated that the consumers had to pay for their
own pipeline. Moreover, the VGSS Trust had taken out an 11% in-
terest loan to be paid back by the beneficiaries in 10 vears,
without informing the villagers involved first. This resulted in
their withdrawal and the plant was closed down for six months. A

period of tension between the Trust and the villagers followed.
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The villagers requested a higher price for their dung because

they understood the dependency of the Trust on their dung supply.

They wanted the price to be raised from 2 paise/kg to 5 paise/kq.

In the beqinning the Trust refused and thought of buying dung

from the nearby surrounding villages and operating the vlant to

supply gas to the poor landless labourers almost free of cost. The

lardowning caste Hindu's households were outraged at this idea ard
made propaganda to keep the lower caste landless people from tak-
ing gas connections. linder great pressure the VGSS Trust aqreed
with the request for a higher price of the dung.Finally, in May

1981 new conditions were made. In May 1981 only 45 of the 83 fami-

lies already connected accepted the new conditions. These were

mostly high class/caste families. No poor a~nd/or kackward caste
people joined, in spite of earlier willingness of villagers to
provide gas to the poorer families at lower cost. The oily bene-
fit for them was the chance to earn some money by catherina dunn
for the digester. Furthermore it should be noticed that especially
the women appreciated biogas cooking, But complaints were made
about the low gas production. The Community bioaas nlant closed
down again in November 1982 because the villagers demanded a fur-
ther rise in the price of dung.

From this case it can be concluded that:

- The participation of the villagers in the decision makina and
operational phase of the project was very low. No real identi-
fication of the needs had taken place. It was in fact the Trust
who decided what should happen.

- With the introduction of the community biogas plant the fuel-
economy has commercialized. This has negative consequences for

the poor; dung now has a p

rice. B posgitive ¢
also be noted: the increased labour opportunities for dung col-
lecting.

- Thé CBP was far too big, resnlting in serious management and
maintenance problems.

- The Trust did not take into account the social differentiation
in the village. Due to caste/class contradictions the partici-

pation of the poor was limited.



4.8 CONCLUSIONS

The massive introduction of biogas in India has taken place
via a government-initiated top-down approach, which is in contra-
diction with the decentralized nature of biogas eneray. The In-
dian governmental (and non-governmental) programmes centered pri-
marily on one standard (relatively expensive and sophisticated)
type of digester (the KVIC~digester), developed in a sterile re-
seach centre, which was thrust upon the rural population via a
heavily kureaucratic organizatioral network. Rather than that the
people themselves felt the need for biogas, the programme was a
result of the extensive promotion activities by governmental and
semi~governmental organizations, who felt that biogas was rele-
vant to the nation in terms of environmental control, to counter
deforestation, as additional source of energy etc. These national
considerations, however, are not the major factors influencing
individual decision-making and the acceptance of the technique.
The individunl iz more concerned with such basic needs as food,
water, energy, hygiene, clothing etc. This certainly holds for the
more deprived members of society, i.e. small and marginal farmers
and landless labourers. Al*hough the btiogas technique has some
points of contact with the basic needs of the poor (for example
hygiene and cooking fuel), it does not seem to have the hichest
priority. Even where it does have priority, the poor simply cannot
afford a biogas plant nor do they have sufficient access to the
necessary manure, water, credit facilities and subsidies. We can
state that biogas is not a poor man's technology in India.

The government's choice for biogas logicallvy implies ignorance
of the needs of the poor. 50 million crores will be spent on bio-
gas while other needs should have hicgher priority. Therefore, the
government's firet task shouvld ke to identify the real needs of
the rural pcor and to develop special programmes for them.For exam-
ple parallel fuel programmes such as planting fast-qrowing trees
and disseminating improved cooking stoves could help those not co-
vered by the biogas scheme. First ancé foremost, however, should
be the poor's priorities, which car vary from region to region.

The use of a biogas digester by those who can afford one will

probably result in a commercialization of the dung-economy. This
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is certainly true 1in the case of a community biogas plant. This
might have severe negative social/economic implications for the

poor since they are deprived of an important fuel source.
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5. Biogas Technology in some
other countries

5.1 INTRODUCTIOCH

Cortrary teo India and especially China biogas technology has
not been introduced in any developing country on such a larage scale.
In many places in the world, however, people are busy experimenting
with this technique. At this staqge it is rather 4ifficult to get
an idea of the social and economic implications of this technique,
since no reports are available on this topic. It should be stressed
that this kind of research could be an important factor in deter-
mining the success of introducing biogqas or any other technique
whatsoever, This chapter will consist of rather superficial infor-
mation on the state of the art of biogas in a number of developing

countries other than China and Tndia.

L
8]

AFRICA (GENERAL)

Anywhere in Africa outside the tropical areas around the equa-
tor (and even in mountainous areas at that latitude, such as Rwan-
da) an increasing scarcity of firewood can be observed. The first
cause of this is the increasing population pressure which in many
cases uses the trees faster than they can regrow. Additionally,
wood is used on an ever increasing scale for industrial purposes.
This is due to the explosive growth of the urban population, which
more than doubled in many African countries in the period 1960-'70.
Also, there is an increasing commercial production of charcoal,

because of the ease of transport (often to urban areas) and the
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ease of use as a fuel. This is however a rather inefficient method
of using wood as a fuel. In some areas firewood has become so scarce,
that one must resort(like Tanzania) to cooking on crop wastes.

This will eventually decrease soil fertility which was oriagi-

nally maintained by ploughing these crop wastes under.

POSSIBILITIES AND CONSTRAINTS FOR USING BIOGAS IN AFRICA
Climatological/technical constraints:

Except in higher altitude regions, temperatures are favourable
for biogas production; in Sahel reaions with an averaae soil tem-
perature of 26-28°C even near optimum. fowever, a severe constraint
for Sahel regions is the availability of water. Therefore, Indian
and/or Chinese digester types ~re not very useful for these areas.
In Upper-Volta experiments were carriesd ouvt with serially connec~
ted batch digesters, using 'dry fermentation' {(see Charter ).
Vhen using the serial batch diaester aoproach, a reasonable spread
in the workload (filling and emptying) can be ol:tained as well as
a more or less constant gas production. A separate gas holder is
useful in this case. As was pointed out in Chapter 2, a well func-
tioning batch digester can produce gas at rates comparable to or
higher than continuously-fed digesters. A problem can be the con-
siderable quantities of input materials which have to he available
at a specific time and the large quantity of output material which
becomes available when emptying the digester. However, in this
case the minimal production unit is in general larger than family
size (lineage groups, extencded families) which coul” solve the
labour problems.

.Because of the separate gas holders, the costs of serial batch
digesiters are considerably higher than the costs of continuously-
fed digesters, especially those with smaller volumina. The system
might be advantageous in a cooperative set-up, if oraanized in the
right way. In this case an additional necessity is the population
density (villages); in Upper-Volta these conditions seem to be
met.

Social/economic constraints:
The necessary feeding material for a small digester is availa-

ble for most small farmers. Still there will be some constraints
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which are not easily avoided:

- substitution of firewood by biogas is not to be expectecd as lona
as reasonable quantities of wood can still he gathered (although
the governments would like to reduce this activity before all the
forests have disappeared).

- the costs of a biogas digester are still too high for the small
and marginal farmer

- credit is not easily o“tained. Governmental credit institutions
are often inaccessible and approached with distrust by the vil-
lagers.

- there is no tradition of collecting cattle dung for fertilizing
fields; therefore using the effluent of the digester as fertili-
zer is also not obvious.

- acceptation of different cooking methods when substituting bio-
gas for wood as fuel micht cause problems.

- biogas as a cookina fuel would have a definite advantaage for
women (who collect the firewood). However, the decision to ot-
tain o dicester is in general taken by men.

- objections can be expected to cooking on gas produced through
anaerobic fermentation of night-soil.

At this moment the traditional African villace community is
pressured by the increasina ponulation density, urban miaration,
cormercialization and growing cgovernmental influence. This village
community was characterized by strong social mechanisms to equa-
lize wealth as much as ossible, although often under strona autho-
ritarian leadership. It is possible that biogas technoloay could
contribute to a greater self-reliance of such a community, thus
at least partly preventing the total collapse of the traditional
social system. In the past the African society has shown to be
able to assimilate new techniques into its cultural pattern (e.q.
growing banana, sugar cane and maize).

However, in g¢general the introduction of biogas will need the
consent and assistance of the central governments. A chanae of
national politics towards greater self-reliance of rural areas is
not likely considering the present urbanw=oriented governments.

( policies are in general directed at increasing agricultural pro-

duction at minimal costs, to feed the urban areas or for export).
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{from Roberts)
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Where the most important reason for introducing biogas would be
fuel substitution, cheaper and less complex means of saving fuel,

such as more efficient wood stoves should be considered.

TANZANIA

In recent years the government has instructed the Arusha 2p-
propriate Technology Project (AATP} to develop and implement bio-
gas digesters in rural areas. It is the intention that the villa-
ges will become self-reliant for enerqgy as well as for the con-
struction of the digesters. The increasina deforestation is also
considered important.

Temperature, availability of water as well as the number of
cattle owned by the average farrmer are no constraints for family
size digesters. A choice was made for the Indian igester type.
The gas holder is constructed from old oil drums. A village welder
is able to construct a cover of about 2 m diamater in this way.
Problems arcse durina transport of these gas holders, as they are
easily deforred. Threvefore, in a later staqe the desian of the
cover was changed to a unit of 7 connected oil drums (see Fiqure
5.1). This solutior is nuch cheaver, but about 20% of the gas pro-
duced is lost to the atmosphere. An advantage is that in case of
severe erosion drums can be replaced individually.

Up to now 3 production cooperations and a number of private
firms are producing these cigesters commercially . The price
of the digester is still an important constraint for the popula-
rization of biogas. Some users at the moment are: medium sized far-
mers, cooperations, missioraries and local teachers. The main ad-
vantage for the user is the reduction in time and effort necessary
for collecting firewocd. Using cattle dung for increasing soil fer-

tility is not common.

THAILAND

The first iritiative for introducing biogas technoloocy in Thai-
land came from the Ministery of Public Health with emphasis on la-
trine-connected digesters. This, despite the existinag cultural ob-

jections to using cooking gas obtained by anaerobhic fermantation
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of nightsoil.

In a later stage other governmental institutions became inter-
ested as a result of increasing enerqy prices. It is reported that
at this moment 3100 family size digesters have been built and
22000 are planned for the coming 5 years. To realize this the gqo-
vernment has started all sorts of supporting activities such as
training programmes as well as subsidy and credit schemes.

Tho most interesting seems the program for Community didgesters
of which type 10 are operational. However, at this moment no infor-
mation is available as to the social aspects of these dicgesters.
In this programme the Chinese fixed dome type dicesters are used
in combination with a separate gas holder, the latter for the ease
of cleaning and a better control of the gas pressure. According to
the National Enerqgy Administration the payback period weuld amcunt
to only 3-5 years., For the cominag 5 years 500 diaqesters of this
type are planned.

Many activities are directed at improving existing desians,
The Faculty of Public llealth of the Mahidol University has develcn-
ed a model in which the metal gas holder of the Indian type desian
has been replaced by & fiberglass/cement gas holder, reducina the
costs by 50%., Another, flexible desian uses traditional water ves-
sels of cement or ceramic with a volume of about 1 m3. These ves-
sels function as digesting unit (individually or serially) and are
connected to a cerntral gas holder. The system can be operated as a
serial batch as well as continuously-fed digester.

Temperature and availability of water are not reported as con-
straints. Deforestation and erosion in hilly regions are an in-
creasing problem in Thailand, but the national qovernment does not

yet'take this as a motive for introducing biogas.

NEPAL

Nepal is, beina a country consisting mainly of hilly and moun-
tainous regions, very vulnerable to the effects of deforestation
and the ensuing erosion. Scarceties in firewood are severe and, as
in Ihdia, dung cakes are already substituted for wood to provide
cooking energy. To counter these problems, the government has ini-

tiated a biogas program together with Development and Consulting
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Services (DCS), a subunit of United Mission in Nepal. It is repor-
ted that 1000 family size digesters have been built. However, it
turned out that for most of the poor farmers this type of digester
is too expersive. For this reason programmes have also been initia-
ted to organize groups of small farmers around a community diges-
ter.

Climatologically Nepal shows large regional differences, vary-
ing from tropical low areas along the Indian border to cold high
areas in the Himalaya's. This climatological diversity has led to
a large number of different dicester types used.

It should be noted that despite the small size of the biogas
programme (only 1000 digesters up to now) important innovations
have been made which are nowadays also used outside Nepal. Oriai-
nally the Indian design was introduced, but due to the difficulties
of transporting the metal ecovar, corstructed in urban areas, into
mountainous regions and due to the lack of insulation of this cover
against low temperatures, below around types are now used, such as
the Chinese dome type and the locally dev=loped tunrel (pluqg flow)
type digester.,with the tunnel type digester a ditch is dug which
is covered with locally constructed concrete elements; problems
are encountere with the gas tightness. Plastic foil at the inside
of the tunnel has been used to remedy this. This type of digester
is much easier and cheaper to construct than the Chinese dome typ=2

and car also be used for 'drv fermentation' (see Chapter 2).

PHILIPPINES

Biogas technology has hardly been introduced in the Philippines.
200 digesters were reported to cperate in 1983. One development,
connected to Maya Farms, the agro-industrial part of the Liberty
Flour Mills Concern, should be mentioned. This purely commercial
institution consists of a site for raising pigs and ducks, as well
as a slaughterhouse annex meat canning factory. To limit pollution
from the pig wastes arnaerobic digestion was introduced. S€ince 1972
experiments with several digester types, depending on the different
inputs used, were carries out. At the same time the possibilities
of the effluent as feed for ducks, algae and/or fish and cattle,

as well as its use as compost were tried.
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These experiences directed the research towards intearated agri-~
cultural systems. The goal is to maximize yield per unit of land
and labour with a minimum of external inputs for the aaricultural
unit. )

A 1.2 hectare try-out farm was started, run by a former farmer
now employee of the concern. One hectare is used for qrowing crops,
the remaining area for trees (ipil-ipil), a fishpond (Tilania),
barns, the biogas digester and living quarters. There are 2 heads
of cattle, one used for traction, and about 10 pigs.

It is reported that this farmer can, after renayments to the
Maya Farms, at current market conditions provide himself with a
reasonable income from this farm. Maya Farms have recently started
a Bio-Energy Advising Agency to provide information and training
on these integrated agricultural systems and the use of bioqgas
therein.

One can, however, seriously question these developments ini-
tiated by a commercial firm. The relevance for the rural poor, es-
pecially in the Philippines, is minimal ard introduction of these
systems might just strengthen the position of the larae farmers.

On the other hand, the experiments with inteqgrated agricultu-
ral systems including the biogas technique, miqght be useful else-
where, the more since inteqgrated agriculture is already practized
in large areas in South-East Asia. :
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6. Synthesis, Conclusions and
Recommendations

INTRODUCTION

As should he clear from the subtitle, this book has bheen writ-
ten from a definite point of view, held by the authors and large-
ly coinciding with the point of view of the Agromisa Foutdation.
It should be notecd, however, that this view is not only the choice
of the small und marginal farmer as well as the landless labourer
as the target group, but originate« from a more general view on
the way the problems of development and underdevelopment should be
handled.

In the first part of this synthesis we will give an outline
of this point of view and the consequences of this on development
aid. More schematicelly vie will Jdiscuss:
~ review of some current theories of development and underdevelop-

ment and our resulting choice of development objectives.

-~ choice of technoloay transfer versus crganizaticn as development
strategies, their interrelatedness and local prerequisites for
appropriateness.

It should be emphasized that in development work the develop-
ment objectives and the choice of strategies are hardly made ex-
plicit. This often results in a confusion of objective and means
(ceal-displacement). Choices are often made tased only on the tech-
nical background of development aid workers. These tend to place
too much emphasis on techniques and have unrealistic expectations
of the role technology transfer can play in solving development

problems,
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This first general part will provide us with a point of refe-
rence for a more detailed discussion of the theme of this book,
using material from chapters 2 to S. We will discuss the motiva-
tion for and the relevance of biogas on a national and individual
level, the relations between existing social structures and bio-
gas programmes and the consequences of introducing bioqas for the
target group. After drawing a parallel between the Green Revolu-
tion and the introduction of bioaas, we will formulate some con-

clusions and recommendations.

THE COUNTERPART QUIZ_. by HANS MARTIN FISCHER

QUESTION: WHAT SHOULD I DO WITH A COUNTERPART AND A BICYCLE?
CHECK THE RIGHT ANSWER.

THIS IS ME, THE CCMPETENT
DEVELOPMENT WORKFR, THE "EXPERT".

THIS IS THE BICYCLE.

AND THIS IS THE COUNTERPART

continued
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€.2 SHCRT REVIEW OF SOME DEVELOPMENT THEORIES AND STRATEGIES

Modernization theories:

These originated shortly after World War I1 and are still a
very common point of view in development aid activities. Some of
the basic assumptions are:

- All societies will eventually evolve following the model of the
rich countries. Underdevelopment and development are seen as
consecutive stages in this process. This also imnlies that un-
derdevelopment within developing countries is an internal nro-
blem and will solve itself after some time.

- On a national level there is a harmony of goals between rich and
poor countries,

Strategies are directed at those 'bottlenecks' which are con-
sidered to hamper the development of the poor countries. Western
technology will nley o major role in removing these 'bottl~necks'.
This transfer of technoloqgy talkes place via multinational corpora-
tions and laroe scale foreian investments. Some 'bottlenecks' and
their 'solution' during the last two decades were: overderendence
on the export of raw materials (ranid industrialization), low aagri-
cultural production (Green Revolution), enrnerqy shortaqes (intro~

duction of windmills, biogas plants etc.).

Dependencia-thecories:

These theories alsc oriqginated shortly after world war II,
mainly in Latin America. Although there are many variants, the
basic ideas behind these theories can be formnulated as follows:

- Underdevelopment and development are not considered as consecu-
tive stages (contrary to the modernization theories) but rather
as two sides of the : ame phenomenon. This implies a clear rela-
tion between the social structures in developing countries and
the structures of international dependency, both being the main
causes of underdevelopment. Consequently, underdevelopment is
not an internal problem of developing countries,

- There is no harmony of goals between rich and poor countries,
c.g. rich and poor qgroups within countries.

Strategies are on the one hand directed at reducina dependence

on an international level by trade negotiations, organizing kartels
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for raw materials or by 'self-reliance', a strateqy proposed from
within the Third World. On the other hand, the theory would imply
a strategy aimed at the emancipation of the poor masses within
the developing countries to enforce a change in social structure
before any real development can take place.

However, the majority of ftThird World countries seem to have
quite stable social structures, although their political elites
may change frequently. This implies that the emancipation strate-
gy is at least a very long term strategy.

A third approach for the problem of underdevelopment was pro-
posed by the International Labour Organization (ILO). In this an-
proach employment plays a major role. Investments should be made
in such a way that maximum employment is created. Production should
be directed to the basic needs of the masses and not as in the mo-
dernisation strateqgies, for the happy few or for export. Increased
employment opportunities would alleviate the situation of the
poorest. In the original formulation (on paper!) the "basic needs
strategy" implies a social and political dimension, and includes
" the participation of the people in making decisions which affect
them, through organizations of their own choice". However, in nrac-
tice this social/political dimension and some of the condition
such as land reform and freedom of organization which are required
for successful implementation of the basic needs strateoy, are
easily 'lost from view', and the strategy boils down to a nurely

technical and economical one.

FORMULATION OF DEVELOPMENT OBJECTIVES; TAKING A STAND

- After the review in the preceding paragraph, the following
remarks can be made:

The modernization approach of the last two decades, with

its associated huge transfer of western technoloqy, has undoubted-
ly increased dependence of countries as a whole as well as between
groups'within countries. This motivates an approach directly aimed
at the development of a specific target group, i.e. those groups
still showing a strong dependency on national and local elites.

These are most often small and marginal farmers and landless la-

bourers. Experiences with target group-directed development work
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have, however, shown that many organizations have confined tﬁem-
selves to isolated aspects related to the material needs of the
target group. This resulted in badly formulated strategies and only
temporary, if any results.
Therefore we will first formulate our development objective:
The structural development of the target group, which means in-
creasing the possibilities and capacity of the target group to
solve their own problems and choose their own direction of develop-
ment.
This formulation seems rather vaque, but two remarks can di-
rectly be made to clarify some aspects:
~ there is no 'trickle-down' approach; starting point are needs
and wishes of the tarqget group; this implies a proper identifi-
cation of the latter as well as maximum participation of the
target group in any activity undertaken.
~ possibilities for the target group to solve their own pxoblems
are often hindered by dependency relations; this imnlies that
these dependency relations should be reduced in a structural

way, often by initiating some form of organijization.

CHOICE OF STRATEGIES

In the preceding section we have stated our reasons for taking
sides with the poor. Furthermore, we have stated our development
objectives. An appropriate develcpment strategy will be (as al-
ready pointed out in the introduction) a strategy initiating and/
or consolidating a structural development ({(see paragraph 6.3).

A further specification of such a strategy could be:

1) initiate an activity

2) organize around this activity

re 1) The activity will be a mean to reach the target group. It
should, however, follow from the needs of the target aroup
and can be undertaken at technical, economical, social or
political level.

re 2) The organization will be a means to consolidate the bene-
fits for the poor of the activity and will enable the tar-
get group to break through their dependency relations from
overrulers/exploiters and achieve structural development.
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Two extra prerequisites can be mentioned:

- The activity needs proper identification to be sure it relates
to the needs of the target group. Note that for a structural
development the activity should also be analysed in its socio-
political context.

- activity and organization should be participative since this
form ensures maximum emancipation of the members, ard because
new power concentrations as well as new dependency relations
can be avoided in this way. Participation takes place at deci-
sional and implementational level.

Remarks:

1) Technology transfer is a popular development strateqy. The
strategy starts an activity, often directed at some direct
need of the target group (such as increasing income), but it
should be pointed out that this activity is often poorly iden-
tified (especially within the economical/social structure) re-
sulting in only short term positive effects and often in a later
stage in increased dependency for the target groun.

- The needs mentioned by the target group will often be rather
'‘down-to-earth', such as a more secure income; those jdentify-
ing these needs (the 'change-agents') have the responsibility
to ensure the proper organizational structures to make the
benefits to the poor of an activity long term.

- As should be clear from the previous, technoloqy transfer

and organization are Bot at all mutually exclusive strateagies;

transfer of technology also needs an organizational structure,

_while organization needs an activity. The appropriateness of

both strategies will be discussed in the next section.

11

I TAKE THE BICYCLE AWAY FROM HIM, HE SHOULD WALK.
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6.5 CHOICE OF TRANSFER OF TECHNOLOGY VS. ORGANIZATION AS A
DEVELOPMENT STRATEGY: THEIR APPROPRIATENESS

INTRODUCTION

Traditional technology and social structures, as in fact
the whole of a culture, must be seen as an answer to the prob-
lems which a specific group faces. In modernization theory
and the development strategies based on this, the existing
technology, social structures, and culture is often seen as
a hinderence to development (bottleneck) following the Wes-
tern model. We conclude otherwise:
1.The traditional culture,social structures and technology is

the basis of a society, and has developed over the vears

as the best method of living, given the local situation.

2.Technology and social structures are an integral part of the

society and cannot be seen separate from a society's:

- values and norms

- vision of the role people are seen to occupy in their
world

- social contacts and relations

- jurisdiction, equalization and regqulating mechanisms
meant to insure the acceptability of a society for all
members.

Society and culture are not rigid, but adapt to changes
in the surroundings and continue to develope the best methods
for survival of the group. Changes can also be caused by
contact with other cultures and the ensuing transfer of
values, knowledge and habits.

It is not our intention to imply that the existing cul-
ture, technology, and social structures always represent the
best solution for a group. Local technology and organization
can become insufficient, especially in fast-changing societies
which are influenced by external sources. Changes in a soci-
ety are not neutral but usually benefit the ruling group
(rather than the target group).

Various aspects of this transfer of technology and organ-
ization will be discussed in the following chapter as both
make up an important part of our development strategy.
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Technology and organization are closely related in a
society and must not be separated in a development strategy.
The various aspects and effects of technology transfer and
organization will be treated separately. It will be seen that
nearly identical reasoning for the appropriateness of the tech-
nology and the organization will result.

TRANSFER OF TECHNOLOGY

POSITION AND FUNCTION IN THE SOCIETY

It was already stated in the introduction that technology
is linked and partially determined by other facets of the
society, especially that part which is called by some the

" "technological system" , and is:

- A system of development, adaptation, and improvement of the
technology, ideally based on contacts with the society via
schools, extension systems and feedback experiences and
wishes of the users.

- A system for the control of the technology in the society.
In many cases only rulers and specialists can be said to
have control of the technology used by many.

It is important to realize that technology is not neutral,
but can be adapted to the wishes and goals of the ruling group.
Technology is power,

From the above we can explain many cases of the problems
and negative effects resulting from the technology transfer of
development aid projects. These are:

1. The transferred technology is not accepted, or does not
have the desired effect for the target group. Some reasons
for this are:

- The technology was not developed for the target group, but
for a Western society (and its ruling group). It is for-
eign and not neutral to the target group.

~ The transferred technology was given without the associ-
ated knowledge, experience, and organization. It can be
questioned whether it is possible to successfully trans-
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fer a technique which is neither understood or control-
lable by the target group.

2. The transferred technology directly causes negative effects
for the target group. Those able to accept and use a new
technology can then distance themselves from the rest of the
society and its rules, as these are not adapted to the new
technology. Possession of technology gives power, and pos-
session of a foreign technology especially can lead to new
levels of power and wealth for a small group. A result of
Western technology in developing countries is the general
trend towards individualization by the new technicians and
the commercialization of production means and social rela-
tions (work relations).

3. Transfer from a powerful and imperialistic culture to a
less self-secure culture can "overwhelm" the later. While
in the past a culture had the chance to choose among the
elements and to adapt, the present culture imperialism is
often too quick and strong to be resisted or controlled.
The foreign culture cannot supply a useful alternative for
the lost culture, social structure, and technology; this
alternative must be developed by the group itself. Ikoku
(1977) reasons that self-reliance is the only way for a
society to determine its own development and to be able to
choose selectively among the new influences and techniques.

Dispite these problems we think that the transfer of tech-
nology can be useful where the target group is given the time,
the possibilities, and the power of decision necessary to be
able to select, adapt and finally absorb the technology into
its own situation.

What are the prerequisites for a successful transfer of
technology?

How can we avoid the negative consequences described
above?

1. Transfer of technology and the closely linked organization
of people must have an emancipating effect by:
- organizing to make the group stronger.
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- providing a technology which makes the group more inde-
pendent.

Besides considering and attempting to predict the direct
often economic effects of the proposed technology,it is impor-
tant to consider as well:
~ What are the risks which the user must make? What will be the

results of other, unexpected situations (for example poor
yields, bad weather). Can a farmer still return to the

previous situation?

Is the dependence truely less than before, or merely re-
placed (or increased) by other dependencies (for example
dependent on market prices, means of production, extension
training, or infrastructure)? How can people protect them-
selves against this?

- Are social relations affected (for example within families,

households, traditional groups or organizations)?

~ Can a socially and/or economically higher class benefit from

a new technology and will this be to the disadvantage of
the target group?

- Can the members of the target group who do not accept the

new technology loose position to those who do?

It should be clear that a detailed knowledge of the
existing social structures is necessary before it is possible
to accurately estimate the above-mentioned effects of a trans-

.fer of technology (see section 6.4)

2. Organization is needed to avoid the problems and effects
described above. The organization must take care of the
following:

. = It must accompany the adaptation of a technique.
- It must reduce risks and strengthen competition.
-‘It must develop rules to control the technique and the
possible dependencies which may come with the technique
« (for example specialization, buying and selling).
- It must contact the suppliers of the necessary imputs and
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guarantee the availability of these (credit, subsidies).

3. The choice of an "adapted" technique can improve the chance
of success of a transfer of technique. However, such cri-
teria or qualities of a technique do not guarantee its
"appropriateness”. Some of these gualities are:

- small-scale, simple

- able to be made with local materials

- few imputs necessary

- labor intensive

~ aimed at subsistance rather than incorporation into the
local market system.

Techniques which do not meet these criteria demand more
extensive plans for preliminary studies, organization, and
extension training.

{ It is always useful to ask oneself before attempting to in-
troduce a new technology why the population hasn't already
chosen for this technology. The answer may very well show
new and unexpected (for the planners, not the target group)
impediments to the proposed plans.)

ORGANIZATION

In section 6.4 it was already concluded that partici-
pative organizationof the target group (with or without trans-
fer of technology) can help achieve the desired development
objectives. Participative organization must break the existing
power structures and dependencies which inhibit the further
development of the target group.

Organization must be adapted to the local society. It is
therefore first necessary to understand the existing organiza-
tional forms and "blocks" in the society.

The place and function of social structures in a society:

- Family and clan relationships )

- Traditional cooperative agreements (horizontal, vertical, as
in employer-employee, and at a societal level)



- Existing organizational structures at village level
- Rights of ownership of means of production

- Ruling powers and dependencies (patron-client)

- Governmental structures and controls

There are vast differences between the role of organiza-
tional forms in different societies and in the history of a
single society. The above-mentioned structures and relations
function in a society (division, coordination) to make it
more "livable". This occurs by:

- Preventing the excessive concentration of power. Social
controls and interdependencies insure equalization.

- Providing security and support. This can be via family and
horizontal bonds, but also by employer-employee relations.

Although the entire society profits by these structures,
the more wealthy and powerful tend to benefit more by such
forms of organization than the others. 1In fact, they can
often influence these forms to a far greater extent than the
others can.

Changes in these social structures occur due to both in-
ternal as well as external (contact with Western culture)
factors. These changes can lead to:

- Incorporation in larger systems (markets, governments)

.~ Differentiation

- Individualization and commercialization
- Increased stratification and decreased social concern
- Decreased family bonds, social control, and mechanisms of
interdependence
These changes will only benefit those in possession ot

-power and wealth.

The plans for participative organizationtherefore must
be carefully weighed against the prerequisites necessary for
achieving the desired goals. Organization of the target group
should give the group the chance to:

- Increase its social and economic power
- Develop a "claim-capacity" to be able to fight for their
own rights



101

- Decrease risks to be undertaken

- Begin new activities which will increase the possibilities
{credit, technique, education, etc.)

During the actual organizing on a local level the follow-
ing must be considered:

1. Who to organize?

To insure that all members participate without power being
concentrated in the hands of a few, it is important to organize
a homogenous group.

Is it possible to keep wealthier and more powerful persons
out?

Is it necessary to break or change existing ideas concer-
ning differences among people (families, castes, sex, trades)
or can a new organization be built onto a traditional one.

2. Why Organize?

The reasons for a development worker to attempt to organ-
ize a group have already been enumerated. Reasons for the
participants to organize are usually much more practical and
less ideal. The potential participants will consider whether:
~ The organization will be useful to them.

- There are risks that powerful members in the village will
influence the group.

- There is a chance that a small group in the organization will
profit.

- There is a risk that the organization will endanger existing
economic relations (vertical, and other) without offering
something better in return,

Especially the poorest in a village will be the most
difficult to reach and involve. The possible negative effects
and the risks they are asked to take are greater for them than
for all other village groups.

3. What are the possibilities for an organization?

Can it fit into the system (local and national)?

Are there existing traditional organizations which can be
built wup or affiliated with, and do these meet the require-
ments for structure, democracy, and homogenity?

4. What type of organizational structure is used?

Should men choose one based on traditional and familiar
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methods, or one using new structures which better encourage all
members to participate. If the latter, can this lead to prob-
lems with traditional social relations (young-old, family),

and can the uneducated target group fully understand and use
such a new structure themselves?

5. Which activities will the organization undertake?

Begin by chosing a problem common to all members, and
such that the solution will involve all members. The first
activity should not be too complex and should give quick and
sure results. Activities can be chosen to reach certain groups.
For example the very poor cannot join in an activity requiring
inputs, and the wealthier will not be interested in activities
which offer only small profits.

6. How can the organization maintain the necessary homogenity,

solidarity, and level of participation while avoidina power

groups, unequal benefits, or new dependencies from forming?

Some methods to help the target group “"take over" are:

- Begin with a small organization

- Rotate functions and tasks

- Train all members, not just leaders

- Set rules, especially those pertaining to the growth, the
specialization, and the contacts with external relations
(buying and selling, credit, related organizations)

- Insure continuity and involvement by regular activities,
group responsibilities, and individual contributions.

Solidarity is important.

How can one better understand the wishes and possibilities

. of the target group? In many cases the group will not have a

spokesman or own organization, or it will be difficult to dis-
cover power plays in an existing situation. In most cases
then a promotor or "change agent" will be needed to start and
accompany the process of identification, decision making, etc.
who-should this be, and how does he influence the process?

. This leads to a weak point in the strateqgy, where
“paternalistic " thinking can also be seen. The evaluation of
the situation and from this, the formulation of the needs and
the stimulation of activities are strongly dependent on:
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1. The background and ideas of the person.
2. His or her relation with the target group and others.

re 1. The promotor relates what he sees and hears with his
own experiences and judges the needs of the target group by
his own background and interests.
- His training conditions him to see certain problems and so-
lutions. Problems for which there are no solutions known are
often "forgotten" or not recognized. (This tendency exists
in the group as well).
- His social background and motivation also determine:

- How to reach and relate to the target group.

- Which problems he will rate as important.

- Which goals he sets for the target group.

re2. A member of the target group itself can more easily be
trusted by the others, and will have better insight into the
existing structures.

- Existing relations {(ex. family) can affect or limit the
work and possibilities to be done.

- An outsider may be seen as more neutral, and may be more
easily able to contact different groups, and even to bring
these groups together, where this is necessary. A neutral
person can more easily be accepted as an advisor.

- As outsider, he will have a background (origin, language
use, training) which will always affect the relations with
the others:

1. In a tendency to mix with people of his own level.

2. In the distance the poor see existing between them-
selves and others; this distance can limit the trust and
identification needed.

3. In the relation of the promotor with his employer or-
ganization and others (informal relations with more
powerful in the region, local governments, traditional
leaders, etc.) can affect his possibilities and ac-
tions.

4. Existing cultural restraints between men and women, and
the often subordinate position of women makes it dif-~
ficult to have women participate in mixed organizations.
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How much will this affect the whole process? While the
goal is participation and, finally, an independent organization
belonging to the target group itself, the influence of the
promotor is very large, especially in the beginning (many times
larger than that of individual members).

A certain dilemma exists in the role of the promotor:

- He must stimulate the development and contribution of others
in the group.

- He must assist the whole process of transferring knowledge
and experience (and technology) to the group. The desire to
insure that this goes well, and to protect the group often

leads to an excessive influence and too central a role.

From the above it is clear that the influence of the
promotor is very important, and that success is based on very
subjective qualities. Still, an organization can affect its
own future. Small, private organizations have more possibili-
ties to do this than governmental or large, coordinating or-
ganizations. A small private organization can do this by:

- Practicing a stricter selection for motivation, capabilities,
rand vision in its cadre (although the choice will naturally
be limited).

- Training its own local youth (broad training, less biased).

~-Providing active accompaniment and support of its members.
- Stimulating work for the target group through social controls

~and value systems.

A disadvantage which small groups have in relation to
large, governmental organizations is that they don't have the
capacity for large-scale growth or to balance the delivery
system (often governmental} with the needs. However, it can
be questioned whether governmental and large organizations
which do have these capacities can ever reach the target
group in the way needed.
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6.6 BIOGAS TECHNOLOGY, AN APPROPRIATE DEVELOPMENT STRATEGY?
CONCLUSIONS FROM CHAPTERS 3,4,and 5

note: Remarks concerning Africa are of necessity rather
generalized and superficial due to the scarcity of informa-
tion and for this reason will be limited in length and value.

MOTIVATION FOR AND RELEVANCE OF BIOGAS

1. NATIONAL ECONOMIC VS. INDIVIDUAL INTERESTS

Motivation for a country as a whole to introduce biogas
can be other than those for the individual potential users.
Motivations of the latter can differ according to their
wealth and their role as men and women in society.

National economic motives for biogas are:

China: Production of fertilizer
Improvement of hygiene
Fuel substitution has less priority
India: Fuel substitution to save foreign currency and existing
forests.
Africa:Fuel substitution, mainly for ecological reasons.

Individual interests and relevance for biogas are:

China:

Biogas is relevant for a large percentage of the Chinese
population because:

- Most people live sedentary lives,

- Within a commune the distribution of wealth is fairly equal.
While some communes are very poor, it seems that the stan-
dard of living of many is high enough for them to consider
biogas.

- This interest is met by the existing organizations which re-
duce the individual risks and accompany the introduction,
making biogas more easily attainable.

The gas is the main motive for individuals. The Chinese
have been able to unite the motives of country (commune) and-
individual, although some discrepancies can exist, such as
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the periodical use of all the effluent by the commune, which
temporarily stops gas production wuntil the tank is fully
recharged.

India:

The relevance for the target group is limited because of:

- Part of the target group consists of migratory workers or
tribals.

- Biogas has low priority since it does: not earn money. It
is seen as a luxury, and thus only interesting for those
above a certain minimum level of existance.

- Interest by the target group can in some cases be increased,
such as when fuel needs compete with the fertilizer needs
of the land to such an extent that yields are severly limit-
ed. However, in such cases the possibilities for the target
group for biogas are constrained by financial problems, lack
of credit, materials, and training. The risks are greatest
for the individual small farmer.

Motivation for larger farmers and others to install a
digester are less clear. Factors such as the work saving,
ease and hygiene can be important. Economic motives play a
smaller role. Although decreases in family costs and labour
can be expected, biogas does not directly increase the pro-
ductivity, as would investments for irrigation or the purchase

.of a cow.

Africa:
The general impression is that in areas where biogas is
relevant because of ecological danger of deforestation and

"the ensuing shortage of firewood the possibilities for biogas

are limited. In other areas biogas has low priority because
firewood is not (yet} limiting. There is a lack of integra-
tion between cattle raising and agriculture in large areas

of Africa. This is due to ethical differences, but also to

the climate, which in the wet tropics limits cattle raising

by disease, and in the dry Sahel areas limits agriculture

and necessitates migration for the cattle. While integration
is increasing due to population and land pressure, and by the
activities of development organizations (for example the intro-
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duction of ox traction) the above-mentioned factors influence

the possibilities for biogas by:

1. There is no tradition of using manure, either for compost,
as in China, or for fuel, as in India.

2. Collecting the manure presents greater problems with the
present method of grazing than with more confined methods.
This could mean that the time needed to collect manure
would be egqual or nearly so, to that needed to collect
firewood.

3. The imputs for a biogas generater, especially in the eco-
logically endangered areas, can often be seasonal and
scarce due to:

- The previously mentioned problems of collecting. The
cattle may only be seasonally present. There are also
efforts being taken to decrease the number of cattle,
especially nearby villages.

- Irregular supply of plant wastes from fields (crop-rela-
ted) .

- Limited seasonal availability of water.

It is clear that in both India and Africa a discrepancy
exists between the governmental and individual motives. While
ecological motives are alsc important for the target group,
who will be the hardest hit by these, the question remains
whether biogas can solve these ecological problems. Defor-
estation is due to the increasing pressure on land for agri-
cultural purposes, to lumber company operations, and to the
demand for firewood. While the relative importance of these
vary from area to area, and a decreased demand for firewood
can be important, the effect biogas can be expected to have
is clearly limited. 1In addition, large-scale adoption of bio~
gas cannot be expected as long as it is only relevant for a
small group, rather than the whole of the wood burning popu-
lation. Credit schemes to lower the costs of a biogas gener-
ater will not be expected to increase the relevance for the
target group, since this is only partly dependent on financial

aspects,
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2. THE RELATION BETWEEN EXISTING SOCIAL STRUCTURES AND
BIOGAS INTRODUCTION

The authors have some reservations about this section. We
do not pretend to provide a complete analysis of the social
structure in China, India, and Africa, but merely point out
some factors which can affect the relationship between organi-
zation and technology, as previously described.

China:

In rural China economic inequality within a commune i's
limited, but wealth can vary greatly between communes. Dif-
ferences between communes are based on the local agricultural
conditions and on the personal capacities and motivation of the
production team leaders, backed by the existing commune organi-
zation, delivery systems, etc. Should a leader decide to stim-
ulate the construction of biogas digesters, he can depend on
receiving technical assistance, materials, and credit via the
commune. The present decline in the powers and influence of
the commune can lead to greater inequality within a commune.
The speed and the extent of this change, and the effect this
will have on the existing social services can only be guessed
at.

;ndia:

The existing social relations are strongly polarized:

- Traditional relations and cooperation between groups, which
previously offered a degree of security and support, are now
under attack by the increasing capitalism. The Green Revo-
lution has further commercialized these new, more impersonal,
relationships.

- Landless, marginal and small farmers are not, or only loosely,

. organized (outside family relations).

As a result of this:

- PéVerty is seen as an individual problem.

- All risks must be borne by the individual ( or a family).

. Via participative organization we can attempt to acﬁieve:

A team relationship and shared risks and problems. The
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importance of the promoter is comparable to that of the team

leader in China. However, his work will be more difficult

because:

- There are no existing organizations or delivery systems
to depend on.

- The group is unprotected from power struggles and profi-
teers, both inside and outside of the organization.

Africa:

While great differences exist in such a large area, some
general lines can be pointed out, and partly compared with
India.

- Organization is traditional and strongly based on family
and clan groups.

- While existing structures offer decreasing security to the
individual, they can still hinder the development aid or
governmental workers from introducing new types of organi-
zations.

- Governmental policies are not directed at self-reliance of
the villages.

3. PROGRAMS FOR BIOGAS INTRODUCTION

China:
Introduction started from the bottom upwards in some areas
based on:
- Local motivation
~ Experiences with composting
- Possibilities to experiment
The first initiative for a top-down approach was for:
- Community plants
- Externally developed models
Introduction of these was a complete failure.
The second initiative was for:
- Individual plants with communal assistance.
- Models tested under local conditions and built with local
inputs and materials. Emphasis was on simple, understandable
models, rather than on top-performance.



The top-down approach in new areas gave more problems than
in areas where a bottom-up development has taken place.

There was a strong increase in the use of biogas after
this second push; however, some poorer communes are still not

able to incorporate it.

India:
Introduction was mainly via governmental organizations.
This meant that:
- A standard model was offered without local adaptation or
working experience; many problems resulted.
- The digester was not built from local material. This led
to long delays in delivery and high costs.
-~ Supporting organizations and delivery systems were inadequate.
The government is not able to reach the poorest in the
society {(for whom biogas is also irrelevant) nor can it protect
them against risks or competition, as the Chinese government
has done. 1In addition use of imputs is made more complex by:
- An involved manure economy with private ownership of feed
material.
~ Taboos on the use of nightsoil.

Africa:
The introduction has mainly been through private organi-
zations. Existing plants are most often owned by institutions

" (schools, hospitals) rather than by private persons. Feed

materials are gathered by hired labour or bought, which adds
to the cost of operating the plant.

a PVARTOATIATIVIRNI ATV AT TIIT Y TRIMANDANTIIAYMT AR ATY NMYAARMN AN MTITY MAND/oSTM
“ . CUNOLYULNLC LY WUT ALl ANADVUVUC L IUL‘ wr DAVINMAOD LN AL A0NTL L
China:

The target group is here taken to be organized groups,
and especially the poorer communes. The results for this group
seem to be very positive because:
- Biogas is relevant and obtainable for a large percentage of
the population. '
- The decreased labour requirements and increased hygiene, as
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compared to composting in the traditional way are valued.
- Negative effects such as excessive risk and increasing in-
equalities are guarded against.
The effects on the relationship between poorer communes
without biogas and wealthier ones with bicgas is not clear.
Dispite this the future development of the system is un-
clear. As already stated in chapter 3, biogas has proven es-
pecially time-saving for women, who now have begun new produc-
tive activities such as raising small animals, vegetables, etc.
These activities are aimed at the private sector and have been

stimulated by biogas, where the system permits.

India:

Positive effects for the target group are not expected.
It seems that better ways to help the target group develop can
e found by organizing them around a more relevant problem.
Better ways to solve the fuel and ecological problems can also
be found; lumber exploitation should be stopped. These two
remarks are also relevant for the African situation.

Negative effects for the target group may occur, although
it is very difficult for us to make realistic predictions con-
cerning this. These effects will probably be related to the

dung eccnomy and/or the employment situation. See section 6.7.

I TFACH HIM TO RIDE AND WILL
SELL KIM THE BICYCLE AFTERWARDS

———

I TEACH HIM BICYCLE CLFANING. _q
continued
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6.7 COMPARISONS BETWEEN BIOGAS TECHNOLOGY AND THE GREEN REVOLUTION

In this section we draw a parallel between the introduction
and consequences of biogas and the Green Revolution. If we look
upcn the introduction of biogas digesters and High Yieldina Vari-
eties (GR) as it took place in most developing countries with the
exception of the People's Republic of China, we car find some simi-
larities. Both were introduced from the top-down and were comple-
tely strange for those who had to work with them at the lccal level.
Large institutional systems were set up to “Aisseminate the techni-
ques. These systems delivered the necessary knowledge and innuts,
cement and steel in the case of biogas (see chanter 4) as well
as pesticides and fertilizer in the case of the HYV's. Both tech-
nologies required access to the necessary inputs, which were of-
ten limited, especially for the poor.

In China the GR was introduced from the bottom-un. Local vari-
eties were locally improved but using modern techniques. The same
can be seen in the case of biogas digesticn, where the Chinese
tradition of compostina has developed into a technolooy for bio-
gas digestion, for fertilizer and fuel production. HYV's as wcll
1s biogas digesters are within the reach of a qreaﬁer part of the
Chinese population.

Before introduction in most countries there was little iden-
tification of the needs of the poor for HYV's and for biogas. Na-
tional objectives are the most nrevailing reasons for dissemina-
tibn. Possible negative consequences for the voor were overleooked.
But as far as the consequences are concerned we are aware that this
parallel only partly holds. The introduction of the HYV's led to
a strong dependence on factors lyinag outside-the new techni-ue
itself. With this we mean the dependence on the market for comple-
mentary inputs (chemical fertilizer, pesticides and irriaation
water) and the dependence on the output market for the sellina of
the crop. Both the output and input market are difficult to con-
trol. The small and the marginal farmers are at the mercy of the
marketing forces and this has driven them into the hands of those
who ‘are in power, that is landlords and middlemen. This also ap-
plies for the landless labourers. Their labour became a commodity,

like capital, because of the growing commercialization. In ceneral
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one can state that the Green Revolution has brought about a change
in the production relations resulting in a widening gap between

the poor (powerless) and the rich (powerful). On the other hand one
has to admit that the Green Revolution has contributed greatly to
the increase of the food production. Also biogas has the potential
to increase the enerqy production considerably, but we have to

be prepared for the negative consequences it might have for those
who cannot afford a biogas plant, generally the poor.

The nature of the biogas technique is such that it is not as
strongly connected with the market as in the case of the PYV's.
Nevertheless, some effects similar to those we noticed in the
Green Revolution might show up. As already stated in chapter 4,
the commercialization of firewood and dung cakes may arise. Al-
though the implications of the introduction of biogas might not
be as far reaching and as structural as those in the Green Revo-
lution, a note of caution for aovernmental and non-aovernmental
institutions (including western AT-organizations) who are con-
sidering intreducing the "Brown Revolution" is advised. Introduc-
tion of biogas can have negative consequences for the poor, cer-
tainly in the case where biogas plants are becoming common prac-

tice.

ILESSONS TO BE LEARNED FOR PRIVATE DEVELOPMENT AID ORGANIZATIONS

Is biogas technoloay a solution for the problems of the tar-
get group, and is its introduction an 'appropriate' strateqy for
our development objective?

- Biogas has a low priority for the target group (the importance
of the proper identification of needs is stressed aadain at this
point).

~ Biogas places qreat demands on the organization of the users
and on the delivery system. Can a private orcanization protect
the target group from the additional riske and from profiteers?
Can the national government quarantee a usefnl delivery system?

- What can be learned from the comparison India~China?

1) The importance of a grass-roots organization and the role of
the leader/change agent

2) A clear method of participative development through the in-
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troduction of biogas cannot be pointed out lookina at the Chi-
nese experience, Identification and participation are not ob-
vious. Especially during the more recent top-down introduction,
the production team leader carried the initiatives and resvon-
sibilities. Besides, homogeneous qroups with reasonably uni-
form interests (with the possible excaption of women) already
exist through the Chinese social system. The lack of partici-
pation is thus partly replaced by the system itself. dNote,
however, the failure of community digesters versus the s:ccess
of famiiy digesters. Concerning the technique itself, room
should be given for experimentation by startinag with simnle
models which just work, only in a later stare ennhasic cheold
ke put on performance. For realization of the latter, the tar-
get group should get possibilities (in an economic and/or tech-

nical sense).

It seems that local nrivate organizations in a country itself
will be the ones that are most able to help the target cro'n de-
velop (identification!). They alcne have the possihbility to or-
ganize their fellow citizens to determine their own future. Larae
effects should not be expected; a large-scale apnroach to emanci-
pating the socially/economically weakest is impossible. Fartici-
pation strategies demand much time, ard governments and foreiqn
organizations often get impatient for results. Large-scale supnort
of many srall, simultaneous participation projects is however no-.-
sible.

vhile this method cannot offer dramatic results, it is th»
oﬁly way that real positive effects on the development of i tar-
get groupn can be achieved. A consequence for foreign Appronriate
Technology Organisations is that they should concentrate less on
the development of technigues but more on:

- Establishing contacts with local organizations which are active-
19 organizing and supporting the target gqroup

~ Adapting their research to the pinpointed problems and needs

- Collecting information and data on techniques and experiences
relevant for the target group, as support for the local (and

therefore isolated) organizations.



REFERENCES

Appropriate Technology, a Studium Generale Course, Technical
University, Eindhoven, the Netherlands, 1977.

Baark, E. and J. Sigurdson (Eds) (1981): India-China Coemparative
Research, Technology and Science for Development. Curzon Press.

Darrow, K. and R, Pam (1977): Appropriate Technology Sourcebook,
Volume One. Volunteers in Asia.

Derde Wereld en Wetenschap (Third World and Science, in Dutch),
Studium Generale, Utrecht University, the Xetherlands, 1981.

Galjart, B. e.a. (1982): Participation of the Poor in Development.
Contributions to a seminar, Leiden University, the Nether-
lands.

Hommes, E.W. (1982): Appropriate Technology and Development Stra-
tegies. In: Appropriate Technoloqy for Developing Countries.
W. Piedijk (Ed), Delft University Press, the Netherlands.

Pearse, A.: Seeds of Plenty, Seeds of Want,

Young India Project (1981): Participation in Education and Orga-
nization of the Working Classes, Penukonda, Andra Pradesh.

I WILL RIDE AND HE CAN SIT ON THE RACK.
HE'LL NEVER RIDE AS GOOD AS I DO.

WHY A BICYCLE? THAT'S OUT OF FASHION.
HF SHOULD DRIVF A CAPR.

D6 I GIVE THE BICYCLE TO THE COUNTERPART 2AND
LET HIM DO WHATEVER HE WANTS WITH IT.

THE SOLUTION TO THE QUIZZ WILL BFCOME CLEAR AFTER
THE NEXT DEVELOPMENT DECADE.
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THE AGROMISA FOUNDATION

The Agromisa Foundation attempts to provide use®ul agricultu-
ral information to the socially and economically marainal people
in the Third World. This is mainly done by providina answers to
questions received from local orcanizaticns, develcopment aid wor-
kers and missionaries working directly with our taraget groun.
~The publication and sale of low cost books and training via a

study week for field workers are other activities which are reant



117

o0 help provide the knowledae necessary for development at qrass-
roots level. Agromisa also attempts to encourage awareness of de-
velopment problems amona the Dutch people by discussion courses
and study days. Agromisa is a non-profit organisation, composed
mainly of students and graduates of the Agricultural University
of the lietherlands. For more information: Agromisa Foundation,
Postbus 41, 6700 AK Wageningen, the Netherlands.

HOLLAND-CHINA FRIENDSHIP ASSOCIATION

The Holland-China Friendship Pssoniation corsiders itself to
be a link betw2en the Dutch and Chinese people. The VNC wants to
contribute to the mutual uncderstandina between the two neoples.
To realize these gonls *he UNC is active in many areas: science,
culture, travel, trade etc. A film festival with Chinese feature
films, an exhibition of paintings in traditional style, a tour
of the Beijing opera or a oroun of acrobats as well as organizing
various language courses are a few of our activities, In Holland
members of the VNC receive the cuarterly manazine China Now (in
bDutch). The VNC has many official and unofficial contacts with
China; every two years a deleqation visits China to make arrange-
ments for new activities and to strenathen the cooreration with
the Chinese Associatiorn for Friendship with foreian countries
(Youxie). Associated with the VNC is a travel foundation organi-
zina tourist as well as scientific tours to China. For all further
information: VNC, POB 79, 3500 AP Utrecht, the Netherlands, tel:
030/510974.



