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The problem of poverty will never be solved by an

indiseriminaie importation of machinery ond technieal

shill ... What we need to do is to add to sur capacity

suitable to our reguirements

—Gandhi
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Foreword

DR. C.¥.5. RATNAM

E NRDC is very happy to bring out this
Special Number of Invention Imtelligense
dealing with a very important subject ~-
Technology for'the Masses.

When we speak of technology for the masses,
we are thinking of the process of taking
technology to the rural areas of our country
where BOS, of our people live and where the |
problems of poverty are most serious,
Technology, per se, is unot so important exeept-:
as a toel for achieving the objectives of qur
Plans, namely, removal of poverty and
- development of self-relisnce in the country.
The problem of poveriy, altheugh prevaient
all over the coanitry, has to receive urgant
attention in the rural areas because it is
there that the bulk of the poverly-stricken
people live.

What do we mean by the ‘remwoval of
poverty’? 1t obviously means that our people
should be provided, to a reasonable extent,
the essentials for a decent life: adequate food,
heaith care, clothing, housing, education,
entertainment, opportunities for intellectual
pursuits and development., To achieve these
ohjectivas it would be necessary to utilize
to the fullesi extent whatever resources
are available fo us within the country. These
resperees are essentially of three kinds:
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(i) manpower, (ii) land with lts flora and
faunn, =nd (iii) mineral wealth, The strategy
for removal of poverty calls for an effestive
utilization of all these resources. Obviously,
sieh an effort demands a multifsceted approach
designed to create conditions where the
utilization of ressurces leads to amelioration
of poverty.

Many examples can be cited of countries

.. with approximately the same type and
" magnitude of resources having not developed

to the same extent. I is the technological
inputs that make all tha difference. For the
proper development of the rural aress, too,
technology can be an important teol. However,
as such, it cannof accomplish the goal. It has
io be tailored io suit the proper oversll
environment to achieve the desired resnits,
Depending upon the resources avallable,
technol can lish the g
objectives:
1. 1t can-help produce goods and services
to meet the needs of a particular population.
2. It can help produce poods and services not
only to meet the needs of the immediste
nelghbourkood but also fo eater, to some
extent, the needs of others, both within
the country and abroad,
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The need of the hour is the development ef
releyant technologies for utilizing our resources
to satisfy our itomediate needs. What kind of

technologies can accomplish this objectiver
The new technulogies to be developed should
meet definite criteria: they shovld—

(a) ensure effective utilization of available

TesouTeE”

{b) inerease employment opportunities

(e} increase self-reliance

(d) =nhance the quality of life

(e} easure optimum censumption of energy

{f) ensure optimwm costs

While emphasis has to be on utilization of
local resources to meet loeal demands, I is
of utmost jmportance te ensure that all able-
bedied - ple who can be put to work are
geinfubiy employed. Even if the basic mecessities
of the population are met in a loeal area,
unless people are painfully employed, it eannot
be said that a satisfactory state of affairs has
been obtained. Therefore, the technology for
the masses siould not only 2im at providing
the means of production of goods and services
to the people, but aiso at selying the problems
of unemployment and underemployment,

We would be failing in our duty if we do wot put on record our
appreciation of the willing cooperation extended to us by all the conmtribulors ta
this Special Number, as also by the management and staff of the Indraprastha
Press (CBT), New Delhi, who have neatly executed its printing in record time,

ensuring proper environments, assuring reasen-
able costs, and improving the quality of life.

NRDC has a number of technolegies which
are being used for the wtilization of the country’s
resources aimed at removal of poverly. The
areas covered by these technologies include
food, apro-indystries, health care, mineral
resources development ete, Over and above
this, NEDC is very much interested in the
development of relevant technologies for
riral uplift.

NRDC has been very fortunate to have very
eminent sens of India contributirs to this
issse. Our contributors include Dr. Y.
Nayndarsma, Dr. M.5. Swaminathan, Dr. Rajni
Kothars and others. They discuss several
issues concerming rural development and
problems of taking technelogy to the masses,
If this issue contributes fo the great debate
or this important problem and helps to some
extent in finding solutions, the ohjeetive of
this special isswe would have been amply
fulfilled. MRDC on its part will collaborate
with B & D institutions, industry, Govt.
depariments and other agencies in developing
technologics needed for the removal of poverty.

grateful

Edgitor
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Toward a rural utopia

Rural devetopment is a ‘must’ not only o remove ruraf poverfy but also to fay at rest
the all-consuming demon of exponential growlh let loose hy the conventional model of
economic management, it should ultimately Jead fo the emergence of a new form of
human sociely that is more enduring and in which man's role vis-a-vis Nature shifts
frem one of parasitism fo symbiosis, exploitation to nurture, dissipation to

conservation,

BADIUNDDIN KHAN

E3 The sudden awareness of the existence of widespread
poverty in the world is perhaps the cruelest paradox
of the modern age. Cruelest, because this precisely is the
tesult of the remarkable success of the fechno-economic
growth model that dominatss ine world's economic
seeng today,

While economic growth has brought unprecedented

What, if anything, went wrong? The conventional
madel of economic growth ¥ based on technologies
designed o suit easy availability of capital, secarcity of
labour, cheap raw material prices forced on the develop-
ing countries, and the ethics of consumerism with built-in
incentives to obsolescence of industrial preducts, ma-
terials, machi i even buman skills. Theso

afuence to some of the industrialized countries of the
world (the Americans, representing only 5% of mankind,
now consume over 35% of worlds resources), about
balf the world's pepulation lives close to or below the
poverty line, The bulk of this poverty stricken population
is copeentrated in the developing countries, with 80-907%
of the peopla of these countrics rendered useless for any
meaningful economic activity. It s estimated that this
population, mainly constituted of the rural poor and the
strugglers for survival oo the fringes of farms and fac-
tories, already mumbers three quarters of a billion and is
likely to surpass & billion by 1980, two billions by 1950,
and four billions by the turn of the century!

There was 4 time, not many years ago, when conven-
tional industrialism was considered the panacea of ait
ills of an under-developed society. It was quite natyral,
therefore, that most of the newly liberated under-
develaped countries, in their ¢agerness to ‘catch up’ with
the developed world, implanted development strategies
based oc the cooventienal model. Today, however,
these countries are digmayed to find that they bave
succeeded only in zceentuativg the inequalities within
their own boundaries, leading 10 massive unemployment
and under-employment and concomitant grinding poverty
among the bulk of their populations, Ard, on the other
hand, the gap in per capita real incomes betwgen the
richest countrfes and fhe poorest has not been bridged
a whit — indeed it has grown from about 5 to 1 in the
year 1700 to about 60 t0.1 today!
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capital and epergy intensive and labour saving tech-
nelogies are basically exploitative in nature, in so far as
they thrive on the exploitation of man and of natural re-
sourges to the hilt, Wheh these technologies were implan-
ted in underdevelaped socictics, they only p d the
functions they were designed for and replicated in certain
pockets the sacieties which bad produced tiem. The result
was that -the limited capital, energy and othoer resources
avaliablc in the developing couatries tended to gravitats
towards the metropoiitan centres, where the big plants
and factories were sgt up, to support the emerging 8o~
cieties of the industrial eliwes, And, simultaneously, the vast
masses living in the rural aress began to sink inte the
morass of poverty due to neglect of traditional crafts
acd occupations and flight of capital and taleat enginesred
by a manifestly exploitative system of economic activity.

Conyentiopal industrialism, which bhad put the
developed countrics on the top of the world, had thus
set the developing countries on the down-hill path of
de-devel: and progressive impoverishment of the
masses, And today, as Brazilian sociologist F.H. Cordoso
says, the world is living “a civilization of poverty for
most and of fear for all””, dominated as it is by a small
minority of men de-humanized by excess knowledge and
techinical skills, Ladeed, the present concept of sconomic
growth is fast coverting this planet into a Blurderland
wherein you must run at breakneck speed to keep in the
same plice, ot else you would be thrown out of the
whirlwind of great transformations that are being wrought.
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Tho Darwinian principle of the survival of the fittest
now seems to operate with much greater treachery on
the human plane than it did on the animal plane.

That conventional industrialism is no jewel o cono-
mic management is now being increasingly reaiized ¢ven
in the developed countries. For, this exploitative model
of cconomic growth has let loose certain mast undesir-
able trends with global implications — reckless exploita-
tion of fast depleting natural resources, lavish con-
surnerism leading to waste, increasing pollution of air
and water, and serious ecological imbalance caused by
thoughtless encroachment on the domain of Natvre.
Unabated urbanization has made the city life in the
{ndustrially advanced countrics a nightmare. With smog,
poltution, slums, traffic jams, breakdown of civic ameni-
ties, viotence, and degenerating human values, many of
the so-called ‘modern’ cities (including some of our own)
have become wailing symbnls of crime and punishment.
No wonder, therefore, that the countries which have
gone too far on the road to industriaiization and
urbanization are now :epenting this choice.

Exponential growth

There is now a growing awareness that conventional
industriatism — be it of capitalist, communist or socialist
variety — is lzking mankind on a short-lived joy-ride on
the back of the ailconsuming demon of expenential
growth, that is bound to end with 2 crash. For this globe
is a finite systern which cannot irdefinitely suppert any
activity that causes depletion of Its limited resources
or cormpts its environment irreparably. At the cursent
rate of economic growth, mag is approaching the Timits
of this plenet dangerously fdsf, bevause the doubling
tiues of population growth, resovrce depletion and
pollution. averload are very short and the base figures
being doubled are already large. According to the authei
of The Limits io Growrh®: "If the present growils rends
in world population, industriatization, pofiuzion, fead
production, and fesource depletion continze uachanged,
the limits 40 growth on this planet will e wiched some-
time within the mext 100 years™. Oiw could perhaps
haggle about the timing of the ceflagse, i that it would
come, soonet of later, if the pwwent scheme of things
contifue, is certain. And when o Jdoes come, as it must,
it would leave po waiaiss 1su¢ fOr man to cope with the
consequences — beviuse e very heart of this collapse
would be the sindbeanss with which exponential growth
approaches bt

Expotientaat giowth, by its very nature, canuot be an
ndefinite rheitomenon — # must reach a point of crash,
destroving the very system in which it operates, The multi-
plicatzon of cancer cells is a case i point : growing
expenantially, they eventually choke the patient to death—
and with a suddenness that leaves no time for any reme-

* Donella H. Meadows, Demnis L. Meadows, Jorgen
Randers & William W. Behrens. The Limits to Growih,
Universe Boaks, New York. 1972,
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dial measures to be effective,

Wha! a coliapse could be !ike s very well exemplified
b the following classic case. In 1907, the game wardens
began removing the deer’s natural predators — the moun-
tain lions, wolves and coyctes —from the Kaibab
Platsau of the Grand Canyon in western America. The
deer population shot up rapidiy Irom 4,000 to zbout
100,000 in 1924, This growing population quickly dep-
feted the resources af its environment, then crashed :
60,000 deers died of starvation and disease in the winfers
of 1925 and 1926 alone, the population finally levelling
off at about 10,000.

Recveling society

The above example only poes to show that man
must move away from the presetnt ‘growthmania’ and
seek to achieve a smooth transition to an equiibrium
stale with his cnvironment, in order o ensure a stable
human civilization. Such an equilibrium state calls for
complete scraping of the currently entrenched pro ernerd
cconomic models, based on ruthless explaitabion of
natural reseurces, and their replacement by an wnhenentiy
dynamic fo-growih £conomic system desurinsd o ensure
jorg ferm economic survival of muedimd. Such a no-
growth system will be necessasily 1wed i with 1 no-growth
population policy and will hive as us bed-rock the
principles of corsers: o of -renewable resourges,
tecycling of wastes, snd greater cconomic dependence on
renewable resounces Lke Torest miaterials, agricultural
and livestock pandecis, solar engrgy, wind power, and
bicuas. in st w this recycling socicty, nan’s Tole
vis-a-vis Nalute would shift from ooz of parasitism
[N hoars, cxploitation to  nurture, dissipation to
aanisenalion.

Vizwed from this perspective, the imperatives of
rural development assume a new sigmificance. Rural
development becomes a ‘must’ not oaly to reduce the
poverty and misery that now reside in the rural areas,
but also to lay the' foundation of a new saciety that is
essential for the very survival of mankind on this planet,
Obviously, a recycling society as conceived above cannat
be built up in the coacrete jungles of urban conglomeraies,
The villages offer the best locations for the development
of such a society, because it is there that human inter-
vention with Nature has been the least and, therefore,
much virgin resource and unspoiled human genins still
abound.

Relevance of Gandhi

The back-to-the-village call is not new to India. When
the preat debate was on just befors Independence as
to which pattern of economic development would suil
the country best, Mahatma Gandhi had expressed his
opinion thus ¢ “If India is to attain true freedom, and
through India the world alse, then sooner or later, the
fact must be recognized that people will have to live in
villages not in towns, in buts not in palaces... A
must not fear if the world today is going the wrong

JANUARY-FEBRUARY 1877




* As 2 moderarly inteiligent man, [ know that
man cannot live without mdustrv Therziore,
1 ecannot be opposed to industrialization. But [
fave a preat concern about introducing machine
industry. The machine produces much too fast,
and brings with it 2 sort of economic system which
1 cannot grasn, do not want 1o dccep[ :ome[hmg
whan I = ewil Ut what

good it brings wlth it. I w.mt [he dumh millions
of our land to be healthy and happy, and [ want
them to grow spiritually, As vet for this purpose
we du not need the machine. There are many,
too many idle hands. But as we grow in under-
standing, if we feel the nesd of machines, we cer-
tainly will have them. We want industry, but let
us become industrious. Lt us become more self-
dependent, then we will not foliow the other
peoples” lead so much. We shall introduce mach
nery if and when we need them. Once we have
shaped our life on akimsa we shall know how to
contrel the machine.

% Granting for the morent that machinery may
supply all the nieeds of humanity, still, it would

comncentrate produy; reas, 50 that

you would have to go about in a round about way
to regu'ate distribution, whereas, if there is pro-
duction and distribution bath the respestive
areas where things arg required, it = automatically
regulated, and there is less chance for fraud, none
for speculation., Oh yes, mass production certam-
Iy...but mass production {on individual basis) in
people’s owa bomes. [ you multiply individual
production millions of times, would it not pive you
mass-production on a tremendous scale?.. Your
mass-production is production by the fewest pos-
sitle number through the aid of highly complica-
ted machinery....My machinery must be of the
most elememary wpe which Tcan put in the homes
of the miilions,

Gandhi on Technology for the Masses.—

o 1 would prize every invention of scignce for
lhr: benelli of akk., . Every mazhine that helps every
individual has a place,, Labour has its unigue
piace in 4 cultured human family . Simple teols
and instruments and such machinery as saves
individual labour and lightens the burden of the
millions of cottages, [ should welcome.

# What I object to, is the *.taze’ for machinery,
net machinery &s such. The craze is for what they
<all labeur-saving machiner;. Men go on “5av|n.g
Iabour' till theusands are without work and
thrown on tie open steeets 1o die of starvation. [
want to save time and lebour, not for a fraction
of mankind, but for all; ¥ want the concentration
of wralth, ot in the hands of a few, but in the
hands of all. Today machinery merely helps a
few to ride on the backs ol millions. The impetus
behind it all is not the philar.thropy to save
labour, but greed. It is against this constitution
of things that I an: fighting with all my might.

% The supreme coasideratiotn i§ man. The

machine should not iend to make atrophied the
limbs of man. Take the case of the Singer Sewing
Ma hine. Itis ore of the few useful things ever
invented. and theze is a romance about the device
itself.  Singer saw his wife labouring over the
tedious process of sewing and sewing with her
awn hands, and simply ont of his love for her he
devised the sewing machiue in order to save her
from unnecessary [abour. He, however, saved not
coly her Izboor but also the labour of everyone
who could purchase a sewing mschine,

way — it may be that India too will gothat way. But
it is my bounden duty up to my last breath to wy to
proteet indiz and through that the entire world from
such a doom. The essence of what T have said is tha
man shouid rest content with what are his real needs,
and become seif-sufficient™. He had even given the outline
af a model village : "My ideal village will eontain intel-
ligent human beings. They will not live in dirt 2nd dark-
ness as animals. Men and women will be free and able
to hold their own sgainst any one in the ‘world, There
will be neither plagi ¢ nor cholera nor smafi-pox. No one
will be idle; no one will waliow in luxiny. Fvery one will
have to contribute his cwn quota of manual Jabour*.
Gandhi's vision encompassed the old and the modern.
The village of his dream was to be evolved through the
integration of some of the basic amenities of urban life
with raral living. Since such a village could not be based

e glane, Gandh

aaded far am
pleaded for em-

phasis on deoentrallzed mdusmal production through
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¢mall and cottage industries. I want a miniature mill in

every home”, hesaid. But be was not against the Big
Machine coneept: ke only objected to ihe “craze for
machinery, not machinery as such'", for he considered it
“a sin and tice fo use machinery for the concentration
of economic power and riches in the dands of the few™.
Gandhi appeats more radical than Marx when he says ¢
"I hate privilege and momnopoly. Whatever cannot be
shared with the masses is taboo to me". He feared that
the indiscriminate introduction of the Big Machine will
lead to further impoverishment of the masses, as the
levers of production, and hence ihe econemic power,
will rest in tha hands of a privileged minority, And he
therefore implored : “My machinery must be of the
elementary type which T can put into the homes of the
millions™. In his scheme of things, every man or woman
was 16 be an entrepreneur, every home an enterprize.

fa economist of sorts. Vet he Lo

"
s, ¥et he bad an

-~
earthy sense of 1og|c, au ugeanny perception of emerging

was 1o Sconomist of so
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B Gopalpur, a small village in the Z4-Parganas
of West Bengal, only three years ago presented
a dismal picture of poverly, unemployment and
barrenness. Today it s puolsatine with lifs. The
sound of logms at work can now be heard from a
distance. While the farmers work in the fields
their women lock afier poultry and goatery. All
the people are now fully employed : it is now
gifficult to get labourers in the village and hands
have to be hired from cutside.

How did it happen? The United Commerciat
Bank extended their pilot schemt of compreben-
sive assistance to Gopalpur which changed the
fate of the peaple.

The area had been suffering from swest water
scarcity for a long time. The monsoon rains heiped
the amen crop, but during other seasols the availe
able saline water was no pood for cultivation.
The Birlepur branch of UCO came 1o the help,
and in uose cooperation with Xalvan Sahayika, a
non-profit-making organization, prepared a com-

— — Gopalpur—from poverty to prosperity

prehensive program for the area. The branch felt
that if sweet water supply couid be assured to the
area it would be possible to produce three crops :
aman, kharif and Sorp. A field officer was deputed
(o examing the soil and he found that swest water
cculd be stored in tanks which might serve double
purpose : irrigation as weil as fishery. The project
was immediately taken up and Rs 75,000 was
sanctioned for 26 such tanks. The experiment
was successfu! and the pattern of cropping has now
chamged from mono-crep 1@ trief~-rrn.
Encouraged by the initial swis 3, the braznch
took up ofher deveiopment programs one by one:
weaving, vegetablr growing, goat rearing, and
poultry farming. The project for weavers now
covers 700 Mamilics (initially 27 familfes were
sclected for assistance). They lived in neighbouring
vitlages of Gopalpur and used fo produce nzpkins
and mosquito-nets. Their knowledgs of the crart
is hereditary. The young weavers today re intro-
ducing new designs to their praducts. Vegetable

trends. He was 20t emamoured by the economist’s
ctedo of ecotomy of scate’ which inevitably Ied to mass
production by latest technigues te prop up the perpetually
unstahle and vicious cycle of consumption, inflation,
recession, &nd more production by still advanced
techniques — which, as we have seen, evennally leads
to resource exhaustion and poliution and, in a country
like ours, also to mass unemployment and under-
employment, He considered production by the masses,
as opposed to mass production by machines, more
jmportant and a precequisite o any devetopmental
process for a sauntry like India. “Mechanizatipa is good
when the hands are too few for the work intended to be
accomplished™, he said. “It is a evil when there are more
hands than required for the woik, as is the case in
India .. .. The protiem with u2 is not how to find ieisure
for the teaming millions inhabiting our villages. The
problem i how to utilize thelr idle hours, which are
equal ta the working days of six months in the year.*”
For him, increasing the Gross National Product (GNP)
through increased industriz] production by sophisticated
machities was not as impoTiant 8 increasing the Gross
National Happinsss (GNIT) by providing opportunities
for gainful employment to those who have nothing o
4o for a kiving.

The ‘marginal man’

And that 3 the crux of the Indien sitnation today —
poassive unemployment and under-employment and
consequent grinding poverty among the bulk of our
population. Every second persen in Inaiz is poor. Mest

28

of them bglong to mural areas — even the urban poor
are ah overflow of rural poverty. The problem, therefore,
is essentially Tural. And *rumal Indiz is real India"™, as
Gandhi said, becauss 80% of our population lives in
villages. Haw imporiani the rurad seclor & o ladia,
even under the present degrading state of affairs, is
apparent from the fact that the farmers, constitating
70% of our popuiation, contribute almost 5% to our
natforal income through agricultural production. And
the pational incoms which stood zt Rs 13,300 crores
in 1960-61 almost guadrupled in a little over 2 decads
o Rs 49,300 crores in 1973-74. Yet, unemployment
hes been Tising, pockets of destitution proliferating,
misery muitiplylng — diminishing the very utility of man
as a useful belag on a massive scale.

The of this #inal man with dimin‘sh-
ing wiility has to be our prime concern. But this cannot
be achieved by the conventional growth process — for
the very soul of this process is rapid obsolescence of
buman skills, knowledge 2nd techniques leading to
redundancy of all but the highly skilled. The present
trend of increasing Lnemployment and under-employruent
gmong the masses is in fact the resuit of this very pheno-
menon, We will have, therefore, to adopt a radically
different h to develop and to
technologles primarily designed to meet humam neads
rather than to satisfy the forces of supply and demsnd
of the froe tosTiet; (o eohanos the wiility of man %o the
soelety he belongs 1o rather than to devaluate him through
fncreased depeéndence on the machine; fo elevate him
as an assst rather than to degrade him as a “reject’.
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yet save Rs 13,05 crores on capital cost, conserve Rs 60.90
crores of fareige exchange, and generate employment
for 130,750 rural poor (as against for only 1,000 urban
elites in a fertilizer complex); besides, while 2ach ferti-
lizer complex would consume approximately 0.1 million
Mwh of energy per year, the biogas plants would generate
energy, rather than coasume it, to the ture of 6.35 miliions
Mwh per year!

It is estimated ihoi the aggregate investment in
bullcck cart transportation in India is of the order of
Rs 3000 crores as against ks 2,500 crores in public
poods rozd trausport (automobile) and Rs 4,000 crores
in te railways. [t is thus the second biggest transport
sysien: in the country, providing direct or indirect em-
ployment to almost 20 million people — which, inciden-
tally, is the entire work-force in the organized sector.
According to an estimate, the 13 miilion bullock carts
operating in India today transpert as much as 2,250
miilion tonnes of farm: produce every year as against
oaly 220 million tonnes transported by the railways.

The significance of the bullack to fural India is thus
self-evident. It is at the very core of tha agriculture-
livestock-energy neaus that must be promoted to the
fullest extent. Here we will not only have to make appro-
priate technological inputs at the various levels of this
nexus ~— waste recycling, energy (fuel gos) generation and
utilization, festilizer production and application, plc. ghing
and other farm operations, different aspects of animal
drawn haalage, dairy farming, livestock improvement
etc — but also ensure their vigorous implemetiation as
part of our planning process. We must also ensure that
other developmental programs do mot have any dele-
tarious effect on this nexus.

Agriculturs is essentially the organized trapping of
sofar energy in crops and crop residues. This process can
be tzken 2 step further to create a forest economy based
on energy plantation and silvi-pastoral systerns to €nsure
regular supplies of fuelwood, timber, fodder, and other
forest materials of economic importance. Large scale
adoption of thess systems will not only bring cocsider~
able economic gains to the rural communities but also
bring home the message of ecological saniiy.

Direct conversion of solar vaergy and wind power
inte useful work cam 2o a long way toward bringing
about raral prosperity. Botl tzese sources of energy
are fregly and locaily available at the peint of use apd

de not suffer from the problem of pollution or other
limitations as do the conventional sources of commercial
energy. Development of low cost conversion devices
for harnessing these energies Is essential for the typs of
recycling society that we envisage for the rural areas.

Sumring ug

To sum up, the movement toward a new socio-
economic system and the strategies for achieving it must
be informed by the following realities:

% The existing economic medel with built-in inceatives
to obsolecence, waste, pollution, and environmental
d--troction is coming io aa end and is, therefore, not
worth imitating.

¥ The pro-growih technologies designed to satisfy the
requirements of the concept of ‘economy of scale” are
biased in favour of the rich and, therefore, lead to the
situation of ‘the rich becoming richer and the poor
pooret’ ~— a3 is amply clear from the sxperience of the
developing countries.

¥ The best escape-route from the impending disutopia,
being ushered in by the existing techno-economic model,
to a new socioconomic order in which man could
Live at peace with himself and in harmony with his en-
vironment, is through rural development based on
peoples-oriented technologies designed to epsure @ (i)
the development of man as a useful being; (i) conser-
vation of limited resources; (iii) greater ezonomic de-
pendence on renewable Tesources; (iv) recycling of all
wastes and byproducts, and {v} preservation and eprich-
ment of the environment.

Utopias ore never achieved. Fer they define a goal,
2 conceptual design of a preferred futnre, that may change
with a shift in the human value system, But the utopian
goal does help us chart out strategies to avoid at least
some of the mose obvious dengers and pitfalls of existing
systéms. The moveraent toward a Raral Utopis, too,
represents one such design.

India is perhaps much better placed than other
comntries of the world te make a breakthrough on the
rural front. Qur nationz! ethos combined with the visions
of men like Gandhi and Nebru and the dynamism of
the informed lsadership at the helm of aflairs today
615 us apart among the comity of nations for this rele.




of the Registrar-General) that to ensure mii. . um desii-
able nutritional standards for all, the country will need
to produce 210 million tonaes of foodgrains --an
inerease of 100 million tonnes in 25 years, Given the
structural charagcteristics mentioned above and the
inevitable resource constraints, this seems most difficult
to achieve. This means one of two things @ We -ust
either import large quancities of food and sustender
our aim cf self-sufficiency in food, which we consicer

ay, for a.large number of people, mean a step
starvation. .

ere are serious limits to the population thai
one can sustain, Géven the fact that thers is
of any significanl progress on providing
Ta) employment in rural areas, this means
a further growih in rural unemployment
re sharpening of under-employmert (which
wer than 100 man-days per year [or a vast
zople), and a big boost to outward migration

majority of wd mostly metropolitan areas. Given the

to urban a ff industrialization and the relative paucity
slow pace  gijresources, the urban arcas are unlikely to be
of investibl ide employment to the growing velume of
atle w pr and what we will get is the phenomenon
- migrant verty and unemployment producing still
of rural ety and  umemployment in the urban
greater | Itageously — given the dominznt life-style
areas. Sit ~consumption elite and the middle class
of the b 59 sct the normns for rest of the population —
strata whi i inequality and socizl injustice will prow
the degre and urban areas, perhaps more conspi-
in beth r. latter. .
criously 1o Je, standards of health are likely to decline
Meanw tweded expansion in-health services will
further 35 1 reach, aud in any case the large majority
be bevond ¢ Ezements will be both i ible to. public

adopted, which has produced and will continue to p.o-
duce mass poverty and ineguily co-existing with high
afffuence and waste. 1t is necessary to provide an alfrer-
native path of devefoprment which produces minimum
conditions for the rural masses, stops {or at least keeps
within limits) the influx into urban argas, and gives
rise {6 an integral approach to both rural and urban
development, each sector supporting the other (instead
of the present parasitic relationship) and both becoming
patt of a common centinuum of human settiements
and productive refationships that bave one single focus :
the well-being and dignity of all individuals irrespeciive
of location or class.

Central to this shift from & negative to a positive
scenario wm the following three major aspects of develop-
ment strategy and an optimal inter-relationship between
them :

1. Life styles : While retaining 2 goed deal of
diversity of cultural and individual kind, there is need
to have a consensus on such matters as dssirable and
undesirable consumption standards, wse and distribation
of resources for pratification of needs, and nerms of
minima and maxima in income and wealth.

2. Organization of space : There is need to move
away from present comeepts of ‘rural’ and ‘wban’ as
separate entities and o think of them as a continuing
structure of city, town and countryside, of agriculture
and indostry, of hinterland and metropolis. Indis has
unigqué oppartunity of developing a social continwm
in which, while the romantic utopian dream of village
self-sufficiency may be left behind — far. which there-
should be no regret as it has very many negative features—
we may also be ablz to avoid the scenario of uge metro-
poles draining the resources of the countryside in a
parasitic manner, The scepario hest suited to us—
and 1o civilized life — is one in which the esuntry is
studded by z few thousand localities (regions), each
clustering around a medium-size town, shariog inits

subject to a breakdowa of sapitation
that normally go with over-

verty and unemployment,

jes life chances to the
ecant only pro-
ewing incidence
duce 4 climate of cxtreme tension,
of ¢ri.ne, and not a little public violence
duwtt only by growing repression by the
paramilitary arms of governnient, This is & sce.
only extreme misery, inequity and injustice,

the present moment, but it is guite lkely, in
avoidable, on present reckoning.

‘The main issues
If such a scenario is to be avoided it is 1A
reconsider the whole model of developmer

and its econpmy i a relatively egalitarian
manner, iz which all strata of sosiety gain from the
benefits of modernity bui avoid the ills of post-modern
consumer  societigs, that are prisopers of highly
concentrated production complexes.

w X Production system and rechrology © Such z struc-
turing of space will need to be supported by a corres-
pooding continuum  of productive orientations and
technolapy relevant 1o ¢ach of them. The strategy that
we shall have to evolve will nged to be integral to the
development of the couniry as a whole —in which
both production and administration are decentralized
to medium-size towns and their rural hinterlands;
city growth rates are arrested from becoming grotesque;
employment opportanities in agricultare (which have
some matural limits) are supplemented by employment
in small and widely diffused industries; edycationad
institutions are located close to where the jobs are and
restructured from the present emphasis on widsly scat-
tered training institutions based on short duration c.urses
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for middle range technicians; and the economy derives
its strength from the purchasicg power of great numbers
of people and not from expansion of middle ciass son-
samer industrizs and their ‘expori oientation”. Implicd
in such s restructoring of mral-urban and agricultvral-
industrial velations is @ new techno-economic model
for our society which will enabie us to reach the goals
sgt out In the Directive Principics of our Constitution.
Rual devetopment tust be conceived 8s pact and parcel
of this model as 2 whole. a model in which we talk less
of rural development in our usual segmental fashion
and more of development of individuals and communi-
ties - - alf of them irrespective of distinctions of lacale
or class. It is only in this overall context that ‘rural
development’ will make sense.

Scenarfo for ihe fotare

1t is from an optimal inter-relaticnship of the above
three paramerers that our design for the future emerges.
It has to be a cumprehensive design of which rural
development becomes an integral and crucial part. The
essential components of such a design ate as follow :

1. Principal focus : The prime coneern of ecanomic
policy for = just social order cught to be to generate
employment that is able to absorb at least the new addi-
tions to the adult populatior, end where there is a subs-
tantial backlog of unemployment and under-employment,
fo ghsorb that as well. Fhe irajor source of injustice
today is to be found not so much ina condition of general
scarzity as in the fact of diminishing marginal utility of
man 75 such, in that millions of people tad themselves
idle end useless, often in their very prime of youth.

2. Agricultral fransformaticn : The major Impetus
for such employment will have to come from & trans-
formalicn of the egricultural sector, converting it from
an area of stagnation to a catalyst of growth. This can
be achieved, first and primanly by introducing and
rapidly implementing new agricyltural techoology on 2
wide enough basis, The new technology does seem to us
to have provided a Tnajor breakthrough in our aim of
achicving salf-sufficiency as well as in raising the status
of agriculture in natiezal priorities. However, there is
need te adopt these practices with conscious care and
try to adapt them to fulfil social goals. They must subs-
tantially raise employment and incomes of the poer,
not just apsesate cutput. This, in turn, calis for the
other package of measurcs kmown as land reforms,
so that the benefits of the so-called gresn revolution
are widely dispersed instead of being pre-cmpted by well-
to.do farmers, 3¢ has occurred in 50 many woumtries,
so that the rural secio-econcrmic structure becomes nore
egalitacian and the available land is =ble to provide
employment and minimum income to millions of more
families than is the ¢ase at present.

3. Rural industrialization : 1t i safe to prediet that
the sum total of reforms involved in the new agricultural
technology and redistributive legislation will not be
enough to sustain a growing population on land, Studies
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on nanpower absorption by different sectors of the
economy show eenclusively that, except in few places
with very low density and large surpluses of land, there
comes a stage when agricultars begins toabsorb a diminish-
ing proportion af the rising population. This critical stage
will be reached in our country between 1980 and 1963,
It does not follow from this, however, that those not
engaged in agriculture should rake off to the cities for
jobs in modern industries, for the latter are not as great
employets of men as they are of machines; and, in any
case, the investment needed to generate the needed
employment through modern industry is of a scale that
we just caunot afford — except by large-scale import
of foreign capital, wiich is neither feasible nor desirable.

If we comsider various other trends in resource use,
congestion, breakdown of city life, and growth of crime
and violence, it is necessary to restrain iarge-scale migra-
tion to the cities. There is necd, therefore, to provide
non-farm employment in the rural and semi-rural areas.
This can be done, first. through massive public works
programs for constructing durable community assets
(roads, canals, wells, and other infrastructural facilities
for rural development) for which there i5 great scape in
our miltions of villages and tribal settlements, Emplay-
ment in these public works can take on a fole quite differ-
ent from short-term relief operations; they can become
2 basis for long-term investment and reduction of costs
in such sphercs as wazier mse, land consolidation, and
matketing of farm output, in turn generating more
produgtivity, employmeat, and incomes. A large part of
these activities can be supported from increased food
output, thus also restrzining infationary tendencics,
Improvements In agriculture car glso be used as a stin
noims 1o a whele Yine of processing and refinidg indus-
tries in rural areas.

Segondly, such a combination of increased farm
output and increased employment on land and public
works should provide the basis, through its stimulatien
of demand for consumer necessities, for the growth of
small towns closs to rural aras where medium and
smiall-scale industries can be locaied. The usual haphazard
pr=*h of towns and ities that takes place in absence of
conscious policy renders them essentially parasitic spots
where middlemen bring the flashy output of industrics
from targe cities (and imports from foreign lands which,
of course, continy; to tantalize men and women in our
conntry) and tempt villagers into buying them &t exorbi-
tant prices, Fhis shoukl give place to a conscious poliey
of decentralized industrial development and location 50
that urbap growth becomes complementary to rural
development and confributes further to the . growth
of employment and incomes of poores strafa. The chief
casealty of the colonial period was 4 whole range of
rural and semi-rural industries ang a number of nob-
agricultural occupations that gave livelihood to large
sections of the people — and which in fact made for a
society that was far less unequal and unjust than is the
case now. It may not be possible to revive the whole
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B Rual industries meri an important place
in the economic development of our country in
view of their capacity to creale employment
apportunity in rural areas at a low capial cost.
The Department of Science & Technology (Gov-
erument of India} has, thetrefor. docided that
plans for anprovements in technology {hitherto
largely conditionsd by the needs of the {arge-scale
sector) should . be incrersingly turmed towards
the rural sector.

Traditiona! village industrics declined due to
stagnant tchnology in comparison with that of
ine organized sector. Their products were, there-
fore, found inferior in quelity and costlier, Hence,
the imperative necd to improve their level of tech-
nology and to make them economically viable.
The leeway to be made np could be gauged from
the fact that the entire expenditure on research
on khadi and village industries in the past 20 years
(from the commencement of the First Five Year
Plan: to the end of the Fourth Plan) was less than
Rs 15 million, whereas the value of production
of goods of these industries in one year alone
{1973-74) was of the order of Rs 1,500 million.

The projects identified ¢n cotton khadi are
typical of ine other materials as well. For obtaining
vnifurm iaps from pressed cotton bales, a pre-
opener with a lap former is to be designed. To

Rural development programs

eliminate neps and short fibres, suitable carding
machings are to be developed. The fly frames and
draw frames are to be improved o caler to in-
creased capacilies. On thz weaving side, arrange-
meats are to be designed to stop well automatically
when there is any break in tas weft yam ia the
semi-automatic looms.

Another important profect identified concm.ns
improvement in the performance of tne Lidian
heney bee Inview of its wtility in incre.sing crop
yield through cross pollination. This project
assumes importance from the point of view of
increasing agricultural productivity.

Cow dung which is a valuable manure, is now
being used as fuel in our wvillnges. Projects on
gobar pas have been identified which would
atilize both the fuet and manure components of
the cow-durg. The materials of construction for
the gas plants at present are beyond the reach of
the ordinary villager. Devising cheaper materials
of constructior: is to be investigated. There is also
an All India Coordinated Project on biogas tech-
notogy and utilizatior aimed at giving maor
thrust to bio-gas technology by improving and
evolving econmomiczl designs of bin-gas plants,
demestic and industrial burners, insulation tech-
nigues, etc. In che contest of the presznt energy
crisis and the acute shortage of inorganic fertilizers,

specirurs of these occupations, bat it is possible and
necessary tc provide a new basis for fulfilling the same
econemic unctions, nemely, making awailable jobs
other thaa farming. Encouragement of self-employed
arti ans, cultivation ~f foer arts and crafts in line with
vur nck and compiex traditions, and growih of new
and sruili-scaie o ustries to manufacture goods needed
oy the ezt - 2opie can provide the basis for this regenera-
ting,

4. Social cortinum : Socially, the above policies
mean that the present duslity of city and countryside
must give place 10 a coniinuum in which the agricultural
revelation (and Hts weceary concomitants i livestock
and horticulturs] development} regenerates the villages.
smali-scale and medium industdes ate located in the
towns, and Jarge-scale industrics that necessitate heavy
inputs of capital and high technical sfficency are located
in the cities. And as such, 2 fusion between industry and
agriculture will take place, and further intermediate
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life and producing a composite, integratea cuiture.

Our preferred world should not be one made of
millions of self-contained villages but, rather, one of
thousands of small nucleating towns towards which the
rural | adscape gravitates, thus doing away with both the
present duality of metropelitan and rural cuitures, limit-
ing the large size and concentrated location to just the
ing. 'tries that cannet do without them, while at the
samy time enlarging the size and horizon of rural
com munites, and providing them with the necessary
in.castructure of welfare and communication facilities,
Such a spatial structure — supported by 2 decentralized
stucture of community decision-making as argued
below — would provide the accessary framework for the
techr~-econonic allergative to the present duatist model
of ¢, versus countryside.

5. Policy en educatios, . Tt is not simn'e hw -(ltering
the economic basis of fural ur'an telatdonships that
& more just social order will be created. We also need to
alter the cultural under-pinnings of the ~rsent patterns
of i and di: i
of znd dispa

sharp duality of life styles and living standards found in

An important asmect of

An t agpect o
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this project has assumed added significance.

Anuther project aims at increasing the atili-
zation of non-edible cil seeds by removing some
of the technical difficultics in its efficient proces-
sing and standardizing the process of eatraction
of non-¢dible oils, These can substitute the edible
oils ysed in soaps, thus releasing them for human
consamption.

The Environment Resezrch Committee (ERC)
of the DST has accorded its approval to a major
study on integrated rural development. The frst
such study is being undertaken in Shahdol district
of Madhya Pradesh.

This study is to be conucted by a team of
voluntary young workers uncer the guidancs of
the Environmental Enginter i Deparhinent of the
Indian Institute of Teul: .gey, Eupur. The
major objective of the team would be to stady
the various developriental aspects of district
Shahdol. One end-tesult of the proposed study
would be the formul “tion of an integrated Jevelop-
ment plan that will benefit and organize the
poorest stotions o the community in the district.

The DST has formulated 2 number of other
projects on rural development. These include
support to two research studfes : (i) a survey of
rural domestic energy consumption in the northern

- regions, comprising Punfab, Haryana, Rajasthan,
Uttar Pradesh, Himachal Pradesh, Jammu and

Kashmir, to de’zrmine the changes in the pattern
of domestic e-ergy con: ion in housszholds
and to examine the possib s of meetiag rora;
domestic energy needs lorally through fireweod
and gobar gas plants; and (i) a study of village
agricultural ecosystem to understand how agri-
cultural ecosystems respond to purturbations in
the environment, and how the character of this
response s affected by various technological
innovations fn agricultural, and to dewelop such
innovations as could contribute m its stability.

The DST Is alsc supporting a project on the
impravement in the design of the bullock-cart.
And there is an All India Coordinated Project on
algae technology--a multi institutional, time bonad,
result-oriented program aimed at stedying the use
of algae as a protein food for man and animal,
and also as a sourcg of fertilizer.

The DST is also making efforts to work out &
collaborative program for improving the living
conditions of women folk in rural areas through
the upplcation of scfence and technology in their
day to day work.

Te study and to help resolve the wehnological
problems of the village industries, a central labora-
tory with all modern facilities is necessary. T¢ has,
therefore, been snggested that the existing labora-
tory at Wardha should be upgraded and fully
equipped for this purpose.

most poor countries is the nature of the educaiional
system whose aim continues to be to produce celonial-
type gentlemen, disoriented from large society and
constituting a class apart.

In most ex-colonial countrigs, formal education was
initially meant to produge an efite, mainty te §ill th
ranks of bureaucracy, law-and-order blisk t,

to relate bimself to the outside world; and his sepse of
political efficecy, self confidence, and dignity. In contrast,
an undiscriminafing oxpansion of higher education
beyond the absorptive capacity of rhe economy produces
an atienated class that is unable to relats meaningfutly
to the test of society, rapidly inhabits various levels of

and technical positions in public administration and
private enterprize, This orientation still persists in spite
of the achievement of independence and the political
«lite’s commitment to democratic and socialistic ideals.
Education, far more than property or income, is the
basis of privilege in our society.

Meanwhile, majority of the population continues to
be illiterate and unskilled while the racks of the highly
educated in the urban areas keep swelling, Studies in
this area suggest that whereas expansion of literacy
and primary education produces very rich end rapid
dividends, after & peint higher education turns out to be
a huge waste. Acquisition of a minimum educational
level greatly raises a person's skills and capacity to enter
the amplo;. inent market; his sense of potency and abitity
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ihe bup making it increasingly inefficient and
insensitive to the needs of the people, and, with growing
unemployment in its ranks, loses self-respect end be-
COMES SERTEssive,

‘This polarization between, on the one hand, a large
mass of illiterate and totally unskilled and Aence un-
employed people and, on the other, a class of people
who are over-ecucated and hence also unemployed, is a
nature] culmination of the hiatus between the elite and
the people — and between parasitic cities 2nd 8 depressed
countryside — discussed  earlier, We must alter this
conditen by a majer allocation of resources to mass
litetacy, primary education, and adult education pro-
grams, by giving special attention to economically
weak and socially handicapped strata whose major
avenue of mohilitv seems to be education, and by a
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reorientation of the job market so that employment o a
large spectrum of non-technicai jobs is available to those
without college degrees, thus deflating the impertance
of higher cducation and minimizing the disparities that
Tesult from insigtence on degress.

1t is necessary to strongly cmphasize the importance
of widespread litcracy in generating massive social and
cconomic transformation. Poverty, more than Anything
else, is cultural condition, and if’ prverty breeds poverty
and perpetuates itself, it is because it is tocated in a
cultural milies — of ignorance, distance, segregation,
and a very ‘ow seif-imaze of the poetr whe suffer,
exploitation. without protest. This situation cannot be
changed gxeept by a basic cuitural attack, the primary
precondition for which is liweracy and minimum edu-
cation. This point cannot be overemphasized.

Finally, higher education itself needs tc be reoriented,
by restricting university education to what s logical
role is, namely, to provide basic grounding in main
sources of sheoretivai knowledge, and to develop a vast
network of furctional education lacated in the vicinity of
institutions and enterprizes where knowledge s to be
used. Except for a few advanced courses for specialists,
these should impart intermediate skills throngh short-
duration progeams, for use in tural and semi-urban
areas where the real work is. Oniy thus can the present
spectacle of the highly educated queleing up for jobs
in the cities while the villages are starved of technical
manpower be brought to an end. Several commentators
appear to dismiss higher education (2nd institutionalized
education generafly) as largely unneoessary. We do not
share this view. There is urgent need for a very large
number of doctors, enginesrs, geologists, architects,
desi I even ists and sociologists.
What is at faylt i not their availability but their place-
ment and location. Most of them are uawilling ¢ go
where the real jobs are, the institutions where they learn
are unwilling to train them for wse in local conditions,
and the leadership is unwilling to tell them candidly
about their caities and responsibilitics. There is need
1o look upon education as a political process, attainment
of degrees cor diplomas as a sociai good that mmust be
capable of being socially used, and the relationship
beiween educational cutput and available work as part
of a conscious plan of development. Higher ¢ducation,
instead of becoming an instrument of class privileges
and exploitation and a sonrce of disparities, must be
made an integrator of human resources and needs.

There is also need tu undertake a major review of
the whole institutional approach that has aczompznied
the modern view of education — classroom-based,
bookisk, graced, and located in large campuses in latge
cities. This approach needs tu he replaced by a closer
relationship betwsen education and work — including
inteilectuial work where ion is sought for scientific
and literary pursvits—and by bridzing the gap that
divides the location of oae from that of the other, City-
based education must be largely for city folk. For others,
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schoofs and other institutions must go where the people
arc. mot 1he other way around, Unkss these aspects of
the educational scene arc apptonched with some per-
spective on the changing social reality, it is diffienlt to
see how the deep cultural barriers that divide different
classes and accentuate economic disparities can be over-
come. Educalion can be made 1o bridge or accentuate
these gaps. The need is to move from the latter origata-
tion 1o the former.,

There is need to give special attention to the edu-
cation of women. [p our country, as in most parts of
the develoging world, women are less educated than men
and within the depressed social strata and ethnie minorities
the gap is even more prencunced. Meanwhile, daughters
of the rich are Aocking to the universitics and some of
them are leading women's tib movements (aping their
counterpans in affiuent conntries), which in our country
means liberation of the privileged, These gaps in esdu-
cation. Lmang women and hetween them and men arc
an important source of the persisting duality of cultures,
economic levels, and consumption standards, the latter
more often than not being a direct function of the peren-
nizl shopping to which the educated women are s¢
addicted. These differences also account for the wids
divergences in the way children of the rich and the poor
are brought wp, thus perpetuating sharp dispacities for
generations to come.

1Lack of cducation of women is an important cause of
the exploitation of women which is a marked chatac-
teristic of our sogicty. The main basis of this ezploitation
is economic and it is found at its worst in the lower
classes and smong the scheduled castes — wives and
Jdaughters working outdoors from dawn to dusk  while
their menfolk indalge in drinking, gambling znd wife- .
beating. The only way of breaking out of this *culture
of poverty' is education for all — but most of all for
women, As a matter of secial poiicy, there is need to pay
special attention to raising the educational levels of
woinen and mothers from poor, under-privileged, and
conservative strata of sociely 1o spin off a major process
of social reconstruction.

8. FEthic of consumption : Even more fundamental
than the geps in the Literary culture are the gaps in the
matetial culfure that divide the urbanized upper and
middle classes from the people. Perhap the most im-
portant and glaring contrast of today is caused by the
extraordinary comsumption levels and marerial posses-
sioos of richer and high-status groups, following almost
in tore the standards set by high-consumption socicties.
Fhe lust for things and for mere and mors things has
become so myopic that it has given rise to all kinds of
poethical practices, chief among these being a large
incidence of corruption among public officials and 2
thriving black money economy thar is sustained by the
availability of a large array of consumer goods.

Apart from the vulgarity of such ostentatious living
in a soclety characterized by massive poverty and mal-
nutrition and apart from the creeping corruption to which
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it gives rise, such standards of consumption also under-
ming the whole fabric of economic policy, IT 3 massive
program of employment and social welfare is to be
gsoerated, a high rate of savings and capital gecumu-
lation will be necessary. This impliss a high rate of
savings among those with larme incomes besides restraings
on salary and wage increases among the employed, in-
cluding the working class, so that resources can be
transferred 1o employing the unemployed {in a poor
country to be employed is itself a privilege) and raising
income levels of the poorly employed and the under.
employed. There is also need fo encourage vojuntary
savitlgs among the working class, farmers, and lower-
middle classes who have already reached an income
levei that provides for basic consumption needs. Al the
same time, the consumption of the reaily poor sections
must be raised substantially both for increasing produg-
Live eficiency and for equity.

There i nead for an erbic af consumprion that dis-
courages ostentatious living. cuts down production and
consumption of noi-gssential itoms, and shifts production
priorities toward fulfilling the needs of the poor. It is,
of course, mecessary lo encourage saving among the
peasantry, the lower-riddle classes and even the labour-
ing clusses, as mentioned zhove. But this will be an
impossible task unless the pace-setters of socioly them
selves adopt a consumption ethic that encourages ausierity
and reduces the gap in material cultore Betwesn the
different classes. Gandhi put his finger on the most
orucial dimensiun of moving toward a just social order
whez ke called for a Mmiririon of wants and warned his
countrymen against falling prey to an industrial machine
that not only reduces a majority of men inio labouring
slaves but also dictates what and how men should eat,
dress, sing, and dance. Today his insights are even more
reievant than when be lived. If there is to be an end to
exploitation and inequity in opr society, the present
norm of & high-consumption ethic must give place to
one that, on the one hand meets the mininum needs of
all men and, on the other, limits the neediess expansion
of wants that have no relationship with the basic requaire-
ments of body and mind.

7. Nature of production : Built into such an ethic
of consurption is also an ethic of production that is
critical to the achievement of justice in saciety, An
economic ethic that seeks to meet the consumption
needs of all while limiting the flow of inessential commo-
dities involves & simultaneons increase in the incomes
of the poor and the output of goods that they will nesd
@ buy with those incomes. This means that, instead
of conceiving production and consumption as two
separate activities, ome aims at an economic system
that {to repeat Gandhi) not only produces for the mass
of the people but one in which the mass of the people
are afso the producers

Like all visions, perhaps this, tos, is an ideal fype.
All that one can hope to initiate f5 a movement towargd
such a state. In practical terms this calls for a location
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policy that, while permitting large-scale  organization
where jt is umavoidable, will encourage the growth af
small-scale, labour-intemsive, decentralized pattern of
industrial deévelopment, A ¢ombination of such & pro-
duction system and the consumption ethic outlined
above will lead to a climate in which propress toward
dispersal and decentralization of cconomic power be-
comes possible. As this happens, the orieptation to
social justice will become less technocratic and more
political, and thus capable of initiatives from, below.
8. Minima and maxima : The zbove analysis pro-
vides the elements of an alternative model. The objective
of development, according to us, should be to achieve
minimum conditions of material welfure for all the
people, the mitimg being defined according to loca)
conditions and norms, bt formulated 1o Provide at least
a package of minimumn tems of human pecessities —
like food, clothing, shelier, nutritional needs of children
and mothers, and sociaily approved minima of health,
education, drinkizg water, and public zransportation
for all, The carent 2o which these minitna shouid be
translated into personal or family incomes or be combined
with social welfate and social security programs of the
government will depend on lotal conditions and nature
of the futore political system. But it shonld not be difti-
call for any systtm to work out a minimum-income
policy as a basic component of developmenta! planning,
A policy of minima entails of maxima. Indeed, with.
out the latter the former is, in practice, imposslble to
realize in reasonable time. Also, beyond & certain paint,
incomes ought mot to be allowed to grow por human
wants artificially stimulated by aggressive selesmanship
of modern industry or the demenstration effects from
rich capitalist countries. There are two reasons for this
limyitztion, ons elative and the orber absolte. No ong
has the right 10 amass more and more income and
riches whea large sections of the population live below
subsistence standards. Also, it i morally undesifable
1 go beyond a certain ievel of fulfilmens of human
needs. For az unlimited gratification of wants feads to
individual decay and social disharmony, urmecessery
destruction of natura! resources, fouling of the human
environment, and hence bartering away of health and
hapoiness of futur generatons for present pleasures
aid fust of a few. Hence the emphasis on ‘limitation of
wants’ 4s & necessary principle of our preferred world.
9. Issue of participation : Tmplicit in our preferred
model for social and economic justice are also a number
of other issues. The norms of minima and maxima are
not Mere economic formulations; they are part of a
certain coaception of a good and desirable fife. Nat
only should an individual be entitled to a minjmum
Ievel of living; he should alsp be able 1o participate
actively — but not forced 1o do sn — in the way things
are produced or decisions made. It is not just a minimug
wage that one thinks of hers, in some kind of contractual
relationship, alicnated from the work process and the
total scheme of ownership, production, and distribution
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of the means of livelihood; rather, one thinks of an
apparatus that man himself controls, finds meaningful,
and devives a sense of personal power and significance
from. Furthermore, 1o the extent that economic activity
is macaged and mediated by political and administrative
agancizs, the whale problem of effective participation
in decision-rmaking, a1 the desirable level and in opti-
mum anits, becomes réal. Without such participation,
economic aims may indeed be difficult to achicve,

similarly, we may alse question the norras of cen-
tralized government, larye-sized states, and big bureau-
cracies as NECESSATy insITUMEnts of national integration
and pofitical aecountability and as we questien thesc,
we may begin (0 answer with greater clirity the problems
raised abeut local aytonomy, about decentralization
of functions, poOwers, reSOUICES, and talentts, and about
oplimum size for genuine participation af the people.
Perhaps there is sceaething to be gained in the very
short run from large-scale enterprizes, modern com-
munication media, and centralization of planned initi-
ative, zlthough the real issue here is loss of scale than
of control. But it is alse necessary 0ot to close all options
for the penesations to come concersing the quality of life
they would like ko have. As the PIDspesss of the futare
are vitally affected by what is dong in the present — it
is no longer possible o think in terms of just a few
months or even a few years ahead —it is a matter of
considerable responsibility that these wvaripus <comse-
guences of present actions are borne in mind.

Our model of 2 participatory system is not concsived
in terms of simple political reforms. Rathst, it is expiessed
in a number of sectors — concerning egonomic organi-
zation and its governance, naturgé af education, location
of work and enterprize, choies of technology, size of units
{economic, political, demographic, communications),

and the nature of work. Participation {s not some procéss
of involving everyone and reducing a!1 to a common
denominator. Kather, it consists in evolving instituticaal
structures from which the masses of Tndio g2t a senge of
dignity and self-respect, as beings able to determine their
own destinies. (Poverty and inequality are themselves -
fections ot just of prevailiog relations of production but
rather of structures and values that deny dignity to man).

It would be [oily, however, to look upon such a
perspective as in any way smooth sailing on some néat
path. Nothing is more difficult to redlize than chanpss
in the social fremework of palitics — except for he
worse. Every step on such & path needs to be fought
for, by orgarizing for & and buildi sustaived p
from below in the form of social and intellectual move-
ments. And it Is, of course, clear that these will need to
be conceived and carvied out in not ore but many spheres,
at not one but many levels. But we ate fitmly cenvinesd
that it is only on the basis of a clear acceptance of a
decentralized and bighly participant democratic structore
that sociat justice can be realized.

These, then, ate the issues that arise when specific
problems  of economic strategy, political structure,
educational poficy and the reconstructior of the human
space are considered from the integrated perspective
provided by a set of values and the criteria that follow
from it. Involved in such an approach is what may be
called a design for living in which Teason, compassion,
and a regard for equal worth of all men are joined in
the cultivation of a truly civilized life. And as we do this,
the distinctions between sconomic and political issnues
disappear and we begin f0 see the real linkages that
undertie 2ny effort to produce a better world, Our con-
ception of altergative strategies eotails such 2 compre-
hensive perspective on the Tuture.
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B The division of society into Classess and Masses has
come down the ages. The sxclusive elites have constituted
fke nobility. And the strupgiing, interacting, multitude
has always formed the base on which mational prosperity
was built up.

This division into 1he noble and the base, the class
and the mass, may be found even in the world of seience.
Certain elements are esteemed as noble. Most others
arg termed base. The noble metals like gold, silyer and
platinum are characterized by their comparatfve in-
activity. So are the noble pases like befiom and ogon,
Their partigipation in pormal interactions is marginal.
Metals other than the noble, or precious, are called base
metals. They participate extensively in the day-io-day
p going on endlessly in nature's chemical cauldron.
They form the vast mass of elements. “Their -interaction
is at times ¢atalyzed by the presence, in relatively small
amonnts, of the noble metals.

Who constitufe the ‘ptasses’?

The term ‘masses’ &5 thus used o a somewhat dero-
gatory sense. Lack of ipdividuality in a mass often leads
to refnsal to recognize its very exisience. The ruling class
consists geperally of men and women who bave distings
wished themselves in some way or other, The ruled form
the dumb masses. The representative of the masses in

. India is Daridra Narayan— tne -two-in-one symbol of

poverty and goodness. Mahatma Gandhi created this
prototype Indian fong before Tndependence.

The majority of indians are poor. They, form the
masses. They form the basic strength of the nation.
Let us the broad <t istics of the masses
in Tndia, of which Shri Daridra Narapem is an iliustrious
Tepresentative.
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Dethi

Rural India, where three-fourths of the population
fives, may be taken as more traly represeqtative of the
rmasses than any other segment of our population. Mora
than half the male population and ope-cighth the femalo
population in Tural India was classed as workers in 1971,
This did not include the millions engaged in domestic
work. Eighty to ninety percent of the male and femaie
workers were engaged in agriculture. Seven mes out of
ten and four women out of ten engaged in agriculture
were cultivators; the rest were agricultural labourers.

Two-thirds of the men and nine-tenths of the women
culiivators in rural Tndia were ilFiterate. In actual terms,
out of 76 miltion cultivators in rural India over 50 sillions
were illiterate in 197i. Not even 2 percent were roatri-
culates. Only one in a dozep had passed the middie
schoot level, Asong 43 million agriculiaral labowrers
in ruraf Indis, 80% of the men and 952 of the women
were illiterate.

Househod indusizies come pext to agriculmure in
terme of workers in productive endeavours in the rural
areas. Here again, 55% of the wen end 95% of the
women were iterate. Out of 3.5 million men raported
40 have been engaged in household industries in 1971,
only one in. 60 was a matriculate. ot even one in &
dozen had passed the wmiddle level. Out of 2 million
women in househald indesiries only one in 500 was &
matriculate, and one in 50 had passed the middle school.

apart from agriculture and houscheld industries,
which are the areas of largest individual endeavous,
shout a tenth of the workers, both male and female,
in the Tural areas are in the Services, Trade and Com-
merce, and Manufacturing. These are the better organized
areas, where the Classes are in command. The literacy
of workers, both mate and fernafe, in these areas is gon-
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come next to agticulture in terms of workers engazed
in productive endeavours in the rural areas. Many
products of ouf cotlage industries have demaods in
intecnational markets. The extent to which traditional
practices have been bettered by the introduction of new
toals, techmiques, and niterizls made available by
modern technotogy Is far from being satisfactory. The
fndustrial Revolution in the West was initiated through
organized efforts at increasing the quantum and quality
of produttion of traditional craftsmen. Aoy ravalution
in the preductive application of science and technology
pased on mass participation can take place only through
deliberate upgiading of technological competence of
technicians and skilled workers at ait levels. The tech

nological revolution of Japan was the result, not of any
spectacular discoveries or inventions, but of the contri-
butions made by a multitude of craftsmen, each one of
of them making some marginal improvement in the
item he was cocerned swith. The same is true of China,
where innovation was promoted at the grass-root levei
as part of a co-ordinated national endeavoar.

Upgrading traditional skills

In India, our talented scientists are yet {0 reuct crea-
tively with the tools and teckeiques of our crafsmen .
This aspect deserves special emphasis: As Prieg Minister
Indira Gundhi said on the aoczsion of the presentation
of {he prestigious Bhatnagar awards of the CSIR, “We
should make A conscions effort to develop processes
more suited to out local conditions and which could be
easily adopted even by artisans and craftsmen”,

The possibilities of development even in a iraditional
industry are immense, Let us take the iaather industry
as an example. Here is a case of two million people,
traditionally engaged in the so called untonchable trade,
with age-long experience and rich skills on their finger
tips, working mostly in a cotlage and small scale industry.
One way of premoting the industry is to close dowa
the uneconomic units and set up modern, organized,
Ieather and footwear factories. But this would mean
uprooting of (he engaged labour force. Another, more
rational way would be to eurich the skiils of the tradi-
tional workers and improve their living and working
conditions by bringing wiewet 10 thelr doarsteps, sed
this help them to produce quality leathers and leather
goods to meet the demands of both national and inter-
national markets. This approach would lead not omly
to wider industrial growth and larger export earnings
but also to speedier social development : it would cnsure
better utilizarion of not omly national Tesources bul
hurman resousces as well. The least that science coutd
do for this industry was to Temove the bad odour asso-
ciated with it, and shersby the stigma attached to its

workers, This is what the Centrat Leatker Research .

Tnstityte, Madras has attempied to do.

India contributes 8% of the world trade in mica
and enjoys a virtuat monopoly in meeting wortd demand,
yet mica continues to sufier a buyers’ market because
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it has remained a traditionul item and has not becoms
a technological product. The expoct of some of our
potential resources at throw away prices may be reminis-
cent of the distress satz of bables by impoverished vil-
lagers in times of famine. The possibilities of imaginative
technological innovations in the use of ea, jute, coir,
lac and other natural products exported in large quanti-
ties are yet to be properly exploited.

Indigenous expertize available in abundance in certain
fields has alse to be properly geared to meet the modern
needs, A variety of processed foods, preserves, and
pickles have been traditionally prepared, which can
tickle the taste-buds of the most Jastidious gourmet
or provide wholesome sustenance (o the undernourished.
But they could not hecore viable indusiries in the
absence of & thiiving packaging industcy.

We have yet to make properly documented studies
on our traditional skills and practices and systermatically
explore the possibilities of both learning from them and
contrituting 0 them, in order to evolve appropriate
technology for the masses, Take, for example, the tech-
rology of building materials, machines, and ethoas,
utilizing local resources and skills, both for the hills
and the plains, in difiersnt regions and under various
climatic conditions of India. An exerise of collection,
collation and analysis of the vast information on tradi-
tional building technology of India could be extremely
useful, and this is what the CSIR has recently under-
taken as the first step towards upgrading our traditional
building skills.

The almost total disregard of our traditiona! acts
and crafts, and of the technology for the masses in
our educationz] systems @ay be judged from the in-
ability of most ef us to name even three o7 four common
tooly of the cobller or the mason.

A multi-Taceted approzch

The grest challenge facing us today is that of har-
nessing the potemiial of sciemee nnd technolosy for
optimum ufilization of all our natural assets — humas,
animal and physical — for the amelioration of poverty.
What is cater] for, according to the paper on “Stratexy
of I d Rural D ", p d to Paslia-
ment by the Finance Minister along with the annual
budget, is “a systematic, scientific and integrated use of
all our natural resources enabling every person to engags
himself in 2 productive and socially useful occupation,
and eam an income that would meet at least the basic
minimum needs™,

A systematic attempt At tapping -afl Tocally avai-
lable miceral, forest, water and other resourses
hased om the integrated inventory is the need of the
hour. A riew orientation to our industrial policy in line
with the Gandhian philosophy of production by the
masses is also called for, wherein scale-down — instead
of scale-up — of lechnologies becomes the heart of our
plansing process, For example mini-paper plants and
mini-urea plants are now proved to be economical.
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GLIMPSES OF
KARIMNAGRR

A trpicel villzpe streer in Karimaugar disirict with
inadequute drufqage.

In the apsence of edequate cross-drainage works on roads,
ioaded builock-carts have to expericncs much difficutty in
crossing streams thar flow over the roads.

The Kaeimwagar Project kas introduced
dmproved drinking water supply schemey for
villages. Here a village belle is sesn taking
drinking water from a rap.

A Harijan colony with 42 low cost digeiiing
units and interstal streces built with improved
CRIR technology in Karimnagar.




A wind and! inscaliogd b OS8R
ot Manatondur vithiee in Karisvgear Jistrics
Jor dvubhdng witter supply.

Lemonstraiion housing strrcures baili witk
dwgproved bpdlding techaology by CSIR.

Ferra-concrete dome construstion in
progress—Jjor Gobargas plants ol
improved CSIR design.

Encoursuing sach ynity of approprinie siees wili ga g
long way in carmving he benefics of industrialization
to much farger sections of our population. We may stil]
wse sophisticated zechnologies and large scale planrs
where necessary, but the emphasis should be swircheg
to relovanee — o technologies relevunt o our resources,
epvironment, aalive skills and gEnius, SO 85 o provide
painiul employment te our people. Technology is culiure
specific,

It is enly by praviding eccnomic power (o the crafts.
men and skilled workers that they car be liberatod frem
wasefuf efores and enabled 10 concenirale on mare
ereative endeavours, To quete a practicat instance, the
provision of mechanical Llowers 1o the wandering smiths
in Delhi smetime 2go was found 1o completely change
e [ife style of the women, why had carlier to work the
whole day plaviog he hellaws 1o keup the smithy her,
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whith now even a chitd can do with the blowprs

The provision of ‘neighbourhood warkshops', with
adequate supply of mechanically operated tools, espe-
clally fn luctrified villuges and towns, should greasly
aid the craftsmen and even interesied students in their
creative pursuits, Patterns and spraifications witk Nife
size madels of componsnts, which coutd be prepared
and assembled to make socially usefull items, would
enable the users o find ready market {or the goods.
Sueh woskshops could provide facifities also for practical
vork by students in the vicinity, We couid aiso fave
‘agra-science workshops' on the same Hro

The problem of cartage aud ransport . uls0 impor-
fant in the proper exploitation of technolegy at the
mass level. The bullack cart, which carrigs more load
over short distances than even the railways in India,
has not been a subject of innovation or study vl very
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recently, Even marginal improvements in efliciency in
such jtems of oxtensive use can make n tremendous
contribution to natiomal well-being. The mechunization
al the rickshew and the eycle with Mrgetional horsepawer
engines will grewtly inercase the range and seope of frulitul
exploitatian of technological innovations ut the mass
fovel

Most of our workers, self-emiployed or wage-earning,
are illiterate. If science s to interact with their personal
gfforts, then it is essentinl that lings of communication
are established with the average worker, This could he
done through organizations of the working class, by the
active use of imaginative literature for neo-literates,
and through proper exploitation of the school students
to reach these who would otherwise be inaccessible.
Programs for joint participation of students and their
parents in the rural areas, in the study of emerging
technologies of special refevance to them, can help
maximum utilization of available literacy and traditional
understanding to meet the problems of development.
Only then will science become real to the vast majority
of the people.

‘Technology in action

One of the most significant efforis at harnessing
top-class technology to geat up the productive potential
of the masses has been pioneered by the Karimnagar
Project of the CSIR. Undertaken in association with
a variety of other agencies and groups, the project seeks
to develop a manifestly backward area by applying
approptiate technology at the grass-root level. The
experiment essentially centres around ‘Man’, The goal
is to enable the common mar to utilize neighbourhood
resources speedily and effectively for producing wealth,
56 that he can live in dignity and harmony with his
environment., .

The methodology adopted for this project is to
start with an integrated survey of human and natural
resources, and engineer their effective coupling. The
activities are camied out through the existing organi-
zational structures at the Stase, District and Parchayat
levels. There are no financial inpuis by CSIR as such,
except in terms of free technical expertize. Lack of
familiarity with new techniques, traditional conserva-
tism, and hesitation to be involved in apparent risk,
were the main problems that came in the way of adoption
of innovations, Discussion meetings and training pro-
grams, however, helped overcome these reservations.

Some of the significant contribations already made
are :
1. Identification of 150 locations for tapping ground
water in drought prone areas.

2. Initiation of a dozen water supply schemes with
effective and economical designs,

3. Scientific designs for about 500 km of roads

40

using local materials,

4. Intradugtion of improved techniques Tor construc-
tion of low east housing,

5. Signifleant improvements in a number of existing
technologies relating to vico-milling, processing of hides
and leuthers, and pest-peont gratn storage,

6. Instatlation of a wind-mill and a pumber of
blogas plants,

lmplementation of some of the schemes had fended
to suffer to some extent becawse of entrenched interests
in older methods, On. of the methods adopted to intro-
duge change in attitudes to the application of technology
for the masses was the involvement of the focal schools.
Students and their teachers are intimately associated
in such programs as resources surveys and rural sani-
tation, as part of schoo! work. Help of social welfare
agencies is also being sought to integrate literacy pro-
grams with economic activities.

Based on the experience and expertize gained at
Karimnagar, it has now been decided to adopt one
backward district in each State in the country for similar
enordinated and comprehensive exercises in the expe-
ditious utilization of technology to suit local conditions.

The intimate interaction of the leading scientists with
the problems of the people is expected not only to ensure
greater utilization of the work of the scientists them-
selves in the service of the common man, but also to
engender more relevant researches in our laboratories.
Development of alternate technologies, and their utili-
zation, should thus lead to greater professional satis-
faction, and speedier rural development, through rapid
application of technology for the masses.

A package-deak

Technology for the masses in Indiaz has therefore to
be a package-deal, aimed not only at the improvement
of skills and productivity, but also at the promotion of a
rational out-dook, and a will for achfevement, leading
to fruitful and satisfying endeavour.

The introduction of technology may be catalyzed
by appropriate interaction of the educated elite with
the talented workers. It may be accelerated by seiting
in motion a chain reaction through an auto-catalytic
action ef the available talent among the masses, Or it
may be achieved through mass action, a gigantic coordi-
uated endeavour involving all appropriate agencics
acting with adequate speed, to mobilize the national
potential of men and materials. Which- of these could
be most effective, individually or collectively will
depend on the local situation. The time has undoubtedly
come, for every man and woman of talent, to make
maximum possible contribution towards dissemination
of useful knowledge, and the spread of scientific rational-
ism, to enable best returns from new technologies for
the masses,
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Towards the next phase in
indian agriculture

What must be done ta converl the scientiflc breaktiroughs now taking place over
a wide spectrum of Indian agriculture into 'production advance’ leading fo rural
develapment and prosperify? The author discusses same of the basic steps being
taken to transform the results of research info seff-replicating models of growth.

DR. M.S. SWAMINATHAN

Director General, Indian Councll of Agricuitural Research, New Delhi

@ As a result of the various initiatives taken by the
natjonal leadership sinte Independence, India today has
achieved the third pesition in the world in respect of
scientific and technical marpower. On the other hand,
at the World Food Congress held in Rome in 1974,
we were counted among the “most seriously affected’”
{MSA) countries with regard to food, the first requisite
in the hierarchical needs of man. Why this mismatch
between our position in the world of science and the
quality of life of majority of our people?

Our past’ experience suggests that human resources
can not be effectively utilized by traditional approaches
to “creation of jobs', which ofien tend o degenerate
into doles. What is needed is an overall strategy of re-
source utilization designed to converi sunlight, soil,
water, mineral, plant, animal and other resources into
wealth meaniogful to the people. The starting point for
such & strategy is obviously the village, where boik
nntapped assets and pative brains exist,

Almost 80%, of our population now lives in rural
arcas; this percentage may go down to 7194 by 2900 AD
eccording 10 some experts, Even with this drop in per-
centage, our rural pepulation is expected to grow 'in
mmber from 441 millions in 1971 to 662 millions, by
2000 AD. Out of the existing rural population almost
50%; is believed to suffer from poverty. It is in this context
that rapid development based on scientific utilization
of all our resources, both natura! and human, becomes
a must.

Linking research with development
If onc were to draw a balance-sheet of our rural
assets and liabilitics, the assets woulu be found to be
fmmensely impressive. It is an ireny, therefore, that we
should still find it difficult to provide for the basic minimal
needs of our people and be confionted with probiems
. of unemployment and under-employment, both in rural

INVENTION INTELLIGENCE

and urban areas. Is there a way out? In my view, the
scientific breakthroughs now taking place over a wide
spectrum of Indian apricolture hold a great promise in
this regard, as it is only through the proper harnessing
of the knowhew coming out of our laboratories that
we can turn the corner in respect of population-food
supply equation as well as population-employment
equation, both of which are equally important and
inter-dependent.

The problems involved in linking research with
development in industry are frequently discussed and
are also dealt with by institutes of management, In con-
wast, R & D management does not receive similar atten-
tion in the field of agriculture, Tais is all the more un-
fortunate since in sorae important respects our agricui-
tural and industrial growth patterns differ. Firstly,
agricultuze is by and large based on the technology of
production by the masses in contrast-to the mass produc-
tion technologies being increasingly used in industry.
For example, the praduction of an additional million
tonnes of rice may need the active involvement of several
thousand farming families, while the production of

. additional tonnes of stegl could be accomplished by

a small group of competent engincers with adequate
supporting staff. Secondly, depreciation cannot be per-
mbised in the basic assets of agriculture llke soil and
waler, whiie industries bave compulsorily to deploy
depreciation regulations. Contingous improvement in
ecological strengths is necessary to sustain agricultural
productivity and to ensure adequate food under conditions
of dimfnishing man-and ratio. Thirdly, agriculture
is based to a great extent on recycling principles, while
modern industry i3 Usually based on an increasing con-
sumption of non-renewable forms of energy, And faurthly,
farming is mainly a rural occupation whitz industry
tends to get concentrated in urbaa and somi-urban areas.
These few contvasting characteristics should be adequate
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Rural based industrial profects should be amenable to integration with rural cultyre,
skills and resources, Technology should lead to greater sophistication of production to
ensure higher returns from agricultural produce, by-products and wastes. And
agriculture should be considered as an industry and recrganized according to the
demand for the end-products. The author exemplifies the underlying philosophy
through various technologies and projects developed and initiated by the CSIR,

DR. J. C. SRIVASTAVA®

Sclentist, Technology Utilizatton Divisien, CSIR, New Deihi

] The concept of rural based industry is not a new
one. The hapdicrafts, the handlooms and the projects
initiated by Khadi & Village Industries Commission
(KVIC) have already been there for quite sometime,
Later, the Smal! Scale Industries Organization came up
with tts ‘rural industries projects”, and subsequently agro-
. industrial complexes were ipitiated and some engineering
industries also sub-contracted .ertain manufactures and
aecillaries in nearby rural areas. Inaustrialization was
given considerable importance in our planning process,
Yet, the impact of these schemes on the villages has been
negligible, especially in the least developed areas. And
this resulted in unequal distribution of wealth and in
the rich becoming richer and the poor poorer.

The above simation drew the aitention of planners,
scientists and engipeers towards the application of
science and technology in the exploitation and utilization
of rural resources like agricultural produce, agre-wastes
forest materlals, livestock, mineral resources, essential
oils and arometics, medicinal planis, fibre crops, com-
modity and economic plants. Recycling of the waste
materials and their conversior into suitable forms as
prospective mw materials for other indusiries and intro-
duction of such projects which may bave a direct bearing
on socio-econemic transformation and distribution of
wzalth in favour of poorer sections of society arc the
main planks of the new strategy.

Roral based industrin! projests

The limitations of the above mentioned efforts, on
the one hand, and the need for a wider and long term
pérspective, on the other, necessitate consideration of

*The views and staternents made in this paper are those
of the author and do not necessarily reflect that of the
organization he belongs to.
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the following aspects of this subject:

1. Regional developinent as a concept

2. Criteria for selection of economi¢ prejects

3, Feasibility study of projects based on social benefit/

cost ratio

4. Marketing management

5. Integrated approach to an economic project

These factors will be briefly dealt with here as an
introduction 1o the main theme. The whole idea is the
identification, application and extension of technological
solutions to mesting the minimum needs and demands of
the people of rural areas. Application of science and
technology in this context has to be considered as a
package deal designed to ensure that the whole develop-
ing society derives socio-economic benefits,

Project grea: The rural industries projects based on
the produce and raw materigls available in rural
areas could be of small to medium scale requiring
regular  daily scpply of several tonnes of raw
materfals and investment of requisite capital available in
those areas. The selection of ‘project arca' should be
based on the means of sustaining the supply of inputs,
produgtion, handling and supply of raw materials and,
above all, the social counsiderations affecting the people
and their participation to run the industry. Thera should,
therefore, be no rigidity in confining the project t7 a
taluka, block or disirict; instead it should be based on
the development of a region or a natural zone.

The project site should be selected keeping in view the
availability of minimum ‘ufra-structures like roads,
clectricity, water supply, rail heads, andd communication
services, and should ensure that the people are mot
disiocated from their homes.

Criteria for project selection: The decisions regard-
ing needs, project areas and location of project units
would bave to be based on certain studies which, ob-

45



vioushy, wouk! ditfer from ong project to another. How-
ever, Tallowing costeria could be constdered ws pundelines
Tor suwh devisens:

1. The progeet shoakd be acceptable to the people of
the e where it s pronwled-—it shaukd not in any way
disturh the rural envronment

2.0 The project should be labour intensive, involyve a
targer number of peaple in productive aetivity, provide
seope for wilization of focal skills and talents, and
expamt employment opportunites for the people of the
ared.

3. The project should meet minimum peeds and
demands and provide segial benetits to the people of the
aren.

4 The project should be based on the utitization of
riral raw materials and produce and should provide
seope for promotion of new technologies and appropriate
industrial processes.

5. As far as possible, the project should be a.
integrated ventue wherein the organization and mar.ge-
ment from production and collection of the raw .natevial
to its processing and distribution is knitted together and
even the growers of the raw material become the partners
i production, proitmd loss,

6. The project shouhdl consume minimum energy
por uiit of production,

7. The project should be a decentralized viable unit.

8. The efficicacy criteria of the project should be
linked with social benefits versus cost ratio,

3. The project should, as far a5 possible, fall within
the guidelines set by the Government for such develop-
mental efforts,

\While selecting projects for rural arcas, the follow-
ing points should be kept in view: (i) selection of right
(appropriate) type of technology and its effectivs
application; (1) pre-investment survey and study of rural
resources linked wiih the project and the availability of
technology; (i) involvement of financial and scientific
institutions from inception, if required; and (iv) vtilization
of equipment for testing and quality control.

Feasibitity revort: Keeping in view the above points
and also the factor that technological and financial in-
puts should match locally available skills and resources,
a feasibility report should be prepared—whatever be the
scale of productiopn—on the lines adopted for any in-
dustry or project. However, the basic stress should be on
selecticn of the right type of technology ensuring its
application in a simple, cheap, cffective and practical
manner, oriented to secic-zconomic development of the
rural poor. This feasibility should include cost-benefit
study and should also reflect the likely social impact of
the project on the local poor and the paricipating
community.

Marketing: Particular inportance should be attach-
ed to marketing of the products in the face of competi-
tion from similar schemes and projects initiated nearby
with a similar obiective or from other established
industries. This could be obvigted by (i) a
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ot tahe cates te aveid overstocking; and Q) snsuring
that the projects selected are in accordunce with priorities
atd are usetul to the consuners.

The horizental linkages of such schemes with other
Stiles in the country promoting industrialization in rural
areas shouid also be kept in view.

Integrated approach

Agriculture is the main occupation of rural wreas.
it covers not only production of crops, vegetables and
fruits but also animal husbandry, dairying, fishery, ete.
Therelore, under the philosophy of integrated approach
to the application of science and technology for soclo-
economic developiment through rural based industry,
various aspects of culuure, technology, employment and
management should be planned together and integroted
into une systent.

Let us take the example of paddy, which is grovn
almost in exery part of the country. I we consider “paddy’
as an industry, it will have the followirg segments of
scienue, technoiogy and managenent:

1. Production of puddy in the neid involving im-
proved crop busbandrey, including soil and water manage-
ment, plant peotection. hanesting and storage.

2. Post-hoevesl freatments 1o
storage.
3. Agrieuitural impliments and tools

4. Paddy as industrial raw mazertal for rice mills,
involving improved technulugs fo enable larger produc-
tion of unbroken rice.

5. UtHization of by-producis and wasie materials:
(i} paddy straw can be used as canle feed and for grow-

present  losses in

Mini-rice mitl ( CFTRI, Mysore
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Phe planomy of such integrated industrial projects
should be done at an apex Tevel laking into considera-
tion: ¢y ke demand for the end-products in  the
countrs ¢l the number, capacities, and distribution of
socially and economically viable units required to meet
the demund; and (ihy the peeds of the least developed
areas,

The chranic poverty in rural areas is due 0 the
drain of such raw materials. The underlying philotophy
of integrated approach s basad on better wtilization of
rural rasw materils. integration and coondination ef all
the scientific asenues of unilization and recweling of
wasies, amd setting up of refared industrial units near the
sites of raw material production. This will not orly
obsjace material drain from rural communities but also
provide them additional income, improve their standard
of tife, create faith in developmental activitics, and
foster scientific temper.

There are other examples of agricultural raw materials
that could be commercially exploited through improved
and appropriate technologies to usher in an era of rural
Lased industries. Some of them are briefly discussed
below.

Corion:

Growing of cotton for its fibre is one aspect

*From the 65 miilion tonnes of paddy or 44 million
tonnes of clean rice produced in India annuafly, the
quanfity of paddy husk available amounts to about 15
mill'on tonnes.

®®A major portion of tice bran oil is not utilized for human
consumption  because of the rapid development of
rancdity, CFTRI, Mysore has now developed the
techaology to prevent rancidity and for rscovery of oil
for edible purposes.

INVENTION INTELLIGENCE

Mamifacture of *chemical cotton’ ( RRL, Iyderabad )

of this industry, while the use of its other constitutents
for  other products is another equally  Important
aspect. Techaology has made a creditable contribution
in this direction. For example, cotton stock can be used
for making particle-board; cotton leaf for extracting
vitamain C; cotton seed for processing hydrogenated fats,
fatty acids and cake; cottan linters a4 source of cellulose;
and cotion cake Tor selvent gxtraction of vil, leaving a
residue that can be used as animal feed. The Regional
Research Laboratory {RRL), Hyderabud has developed
the necessary technology for integrated production ol
cotion cut-linis, hulls, crude/refined oil, soapstock/fatty
acids, de-ciled cake, edibic Nour, and tailings. The
chemical cotton' thus produced is used for a series of
chemical derivatives from which are manufactured rayon,
plastics, protective coatings, (lms and foils. The cotton
~eed is converted into edible flour and other products
by pre-processing and solvent extraction method. The
crude oil is refined and the scapstock obtained during
refining is converted into fady acids. The hulls are com-
poundec. inte cattle feed,

Spice oleoresins: Produoctien of olcoresins becomes
more economical in countries which produce spices be-
cause of the lower cost of raw materials and savings in
freight costs. The Central Food Technological Research
[nstitnte (CFTRIT), Mysore has developed technelogy
suitable for preduction of spice oleoresins from pepper,
ginger, chillies turmeric etc. There is, therefore, greater
potential for such industry in India as the raw materials
and sclvents needed are readily availabte,

Dehydrated green pepper:  Vepper is one of the most
important plantation crops produced, processed and
exported {47,534 kg worth Rs 5.28 lakhs in 1974-75)
from India. Green pepper has so far been exported
mainly packed in ceoutainers with either water or brine.
The CFTRT, Mysore has evelved a technology to dry
raw green psppér without diminishing its characteristic
flavour and colour. As against the export price of Rs
15-18 thousands/tonne of black pepper, green pepper
fetches 2 prics of Rs 65 thousands 1o Rs | lakh/tonne.
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Nos-edihhe il compiea diini-plants of 4 tonnes/day
wapsliongg © for non-edible oid sezds could be set
up 1 rurnd arens basad oa the technology developed ut
tvderabad. The cake vould be locally sold as
¢ oil could be sent to a central fur-
fattv acid distitlation and glycering recovery
e s phificaion of technology and equipment
Ju to lover capital costs and better profitahility. The
ot complex would provide direct employment to 338
persans giving the wvestment ratioperson of ealy (.17
faxl I & copperathve venrure is concened, i vighle project
.25 lakbs will give products

R

with an investroent of Rs 3
worth Rs 0387 ; with an annual return of
Rz 259 lakbsar This project is perhaps the only practical
method of unlizing the otherwise unutilized resource of
d manpower ¢ngaged in the coilection

minor ol seads
of surh seeds,

d projects: Lot us pow take examples
ot resources. An Integrated, self-help project
tvpe would invelve: (i) velerinary services and
celne production; (i feed and pasture development;
{iii} animal gemetics, oreeding {artifivial insemination);
i) organization of collection and delivery of food and
caw malerials for the factory (g milk, egg, meat, wooi)
from the growars, including sale of whole livestock (lamb,
sheap, phr etcy; (v processing, sterage and packaging

hnol (viy setting up Improved abatoin, utilization
by-products gnd wastes, and rscovery
af valuahle biological medicinal products; {vil) leather
technaiogy nvelving curing, processing and wlilzation;
and (i) production of mitk and milk products, meat

and moat products.

Taking the poultry bird as an industry, the CETRI,
lant. To feed a minimum economic unit of
one tonneday capacity we would need abeut 1,25,0060
i e wasle egg-shells could be converted into
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A stage in the manfac-
twre  of  enerpy jowd
(CFTRI, Mysore)

poult:, tead. Uader this venture, the growers of the raw
materiat (egest would have o be so organized as to
obtain the maximum socig-cconomic benetits. For this
purpose, the egy pewder plant could be integrated with 2
poultry feed plant and satellite poultry Tarm units, Fhe
poudtry fitter could be used ay manure and the Lnprot
ductive birds for table purposes.

Need-based projests for rural arens

The commeon neceds of the ruril poor are: (i} food;
(i) drinking watsr; (iil) housing provisions; (iv} assured
daily wage.

Food technolegy.  Diue to luck of purchasing power,
the people of rural aress penerally suffer from dietary
deficiencies leading 1o malnutrition and low working
ity, There is, therefore, an vrgent need for setting
up projects aimed at improving their nutrition by aug-
menting the available supply of nuirtious foods, promot-
ing supplementary dieis (baby/weaning/energy foods),
fortification and enrichment of essential foods, Tidustrial
units® under this category could be set up for: (i) Increas-
ing the production of pecishables; (i) preservation by
cold storuge and other methods; (i) dehydration, can-
ning, processing and other methods of conservation;
(iv} modernization of pulse milling and increasing the
yield of split pulses by 10-12%2; (v) modernization of rice
milling and increasing the yield of head-rice by 2-3%¢; (vi)
development of maize processing unit; (vif) protein pro-
duction baszd on oil eakes, edible groundnut fiour, and
other low-cost proleinrich materials; Ivil) production
of edible cottonzeed meal by liguid cyclone process;
(ix) processing of buffalo milk to makxe nourishing food
for babics and children; and {x) processing of high

“For detailed study of such projects refer t {8
Eneyclopsedia of technical know-how and services (CF-
TRI, Mysore); {ii) Research, Development, Design &
Testing Facilities in Andhra Pradesk (RR1., Hyderabad).
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vraim storage bin of 3 quinta! cupacity,
Qi) and can wlse be wyed as an item of
1PRY Bungaivre:

.
Trsecr-procfing machine
tCFTRE, Mysore}

qualbimy produgts based on fish, meat and pouliry.

Postharvest progessing and preservatton of food s
an equally mportunt aspect of the sociv-economic deve-
lopuent of least developed arcas. Among the techiuolonies
developed under this category, mention may be made
of the foltowing:

b Storage  bins: Several ipdeor and  owtdoor
storagye bins have been developed and tested by many
iosuituthens o [adia, ineluding Centrald Tuilding Research
Insttute  (CBRIY,  Roorkee, Structural  Engineering
Research Centre (SERC), Madras, Indian Plywood
Researcn Institute, Bangalore, and Indian Grain Storage
imstitute, Hapur (U.P.), These bins could be made of
mud. bomboe, earthen-ware, masonry, metal and wood,
individually or in combination.

2. Pest-control processes®: The CFTRI, Mysore
has developed following processes in this area: {i} *duro-
fume process’ for protecting corminercial stock of food-
grains; {il} pest-proofing of jute gunny bags, used for
storage of foodgrains, by meuns of a portable machine
(400 bags hr); {iil) lew-cost fumigant tablets called
*Minifume’ (one tablet costing about Rz 0,60 is enough
1o treat 100 kg of foodgrains); (iv) an integrated technigue
of eradication of domestic rats involving fumigation of
rat burrows and combined use of repcliants, attractants
and poioped baits.

3. Tood preservation flasks: Costly refrigerators
used for preservation of cooked food, fruits and vege-
tables arg bevond the purchasing power of the common
mar. The RRL, Bhubaneswsr has developed a ‘food
orese on flask” in which cooked fond can be preserved
fur a period of three days without refregeration.

~. Solar cabinet drier:  This low-cost device deve-
loped by the RRL, Jammu for dehydration ef fruits and
vegetables, has been successfully tried for drying apricots

*Refer 10 the CFTRI publication, Yowards @ Pest-free
Village.
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in Ladakh for one full season and has established its

wer field conditions.

Drinking warer:  Almost 70%7 of the discases in rural
arcas are atiributed to drinking 'water. Following water-
treatment technologies suitable for rural areas have be¢n
develuped by CSIR f.boratories.

1. Disinfection of water: The Nadom! Environ-
mental Engineering Research [nsiltute {NEERIL), Nagpur
has developed a technology for defluoridation and disin-
fection of drinking water by treating it with iime, alum
and bleaching powder followed by focculation and
sedimentation. The NEERI hasalso deveioped chlorine
ampoules and tablets for disinfection of rural domestic
drinking water. Tius process has been released for com-
mercialization.

2. Desalination: The Central Sait & Marine
Chemicals Fesearch Institute (CSMOR1D), Bhavnagar has
developed a process for desalination of brackish water
to produce drinking water and a plant of 15,000 litres/
day capacity has been commissioned in Rajasthali, a
draught affacted village in Amreli district of Gujarat
State,

3. Water nlter candles: The REL, Jorhat and the
Central Glass & Ceramic Research Institute (CGCRE],
Calcutta have developed a process for manufacture of
inexpensive water filter candles, which can be fitted to
domestic water containers, including earthen pitchers,
to meet the daily requirements of an average [zmily.
[t gives clean waier by removing suspended impurities
and bacteria,

4, Low-cost wind mills:  The National Aeronautical
Laboratory {NAL), Bangalore, has developed  and
installed low-cost windmills for drinking water supply in
rural areas.

5. Solar stills: The C3MCRI, Bhavnagar and the

entral Building Research Institute {CBRI), Roorkee
have developed and put to use solar water stills and
domestic solar water heaters.

efliciency
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Low excess air burner for dur-
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6. Deep-warer hand-pump: This deep-well hand-
pump, also calted “Bangalore pump® I2 quite suitable for
rural areas, Deseloped by Mechanical Engincering Re-
search & Daovelepment ¢ ganirzation (MERADQ) at
5, its main advantages are we of non-metallic raw
materials, which minimive damage due 10 corrosion, and
improved desivn of pump head and lever mechanism
to ensure minimum human effort during vperation.
Fousing previsions:  1be CBRI, Roorkee and SERC,
Roorkee are actively engaged on the problem of cost
reduction on rural houses and structures through im-
proved desian and economy in materizls with added
comforts. The CBRI hasalso developed processes for
water-procting  of  mud-walls  and  pest-proofing,
and fire-proofing of thaiched roofs of rural houses,
The NEERI, Nagpur has developed  techrnology
for designing appropriate rural sanitary latrines (to avoid
the age old habit of casing out in the open), with
arfangements for hvaienic and casy disposa! of nights
soil and i3 conversion into  wseful manure throuph
biogas techuology. The Indian Institute of Petrolium
{11, Dahradun has developed a low excess air burner
for huarricane lanterns and 2 deva which could utilize

30

poorer yuality of kerosen @) this technolegy helps reduce
smoke and char formation on the wick and gives more
initial candle-powsar.

Assured daily wages through socio-cconnmiz projects:
Some of the economic projects® having scope for im-
proving existing/traditional occupations, promoting new
ceoupations/self-employment, and generating labour
intensive industries  hased on technologies developed by
research laberatories have already been raentioned i this
paper. A few mose examples of tried and proven techno-
logies having linkages with rural culture and environment
will be descvibed here. Introduction and promotion
of such projects in  rural areas would net only
generate aduitional employment ang income to the

“Eor detailed information refer to the following publica-

tions of the C3IR (Rafi Marg, New Delhi-}10061):
(iy Inlign Technologies Developed by CSIR Labora-
tories; (iiy CSIR Technologics in lhe field of Agro-
based ledusteies: {iii) Training Facilitics in CSIR
Laboratories and Cooperative Research Associations;
(iv) Faciities and incentives for R&D in Industries
{in Pres); and {x) Technology Awareness Service
{quarterly}.

JANUARY-FEBRUARY 1977




A B h e s d Do ol e npal oo e

Do e e b e los et to Lo e

et e e Local i Lo
st sl cntiepneser sl skl
crdoaid et plane, Phe cultin

[ETRRENNI

el el € vial ork B plants boee b

L e ol aend esternal devands L ee

tienr il depend oo the quantidy o the

sl tvguited topeeet the veeds of it econoimii

celimrg uf essential vals by eatition ol the
et would Further enhonce the returns b
fer osophisticasd techiology and expertize,
Ie, demen g coahd Fe Factoated o ol

foomerted toocral by chemnend reaceoa. The orzani-
would,  therefore,
H uch stred has w ke produced inoan
predducion sait, Sailar projecis could be

s Lo waran

“ss o cultivatiog

plantation wnd distillation,
Comentionad st

= meant for
owes by seheol children and made out of

rosidtes

wonedh sulier Trom the diadvantage of bring hivbly
the, Tne BRRU, Jorhal has
dovoated with aospe

veloped aslate made of
| chemicul misture. It
red i vottige sl seale industry.

fendimg

Sooguate The Indian Jute Industries Re-
i Asoviation s HTRAL Caleatta has develaped the

Loy bologs for suilably ding jule weol and Juie!
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4. Dryeell batteries:  The Central Eleetro-Chemical
Research Institate (CECRID, Kirathudit has recently

Srmail scale distillation wnit for essential oils (CIMPG,
Bangalore)

INVENTION INTELLIGENCE

e w break el e dey et s hodegs o
ad e ey s tnered s it e ihe ol
Pttt e cennpang bl othes el arketed e the
vl Ihe e el Beaegy o conesite: sl 1l

et wine deaund esnaated o il plecesSnonih

Leane €10 R wohmdoes ) 00 o pueatble 10 put o an
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B nagar s parneatacts suttable for comste ! racal peaple,
eapecialy the dsbernen. 18 mvelves cultivation of Graei-
cfier i to produce pood quitiity agar for wit @y food and
fnchustrial rvw materal.

6. Poltery:  The potlery articles al present made by
the vidlage potlers are porous, very brittie, have very short
lives, wet easdly contwninated, and have 1o be discarded
after use. The CGURY, Calentta has developed  im-
proved technology for making impervious pottery articles
almost simifar in quality to ceramic utensils, at a much
lawer temperature. This techinotogy can also be vsed for
making sitritied pipeschannels for draimage of house-
hold waste water, tiles for walls, reois and Qeors, and
rtistic articles.

7. Agar oil: It is onc of the custliest products
(Rs 10,000°kg). The traditional way of distillation of
agar wood is very crude and inethelent, The RRL, Jorhat
Fars destgaed and labricated an mproved condensing
unit for this purpose.

% Pine needles: The RRL, Jummu has develeped
a process to produce libre-boards ftom pine necdles.
Packing cases made of these boards have been found
useful for packing and trapsporting frulis over long
distances. These packings are cheap and durable znd
easy to assemble or dismantle.

4. Handloom: This traditional industry of rural
areas has been restricted to the use of natural fibre and
produetion of coarse and traditional cloth, The South
India Textile Research Association (RITR A), Coimbatore
nas developed technelogies which can expand the scope
of the riral handloom industry to polyester cotton blend
fabrics and  poly-silk  fabrics. The Ahmedabad
Textile Industries” Research Association has developed
a process to convert tamnarind seed, an agricultural
waste, into a product that can be used as a substitate for
starch for sizing of cotton yarns.

19. Fish industry: In rural areas, both in the plains
and in coastal regions, the aquatic rusources couid be
exploited for increasing fish production and development
of new products like fish wafers, minced fish for making
fish cutlets and bergers, and fish powder. Low priced
fishes cowd be used for the nreparation of fish feed for
teeding high demand and high price fishes like prawns and
mwuriels. Prawns, which have much demand both in
Indiz and abroad and pay much higher price, can be
grown it rural ponds, instead of being harvested from
the sea. Science can provide information on variety,
seed multiplication, formulation of special feed, optimi-
zation of conditions for growth processing, storage,
packaging, transporiation and utilization of waste
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Spasns of mastirooms under prepararion ( RRL, Jampww=hranch Sringgar)

naterials s tsh meal ete. Phe RRL, Januu, the CETRI,
Ay sore, the Central Fisherios Rescarch Enstitute (ICAR),
Barrachpore and the Central iastitute of Fisheries Fduea-
tion, Bombay are the nuin mstitgtes that have made
cenlributions in this area.

i1, Mushroem: The RRL. Jamnw has been able
e mahe aremarkable miract oo the mushroom growing
imdustey i othe Kashinie sailey by developing spawns of
musirooms and suppiving them to villagers who grew
omtshrooims by traditional methods, The laboratory also
provided triining and advice o the growers in the appli-
cation of the new technotugy.

12, Leaf cups and plaies: Forest and agriculteral
byproducts like drv Jeaves, sheaths and spathes, which
otherwixe have little commercizl value, are traditionally
used for making cups, dowas and plates for serving food.
Most of these iweis are poor m phusical strength and
cleaniingss. The CETRI, Mysore has developed a simple
technique of making these package forms more func-
tonal, stronger, hywenic and altractive, so that they
fetch betrer prices

13, Bamboo buskers: This i another tradidonal
craft ol rural area~. Howewer, the traditionally made
bash2bs faif to withstand the haeiuds and abuses of packag-
ing and handiing, leading o spoilage of fruits or other
perishables, The CEFTRI, Mysore has improved  the
design with 2 vies to eliminare such Jusses,

14, BPecentralized production of cement: The RRL,
Jurkat has developed o novel process for small scale
production of cenweat wlhich has considerable scope in
lime stone arezs. The laboratory hus developed vertical
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shalt kilns of 2 tounes das, 30 toanes day amnd 200
tonnes day  capagities for  thiy purpose. The Cenwent
Research Insttute (CRD, Baliabgarh, Harvana has also
perfected the technology for o ‘mini cement plant’ of
25 tonnes day cupacity to produce well-burnt clinker
which is converted to cement conforming 1S: 269-1967,
‘Fhe CRI has also prepared two regional maps on cement
grade limestone deposits in India.

i5. Open-pan sugar indosiey: Production of gur
and khardsar is an age-okl techeslogy for processing
sugarcane in India, The Dlanning Rescarch & Action
Institute, Lucknow has perfected the technology for
small-scale sugar production in open-pan sulphitation

Mini cement plani: a
partion of the hottom
of the shaft  kiln
showing the discharge
pates and ihe prare
shaft (CRI, Ballab-
earh, Haryana)




I Processes available for licensing

The doliowsne © 1 proceses for earal based
waistiv arg pvahbic Cof conuneac! cxploirgtion

et e Csatwenal Bewaron Exoclopgeat
- onF beodig
TR gt
1. LR ey
2. Paddy husk BN
3 Paddy husk for

Hivderabad) )
~  Pudds husk for cement for maso
LRRY, 1aba

5. Paddy husk for Jeeo-eent for dishes (RRL,
Jothat)

6. Rice han {CFTRI, M, sorg)

7. Spice oleoresins (CFTRI,Mysore)

8. Dehydrated green pepper (CFTRI, Mysore

9, Castor-oil—hydrogenated (RRL, Hyderabad)

10. Sal seed processing (RRL, Hyderabad)

1l. Weaning foods (CFTRI, Mysore)

12. Fortified (iodized) salt {CSMCRI, Bhavnagur)

13, Pulse milling (CFTRI, Mysore)

i4. Protein isolate {CFTRI, Mysore)

15. Grain storage bins (SERC, Madras)

16, Durofume process for pesi control (CFTRI,

Mysore)

*Enquities for the above processes may be addressed to: Managing
Development Corporntion of India, 63, Ring Road, New Delhi-110024, india.

*Enquiries for the other processes mentioned in this article may be addressed to: Chief, Technology
- Utilizatlon, Councii of Scientific & Industrial Research, Rafi Marg, New Delhi-il0001, India,

17. Pest-proofing of gunny bags (CFTRI, Mysore)
18. Chlorine ampules and  tablets (NEERI.
Nagpur)
19 Desabination of  water  including  hrakish
water 1CSACRI, Bhavnagar)
A Warer fileer vandles (IHRL. Jorhat & CGCRI,
Calcanegy
Sodar owster beater 0 BRI Roorkeg)
Sapwd ot Do schoo! children R, Jorhan
weptlaven (P RE Karathnin
Cor amar agar (CSMOR],

L2 am T

NCL, Paona; CLR1, Madras; :

27 Cogonut bised techaologies (CERT, DRan
CUBREL Raorkest; NCL, Poonay

28 Cavhewngt booed tec Tocies (RRY . Hydera-
bad; NCL, Poona; CHEL Rk

29, Molasses based techaologios (LTI My e
& RRL, larhat}

30. Sawdust based technologies (RRL, Bhubu-
neswar & RRL, Jorhat)

31. Tapioca based technoiogies (NCL, Poona &
CECRI, Karaikudi)

Director, National Research

upits. The sugar produced by these units compares
favourably with average mill-sugar.

16. Ieather industry: The Central Leather Research
Iastitute (CLRT), Madras has made significant contri-
butions in this field. Some of the important technologies
developed relate to production of special leathers, like
tie-agd-dye leathers, wet-heat resistant leathers, crust
teathers, upper and industrial leathers from buffalo
hides, watch-strap leather from bandicoot skins, and
Ieather from frog skins. The CLRI renders assistance in
the establishment of leather based industry and in carry-
ing out sponsored techno-economic surveys.

Gaps In transfer ang application of technology

The gaps in the transfer application and of
technology to rural and least developed areas are
generally due to: (i) the gaps*in the technology
itself, if the research work has not been done
up to the stage from where it could be easily exploited;
(if) noa-availabiiity of the type and scale of technology
a5 demanded by the eptrepreneur; (fif) bottle-necks in
the availability of engineering designs, squipment, esseniial
raw materials, risk capital eic; and (iv) stringent require-
ments of financiers and banking institutions,

There are also gaps in the channel of technology
transfer, esperialy when it & an integrated project invely-
ing agriculture, industry, employment and social deve-
lopment. These gaps may be in the nature of: (i) identifi-
cation of entrepreneurs, preferably local; (ii) technical and
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entrepreneurial information; (i) communication pro-
blems, (v} coordination between planners, industry and
the government; (v) sense of responsibility, priority and
climate around commitment; {vi) objective versus profit;
and (vii) team spirit with a multi-disciplined integrated
approacii.

To bridge these gaps, the Council of Scientific &
Industrial Research, with its 46 conpstituent research
establishments in varied disciplines, has initiated a
number of steps, under which the CSIR l2boratories arve
preparing themselves to: (i) provide technology in a form
that could be easily utilized/commercially exploited; (if)
help entreprencurs in identifying competent consulting
engineeting firms, preparing feasibility reporis, training
personnel, and providing other assistance aimed at
successful implementation o” projects; (iii) underteke
specialized testing and apalysis work; and (iv) ercourage
consultancy services, sponsored and cellaborative re-
searches. A Civil Engineering Consultavive Agency
(CECON) has been formed to undertake multi-giscipti-
naty projects covering public utility services like roads,
buildings, structyres, poblic health and environmental
engineering, and landspaping, by teaming together the
concerned CSIR laboratories (CRRY, CBRI, SERC, CRI, -
NEERI 4nd NBG). A Technical Inforration & Industrial
Lialson Centre for chemical and allied industries, set up
in Bombay with financial participation of the Indian
Chemical Manufacturers’ Association, - dlsseminates
technical information from research laboratories to con-
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cerned industries. Polytechnology Clinics are being set
up in ¢zch State toensure that the technical problems of
the industries of the region are referred to and got resolved
by appropriate CSIR laboratories or other institutions
and organizations in th= country.

The CSIR has initiated yet another ¢xperiment on
the ‘adoption of a developing area’ for its socio-economic
transformation through the application of science and
technology. The idea is to take science and technology to
the people who need it; to use local resources, men and
materials; to priovide gainful employment and to accele-
rate the development process for ameiioration of poverty.
One such experiment is already in progress in district
Karimnagar in Andhra Pradesh State,

Conclasion

Rural based industrial projects should be amenab]e
to integration with rural cuiture, skills and resources.

Ta quote Prof. ¥, Nayudamma, Director-General of
the CSIR: "The projects for rural based industry and
smed &l rural uevelopuient should be science based, need

s gl bagsed, wooial and culture based, with the ob-
- wegnpg the face o1 under-development through
< wigrwe and technolegy at the prass-
st the bame necessities of life,
~ ~mt and technology, for
: - aecple o get involved

root levels, id
der-onstrating  the
peapic o haw faith in
and for the prrject to have a'd

Cost-benein .nd feasibility s B
taken to evaluate all those factors that ¥
utilization of local raw materials, manpo®
preneyrial and engineering skilis, sod the end-prd
Scientific management, organization. marketing a v
other related aspects need special attention.

To create a proper atmosphere for the acceptance
of nbew technolopies in tural areas, a  begining
should be made with a most catching economic schenie
that may previde an early dividend to the participating
community in the form of assured wages, self- employ-
ment, additional income, and subsidiary cooupations.

The mulliplicity of the requircments of Jifferent areas
of the country demands a selective approach, We should
introduce the right type of project in the right locality ta
make the greatest impact on the local people. This ap-
proach would generate a confidence among the people
in their own competence as also in the promotors of the
new technologies.

To make the people more enlightened and responsive
to new ideas, we should take the prospective eptre- .
prencurs of under-developed areas en a safar! to cur .
research laboratories, show them the work being done by
our s::lenusls, and remove their psychology of mlmcle
and magic.

We should also take them to small and rural in-
dustries to show them how the industrious have set up
industries, and 1o provide them the needed orientation
and management training.

The role of roads, tousing, structures, power con-
nections, comiaunication systems, engineering workshops,
and other facilities and infrastructires cannot be ignored.
These will have to be created for successful implementa-
tion of rural based projects. Assistance in technical
information, tackling the testhing troubles in product or
process knowhow, testing and analysis, product and
process improvement, standardization, and linkages with
the concerned laboratories should be the responsibility
of scientific crganizations. g

To make any headway ip_es

will have to be borne by Govern.ment ad
manser. and policy makers. The Government should
Stcide as to what extant it wants to proceed in this direc-
andt imitlate steps for regional planning, organiza-
mrtion and distribution, and reservation of
o rural and lcast developed sector.
* t planivesd on the basis of geogra.

. ¢ ofen matket projections

! ey, alwnys have
ending 1o

the danger of facing unhealthy
sickness und ultmate geath.
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Some unsoived

problems of

appropriate technology

Appropriate technology is neither intermediote technology nor minigturization of L

production process: it is a radically new approach in which preduction technique I

becomes subordinate to social needs. Solutiens of unresolved problems in the realer /

appropriate technology must be insfj;,ed-wlth this basic concern for the masses, —
- <

//’/

it

/ .

-y pampr!ate et

m‘..has discussed with great enthusiasm
azhi o'lf)glcal appropriateness, especially
;- -nslmﬁtﬁo lme{ socio-economic milicu. Many eminent
_-persons have written on the subject. Nevertheless, much
remains to be done to clarify its various implications
with a view to provide effective guidelines for formulating
——"Tappropriats” industrial policy.

Problems of appropriate technology are often dis.
cussed in a contradictory and elusive manner without
any attempt to clarify basic concepts.-Oa-oesasion, tems
like intermediate technology, convenient techmology,
soft and hardware technolegy, modernization, miniaturi-
zation, and scaling down of technology are used as
synonymous with appropriate technology. Many of thas
are certainly related to it, but are not necessarily he

same: there is a common ground between these termm
- -—-- - -but they have their own individual charactoristice whiis”
are often overlooked.
Even the word technology i3 often talhed - -
vaguely. It is certainly one of the most alluring » -
_the dictionary of development, bot s bagiz & .-
are not yet spelt out. If technology refierest
-- mechanical innovations—the equignumns
fabricating a given item, for inslamws—es
tion of its appropriateness would b2 o
“from what it could be if n imphu
packagzs of all the related art and & -
fer obtaining a given result. fo oz
inclode indostrial mangarewss, «
sophistication of equipreug, g
- Fequirsnents, product s

AiogyCell, Ministry of fndustry & Civil Supplies, New

it
Aln
Aients
.oly the
Aded for

4 «he evalun-
Lally different
mprehe sive
tion of scignce
sense, it would

ion pmoeesses, skill

fgﬁnm} raechanism,
al

packaging methods,

Vi vigws engrerad e @
iy reflery thoaw of ¢

o OTEcRIzaon e belongs to.

IGENCE
15

,£nhor's owi and do rot in

rd
/

fich a basic confusion
and marketing arrangseng ﬁ{)‘hcanons circulated as
underlinzs many of s anology, which could not in
examples of approprise ;Er *han manufactursrs’ cata-
essence be comsidered ' L6 accepled to be neither equip-
logues. Once techart=  focess, considered in isolation, it
ment Gre produtss  as socio-economic and industrial
opens out W w g the needs of a given community.

overtones of 3¢ - snculties of this concept arise from its
Much of the - Afications.
such widw r .

Sropriate tecknology?
Wing & - tiate technology is a priori a normative

Ag-. - which implies tha? its delimitation can take
oaawe - Only after the norms are decided. These norms
pie e with every shift in time and place. At the advent

he Industrial Revolution, tschnological ionovations
Jmeéd at diversifying prodact design axd lowering pro-
/ductmn cost to meet the needs of the rapidly expanding
consumer market. Appropriateniess of technology was
then considered in terms of profit. Such goals are no
longer sanctified in a welfare state: under this system,
technology has the main objective of serving certain
indentified social goals. Unless thess goals are specified,
appropriatensss of any technology can not be established.
To think of intermediate technology as appropriate to
any given environment without specifying the techmo-
logy norms merely adds to confusion. In certain condi-
tions, & highly sophisticated technology may be approp-
rizte, while in others, a primitive technology or an inter-
mediate technology could be appropriate. The term by
itself’ does not specify the scope of its operations, but
once the goals are spelt out, appropriateness of techno-
Togy emerges out from a wide spectrum of alternative
techirologies,
Many persons have argued that the question of
appropriateness of technology is artificial; it is merely an
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administrative problem which became important beca.ise
of interference by State in a big way; it aimed at achiev-
ing some socio-idgological goals when the nationzl eco-
nomiz balance of the system was upset by the destruction
of individual enterprize. When the Smiithsonian Invisible
Hand vanished from the market and administrative
interference became exiensive, technology choice became
an instrument in the hands of the administrator to wield
power over the industriatist. So the findamental question
is oot related to techoology as such, but to the socisty it

has to serve. The complexity arizing from this sitvation

is a0t easily recognized and, therefore, every individual
connected with various aspects of social engineering
program begins passing ‘udgement on technological
apptopriateness without taking a comprehensive view
of the implications. .

Full employment of human and natural resovrces,
balanced regional development, and reduction in income
disparity are assigned high priority in devcloping ¢ount-
ries; fuller utilization of industrial capacity, maximiza-
tion of gross nmational production, and achieverment of
the highest level of sophistication in production centres
are emphasized to increase the quantum of distributable
wealth: the goal of a favourable balance of trade nnder-
lines the importence of export promotion measures,
quality control, and production of internationally traded
output at competitive prices; ideological considerations
demand encouragement to village and small industries;
and defence production lays stress on efficiency, guality,
strategic dispersal, and secrecy in production programs.
But technology choice has an important role to play in
all these cases. Some of *hese goals are contradictory,
and to achieve all of them simultzpeously is difficult.
Unless the contradictions are reconciled, goals specified,
and implications carcfully worked out, it i5 futile to
identify a fow items of production for adapting their
manfacturing processes o local market conditions in
the name of appropriate technology, and expect a pro-
found impact >f it on the national economy.

Economists decide the appropriateness of technology
on the basis of given market prices. The intersection of
marginal and average cost curves shows the level and
price of the output at which the unit could profitably
enter the matket provided the existing price line is higher
than the point of imtersection, When the price line is
lower, the unit becomes “sick™, and sesks financial
support, market reservation and technological improve-
ment. A glaring example is the sudden reversal in the
appropriateness of ofl exploration technology at the
Bombay High after the spurt in oil prices following the
international energy crisis. This shows the importance
of market prices in deciding the appropriatness of any
technology. But, at present, duse to various compulsions,
the market prices are enpineered at different levels.

1f the prices and the size of a given market are decided
administatively, the degree of sophistication adepted
fn any industrial organization can not be considered an
independent variable. Higher the levet of prices and
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greater the extension of market, the more sophisticated
the technolomy »f production. Under such conditions,
one ran not take independent technological decisions.
In realiy" thite is neither an abundant supply of the
factofs o' Preduction nor a limitless expansion of the
market; the scale of operation and the factor-mix are
subjected to many restrictions, which induce the entre-
preneur to sgek alternative production technologies, The

-entreprencur can hope to obtain equal amount of out-
put’on different points of his produetion indifference
. curve with a varying factor-mix. The adoption of techno-

logy would deperd on the priority assigned to the extent
of utilization -of different factors of production, What
proportios of labour should be employed in relation to
capita is, however, a difficult decision to take.

If labour and capital were the only factors of pro-
duction, employment opportunities would depend on the
availability of the latter, As the different points on the
production indifference curve would yield the same
levei of output with varying proportions of the factors
of production, the precise factor-mix ¢ould be decided
on the basis of availability of these factors and the
national priority assigned to them, provided alternative
technologises are feasible. Therefore, it i» theoretically
possible to achieve full employment for amy [lactor,
but the jdeal is not always the real. Many difficulties
arise in arriving at a fine balance, The shape of the
isoquant is itself unceriain: on occasion, the curve
may be such that the factors of production may
function in a complementary manner indicating that
any change in them should occur in the same direc-
tion', which would vitiate the very exercise being
attempted. In such cases, the substitutability of the
factors is limited oady to 2 small portion of tha convexity
of the production curve. Even continuity of the curve
is not a realistic assumption, specially for an operational
exercise. Gmpirical data regarling production function
are essential fur taking a decision but these are difficuit

- to obtain: nnless comprehensive data on the spectrum of

feasible technologies are available, appropriateness of
any cne of them cannot be evaluated.

Technology equilibrium

Any alternative technology adopted in a given situa-
tion must be consistent with its existing socio-economic
environment; the marginal rate of substitution among
the factors of production must harmonize with their
relative rates of payment and the scales of operation
must be such that the units are not considered *sick’
Some of the difficulties encountered in achieving this
fine balance are show in a very simplified manner in
Fig. 1, where Iy, §), Ij... .are different isoquants for
Jifferent levels of production. The entrénreneur would
be indifferent to the factor-mix at each of these curves,
but he would always try to move on to the higher curve
so long as economies of scale will allow, The actual
decision about the level of produciion would be guided
by technological possibilities and factor endewments.
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Fig. 1. Various comple:xities of technological adaptation.

On isogeant I,, all points—like a, b, c—are of - equal
significance to the entreprensur, but the alternative
technologies may not be available on all of them UTf only
two technologies, namely OT, and OT, are feasible,
then—considering r{-axis to represent capitat and Y-
axis manpower—OT, would be a capital-intensive
technology whereas OT, wovld be a labour-iniensive
technology. Suppose OC, is the investible capital

resource available in the economy under technology -

OT,, then only OM, amount of manpower could be
employed. In case OM, represents the available man-
power in the community, then M; M, would be the
quantum of uemployment, To provide full employment,
technology OT, may be useful; but in this case only
OC, amoynt of capital would be reguired—which
implies that C, Cy, the surplus capital resource, may
depress the rate of interest thus making substitution of
labour by capital more plausible. For obtaining full
employment with OT,, the amount of capital required
“would be QC;, indicating the need for additional amount
of capital represented by Cy, Cy. The payments to labour
and capital would be in accordance with their producti-
vity, represeated by tangemts at the intersection of
technolagy curves with the isoquant. The cost curves
with these conditions operating in a producticn unit
should be such that the average and marginal cosis
intersect at the desired level of production whiie the
point of intersection is lower than or egual to the market
price. In case the desired equilibriam is not attained,
technological innovations will have to be made to get
the appropriate factor-mix; arrangements will have to
be made to harmonize productivity of the factors con-
sistent with payments and so fix the market price that
the efficiency of production at tha desired level is profit-
able. Obviously, engineering of such a delicate balance
of economic varizbles will be an impossible task in the
existing economic system.

The decision to change from technology OT,; to
technology O7T; wouid require much critical judgement
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on economic parameters and considerable administrative
reorganization. Such changes to be effective and stable
will have to be supported by technical training, managerial
improvement, appropriate fabricating equipment, better
entrepreneurial motivation, and workers' adaptation to
Jhe new production organization; restraint on militant
trade unionism, changes in labour laws, readjustment in
rates of interest and wage, and elimination of artificial
support to one factor against another will also be essential.
Much political overtones are inbuilt in these considera-
tions which make the decision very sensitive to various
non-economic influences.

The technology c¢hoice is often considered i relation
to individual items of production, but such an approach
does not meet the basic challenge of the economy. For
the success of tnis program, it is necessary not only to
forge a national wage-policy, inculcate industrial discip-
line, relate production to the needs of specified markets,
and work out a proper consumption policy, but also to
make the wage-productivity differentials existing between
various lines of activities appropriately consistent with
national priorities. As long as wage rates in house building,
road construction, chemical engineering, mechanical
workshops, consumption goods production centres, agri-
cultural operaiions etc are not well coordinated, the
foundation of a national wage policy would be insscure.
To achieve harmonization of wage rates in different
economic activities, both technological sophistication and
a national consumption policy are essential. Here is a
common area for economists, bureaucrats, technocrats
and politicians to evolve a nationally acceptable approach;
but in doing so, there is an apprehension that every one
would pull in his own direction, without meeting at’a
central point.

Inter-sectoral balzace )

In Xndia, the large and small sectors of preduction have
existed together for a long time, and this dualistic situa-
tion requires a careful examination of the intervrelation-
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Fig. 2. Stages of technological upgrading in a dualistic
economy (Ref : the anthor's Rural Industrialization in
India. (¥Vikas Publishing House, Delhi) .

ship between the two sectors?. Dificulties arising in this
regard can be illustrated in a simplified manner as shown
in Fig. 2. If workforoe is represented on X-axis and pro-
duction from a given level of ¢employment on Y-axis, the
output from OM work-force in the modem sector would
be represented by O0YM: economies of scale obtaining in
the modern sector would yield a rising output curve.

The traditional sector might employ a work-force
MM! to get an output MOZM?; the level of unemploy-
mens in this case would be represented by MIM?2, As the
traditional sector may not epjoy economies of scale,
larger employment may [ead to declining average ontput
of the workers.

For their integrated growth, it is not adeguate merely
to reserve certain items of production for parti-
cular segtors; several other steps are also necessary.
There could be three paths open to us: First, the modem
sector may be expanded beyond OM level of employment
which may augment total output and provide greater
employment. Second, the productivity of the traditional
sector may be increased without reducing the output of
the modern sector; but if the output is increased without
raising productivity of the unorganized sector, increase
in work opportunities may not lead to any rise in wage
rates. And third, the level of productivity in the modern
sector may be reduced—but this could be harmful unless
accompanied by other measures taken siulianeoulsy to
increase the level of preduction in the unorganized
secior, Unless reduction in output in the modsm sector
is less than the increase in the output of the traditional
sector, the program would lead to impoverishment of the
society; fresh employment generated in the traditionai
sector should also bé mor¢ than any possible reduciion
in the moderm sector. Unless the gain in total output and
employment is favourable, technological adaptations of
this kind may not be recommended.
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Second-hand equipment
One is often beset with the baffling question of appro-
priateness of obtaining second-hand equipment already
discarded in advanced countries. Similar situations also
arise when new units in small or rural sectors coniem-
plate purchase of second-hand machinery. There is no
@ priori Teason why the second-hand machinery should
prove socially or privately beneficial than new machinery.3
The lower capital cost(said to be an important factor
in favour of second-hand equipment) when considered
along with transportation cost, productivity and sensiti-
vity to the quality of workmanship engaged on them,
is not always a favourable factor. The markets for such
equipment are also not well organized, and the buyer,
especially in absence of the equipment’s history shest
can not be sure of his bargain. The entreprencur may also
like to know the reasons for the sale-off by the first
user — which could be rapidly rising production cost
with that machinery, shrinkage of the market which the
machinery was expected to supply, or pure obsolescence.
Which of these conditions could be overlooked by the
second-hand buyer would depend on the type of market
contemplated to be served and the time-horizon assumed
for the production program. It is difficult to provide any
general guideline to entrepreneurs in this matter.

Decentralization of production process

There is no special reason for considering any pro-
duction process as an integral entity. Why should we not
regard the output at different stages of production as
independent items? Such an approach may require
special drawings, blue-prints, production set up and
matketing organization with a view to disperse the
production processes, This point could be illustrated
by two sxamples, one relating to fatty acids and the
other to cement.

The production process of fatty acids and glycerine
ordinarily involves thres stages : extraction of oil, splitting
of oil, and distillation of crude fatty acids and glycerine.*
As a continuous process located at one site, these stages
are very capital infensive, but may be made labour
intensive and dispersed over a wide area, as shown in
Fig. 3. For a 40 tonnes/day capacity distillation plant, '
extraction of oil could be carried out at 10 centres cach
of 4 tonnes/day eapacity ; the cakes obtained could be
supplied to neighbouring fields thus reducing transport
cost on long haulage; the oil could be transported to five
splitting plants each of 8 tonnes/day capacity where
fatty acids and glycerine could be marnufactured by a
a process less capital intensive than the existing one;
and finally, crude fatty acids and concentrated glycerine
could be collected at a central plant for distillation.
Such an integrated decentratization could provide employ-
ment at 16 locations and make the total cost very eco-
nomical without compromizing on the gquality of the
final product.

Such a technologicel decentralization may also be
applied to cement production.’ The quality of portland
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cement primarily depends on the heat transfer mechanism
of the kiln. Rotary kilns of 700 tonnes/day capacity are
common in India and attempts have even been made to
set up 1,200 tonnesfday capacity plants. But mini-cement
plants of I tonne/day capacity have also been techno-
logically perfected. Based on this achievement, it is
possible to isolate stone crushing, homogenizing and
nodulizing at locations of mineral concentrations; such
central operations could be based on 300 tonnes/day
capacity. The nodules could be transported to decen-
tralized mini-cement kilns for firing whiie the clinkers
- obtained could be ground at the places of cement utili-
zation. Much saving in transportation, packaging and
operational expenditure could thus be achieved, while
providing greater employment opportunities on a dis-
persed basis.

‘Such centrifugal step-down and centripetal build-up of
desegregated production processes would make a signifi-
cant impact on the industrial scene of the country.

Necessary rural orfentation

Modern scientific innovations need to be incor-
porated even in the rurai techaological system if malig-
nant rural stagnation, gruesome income disparity, and
entreprencurial apathy are to be removed. The tech-
pologies so far adopted for rural development pro-
grams have failed to cre~te a lasting impact, not because
of their inefficient application, but because of certain
basic shortcomings of rnodern industrial syster. Rural
industries have so far baen organired to cheapen products
that are primarily sold in urban markets. Geographical
location of fabricating establishments in rural areas
notwithstanding, their scales of operation and differing
compositions of factor-mix do not ensure that increases

Fig. 3. Process decenuralizziion with centripetal flow:
A— tonres{day capacity mini-oil mill. B—38 tonnes/
day capacity fat-splitting plant-cum-crude furfural com-
plex. C—40 tonnes{day capacity distillation plant.
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in rural earnings resulting from rise in rural wage-rates
would necessarily be ploughed back for self-generation
of the tocal economy and improvement in the standard
of rural life. Te counteract the technological exploitation
of rural masses, there is urgent need for a radically new
approach.®

Since we do not want rural conglomerations to remain
stagnant, nor do we expect them to be poor replicas of
urban societies, a renaissance of Indian villages must
precede the technological breakthrough, How could this
be done is difficult to visuatize, except that the line of
approach would have tG be non-traditional. In the new
socio-economic framework, the rural inhabitants may
have well-integrated family organization with adequaté
educational oppottunities, intellectual freedom and
creative environment, and a sense of identification with
the programs of village development.” Such a life-style
in the new villages will have to be provided with necessary
technological support : rural industries based on retrieval
of village wastes; cow-dung gas plants used for produc-
tion of fuel and manure; solar energy harnessed for
simple applications; sugar production scaled down;
mini-cement planis set up to meet iocal requirements®.
Such production programs should be interwoven with
the rural consumption pattern and resource endowment.

Penumbra Zone of rural technology

The level of sophistication in rural fabricating system,
specification and standardization of rural products, and
managerial efficiency and accounting methods suited
to village and cottage industrial system have not yet been
concretized. Rural life-style is intimately inter-woven
with agricultural operations : the size of land holdings,
rotationof crors, pattern of ¢ultivation, degreeof mechani-
zation, and such other aspects of agriculture influence
the socio-economic pattern of village communities;
subsistence farming, family system of cultivation, integ-
rated agro-industrial establishments, differential wage-
rates between agricultural operations and industrial
activitirs, and other similar factors of rural economy
influence the level and nature of rural technology. Agri-
cultural processing equipment, technology of post-harvest
agricultural operations, marketing arrangements for
rural products, integrated organization of agro-based
industries {crystal sugar, &handsari, gur, etc), and new
types of rural-adapted industries like mini-cement plants
can provide the necessary technoilpgical support, create
employment opportunities and lead to rural economic
regeneration. Such an approach demands an integral
view of the rural society: norms of rural consumption,
family system of employment, sex participation ratio,
social stratification, and cultural opportunities.

Appropriate housing facilities, adequate network of
roads, well-organized educational institutions, and di-
verse avenuer fer cultural expression may weaken the
present trend of rural-to-urban migration. In providing
these facilities, thoughtless copying of urban structures
should be avoided; instead, these should be adapted
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to suit the basic ne¢ds of the rusal population. To be
effective, the technology for rural house construction
should be linked with the natural habitat of the rural
people, and should evolve from the existing systems by
better sanitary and hygienic convenieances. Design specifi-
cations and quaiity standards for rural houses need
not aim at lasting durability, as in case of uriran construc.
tions, but they shou’d take into acgount the changing
pattern of social organization and iocal availability of
building materials. Bathrooms, lattines, kitchens, stores
and other essential facilities ordinarily absent in rural
dwellings, should be provided to inculcate improved
healthy habits,

Such examples can be multiplied. However, the
central direction of such ¢fforts should stem from a
realistic appraisal of rural peeds. The village economy
and rural industries need not be adaptations of urban
technology; a vision of rura! renaissance, with its own
tradition, culture, and social characteristics, should
decide the nature and role of technology.

Many unsolved problems of appropriate technology
come to our knowledge as we proceed with the imple-
mentatien of the program. It is now amply cear that
appropriate technology is neither intermediate tech.
nology nor miniaturization of production processes; it
is a radically mew approach in which techniques of
production become subordinate to social needs. Without
clarity in regard to norms of production and social
needs, one could have sophistication, modernization
or scaling down, but not appropriate technology. Inno-

vation and adaptation of appropriate technology is a
mwst for an all round village development,
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A framework for rural
industrialization

The divorce of the countryside from industrial activily has led fo an unbalanced ruraf
economy soley dependent on agriculture. This needs fo he correcfed by promoting
appropriate and intermediafe technologies aimed at ‘production by the masses’ rather

than ‘mass production’ by a few.

DR. W.B. DONDE

Economic Adviser, Small Industries Development Organization, New Delhl

E2 “India lives in bher villages" — this has been repeated
50 often and so tong that it has become a ¢liche. However,
its significance today lie. in the fact that the proportiot
of rural workers in the total working population of the
country his remained constant at about 709, sitce 191,
There has not been any significant change in the propor-
tion of non-agricultyral workers in 70 years since the
beginning of the century. And this is likely to be so till
the end of the century.

The Finance Minister, in his paper entitled “Strategy
for Integrated Rural Development®, circulated along with
the burdget for the year 1976-77, has stated chat 75 million
rural workers would have to be found employment in
non-agricultural occupations to relieve the pressure on
Iand. Any additions to the apricultural Iabour fooce,
according to the Finance Minister, would no more be
praductive.

‘Whereas this indicates the magnitude of the problem
of population and its bearing on employment in the
primary sector, in industry 75-809% of the employment
i in small, cottage and household industries. In hand-
looms alone about 7millions out of 20-22 millions workers
in the industrial sector are employed, some of them
on part-time basis. The framework of rural industrializa-
tion has o be conceived in the comtext of these vital
facts —the predominance of workers in rural areas,
rural anemployment and under-employment, and the
predominance of small units in terms of their number
and employment potential in the industrial sector,

Production-wise, 509 of the national income ori-
ginates i agricolture, In the indusirial sector, where
the public industrial sector has shown an impressive
progress and today accounts for 219 of the production
in the organized sector, small scale uniis share nearly
half of the total production in the private industrial
sector.

INVENTION INTELLIGENCE

One point that needs special emphasis, when consider-
ing the framework for rural industrialization, is that
agriculture has been shouldering the responsibility of a
social insurance, sustaining a growing population (and
a working force) that has limited openings in other
econorric activities.

Production by the masses

OF relevance here are the economic historian Vera
Anstley's words : “At a time when the West of Europe,
the birth-place of modern industrial system, was inhabited
by uncivilized tribes, India was famous for the wealth
of her rolers and the high artistic skill of her craftsmer.”
However, rural skills, handicrafts and village industries
declined with the colonization of the country by foreign
rulers. The major facts responsible for this destruction
of Indian skills and industries were © (1) drying up of
indigenons demand which switched over to imported
articles; (ii) loss of patronage from the royal courts;
and (iii) apathy of the foreiga rulers toward the revival
of Iodian handicrafts.

The Father of the Nation, Mahatma Gandhi, bad
time and again emphasized that [ndian industrialization
should aim at preduction by the masses rather than at
mass production by a few through the aid of highly
complicated machinery, He' was misunderstood and
misrepresented in spite of his categorical utterances
that he was pot against large scale production as such,
but against large scale production of things that villagers
could produce without difficuliy. He was of the opinion
that industrialization shouwld subserve the development
of the villages and their crafts. He further believed that
centralization of the necessities of life would not be
conducive to the common welfare, and that their mogo-
polization by any particular country or group of persons
would be unjast.
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Much water has gone dowin the Ganga since Mohatma
Gandhi expressed his views on rural industeialization.
Somehow, may be due to the Industrial Policy Resolution
or the implementation of the various schenws included
in the Five Year Plans (not all of them successful in equal
measure), some of the Jecentralized industries have heen
able t0 hold on to and maintain their positions in the
economy. For example, the handloom industry is even
today mext oply to agriculture in terms of the number of
peopte emploved. In drawing up the framework for
1ural industrialization, therefore, one could justifiably
list rural and small scale industries as a whole next only
to agriculture in terms of their employment generating
potential. Agriculiure. small scale industries, and rural
fndustrics foem the backbone of the Indian ecoromy
and sockety.

Viewed differenily from the ungle of investment, the
framework of rural industrialization could be brought into
sharper focus. According to the Annval Survey of
Industries 1974-75, the investment in fixed capital required
for employing one person in the lfarge scale industry is
about Rs 29,000, Therefore, 1o provide employment to
75 million rural workers in the large industry, the invest-
ment requited would be five times the Fifth Plan outlay.
In this context, a statement from Schumacher’s book,
Sl is Beautijuf, though somewhat exaggerated, would
be very illustrative, He says : “Just imagine you could
establish an ideology which would make it obligatory
for every able-bodied person in India, man, woman
and child, to do that little thing — to piant and see to the
establishment of one tree a year, five years running.
This, in a five year period, would give you 2,000 miliion
established trees, Anyone can work it out on the back
of an envelope that the economic value of such an enter-
prize iotelligently conducted, would be greater than
anything that has ever been promised by any of India's
five year plans. It could be done without a penny of

foreign aid; there is no problzm of savings and investment.

1t would produce foodstuffs, fibres, building materials,
shade! water, almost anything that man really
needs.”

Industrialization in India bhas followed, historically
speaking, a strange cowsse, though today the Indian
industry could be claimed to have imparted scme degree
of self-reliance to the country. Whereas the decline of the
village industries and crafts was brought about by the
for ign rule, the Swadeshi movement brought into the
villages the products of large scale industries. The divorce
of the village economy from industrial activity led to
an unbalanced rural economy solely dependent on
agricutture. The principal objective of rural industriali-
zation should be to reverse this process, not by enconrag-
ing outdated technology but by promising appropriute
and ftermediate technologies which would help employ-
ment of larger and larger numbers of our people for
mass production of high quality goods at prices within
the reach of the rural masses,
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Decentralized productlon

Some of our major industries depend on agriculturalf
rural raw materials — for example, sugar, textile, veget-
able oil, edible oil, and cement, Though possible, no
concerted efforts were made to spread the production
processes leading to the final products through the
intermediate stages of processing of these basically rural
raw materials in rural areas.

We have now received some waves of jdeas again
from the West which emphasize thut mankind’s greatest
capital are air, water, tolerance margin of nature, and
human substance as reflected in the quality of life. This
shows that even the developed and industrinlized coun-
tries now foresee the danger of destruction of the patural
capital.

Rural industrialization cannot be brought about on
the basis of any pre-determined model of growth, Praper
deployment of the natural resources and skills and dis-
position of the social structure could be the starting
points for development of rural industries, Discourage-
ment of small industries in metropolitan citics and big
urhan areas and protection of rural industrics could be
other measures,

1t is much simpler to convert a small scale industey
into a jarge scale urit by bringing thousands of small
units under one shed and under one ownership, Large
enterprizes of this nature may have advantages of scale,
but these advantages accrue mainly from bulk purchase
of raw materials and bulk monopolized marketing of
the finished products. All processes whose technological
investments are divisible, could be farmed out in small
units. The advantages of scale couwld be obtained through
cooperative associations of these small units. Where
necessary, Government managed quality control and
common Services could ensure investment of capital
in such facilities as the small units cannot afford, Market-
ing of rural and small industey products should not be
the responsibitity of the small units; the self.employed
operators of these enterprizes should be left to concentrats
on the production activity and utilization of input for the
purpose. There must be an agency that may ensure pre-
emption of certain proportion of products of the smali
scale and rural industries up to the break-even point of
the uait. The stores purchase programs of the Central
and State Governments and of public enterprizes, both
manufacturing and commercial, could lend a helping
hand at least in respect of some lines of production.
But, in the final analysis, the demand for rural indus-
trial products must originate largely from rural areas
and only for some products from the urban and export
markets,

Lasger rural income through income itrigation from
urban areas to rura) areas and larger agricultural produc-
tivity would secure for the rural industries a sound
foundation and an expanding market. The seif-employed
cultivator and the self-employed operator of rural and
small industries would form the foundation of India’s
future economy and society.
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Meeting the energy needs

of rural India

Analyzing the various factors that have implications for energy planning for rural
areas, the quthor suggests greater stress to be /aid on renewable energy resources like
energy plantatian, solar energy and biogas, and revival of water-botne transportation

through canals.

SN, GHOSH*

Director, Buregu of Petreleum & Chemical Studies, New Delhi

Bl “How to meet the energy requirements of rural India"
is a question that raises a few other questions begging
prior answers: Which kind of energy is sultable for which
type of runction in rural India? What are Natwe's
endowments to India as sources of energy? And what is
the pattern of ¢..~al society we aim at, in this country ?

The answer t0 a part of the fint among the derived
guestions is rather simple. Rural Tndia needs energy for:
(i) domestic use—water supply, cooking, lighting etc;
(i} preservation of balanced fertility of the soil which
sustains all life; (iii} agricuiture and all that goes with it
——irrigation, drainage, fertilization of soll, tillage, pro-
tection of crops, harvesting, storage and marketing;
{iv) industries which are natural to rural setting; and
{v) other activities tion, itation, medical care,
cultural puzsaits ete.

Before we start examining which of the above func-
tions in rural India should take on which forms of energy,
we must take a fundamental decision about the level of
energy use. This demands of us to be absolutely free
from the influsnce of ideas which underlie the wrong
categurization of couatries into ‘developed’ and ‘develop-
ing’ as it sets in motion a train of thought which inclines
the poorer countries towards adopting agricultural and
industrial practicesitechniques of the richer nations.
Such categorization, moreover, conceals a truth—that
the high-energy-intensive societies are also high-waste
socisties: they produce goods which, in the successive
stages of their production, absorb more energy than they
finally produce. By rapidly squandering the depleting-
r2sonrees, these societies are heading towards a crash,
which is the inevitable resuit of living in disregard of
the eorrent energy-income-Hows. Their escessive use of
men-metibolic power poltutes the atmosphere, the sub-
soif, and the water courses.

Ia trying to decide our pattern of energy use we have
to remember both the wdvantages and the limétations or

* The author-is also Editor, O Commeniary, New Delhi.
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non-metabolic power, Below a threshold of energy use
improvement of moiors is essential to prevent overwork-
ing of the limbs and is, hence, 2 condition for progress.
Above the threshold, energy grows at the oxpense of
equity. Moreover, the higher a group rises on the energy
ladder, the mere its members are in danger of atrophy
of their limbs from utter dysfunction.

A question is often asked: In our present state of
per capita energy use, Is it at all necessary to point out
the dangers of high energy use? To be sure, it is. Once a
society orients itself to a pattern of energy use, it becomes
impossible to retreat from the particular type of deve-
lopment adopted: the burden of changing Jirection at
a later stage is no less killing than of continuing with the
wrong trend, possibly because the compulsions of the
latter do not leave any scope for attempting the former.

Physiographic features and energy plannicg

Onse we thus set our goals and decide to have not
only a floor but also a ceiling on the use of non-metabolic
energy, we should turn our attention to Indla’s special
physiographic and climatic features th..t have conditioned
our supply of rencwable caergy resources as also to the
nature of our energy demands for preservation of soil
bealth and improvement of agriculture.

A uniqus featurc of India is that on the north it is
bounded by the world’s Aighest imountain system and in
the centre a compact block of mountains, hills and
plateaus, known as the Central Highlands, separates the
Great Plains of the Northern India from the plateaus and
coastal plains of the Deccan. Perhaps it is becauss of this
obstruction that there is no north-to-south river in India.
These highlands have alse preveated so far the building
of an al-India system of inland waterways.

The Himalaya being the youngest mountain, its un~
compacted vocks are also the most erodable; it also
being the hiehest, the glaciations from its high altitude
add to the erosion. This is one of the reasons why the
rivers of Northern India get quickly silted.
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Another agent, wind, is very offective in removing fine
s0il from: one place to another and causing further erasion,

The Bastern Himalayan range is an area of heaviest
rainfail in the world. India as a whole, however, suffers
from great ill-istribution of rainfall, which rangés from
11,000 mm in some areas to a trickling 100 mm in some
others. Apart from being wnequal is geographic distri-
bution, this rainfall is clso id-distributed between ithe
seasoms, even in areas of high and meoderate rainfalls.
About 85% of the rainfell oceurs during the three or
four months of the South-West monsoons. This has
serious implications in quite a few respects. The
average anua! rainfall in the whole of India is
estimated at 3,600 million acre-ft. If all this rain were
to fall at a time, it would drown the whole land area of
India, some 800 million acres, under a water column of
45 inches. Since 859 of this rain falls in just three to
four months, it inevitably causes flooding—and seil
erosion. Thus, a far larger volume of water runs waste to
the sea than c¢an be utilized.

The months of heavy precipitation are, however,
followed by long spells of dryness. Its impact on agti-
culture is obvious, for even moderate deficizncies of water
can be disastrous during critical periods of plant growth

Although India bas, broadly, a trepical monsoon-
type clirate, there is a great diversity in climatic condi-
tions, ranging from continental to oceanic, from extrames
of heat to extremes of cold, from extreme aridity and
negligible rainfall to excessive humidity and torrentiai
rainfall. As a result of this diversity of climate, there are
wide variations between the regions in the availability of
sofar energy and winds.

In infand Indis, the winds are seasomal, occuring
mainly in the pre-monsoon period for a couple of months.
Wind speeds are also comparatively low: scme 10-20
kmyhr as against nearly 25 km/hr and above in Canada
and Australia. The fierce cyclonic storms which occur in
some parts of India during a particular time of the year
provide a contrast with the generally low wind speeds,
which are, however, greater on the coasts and near hills.

Short spells of excess water, long periods of water
scarcity, floods, soil erosion from water and wind, vari-
ability of solar epergy and winds, absence of a network of
inland water-ways—all these have implications for energy
planning in and for rural areas.

Renewable energy resources

The tencwable, non-poliuting energy sources are so
pervasive and diffuse that they can bo harnessed most
economically only on small scales—to meet the needs of
individual families or, at best, of individual villages.
These have not lent themselves to commerce.

Besides the known repewable resources of solar
energy, wind and water, there is another form of renewal
—the process of recycling that operates in mature. For
example, there is the nitrogen recycle, not only through
thunderstorms and rainfalls but alse through nitrogen
fixaticn by bacterfa. Similarly, animals coatribute their
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excrements (faeces, uring) and plants their wastes o
preserve the soil-plant-amimai cyele. If these wastes are
allowed to go through their naturas cycle and not permit-
ted t0 be oxidized by buining, there would be less need
to degrade the scarce forms of energy. It is in these
renewable resources, therefore, that the villages have a
chance to build themselves up as autonomous republics
and the farmers their sovereignty at least as producers.
with the loosening of urban control over their inputs.

Non-renewable energy resources

The lotal reserves of all types of coal in India are
83,000 million tonnes, including 20,000 million tonnes of
metallurgical coal. It is nearly impossible to estimate
recoverably rescrves of oil. Till recently, India’s proved
oil reserves were estimated at 150 million tonnes; the
recent finds at Bombay High and Bassein would con-
sidecably improve this figure, Other areas in the conti-
nental shelf also secim to hold promise and more reserves
are likely to be located on land, too. Yet, there is no
doubt that the reserves of oil and natural gas would be
much less than that of coal: the mast optimistic guessti-
mates are 1,800 miflion tonnes of oil and 3.390 million
tonnes oil-equivalent of natural gas

Both coal and oil are exbaustible natural resources.
These assets need to be very sparingly copsumed.
Just as the inheritor who quickly exhausts the ‘fixed
deposits” of his parents soon comes to grief, the un-
serupulous consumers of oil and coal will soon be left
high and dry, the many bright ideas about new energy
sources waiting to be tapped notwithstanding,

Energy needs of rural India

The Fuel Policy Committee Report (1974) had worked
out the consamption of commercial and non-commercial
energy for the whole of India for the. years 1960-61,
1665-66, and 197071, as given in Table 1. It may be
reasonable to infer that seven-cighth of the energy
consumed under columns 4, 5 and 6 were used in the
villages. The share of rural areas in the energy consump-
tion under columns 1 and 3 is unlikely to be considerable,
in spite of rural electrification of 16% of the villages by
the end of financial year 1969-70. This conclusion is
based on the Report of the Panel of the National Com-
mittee of Science & Technology (NCST) on Fuel and
Power, which has estimated that larger towns and cities,
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Takie 1—Consmoption of commerciat and nom-commercial energy In India

Year Coal ot fleciricity  Firewood  Cowdung  Vegetable waste
(millioz tonnes) {million tonnes) (billion kwh)  (mllllen tonnes) (miliion tonnes)  (million tennes)
o 1 2 3 4 5 6
195061 a1 6.75 169 101.04 55.38 31.08
106566 54.2 9.94 0.6 111.82 61.28 34.41
19701 1.1 14,95 48.7 122.75 67.28 T

Source : Report of the Fuel Policy Committee 1974

with pepulations of fi.e lakhs or more, accommodate
only 6% of india’s total population but consume about
50% of the total commercial enetgy produced in the
country. There is, howsver, no doubt that the villages
had a significant share fa the consumption of kerosene
and diesel (column 2). In villages, kerosene is. mainly
ased for lighting, though its use for cocking alse has
besn spreading in the semi-towns; diesel has been mainly
used for passenget and cargo traffic and irrigation pumps.

India’s population, which was about 530 millions in
1970, is likely to be 800 miliions by the end of this certury,
even with a declining population growth over the coming
years. Even if we assume that migration to cities in
fature would be checked by creation of more productive
emplovment in villages—a tall but cerfainly not an
impossible order—the energy requirements of villages
by the turn of the century will have grown nearly twice
as much as the energy consumed in rural aréas in 1970,

Concept of rural Gevelopment needs & change

Today *‘modernization’ of a village conjures up the
picture of extension of motorable roads, electric poles
connected to a far-away power house, tubewells secking
to lift water perhaps from a falling ground water table,
and shops selling fertilizers and pesticides.

Since bus and truck routes are tha centre of attention
these days, the canals which in the ¢ 1st were intercoanec-
ted as a means of travel and commerce are disappearing
along with their dinghies (miniature boats). Though water-
borne transport is the least emergy-consuming of all
modes of public transporiation, the deveélopment of
intand waterways, maintenance and inter-connection of
‘rivers to the extent prssible have teceived scant atten-
ton.

Inevitably, the country has now come up against a
serious problem: the cost of electricity, beyond the
reach of the poor and middle peasants, has led to its
under-utifization. In any case, & large number of villages
with their small populations,” will be bypassed for many
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veats to come, Or else, long transmission lines will have
to be provided for the small loads of these wide-apart
villages rendering power supply unecconomic.

The overriding emphasis on fertilizers without caring
to check om the organic matter statys of the soil and
disregard of proper soil testing, are causing great damage
to the soil. In consequence, there is now a greater run-
off both of soil and water, cutting at the root of all deve-
lopmental efforts. We cannot afford a sitvation where
the soi) becomes so poor in physical propesties that it
loses the water-yielding capacity or the power of balanced,
percolation, and the canals and tanks contitue to dry
up—and we lock helplessiy for more and more erergy
to get waier from larger distances or decper water tables,

How, then, do we meet the energy demands of rural
India? .

Energy plantation

India’s saving grace lies in that her villages have not
gone very far on the road to sophistication, Few among
the rural rich have irreversibly taken to kerosene stove
or even coal. They would still be content with dry twigs
if these are available in sufficient guantities as fuel. To
ask them to switch over 10 coal, even in the name of saving
trees, is wrong. For trees can be, and ought to be re-
planted at fifteen times the present rate, but coal reserves
cannot be increased at will. .

Perhaps the [east expensive and the most immediately
practicable measure for the benafit of the largest number
is to have an erergy forest in every village.

The most fundamental source of cnergy on earth is
the solar energy: and photosynthesis by plants is by far
the most efficient means known to mankind for tapping
this energy, Therefre, the trees will have to be a major
=means of meeting the energy requirements of villages.

¥or decades we have been denuding forests without
caring te replant. We have to atene for this sin by: (i)
building a permanent forest belt in all dry areas and
wherever high-velocity winds ate prevalent; (if) bringing
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increase the temperature of the fe.mentation tanks during
niviss is olso taking shape. It appears that integration of
the bio-gas plant with a solar-energy-driven steam gone-
rator would be the ideal solutlon: this would enable waste
heat from the ilatter to be fed dircgtly into the former.
Au innovator in Dethi I3 trying to produge an inexpensive
solar  colfector-nius-steam-generator.  But  the  mnin
problem is:  Can those who are how unable to alford
Rs 2,500 for the bio-gas plant spend another Rs 5,000
or s6 on the solar collector-cume-steam-generalor?

Efforts in coaperation, at the level of grangs of families,
are essential for the wide-spread installation and common
ute of bio-gas plants ond other facllitles. 1t is mainly the
devoted work of the Khadi & Village Industries Com-
mission that has led to whatever success we have achieved
in this field. What is now called foris a mighty initiative
in mass education and cooperation to fully cover our
5,70.000 villages with these simple devices of recycling
and renewal,

Solar energy

There is considerable scogu for direct utilization of
solar energy for soiving many problems of rural India.
Judging from the current status of this technology, how-
ever, its large-scale application within the next five years
is improbable. Yet, there is no reason why direct use of
solar energy cannot be undertaken on an extensive scale
over the next 15 years. It all depends on how serious we
ac A mation are about using this inexhaustible resource.

Some of the promising solar energy applications of
interest to rural areas ste oulined below.

Solar cookers, which did not evoke mu-h response
in the early fifties from the urban housewife, may find
acceptance with the rural womenfolk who have less
inhibitior. against conking vutdoors. The development of
a simple stove-type solar cooker, using mud and glass
panes, will imptove the prospects of solar cooking in
rural areas. Such a sofar cooker is reported to have been
developed by W.K. Ghosh of Calcutta. Temperatares
up 1o 12°C have been obtained in ity insulated cooking
space enclosed by two horizontal glass panes and a mirror
reflector. However, the success of any (ype of solar coc’er
will depend on whether or not its price is within the reach
of the catnmon man.

Solar power gererator would be far more advantageous
than the centralized power systern. The latter now doss
not give a fazir ,eturp on its cmpital cost and requires
high-energy consuminbg materials like copper for trans-
mission lines, which are frequently siolen leading to
frequent interruptions in power supply. Considering that
the solar power plant will have no recurring cost except
for g operator, it will be only the amortization cost
plus the Interest on capital that will need to be tecovered.
Therefore, the per-unit cost of solar power is unlikely
1o be higher than the present pre-unit price of fossil-fuel-
based power. The National Commitiee of Science &
Technology (NCST) has estimated that a  village of 500
people will reguire plant/plants capable of genernting
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50 kw. Perbaps this estimate is based on the European
standard of ppwer eonsumption, for seme others have
put the estimate at a much lower figure. If we, for the
time being, accopt A modest target of generating only 20
kw and adopt the system developed by Tabor in Israel
for a 10 kw power-pack, we would require only two such
plaats in a villags of this size. !

Solar engines and pumps ave now available in India.
Some of them are powerful enough tc be used for lift
irrigation. But their costs are prohibitive. Probably solar
irrigation pumps will become ecomomical only after
solar power generation has made some headway in the
villages.

Solar driers of mechanical type can speed up the
drying process and eliminate wastage and contamination
of paddy, tea, tobacco, fruits, vegetables, timber ete. 'The
cottage-scale cabinet dryer developed by the Anpamalai
University for drying fruits and vegetables and the
simple green-house-type kiln developed by the Forest
Research Institute, Dehradun, which cuts off 409 of
the time for air seasoning of timber, are sxamples of a
good beginnivg in this field.

Sofar stifls for distitlation of water could be very
useful in areas which lack potable water for drinking.
However, the capacities of the solar stills developed so
far in the country are extremely limited. Im dry ateas
like Rajasthan, the “dew-pond’ device seems to have
much greater scope than the existiog technique of solar
distillation. It comprises a shinimg metal resting on
wooden stands which serve to insulate the metal from
the earth. At night, when the radiation is active, the
metat becomes cooler than the air. The moisture-laden
air reackes saturation in contact with the metal and then
condenses into water: the greater the temperature diffe-
rence between day and night, the higher the productivity
of the device. Israel has adopted this device on a large
scale, but it Joes not have much scope in humid areas.

Wind power

In India, wind speeds being generally low, the poten-
tial for sconomic peneration of electricity from wind is
said to be not too good, except on the coasts and the
Joorkills. However, since India has a vast coastlins as

w
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increase the temperuture of the fementation tanks during
mivits {5 odse feking shape. 1t appsars that integration of
the bic-gas plant with a solar-energy-driven steam gene-
rator would be the ideal solution: this would enable waste
heat from the latter to ba fed directly into the former.
An innovator in Delhd is tryimg o produes un ineapeirsive
solar  collector-plus-steam-generator.  But  the 1mnin
problem is:  Can those who are now unable 1o afford
Rs 2,500 for the bio-gas plant spand another Rs 5,000
or 56 on the solar collector-cum-steam-generator

Efforts in cooperation, ar the level of groups of families,
are essential for the wide-spread instailation and commen
use of bio-gas plants and other facilities. It is mainly the
devoted work of the Khadi & Village Industrics Com-
mission that has led to whatever success we have achieved
in this field. What is now called foris a mighty initiative
in mass education and cooperation w fully cover our
5,710,000 villages with these simple devices of recycling
and renewal.

Solar epergy

There is considerable scoge for direct utilization of
solar energy for solving many problems of rurat India.
Judging from the current status of this technology, how-
ever, its large-scale application within the next five years
is improbable. Yet, there is no reason why direct use of
solar energy cannot be undertaken on an ettensive scale
over the next 15 years. It all dzpends on how serious we
af @ mation are about using this incxhaustihle resource.

Some of the promising solar energy applications of
interest to riral areas zre qutined below,

Solar cookers, which did not evoke murh responss
in the eardy fifties (rom the wrban housewife, may fnd
acceptance with the rural womenfolk who have less
inhibitiop against cooking outdoors. The development of
a simple stove-type solar cooker, using mud aad glass
panes, will improve the prospects of solar cooking in
rural areas, Such a solar cooker is reportad to have been
developed by N.K. Ghosh of Calcutta. Temperatures
up to 12°C have been obtained inits insulated cooking
space enclosed by two horizontal glass panes and a mirror
reflector. However, the success of any type of solar cooker
will depend on whether or mor its price is within the reach
of the common man,

Solar pover gererator would be far more advantageous
than the centralized power system. The latter now does
oot give a fair .eturn on its capital cost and requires
high-energy consuming materials like copper for trans-
mission lines, which are frequently stolen leading to
frequent interruptions in power supply. Considering that
the solar power plant will have no recurring cost except
for a2n opemtor, it will be only the amortization cost
plus the interest on capital that will need to be recovered.
Therefore, the per-unit cost of solar power is unlikely
to be higher than the preseut pre-unit price of fossil-fuel-
based power. The National Committee of Science &
Technology (NCST) has estimated that a village of 500
people will reguire plant/plants capable of genernting
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50 kw. Perhaps this estimate is based on the European
standard of power copsumption, for some others have
put the estimate at a much lower figure. If we, for the
time being, accept a modest target of generating only 20
kw and adopt the system developed by Tabor in Israel
for a 10 kw power-pack, we would require only two such
plants in a village of this size. _

Solar sngines and pumps are now available in Iadia.
Some of them are powerful enough to be used for lift
irrigation, But their costs are prohibitive, Probably solar
irrigation pumps will become economical only after
solar power generation has made some headway in the
vitlages.

Solar driers of mechanical type can speed up the
drying process and eliminate wastage and contamination
of paddy, tea, tobacco, fruits, vegetables, timber ete, The
cottage-scale cabinet dryer developed by the Annamalai
University for drying fruits and vegétables and the
simple green-house-type kiln developed by the Forest
Research Institute, Dehradun, which cuts off 402, of
the time for air seasoning of timber, are 2xamples of a
good beginning in this field.

Kolar stills for distillation of water could be very
useful in areas which fack potabls water for drinking,
However, the capacities of the solar stills developed so
far in the country are extremely [imited. In dry aréas
like Rajasthan, the ‘dew-pond’ device seems to have
much greater scope than the existing technique of sofar
disilllation. It comprises a shining metal resting on
wooden stands which serve to insulate the metal from
the earth, At night, when the radiation is active, the
metal becomes cooler than the air. The moistore-laden
air reaches saturation in contact with the metal and then
condenses into water: the greater the temperature diffe-
rence between day and night, the higher the productivity
of the device. Israel has adopted this device on a large
scale, but it Joes not have much scope in humid areas.

Wind power

In India, wind speeds being generally low, the poten-
tial for economic generation of electricity from wind is
said to be not too good, except on the cogsts and tite
Joozhills. However, since India has a vast coastlics as
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also a very large foothill aren, the scope for windmills
cannot be very small.

There is yet another peint. Although it is generally
held that electricity from wind could be economical only
if the mean wind speed is not less than 10 miles/hr, there
are wasons to believe that this caloulation has been
made only with some sophisticated wind turbines in view,
Tt should bo possible to find simpler devices (o seonomival-
Iy hatness the energy of low speed wind, Alrcady a 25-
foot diamyeter *sailvwing’ typcwindmiﬂ has been devefoped
and installed in & village in Madurai. Designed to har-
ness fight winds during the dry winter months, it can be
wsed for irtigation of :nal) fields and supply of +.ater
for domestic and cattle use. It is the outcome of joint
effort of Indian Agriculturat Research Institute, New
Dell:, Mational Aeronawtical Lghoratory, Bangalore
and the New ! hemy Institute of the USA,

Marcus M. Sherman of the New Alchemy Institute
has rghtly pointed out thau cloth sails with woeoden
framework have been used for centuries to transform
wind energy into labour-saving mechamca  work,
especially for grinding grains and pumpiog water. There-
fare, if we shed cur craze for scphistication, there is no
reason why we cannot make use of even an ancient
madel of the wind mill.

The more we go in the direction of tapping the natural
forces by simpl> bur economical devices, the better for us.
For therein lies utmost energy conservation, freegom
from pollution and, above all, utmost diffusion of initi-
ative for productive activities.

Energy nse and soil fertility

The problem of energy is gencrally conceived in terms
of providing energy for transportation, industrial activity,
irrigation, refrigeration, and domestic use. But energy
needs to be viewed in a wider context, To borrow an
expression of k. Buckminster Fuller*, “the eutire physical
universe is encrgetic: energy associative a» matter, energy
dissociative as radiation; and one is convertible into the
other,”” Viewed in this lighy, it would appear that some
forms of our energy use are only hastening the degenera-
tion of the soil, and that our nsglect in the use of certain
types of matier has been allowing their inherent energy
to go waste and also to cause awoidable desradation
elsewhere. In this broader perspective, we might find that
we have the scope to ntimimize the decay

Unfortunately, soil stiepce research in this country
has been so heavily clouded by western thinking (which
bears the imprint of their own climatic setting) and by
the patented formula of chemical fertilizer being the
general corrective to all kinds of declining soil fertility,
that the fundamental preblems of climatic zome:wise
soils have gone by defauit. The nature of matterjenergy

*Fuller’s introduction to Dinshaw J. Dastur’s book,
This or Else: A Masterplan for Survival, published by
Jaico Publications,
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fnput that is essentin! to the specific problem has also
been overlooked

T.et us take the following example, The heavy rainfall
in the Eastern ranges has been destroying the soll's
capacity to yield protein-rich food, The application of
mere chemical fertilizer here will go waste—indeed, it
may even accelerpte run-off of the soil, What Is most
needed is liming of the soif and growing of legumes.

Awareness of problems like this is very imporiant
for energy planning in tural areas, for it has been eyti-
mated that the energy consumed by irrigation and chemi-
cal fertilizers together account for no less than 44% of
the total commereial energy conswmed in the villages,

Let us take, agais, the example of the soil of Panjab,
U.P. and Bihar—areas of moderate rainfall, which shoyld
normally be regarded as conducive to protein-rich food
production. Here, too, if we force the soil to yield more
and more in quantity or to give several crops every year,
the nutritive value of the crops is bound to decline.

The Indo-Ganogetic alluvial soil, which was once
among the most fertile fands of the world, is now declin-
ing in fertility. And we are possibly trying to find salva-
tion in clinging to only irrigation and chemical ferti-
lizers, while thinking of organic manure as a mere supple-
ment. That irrigation raises the salinity level of soil, that
residues of different chemical fertilizers lead to formation
of salts like sodium chloride/sodium =ulphate, and that
the soil must, therefore, be washed /iberalty with pure
water before everything else, does not enter icto our
caleuiniions. Use of chemical fertilizer in soils deficient
in organic matter means some 70 %, waste of the fertilizer
itself. It also means destroying the bonds of the soil.
Without prior, or at least simall s, application of
orgaric manere, the energy inpuls in the form of inorganic
Jertilizers serve anly to do permanent damage to the soil.

Examples can be multiplicd frormn other climatic zones.
A that needs to be said here is that we must learn to
get the most out of the legsr expenditure of energy; we
must know the value of organic manure {ie, organic
matter), which is also energy, in fact a far more bene-
ficient form of enmergy than the inorganic compounds;
and, above all, we must avoid spending more energy to
invite greater troeble.

Energy-saving through pavigation waterways

W= have already referred to the absence of an all-
Tndia network of round-the-year navigable inland water-
ways, which could carry greater traffic for lesser fuel
consumption, and also to the complete absence of any
north-to-south river, due possibly to the existence of a
Central Highland. Is there no way to develop an all-
India waterways system which could save on energy?

A country should normally have afl the these principal
modes of transport—iniand waterways, railways, and
roads-~properly developed, and in shat order. Not to
develop the potontial of the mode which deserves the
highest priority is a folly, as it amounts 1o extravagance
in energy expendituré om traction and means undue
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Table 2Z—Cost and efficlency of different modes of (ransport

Cost/km
Mode
construction muintenance Load/hp Cuogtftonne-kny
(Rs lnkhs) {Rajyr) (g (Rs)

0 1 2 3 4
Waterways 125 — 2.00 1,000 4,000 0.03 — 0.05
Railways (broad gauge) 5.00 — 10.00 2,000 500 0.05
MNational highways 1.50 4500 250 530

Source: Report of the Inland Water Transport Committee, Government of India, 1970

purden—and dependence—on the other two modes of
transpotiation.

Table 2 shows the relative economics of the railways,
roadways and waterways in India as worked out by the
Inland Water Transport Commiitse in 1970, Column
3 of this table shows that, per horsepowe:, the water
iransport can carry goods 16 times as much as the trucks
(in weight) and 8 times as much as the trains; in terms of
per energy unil, too, water transport costs less, even
allowing for movements both for and against the current.

There is another set of figures recently worked out
by some Indian specialists which reduces the waterways’
margin of advantage in terms of epergy consumption,
considering the two-way movernent; but even this reduced
margin shows considerable advantage of waterways over
other modes of transport. Moreover, & system of deve-
toped ipland waterways brings more security.

This brings us to the guestion of how we couid
develop an all-India network of round-the-year navigable
inland waterways. The answer isa National Water Grid.

The two most important components in building this
nationai grid are: (i) linking up of the Ganga with the
Reahmaputra and (ii) linking up of the Cauvery with the
Gangg. The former link-up is basically more impostant,
as it would facilitate the latter. In addition to these two
link-ups, there will also be need for some canals: (i) from
the Narmada to Gujarat and West Rajasthan; (i) from
the Chambal to Central Rajasthan; and (ifi) from the
tivers of ‘Western Ghats towards the east.

The Brahmaputra camies a discharge of 1.2—1.8
lakhs cusecs even during the dry summer months. This is
considerably higher than the conceivable reguirements
of this basin, Og the other hand, there Is 4 keen demand
on the waters of the Ganga during the dry moaths by
the various upstream projects. These demands could be
met if the supplies from the Brahmaputra cowld take
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care of the needs of the lower reaches of the (Ganga
during ths lean months, The assurance of Brahmaputra
water would help divert, near Patna, patt of the serplus
discharge of the Ganga during the high-flow peviod, to
meet the needs of not only the drought-prone areas of the
souihern U.P. and Bihar but also of Rajasthan, Gujarat,
Madhya Pradesh, Mabharashtra, Andhra Pragdesh,
Mysore und Tamil Nadu, And this will help keep almost
all the Indian rivers navigabi= throughout the year.
Linking up of the Ganga with the Brahmaputra, in the
the cheapest and the easiost manner, would require the
construction of a canal thre ‘gh a 100-mile stretch of
Bangla Desh. This canal could be beneficial to Bangla
Desh, too, as part of its waler could be used to meet
the itrigation requirernents of northern Bangla Desh
during the lean months, besides providing that country
with a nseful inland pavigation waterway. Even if Pangla
Desh is unable to see the benefits from this scheme,
India would still need to, and can, build up the network
of interconnected waterways, of course, the costlisr way.
Desilting the heavily silted rivers and minimizing
the rate of futyre siliation are, however, formidable
problems. While the fatter can be solved by afforestation
and soil binding, the former will require excavation of
thousands of miles of rafsed river beds. This will have to
be done maialy by mobilization of manpower, wherever
dredging operation proves impossible, as has been done
in China. The report of the Centrai Water and Power
Commission team that visited China in 1955 described the
the Chinese mobilization for such works in the follow-
ing words: **One of the most important and iargest irriga-
tion c¢anals constructed in China is the Main Irrigation
iaaa) in North Kiangsu, The bed width of the canal js
largz, being 420 ft: 106 miles of this canal were dug in the
cour:2 of 80 davs involving earthwork of 247 crores cu.
ft, that is, every day 2 crores cu. i were done, There was




no machinery and the entire earthwork including ex-
cavaiion, transport and tamping was done by human
labour amounting te 13 lakhs of men. The finished work
is neat and the canal is functioning efficient!y."

Sinco in our country, we face u unique problem from
the highly erodablo Himalayas and since further delny
will mean disaster, wo will hive to mobilize our peoplo
i a much greater scale to save onr rivers and our rriga-
ton, drainage, and navigation systems, and to prevent
our arable lands from turning into swamps, Thisis a
battle for our wvery suevival. Here buoan ensrgy will
have to be the main input, to retain the rain amd snow
waters and divert their energies away from destructive
to creative channgls,

Exploitivg the energy potential of livestuck

According to the 1966 cattle census, lndia’s caitle
population consisted of 230 million animals including
51 million buffaloes. According to one receit estimate,
it was 247 million in 1976-71. In other words, India‘s
catile population is appreciable which we canturn to
onr advantage.

The usefulness of cattle dung as source of fuel and
manure and the importance of cattle in various operations
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like ploughir.y, lifting of water, threshing of B
transport of produce are well-known. Even the
meal is a rich fertilizer of soil. It is to these i
advantages of our cattle wenlth that we showld g
more attention and veer away from the lure of tractors
and other forms of mechanization. That bullock-driven
ploughs of better designs coupled with intensive care
can yleld more produce than mechanized farming has
been demonstrated in umpteen farms in India, What &
needed is an improvement in the design of bullock-
powered farm machinery and ‘of the builock-cart o
suit rural roads.

To sum up, our basic strategy should be the utiliza-
tion of our human and animal resources to the fullest
advantage. This is needed even for the security and
stability of the society, for if the hands of men are not
fullv employed in creative pursuits, these will be used
for destructive purposes. We must tap nature’s processes
of renewal as known to us, add to them the recycling of
our own wastes and those of animals and plants, and
renew our own and the livestock’s muscle power through
their proper use. Alongside, we have to continue to seek
bounties from the prime source of all energy on this
planet—the Sun.
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limitations

Biogas plants: prospects and

potent instrument for rural development ?

What are the probiems involved in the production and ulilization of blogas? And what
.5 being done lo tackle these problems in order to make the blogas technology a

DR. T.D. BISWAS

Indlan Agricultural Research Institute, New Delhi

& Siunce the hike of petrol price and the consequent
energy crisis, the biogas plant has become the topic of
the day. In fact, there is a frantic national effort to explore
aliernative sources of energy. And the biogas plant
is oo such possible source.

What is biogas? When an easily decompasable cellu-
losic material is fermented with methane-forming organ-
isms under anaerobic conditions, a mixture of gases
:outaining methane, carbon dioxide, hydrogen, nitrogen
4 uxygen is formed. This mixture of gases is known as
s because it is produced from bioiogical materials.
esenee of methane in biogas makes it burn with

was technology has its own promises and
rdvantages and disadvantages. A critical
v¢ technology of biogas production, bring

ing out, as far
and the prospec
them, will, I am
portant subject in i

e, 50 a long way ia putting this im-
proper perspective,

formration through anaerobic
= long 1o the Sewage Tech-
ivated sludge for produc-
Dadar Sewage Plan
yozas, plant and the

History of development

The process of methan
fermentation was known si
nologists who fermented the a
tion of methane. In India, thel
in Bombay have had a similarb

Shei J.J. Patel

Fig. 2. Single unit biogas plant dzsigned b
-of Poona Agricultural College. ™

Hedd, Division of Soll Science & Agricultural Chemistry

Fig. i, Plant for large scale production of biogas.

gas had been used for certain domestic and industrial
purposes. In 1939, Dr, §.V. Desai of the Indian Agri-

-cultural Research Institwte ([ARI) visited the Dadar

plant and, being a microbiologist, realized the possibility
of ntilizing waste celiulosic matetials other than night -
soil for production of biogas. India being predominantly
an agricultural country, he could foreses the immense
potentiality of biogas production,

In 1945, Dc, SV, Desai and late Shri §.C. Biswas
of the IARI demonstrated for the first time on a pilot
plant scale that cattle dung {particularly bullock and cow
dung) conld be fermented wnder certain specific condi-
tions to produce biogas. Thus began the history of cow-
dung gas planot in India.

Dr. Desai and Shri Biswas later developed the cow-
dung gas plant for lagrge scale production of biopas.
Their design basically consisted of two components : a
dung digester and a gas holder for collection of the gases
produced (Fig, 1). Subsequently, Shri J.J. Pate! of the
Poona Agricultural College made a significant improve-
end in this design by combining the digester and the
g holder as a single unit. In this design (Fig. 2) the
t is inverted over the fermenting liquid in the
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digester lank, which reduced the cost of the gas plant
consideratly. The Khadi & Village Tndustrics Com-
mission (KVIC), Bombay and Shri Ram Bux Singh
of the Gobar Gas Rescarch Station in Ajitmal, Etawab
(UP) had carried our a series of investigations on

the biogas plant and had ..
number of designs,

After the first introduction of the cow-dung gas plant
i India by Desai and Biswas, three such plants were
initially installed, ong each at the JARIL, New Delhi,
Ram Krishna Mission at Beliur Math, Howrah (W.B.),
and the Khadi Pratisthan at Shodhpur near Caloutta,
The latter two had since been demolished and the work
at the IAR] and the KVYIC were going on at a snail's
page. The oil apd encrgy crisis, however, made the
country recollect the forpotten biogas plant again and
hence the renewed interest in this technology.

cated and suggested o

Mechanism of methane formation

The produciion of combustible gases from organic
wastes in marshes and swamps (marsh gas) is well known,
Methane is formwd from cellulosic materials through
the agency of a group of organisms belonging o the
family Methonobacterjacene, which are strict anaerobes
and proliferate onlv in the absence of oxygen at a slightly
alkaline pH.

In the imtial stages of decomposition of organic
maiter, both apacrobic and asrobic organisms produce
a variety of products and at the same time bring down
the partial pressure of oxygen, enriching the atmosphere
with carbon dioxide. This process energizes anaerobic
organisms and leads ‘(o the formation of short-chain
fatty acids and alcohels besides carbon dioxide. Once
the environment is rich in carbon dioxide, the secondary
flora comprising the bacteria belonging to the family
Methanobacteriaceae start operating. Methane may be
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produced by decomposition ol acids or by reduclion of
curbon dioxide, the later being the most commeon mechans
ism for methane production. The formation of crganic
acids os intecnwedintes prior to the formation of methane
has heen obierved W our laboratory at the JARL

Parunteters of meibane production

Temperature and pH uare the twao importunt paca-
meders whivh miluence the production of methane under
anacrobic conditions. The microorganisms which take
part in methane formation have the optimum activily at
35%40°C. The production of biogas is fastest during
summer and it decreases at Jower temperatures during
winter. The production data under conditions prevalling
in Delhi are represented in Fig. 3, ,

It has besn observed that physical protection of the
gas holder by alkathene screen arrests the lowering of
the ambient temperature and thys belps increase the rate
of gas production daving winter months. Addition of
simple energy materials like urea, sugar, poultry excreta,
and cattle urine is also helpful. Ram Bux Singh of Ajitmal
has used certain insulating materials around the fermen-
tation well to check the lowering of iemperature of the
fermenting slurry. Use of solac energy to heat the water
for making the dung siurry prior to introduction into tha
fermentation tank has also been suggested. Yet another
proposition is to circulate preheated gas ot v .cr through
the slurry in the fermentation fank through a spiral
tube; but this adds to the cost of production.

The methane formers thrive best at neutral to slightly
alkaline media and become inauive below pH 6. Under
anaerobic conditions, the dung suspeasion becomes
alkaline, probably due to formation of ammonia. The
fermentation proceeds through at least two stages:
(i) developinent of acidity due to formation of a number
of small chain fatty acids; and (ii} evolution of methane

PROQUE IO

28

24 Fig. 3. Rate of biogas pro-
duction during winter months

20 under conditions prevalling
in Delhi.

MEAN WONTHLY TEMPERATUAE (7C)




digester lank, which reduced the cost of the gas plant
consideratly. The Khadi & Village Tndustrics Com-
mission (KVIC), Bombay and Shri Ram Bux Singh
of the Gobar Gas Rescarch Station in Ajitmal, Etawab
(UP) had carried our a series of investigations on

the biogas plant and had ..
number of designs,

After the first introduction of the cow-dung gas plant
i India by Desai and Biswas, three such plants were
initially installed, ong each at the JARIL, New Delhi,
Ram Krishna Mission at Beliur Math, Howrah (W.B.),
and the Khadi Pratisthan at Shodhpur near Caloutta,
The latter two had since been demolished and the work
at the IAR] and the KVYIC were going on at a snail's
page. The oil apd encrgy crisis, however, made the
country recollect the forpotten biogas plant again and
hence the renewed interest in this technology.

cated and suggested o

Mechanism of methane formation

The produciion of combustible gases from organic
wastes in marshes and swamps (marsh gas) is well known,
Methane is formwd from cellulosic materials through
the agency of a group of organisms belonging o the
family Methonobacterjacene, which are strict anaerobes
and proliferate onlv in the absence of oxygen at a slightly
alkaline pH.

In the imtial stages of decomposition of organic
maiter, both apacrobic and asrobic organisms produce
a variety of products and at the same time bring down
the partial pressure of oxygen, enriching the atmosphere
with carbon dioxide. This process energizes anaerobic
organisms and leads ‘(o the formation of short-chain
fatty acids and alcohels besides carbon dioxide. Once
the environment is rich in carbon dioxide, the secondary
flora comprising the bacteria belonging to the family
Methanobacteriaceae start operating. Methane may be

COWDUNG GAS PLANT
RATE OF MONTH WISE WERAGE QALY GAS

Q09

B oas FropucTion
008}

E TEMPERATURE | Mran|
06
L+l ] o
Q-0
o

902

GAS PRODUCTION m’/nq CF DUNG )

oGl

[ 3T 2 40%:

produced by decomposition ol acids or by reduclion of
curbon dioxide, the later being the most commeon mechans
ism for methane production. The formation of crganic
acids os intecnwedintes prior to the formation of methane
has heen obierved W our laboratory at the JARL

Parunteters of meibane production

Temperature and pH uare the twao importunt paca-
meders whivh miluence the production of methane under
anacrobic conditions. The microorganisms which take
part in methane formation have the optimum activily at
35%40°C. The production of biogas is fastest during
summer and it decreases at Jower temperatures during
winter. The production data under conditions prevalling
in Delhi are represented in Fig. 3, ,

It has besn observed that physical protection of the
gas holder by alkathene screen arrests the lowering of
the ambient temperature and thys belps increase the rate
of gas production daving winter months. Addition of
simple energy materials like urea, sugar, poultry excreta,
and cattle urine is also helpful. Ram Bux Singh of Ajitmal
has used certain insulating materials around the fermen-
tation well to check the lowering of iemperature of the
fermenting slurry. Use of solac energy to heat the water
for making the dung siurry prior to introduction into tha
fermentation tank has also been suggested. Yet another
proposition is to circulate preheated gas ot v .cr through
the slurry in the fermentation fank through a spiral
tube; but this adds to the cost of production.

The methane formers thrive best at neutral to slightly
alkaline media and become inauive below pH 6. Under
anaerobic conditions, the dung suspeasion becomes
alkaline, probably due to formation of ammonia. The
fermentation proceeds through at least two stages:
(i) developinent of acidity due to formation of a number
of small chain fatty acids; and (ii} evolution of methane

PROQUE IO

28

24 Fig. 3. Rate of biogas pro-
duction during winter months

20 under conditions prevalling
in Delhi.

MEAN WONTHLY TEMPERATUAE (7C)




digester lank, which reduced the cost of the gas plant
consideratly. The Khadi & Village Tndustrics Com-
mission (KVIC), Bombay and Shri Ram Bux Singh
of the Gobar Gas Rescarch Station in Ajitmal, Etawab
(UP) had carried our a series of investigations on

the biogas plant and had ..
number of designs,

After the first introduction of the cow-dung gas plant
i India by Desai and Biswas, three such plants were
initially installed, ong each at the JARIL, New Delhi,
Ram Krishna Mission at Beliur Math, Howrah (W.B.),
and the Khadi Pratisthan at Shodhpur near Caloutta,
The latter two had since been demolished and the work
at the IAR] and the KVYIC were going on at a snail's
page. The oil apd encrgy crisis, however, made the
country recollect the forpotten biogas plant again and
hence the renewed interest in this technology.

cated and suggested o

Mechanism of methane formation

The produciion of combustible gases from organic
wastes in marshes and swamps (marsh gas) is well known,
Methane is formwd from cellulosic materials through
the agency of a group of organisms belonging o the
family Methonobacterjacene, which are strict anaerobes
and proliferate onlv in the absence of oxygen at a slightly
alkaline pH.

In the imtial stages of decomposition of organic
maiter, both apacrobic and asrobic organisms produce
a variety of products and at the same time bring down
the partial pressure of oxygen, enriching the atmosphere
with carbon dioxide. This process energizes anaerobic
organisms and leads ‘(o the formation of short-chain
fatty acids and alcohels besides carbon dioxide. Once
the environment is rich in carbon dioxide, the secondary
flora comprising the bacteria belonging to the family
Methanobacteriaceae start operating. Methane may be

COWDUNG GAS PLANT
RATE OF MONTH WISE WERAGE QALY GAS

Q09

B oas FropucTion
008}

E TEMPERATURE | Mran|
06
L+l ] o
Q-0
o

902

GAS PRODUCTION m’/nq CF DUNG )

oGl

[ 3T 2 40%:

produced by decomposition ol acids or by reduclion of
curbon dioxide, the later being the most commeon mechans
ism for methane production. The formation of crganic
acids os intecnwedintes prior to the formation of methane
has heen obierved W our laboratory at the JARL

Parunteters of meibane production

Temperature and pH uare the twao importunt paca-
meders whivh miluence the production of methane under
anacrobic conditions. The microorganisms which take
part in methane formation have the optimum activily at
35%40°C. The production of biogas is fastest during
summer and it decreases at Jower temperatures during
winter. The production data under conditions prevalling
in Delhi are represented in Fig. 3, ,

It has besn observed that physical protection of the
gas holder by alkathene screen arrests the lowering of
the ambient temperature and thys belps increase the rate
of gas production daving winter months. Addition of
simple energy materials like urea, sugar, poultry excreta,
and cattle urine is also helpful. Ram Bux Singh of Ajitmal
has used certain insulating materials around the fermen-
tation well to check the lowering of iemperature of the
fermenting slurry. Use of solac energy to heat the water
for making the dung siurry prior to introduction into tha
fermentation tank has also been suggested. Yet another
proposition is to circulate preheated gas ot v .cr through
the slurry in the fermentation fank through a spiral
tube; but this adds to the cost of production.

The methane formers thrive best at neutral to slightly
alkaline media and become inauive below pH 6. Under
anaerobic conditions, the dung suspeasion becomes
alkaline, probably due to formation of ammonia. The
fermentation proceeds through at least two stages:
(i) developinent of acidity due to formation of a number
of small chain fatty acids; and (ii} evolution of methane

PROQUE IO

28

24 Fig. 3. Rate of biogas pro-
duction during winter months

20 under conditions prevalling
in Delhi.

MEAN WONTHLY TEMPERATUAE (7C)




B The increasing popularity of gobar gas plonts
in the country has led the researchers and designers
to develop fow gest gas-holders o bring them
within reach of more and more people, One such
effort has been made by the Ferrocement Crait Re-
search Project, Madras in making an casily fabri.
cable, corrosionless and longer lasting gus-holder
of low capital cost, using ferrocement as the
building material.

Ferrocement is  homogeneous, strong and
impact esisting, does not corrode, requires very
litte maintenance, and can be easily repaited.
It is a thin-shelled structure made of closely knit
small diometer steel rods sandwiched between
lavers of chicken or welded mesh embedded in
rich cement-sand mortar. It can be made by
unskilled lapour without using a formwork or
shuftering.

An average size ferrocement gas-holder of
4.25 m3 has been fabricated with slight modifi-
cation on the mild-steel plate pas-holder design
of the Khadi & Village Jadustries Beard, Madras,
at whaose request the project was taken up. The
reinforcement cage has a bottom ring (.83 m din.)
and four horizontal braces made of mild-stee!
anple iron (19x 19x3 mm). The horizontal
braces hold in-.position a central pipe of gal-
vanized iron (6.3 ¢m internal dia.) which supports
-four vertical braces, four roof braces and a roof
ring, afl made of mild steel rod (¢ mm dia.} The
vertical and roof braces are generally taken in one
lengtn. A welded mesh (No. 10 gauge) rolled into
a 091 m high cylinder is welded to the vertical
side braces, the roof ring and the bottom ring, A

Gobar gas holder made of ferrocement

similar cirvularly cut mesh covering the roof is
welded al outer sides to the ool ring nnd the
braces and at centre to the central pipe, The gas
outlet is formed by cutting a galvanized iron
coupling (2.5 ¢em internal dia.) inte two halves and
welding one haif to the roof mesh at a distance
of 0,76 m from the central pipe. To ensure proper
churning  of cow-dung slurry, four mild-steel
flats (2.5 % 0.6 cm) are welded to the roof and the
bottom hovizontal braces. Two layers of chicken
mesh (No. 19 or 22 prore) are tightly fitted on
the inside and outsic ; of the framework.

When the reinfe:cement cage s properly shaped,
mortar is appfed using an elevated jig to avoid
shaking of the gas-holder and a separate scaffold-
ing built around the jig to facilitate plastering
work. Mortar is pushed from inside to outside by
hand so as io completely peneirate the mesh. The
Iayer should be normalfy 3 tnm thick. The surface is
then smoothened by trowelling and, afier harden-
ing, rubbed with sandpaper and washed,

The gas-holder is thea covered with wet gunay
bags und allowed 10 remain so undisturbed for
three weeks, after which it 15 allowed to be com-
pletely dried. Its surface is then rubbed smooth
and painted black with epoxy paint, which ensures
better ferraentation by absorbing heat.

To test for leaks. the pgas outlet is terporarily
sealed and the gas-holder held pver a waler column
and pulled down. This creates pressure inside the
pas-holder. Now, if a solution of soap is poured
over it, the leaks will show up where the secap
solution bubbles out; the spot is Jocated and
then repaired.

spent slurty will overflow into the outlet chamber from
where it can be led either directly into the compost pit
or into a shallow chamber where it may be sun-dried.

Under the conditions prevailing in Dethi, the rate of
gas production from daily addition of fresh dung varies
from 0.087 m3/kg during summer to 0.032 m¥/kg during
winter, .

Designs of biogas plaat

There are two types of processes-—continuous and
balch—for this anaerobic fermentation. The continuous
prozess is suitable for free flowing suspended materials
while the batch process is applicable to light materials.
Most of the biegas plants in our country today are based
on the centinucus process. The process s continuous in
the sense that, as the material to be fermented is charged
into the fermentation tank, the same volume of the
fermented material overBows out of it. The village model

T4

gas plant described above is an example of the conti-
nuous process. The size and design of the plant will
depend on the following factors:

i. Raw materials available for digestion

2. Quantity of gas required

3. Capital available for investment

4. Climatic conditions

5. Soil conditions and water table

The gas plants have three main parts: a digester,
a gas holder and gas matns with distribution system.
Depending on the amount of raw material to be handled,
the digester may be of either single-chamber or double-
chamber type. The village model gas plant uses a single-
chamber digester. Shri Ram Bux Singh of Ajitmal
suggests a doublechamber digester for larger volumes
of raw material.

The size of the gas holder should be such as to ac-
commodate the volume of the gas to be consumed during
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the day with sufficient margin for use the next day, The
gas helder is made of 14 or 16 5.G. mild steel, Since the
first introduction of the cow-dunp gas plant, several
designs of the gas holder have been put forward, mainly
by the Khadi & Village Industries Cornmission and the
Gobar Gas Research Station at Ajitmal, However, there
is furthar scope for improvenent of these designs depend-
ing on the requirement—single family kevel, villags level,
and community level.

Other materials suitable for biogas production

So far the emphasis has been mainly on production
of biogas from animal excreta, particularly bullock and
cow dung. The excreta from other animals—horses, pigs,
poultry, ete—can &lso be used for this purpose. In fact
pig-dung produces the highest quantity of methane
per unit quantity of the material. In South Africa, it has
been possible to run engines on a large scale with gas
obtained from pig-dung from a pig farm. Other cellulosic
materials like wheat straw, fallen tree leaves, and sugar-
cane beggasse can also be suitably fermented to produce
methane.

Another potential source of biogas is the night soil,
In cities the right soil is led into sewage plants and
turned into activated sludge, whichis used as manure
while the sewage water is nsed jn irrigated farming. But
this activated sludge can be suitably fermented to pro-
duce biogas and the residue equaliy profitably used as
manure, The National Enviroomentat Fngineering
Research Institute of Nagpur has designed a plant for
production of biogas directly from night soil. One such
plant is located in the Central Jail, Nagpur. The gas
thus produced is being used as fuel in the prison and the
residual slurry, an excellent manure, is being used to
raise a number of vegetables for the prisoners. However,
certzin precautions are necessary from public health point
of view while utilizing night soil for biogas production.

Dtilization of biogas

The approximate composition (by volume} of the
biogas produced is as follows: methane 50-609%; carbon
Aigxide 30-40 %7 ; hydrogen 5-1054; nitrogen 4-63;; oxygen
1-2%; and hydrogen .ulphide in traces. The gas burns
with @ hot, blue and smokeless flame. Methane and
hydrogen when burnt with oxygen give energy in the
fatm of heat.

CHy + 20, = ZH,0 + CO, 4» 233.8 k. cal

24, 4 0, = 2H,0 4 2 X 68.4 k.cal

The carvon dioxide in the biogas does not contribute
to the heat energy: ind:ed it is unfavourable to any
burning process.

The amount of heat energy generated is 8,7i4 k.cal/m?
for methanz and 2,798 k.cal/m® for hydrogen. On the
assamption that cow-dung gis contains 60% methane
and 10% hydrogen, the heat value of the gas can be
calculated as follows:

8,714 X 0.6 4 2,798 X 0.1 = 5,508 k.cal/m?

Cooking: Biogas can be utilized for various cooking
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Fig. 6. Cross-sectional diagram of the adaptor for petrol
engines to be run on blogas.

purposes. The requited valume of oxygen for total
combustior. of methane and hydrogen is supplied from
the air. Therefore, io get the maximum heat energy, the
biggas burner should have a proper gasfaic mixture,
otherwise a part of methane and hydrogen would pass
unused. Conventional gas burners available in the
market are not suitable for this purpose. Burners for
specific use with biogas, designed by the KVIC, Bombay
and Bengal Scientific & Technical Workers (P) Ltd,
Calcutta, are commercially available. Burners for cock-
ing and an oven for fandoor making have been Juwsigned
in the Division of Soi! Science & Agricultural Chemistry
of TARI, New Delhi, and preliminary trials kave shown
promise of better efficicncy. Since there are varied re-
quirements for burners, there is wide scope for improve-
ment in their designs.

Lighting: It has becn observed that biogas serves
well for lighting purpeses also when used in & pressure
type petroleym lantern, like the petromax: bere, the
need to convert the kerosene oil into the vapour form
is done away with since the cow-dung gas itself is in
gaseous form and can be directly fed to the mantles of
these lamps, with a proper ratio of supporting gas (air).
Special lamps for bicpas are being manufactured in our
country. To get optimum light intensity, the gas should
be at a pressure of about 10 cm of water. There is ample
scope for better designed bicgas lamps and mantles.

Kerosenz and petrol enmgines: Successful attempts
have been made to operate petrol engines and petrol-
cum-kerosene oil engines on cow-dung gas. The main
difficulty encountered is in regard to starting of the
engine, as is the case with kerosene oil, When kerosene
oil is to be used as fuel, the engine has to be first warmed
up by running it on petrol before it is switched over to
kerosene oil; 50 with biogas: the engine is first warmed
up by ignition under petrol vapcurs before it is switched
over to run on biogas. This can be achieved by providing
a suitable adapter for introduction of gas into the engine
inlet. ' oe method is to feed the gas in the carburetter
and control ihe gas-air mixture, which can be done by
attaching a tube of suitable diameter with a gas tap in the
inlet manifold. Apother simple arrangement is to by-
pass the carburetter and modify the air filter inlet by
incorporating a butterfly valve to contrel the dow of air
and a gas-cock to control the gas suppiy (Fig. 6). This

ki




adapter, designed by Shei M.C, Jain of IARL's Division
of Soil Science & Agricultural Chemistry, can be fitted
by meany of a coltar in place of the air filter which can be
ghifted to a position just before the air supply inlet. In
both these cases, the engine is first started on petrol.
After a warm up period of a few minutes, the petrol
supply is cut off, the gas tap opened slightly, and the
air valve closed gradually till the engine achieves the
normal ranoing condition. Once the engine is warmed
up, it can directly start on gas also.

Diesel engines: It is possible to run diesel engines
also on cow-dung gas, but, uniike the petrol engine, a
part of the diesel oil will have to be continuously supplied
even after starting and switching over to gas. The engine
is first started on diesel oil and after warm up, a mixture
of about 30°% gas and 20% diesel is fed for contimued
running of the engine.

Both ke-osene/petrol engines and diesel engines run
on biogas can be used by farmers for such operations
as water pamping and chaff cutting. However, the effi-
ciency of these engines is reduced due to presence of
carbon dioxide in the biogas. Scrubbing of the gas o
remnove carbon dioxide will certainly enbance the engine
efficiency

Some useful data regarding average consumption of
cow-dung gas are quoted below:

For cooking: 0.34-0.42 m¥/person/day

For gas engine: 0.45 m3/hp/hr

For gas lamps: 0.07 m?/mantle/hr {or 0.03 m*/40
candle-power lamp/hr}

For gas stove: 0.42 m?/fhr

1 litee petrol = 1.4 m3 biogas

1litre diesel 0il = 1.56 m? biogas

1 litre kerosene oil = 2.5 m? biogas

1 kwh electricity = 0.56 m? biogas

Utilization of residual sinrry

During the fermentation of dung, abont 309 of
solid material is decomposed and about 15% of total
nitrogen is converted into ammenia. On drying, there-
fore, the residual slurry becomes richer in nitrogen and
other nutrients than the oricinal matertal. The vesidual
shurry flowing out of the digester can be spread in a
shallow bed, allowed to dry, and used as manure. Alter-
natively, it can be led into a pit and made into a compost
along with the other waste materials. The ranges of
nitrogen {N), phosphorus (P) and potassium (K) content
in the cow-dung slurry (or oven-dry basis) are as follows:
N: 1.6-1.8%; P;0g: 1.1-2.0%; and K;0: 0.8-1.27.

One sample from the TARI daity was analyzed as
follows: N 1.8%; P,04 1734 K0 0.96%; Zn 220
ppm; Cu 20 ppm; Ma 200 ppm; Fe 280¢ ppm; Ca
0.479; Mg 0.67%. It may be mentioned here that the
animals in the TARI dairy are fed on rich feeds and fod-
ders. ‘The nutrient content depends on several factors,
like type, age, breed and health of the animal and the
nature of food consumed.
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Promises of blogas technelogy

The animal dung has been used traditionally as
either fuel or manure. The biogas technotogy has made
it possible to utlize the dung for bath fuel and manure,
Besides dung, other organic wastes can also be used for
bicgas production, ¢ither alone or with dung. The biogas
technology thus helps in utilizing organic wastes, cont-
rolling environmental pollution, providing means for
residue mapagement, and recycling of nutrients,

In a village, soil-plant-animal-man is a complex of
ecological community and enviconmentat functioning as
a whole. At the individual level, the village model gas
plant can work on dung from four or five mature heads
of cattle. The biogas thus produced is sufficient to meet
the cooking requiremcnts of the family. The quantity of
of dung (on the assumption that 10 kg fresh dung is
produced per animal per day) obtained in a year can
produce approximately 1,132 m? of biogas along with
residual slurry containing 50 kg N, 50 kg P05 and
25 kg K;0.

The residual slurry, composted with farmyard refuses,
unused vegetable matter, fallen tree leaves and weeds,
will make an excellent manure and will reduce the ex-
penditure of the farmers on chemical fertilizers. It is
thus obvious that biogas technology can help a great
deal in rural development and prosperity.

According to the estimates of the National Council
of Applied Economic Research, 1,335 million tonnes of
wet cow-dung is produced annually in India. If the
entire quantity of the dung is mobilized, it could produce
8495x107 m? of biogas along with residual shurry con-
taining 2.65 million tonnes N, 1.33 million tonnes POy
and 2.0 million tonnes K40, besides a number of essential
trace clements. Even if we assume that one-fourth of
the nutrients s mobilized for crop growth, this will mean
a lot in terms of saving in expenditure on fertilizers; the
residual sturry can certainly supplement and substitute

.a part of the present consumption of chemical fertilizers,

which are so expensive. Moreover, organic manures aré
considered essential for improving and maintaining
proper physical condition and productivity of soil.

In villages, many farmers do not have adequate
number of animals that will produce enough dung to run
a biogas plant. In such cases, four or five families can
join to install a biogas plant on a collective basis. A
community type biogas plant for a large number of
families is another proposition. However, the details of
working conditions for such collective or community gas
plants in respect of input and use pattern of fuel and
manure need thorough investigation.

In an enterprize or organization where. the number
of cattle heads is sizable, it is in the national interest to
utilize the excreta of the animals together with other
vegetable waste materials for production of biogas,
which will cut down the Tuel bill of the organization and
also save some emergy. Cellulosic waste materials of
certain bigger industrie: and enterprizes should also be
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utilized for production of blogas to meet part of tho fuel
consumption and prevent pollution,

According to the scientists of the National Enviren-
mental Engineering Research Institute, Nagpur, night
soil can bo wsed along with dung in suitable proportion
for biogas preduction. Frovided the social structure
pernils, it is pussible to connect public latrines to the
cow-dung gas plant for this purpase. Of course, social and

" public health aspects need to be thoroughiy investigated.

Problems to be tackled

In spite of so many advantages, biogas plants have
not been as popular as they should have been. So far,
only a few thousand biogas plants have been installed in
different parts of the country, mainly through the efforts
of the Khadi & Yillage Industries Commission. A certain
percentage of Government subsidy and loans from the
nationalized banks are also available for setting up
biogas plants. The Central and State Governments have
initiated ambitious plans and are carrying out systematic
compaigns for installation of cow-dung gas plants as a
measure for rural development and prosperity. However,
there are certain problems that remain to be solved in
order 1o make Diogas technology easily acceptable to
rural communities in the couniry. Some of these pro-
problems are discussed here.

The economics of the biogas plant has been a burn-
ing topic as this is the main bottleneck in its populari-
zation. Because of the slow rate of return on the in-
vestment in the biogas plant, the farmer is slow to react
to the propesal. Reduction in the cost of its fabrication
and installation is, thercfere, an essential step toward
the popularization of this techoology.

The gas holder, which is mude of mild stesl, is one
of the expensive components in the biogas plant. Efforts
are being made by several organizations to substitute
mild steel with a less expensive taaterial. It is also possible
to reduce the cost comsiderably by utilizing lime and
surkhi in place of cement in the construction of the
fermentation well. The gas holder and other components,
except bricks, cement and mortars, are not easily available
in the remote vitlages. There is thus a great need of
agencies for fabrication and distribution of such com-
poferHs.

Yery often, complaints are received about non-
functioning of gas plants due to certain minor defects,
which could be easily rectified by an experienced hand.
Since such technical help is not easily available at present,
there is an urgent need of a net-work of decentralized
agencies, comprising suitably trained personnel, to impart
technical knowhow to the users of the biogas plant, help
thern in its installation and operation, and train them to
attend to minor yvorking problems, The sefting up of
such decentralized ageuncies at each block level under the
control of the Block Development Officer of the Agri-
cultural Departmect appears to be the only solution to
the problem rf popularization of biogas plants in rural
areas.

INVENTION INTELLIGENCE

Because of the low pressure at which blogas is pro-
duced and stored, special designs of burners have to be
develeped. The efficioncy of the existing burners also is
not very satisfactory. Any research almed at reduction in
cost and increase in efficiency of th=so burners will be
very much welcomed. Because of low pressure, the
distribution of the gas to distant sites also poses problems.

Another important problem to be tackled is the slow
rate of gas production at low temperatures during winter,
This problem is particularly acute in regions where the
winter temperature falls steeply. Although some measures
to counteract this problem have been suggested, there
is a great need of further investigation in this line, In
some centres, work is in progress to isclate the microbial
cultures so as tp evolve enriched cultures of methane
formers which will be active even at lower temperatures.
To keep the temperature of the fermented slurry at a
higher lgvel, it is possible to harness solar encrgy for
heating the water used for making the slurry out of
fresh dung.

It would be economical to have a bigger size gas
plant which could be jointly installed on a cooperative
basis. This no doubt reduces the cost of gas production,
but poses a serious problem of how to rationalize the
input of dung and other wastes from each family and
the modus eperandi of utilizing the gas and manure by
them. However, the distributory system of pipelines
and the gas meters add to the cost. Handling, storage
and utilization of the residual slurry also pose problems,
A systematic study of all these aspects is necessary o
ensure that the biogas is economically utilized as fuel
and the residual slurry is profitably employed for crop
production. '

As mentioned earlier, a wide variety of materials
can be used for biogas production. The technology of
fermentation for each such material has to be worked
out in detail and a suitable design developed. It is
possible to reduce the farmentation period by pre-diges-
tion of the material followed by anaerobic fermentation.
Depending on the kinetics of gas production, the depth of
the well can be suitably reduced.

The carbon dioxide in the biogas presents certain
difficulties like dilution, reduction in calorific value, and
corroding of engine parts. Removal of carbon dioxide
from biogas will increase its fuel efficiency for both
cooking and rupning engines, besides reducing the size
of the gas holder. L

Though certain innovations are now available for
utilizing biogas for lighting and running engines, there is
still plenty of scope for A:.héir further refinement (eg,
improvement of gas mentles and adjustment of the
engines). Other uses of biogas also need to be explored.

The supervatant liquid from the residual shorry,
which contains abeut 90%; water, can be used for grow-
ing algae and fish. ‘fhe algae thus raised can be dried and
used as a source material for biogas production.
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Though a good deal of work on biogas has been
done in this country, much more still remains to be
done. Only the economics of biogas production and
utifization should not stand in the way of its populariza-
tipn, What is needed is an integrateqd approach. Besides
being a potential source of fuel apd manure, the biogas
technology should also be considered as a means of
controtling environmental pollution, residue manage-
ment, and recvcling of nutrients, which are so essential
to rural econemy . “ovelopment and uplift.

In his weiwme address at the 13th Convocation of
the Indian agric.)remal Research Institute, Di. A.B.
Jochi, Director of .- - !nstitute, made a pointed reference
to biogas teck. 0. .5 a means of meeting the national
nzeds in respes: os domestic fuel at both rural and urban
levels. It was mainly through his initiative that the
National Committce on Science & Technolugy (NCST)
was convinced that the approach to biogas production
and utilization should be multi-disciplinary in which Soil

Scientista, Agricultyral  Chemists, Microbiologlsts,
Englneers, Soclologists and Extension workers should
participate.

Recently, an All India Coordinated Project for
Biogas Technology and Utilization was approved by the
Department of Science & Technology of the Govern-
ment of India. Following iustitutions and organizations
are cooperating in this project:

1. Khadi & Village Industries Commission, Bombay

2. Indian Agricultural Research Institute, New Delhi

3. Planning Rescarch & Action Division, Lucknow

4, National Enviromental Engincering Research

Institute, Nagpur

5, National Sugar Institute, Kanpur

6. Structural Engincering Research Centre, Roorkee

7. Indian Institute of Management, Ahmedabad

Uader this project, all aspects of the technology and
utilization of biogas are being investignted. It is hoped
that this project will go a long way in making this vital
technology an important instrument of rural change.

From hotse manure to rich 'soil’ in 2 week

B A sew high-speed composting system which
+ ¢an transform horse and other manure into odour-
less ‘soil” and fertilizer in only 7-9 days has been
developed by the Swedish firm Javentor Invest
AB, Ostersund. Launched under the trade name
*Mullbank 50°, it is a combination of mechanical,

chemical, and biologicat techniques.

The composting process occurs inside a large,
12.sided cylinder with a capacity of 50 cubic
metres of manure per cycle. The manuse ischopped,
‘freed of foreign particles, like horseshoe nails,
and placed faside the cylinder. The vessel begins
to rotate and the temperature within it gradually
rises to 80°C. The maaure is pasteurized and
eventually transformed into a substance which
is said to smell, feel, and function tike soil. Whea
the process is complete, the end product can be
packed m sacks.

Manure from 1,5 horses at an Ostersund
pilo¢ plant yields an annual volume of some 2
million litres of soil-fertilizer. A complete Mull-
bank plant capable of composting 40 cubic metres
of manure from 1,000 hotses daily is to ba installed
at the Sclvall-race-courss near Stockhoim, it is
stated. Calculations indicate that a loss cansed by
handling costs can be transformed into a substan-
tiat profit theough the sale of the soif.

Inventor Invest had launched a waterless
composting toifet for weekend cottages based on
similar pringiples seme vears ago.
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Energy plantation and
silvi-pastoral systems for

rural areas

With increasing pressure of human settlements diminishing the country’s firewood
resources, the rural landscape is being stripped bare of its tree cover, leading to
serious ecological and other consequences. The process can be checked by systematic
plantation of trees, shrubs, grasses and legumes on hilly terrains, ravines and
wastelands—with a multiplicity of gains in terms of soil and water conservation, better
land utilization, increased crop and fodder producticn, easy availability of firewood,

ond improved environments.

DR. B.D. PATIL
Director

DR. P.S. PATHAK
Junior Ecologist

Indign Grossland & Fodder Research J'nst!tute; Jhansi (U.P.)

B The world cpergy demand doubles every 13 years
or so. In the last century, nearly 4 Q of energy was con-
sumed while the requirement of the next century is of
the order of 100 Q. But the total non-renewable energy
resource of the entire world is not more than 50 Q, which
is likely to be exhiausted in the next 50 to 100 years!. In
view of this scarcity of non-renewable sources of energy,
the scienfists have diverted their attention toward renew-
able sources of energy. Even though many substitutes
{atomic, solar, tidal, wind power etc) are being developed,
for more than a third of the world’s population perhaps
the most pressing energy crisis in the coming years wonld
be the famine of firewood. About 993 of the populations
in developing countries depend only on firewoed for
cooking: at least half of the timber cut in the world today
is used s fuel.

According to Eckholm?, the firewood prices in
MNepal have risen faster than that of kerosene. In the
west-African Sahel region, wood is the major living
expense and takes up one-fourth of the family's income,
“The firewood crisis goes unnoticed™, says Eckholm,
“because it lacks the photogenic visibility of famine,
but it is a portent of dust bowel futurs,'

The developing and fast multiplying rural population
strips the nearer fores:s, avenue plaptations and farm
lands of trees, leaving the landscape bare, Today, as a
result, people in most of the South Asian countries are
forced to use cowdung as fuel. During the dry periods,
ail the cowdung is dried and piled up in heaps, which

INVENTION INTELLIGENCE

dot the rural landscape iike little pyramids. The dried
dung is sold even in the surrounding urban areas for use
as fuel. In India alone, an estimated 60-80 million tonnes
of dried dung, representing 300400 million tonnes of
wet, freshly collected manure, are burnt as fuel, The
piant nutrients and organic matter thus wasted equal
more thay a third of India’s chemical fertilizer use®.

The only source of firewood are our foresis which are
fast shrinking ue to enchroachment by new agricuitural
settlements and industriai complexes. The fast growing
population is also increasing the pressure on our forests
for fuel : in hilly areas during very cold winters, tonnes
of firewood are burnt by single families to keep the
houses warm.

Forests : a renewsble resource

The Government has now accelerated the introduc-
tion of gobar gas or biogas plants, which break down
organic wastes inio methane gas for cooking and leave
a rich compost for the farms, Promotion of this system
will certuinly go a long way in reducing the energy crisis,
yet substantial proportion of erergy for cooking will
still have to come from fireweod,

For the rural population, firewood will always be a
high demand commodity, the availability of which will
decrease very fast because firewood. consumption and
population growth are directly related. The firewood
resources, therefore, must be augmented with the growth
in population to cope with the démands.
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Trees are the cheapest source of energy because they
fix the readily avaflable solar epergy without any exira
inputs. Solar energy can be trapped efficienty only by
certain plants put under proper management as a form
of direct renewable encrgy resource. Qur forest wealth —
covering only 22.7% of the total Jand area —is to be
protected and managed to yield most suitable economic
and industrial wood. The National forest policy is to
increase the area under forests to at least 339 of total
land area.

With increasing researches in wood products most of
the small wood from fellings in the forests is now being
wsed as raw material for indusiries. The proportion
of industrial use of wood has thus increased more than
its use as fuel. This is yet another reason why our forest
wealth should be treated as a renewable resource.

Trees and Nature’s balance

The Indian sub-continent has experienced severe
changes in its climate and landscape due to increasing
human inferference with “its natural ferest cover. The
arcelerared degradation of forests caused by shifting culti-
vation, agricultural ang developmental projects, nomadic
grazing, io; ping etc has reduced the productivity of our
land itself due to soil erosion, flooding, creeping deserts,
declining soil fertility, and increased pest infestation.
The possible changes brought about by the continued
misuse of the patural ecosystem. arc shown in Fig. 1.
The double pointed arrows in this figure indicate the
possibility of their reverting back under proper protection
and mapagement.

The results of such a transformation of. the ecosystem
are scarcity of food, fodder, fuel, and timber, and increass
in pest infestation and pollution.

80

(pased on MAR Regienal meating 1875, varanist)

Energy sitnation in niral India

OF all the problems smentioned above, el and fodder
scarcities affect the rural areas most. Our country
had a real breakthroogh in agricultural production over
the past 5-10 years becaunse of introduction of improved
crop varieties and superior management fechniques.
But when we compate the availability of solar cnergy
with the crop production averages at 2.577 efficiency
of its utilization, the yield per hectare of land is only
one-third that of several countries of the world receiving
even lower quantums of solar energy?®. Thus there is a
need to improve the energy capture efficiency in our
counity through application of various management
techniques ard removal of factors limiting production.

Our forests are less productive compared to the
world average —India : 0.5 m¥/hectarelyr; world :
2.1 m3/hectare/yr, During recent past, while wood pro-
duction has shown a marginal fncrease with a constant
growth rate of 227, its utilization for industrial purposes
has doubled and the per capita production bas remained
constant. The total consumption of fuel-wood in India
was 203 millions m? in 1970, of which 13 millions m3 was
obtained from recorded sources; the requirement is
likely to increase to 300 millions m? by 1990 (NCA, 1973).
Thus, the gap in demand and supply of {uel-wood by
159¢ would be of the order of 100 million m3. To bridge
this gap we need to raise the fuel-wood plantation of
quick growing, short rotation species (averags production
rate § m¥/hactare/yr) to about 20 millicn hectares.

Our country has a vast animal wealth, accounting
for world’s 16% cattle and 45% buffalo population,
69 million goats, and 43 million sheep. This huge anirsal
stock has to depend for its food on forests, waste
lands, community grazing lands, c¢rop residues, and

JANUARY-FEBRUARY 1977




‘

GROWTH GF GIVILIZATION

TSesundisturtisd Foreats =
\\_/
= e o o
Shifting Guitivation Momoged Forasts Agricullural Sattlgmants Large Doveloprentat Projacts
N T ]
et bl '
g_ga Plantation & Savgnna Deploted Forests Drylang Resarvoirs Wesiglonds
g2 NMonocaitura ! T Agriculture
g8 t
) 52
$Fs
g © ing Lands Sited Raservoirs
. ¢ ¢
Eraging

Rovings B Floody

. Eig.i} Poasible gequances of changts brought apout by tha continusdmisus® of Notural Forest Ecosystems

Trees are the cheapest source of energy because they
fix the readily avaflable solar epergy without any exira
inputs. Solar energy can be trapped efficienty only by
certain plants put under proper management as a form
of direct renewable encrgy resource. Qur forest wealth —
covering only 22.7% of the total Jand area —is to be
protected and managed to yield most suitable economic
and industrial wood. The National forest policy is to
increase the area under forests to at least 339 of total
land area.

With increasing researches in wood products most of
the small wood from fellings in the forests is now being
wsed as raw material for indusiries. The proportion
of industrial use of wood has thus increased more than
its use as fuel. This is yet another reason why our forest
wealth should be treated as a renewable resource.

Trees and Nature’s balance

The Indian sub-continent has experienced severe
changes in its climate and landscape due to increasing
human inferference with “its natural ferest cover. The
arcelerared degradation of forests caused by shifting culti-
vation, agricultural ang developmental projects, nomadic
grazing, io; ping etc has reduced the productivity of our
land itself due to soil erosion, flooding, creeping deserts,
declining soil fertility, and increased pest infestation.
The possible changes brought about by the continued
misuse of the patural ecosystem. arc shown in Fig. 1.
The double pointed arrows in this figure indicate the
possibility of their reverting back under proper protection
and mapagement.

The results of such a transformation of. the ecosystem
are scarcity of food, fodder, fuel, and timber, and increass
in pest infestation and pollution.

80

(pased on MAR Regienal meating 1875, varanist)

Energy sitnation in niral India

OF all the problems smentioned above, el and fodder
scarcities affect the rural areas most. Our country
had a real breakthroogh in agricultural production over
the past 5-10 years becaunse of introduction of improved
crop varieties and superior management fechniques.
But when we compate the availability of solar cnergy
with the crop production averages at 2.577 efficiency
of its utilization, the yield per hectare of land is only
one-third that of several countries of the world receiving
even lower quantums of solar energy?®. Thus there is a
need to improve the energy capture efficiency in our
counity through application of various management
techniques ard removal of factors limiting production.

Our forests are less productive compared to the
world average —India : 0.5 m¥/hectarelyr; world :
2.1 m3/hectare/yr, During recent past, while wood pro-
duction has shown a marginal fncrease with a constant
growth rate of 227, its utilization for industrial purposes
has doubled and the per capita production bas remained
constant. The total consumption of fuel-wood in India
was 203 millions m? in 1970, of which 13 millions m3 was
obtained from recorded sources; the requirement is
likely to increase to 300 millions m? by 1990 (NCA, 1973).
Thus, the gap in demand and supply of {uel-wood by
159¢ would be of the order of 100 million m3. To bridge
this gap we need to raise the fuel-wood plantation of
quick growing, short rotation species (averags production
rate § m¥/hactare/yr) to about 20 millicn hectares.

Our country has a vast animal wealth, accounting
for world’s 16% cattle and 45% buffalo population,
69 million goats, and 43 million sheep. This huge anirsal
stock has to depend for its food on forests, waste
lands, community grazing lands, c¢rop residues, and

JANUARY-FEBRUARY 1977




‘

GROWTH GF GIVILIZATION

TSesundisturtisd Foreats =
\\_/
= e o o
Shifting Guitivation Momoged Forasts Agricullural Sattlgmants Large Doveloprentat Projacts
N T ]
et bl '
g_ga Plantation & Savgnna Deploted Forests Drylang Resarvoirs Wesiglonds
g2 NMonocaitura ! T Agriculture
g8 t
) 52
$Fs
g © ing Lands Sited Raservoirs
. ¢ ¢
Eraging

Rovings B Floody

. Eig.i} Poasible gequances of changts brought apout by tha continusdmisus® of Notural Forest Ecosystems

Trees are the cheapest source of energy because they
fix the readily avaflable solar epergy without any exira
inputs. Solar energy can be trapped efficienty only by
certain plants put under proper management as a form
of direct renewable encrgy resource. Qur forest wealth —
covering only 22.7% of the total Jand area —is to be
protected and managed to yield most suitable economic
and industrial wood. The National forest policy is to
increase the area under forests to at least 339 of total
land area.

With increasing researches in wood products most of
the small wood from fellings in the forests is now being
wsed as raw material for indusiries. The proportion
of industrial use of wood has thus increased more than
its use as fuel. This is yet another reason why our forest
wealth should be treated as a renewable resource.

Trees and Nature’s balance

The Indian sub-continent has experienced severe
changes in its climate and landscape due to increasing
human inferference with “its natural ferest cover. The
arcelerared degradation of forests caused by shifting culti-
vation, agricultural ang developmental projects, nomadic
grazing, io; ping etc has reduced the productivity of our
land itself due to soil erosion, flooding, creeping deserts,
declining soil fertility, and increased pest infestation.
The possible changes brought about by the continued
misuse of the patural ecosystem. arc shown in Fig. 1.
The double pointed arrows in this figure indicate the
possibility of their reverting back under proper protection
and mapagement.

The results of such a transformation of. the ecosystem
are scarcity of food, fodder, fuel, and timber, and increass
in pest infestation and pollution.

80

(pased on MAR Regienal meating 1875, varanist)

Energy sitnation in niral India

OF all the problems smentioned above, el and fodder
scarcities affect the rural areas most. Our country
had a real breakthroogh in agricultural production over
the past 5-10 years becaunse of introduction of improved
crop varieties and superior management fechniques.
But when we compate the availability of solar cnergy
with the crop production averages at 2.577 efficiency
of its utilization, the yield per hectare of land is only
one-third that of several countries of the world receiving
even lower quantums of solar energy?®. Thus there is a
need to improve the energy capture efficiency in our
counity through application of various management
techniques ard removal of factors limiting production.

Our forests are less productive compared to the
world average —India : 0.5 m¥/hectarelyr; world :
2.1 m3/hectare/yr, During recent past, while wood pro-
duction has shown a marginal fncrease with a constant
growth rate of 227, its utilization for industrial purposes
has doubled and the per capita production bas remained
constant. The total consumption of fuel-wood in India
was 203 millions m? in 1970, of which 13 millions m3 was
obtained from recorded sources; the requirement is
likely to increase to 300 millions m? by 1990 (NCA, 1973).
Thus, the gap in demand and supply of {uel-wood by
159¢ would be of the order of 100 million m3. To bridge
this gap we need to raise the fuel-wood plantation of
quick growing, short rotation species (averags production
rate § m¥/hactare/yr) to about 20 millicn hectares.

Our country has a vast animal wealth, accounting
for world’s 16% cattle and 45% buffalo population,
69 million goats, and 43 million sheep. This huge anirsal
stock has to depend for its food on forests, waste
lands, community grazing lands, c¢rop residues, and

JANUARY-FEBRUARY 1977




ao Basad va sular prineiples are the ideas

monte setry and faemr-direatry Agri-
I ko b Tagogey astern, s

copart of dndiae forestry oo wineh crops
Hort-pastuare
s

Y [RRR AN T T RSL AT A PP

+the hilly regions are bare wt the
wopradace ansthing ewept the fruits,

1o eamba

itons ot only
re wnd terudits bt abso proavides
e fur the livestock.
L e of lueerne is being taken up from
G overd wesecessuliv ot the carly stages
sothwdditionzl heneiits Lo the

o] BLITINOUS

of pres isvion ef exord nuinents

The new theme
sk

Dimproved cperey ondput

¢ gt enrerienoes, the indinn Gras-fand
In-titnte OPGERTT has
smg midl-storesed

Rescarch recently

I

s anedels et dieesse o of compl-

e ror betier solin ener

HATUERE ]

Tl

[N viedd e e

Plogess Is

sorl o ¢y oappli-

not

LN 2
st Rarteating ard oretective e ion

lecnmigue-

INVENTION INTELLIGENCE

: ?Jf e
SRR Y

Depending on the plants’ canopy structure, enerpy
franion etheleiey hehit requirements,  dotferent
combnmitions of trees, shrebs, bushe and trathng legumes,
nd tussoch grisees wre now heing grown in such a way
that ihe solar enerpy Jues not reach the <ol level, being
intereepled by the plane leaves, This svstem inereases
the elicienay of energy synthesis many-fuld, The tollow-
ing examples of different tpes of plants may give an

ol

iew of such @ svsiem -

Trees + Albizzia amara; Hardwickin binaw  (in
S m linesy.
Shruhs o Sesbania seshban;  Leucacna  [atisiligua;

Lyesmanthus vifpatus el

Bty and trailing &
pledig Afthosi
clitora terneat;
uncinatum ew

Cirasser - Setarid anceps: Cenchrus aliaris: Sehima
nervosumy, Paspatum dilaatum, Ol setigeras; Chrvsopo-
von fulyes,

Macropteliom agropur-
: Lrabichos Jabluby;
Dyesrpndiom diffusan;, Desmuodiom

THENSY

ST

Fhe grasses and fegumes are planted sown o 301
rative wivle the Srubs are grown as o rows {centrad)
af hedges, The feetmes o o the shrobs ress so that
no Mare stenes e lett, The trandngr sorface allows the
legumes e probiferate, thus inceasny the per uait Jdry
matier producton, Besides, the qualuy of the barvested
nraterlal s also improved Jdue ta the prosence of legumes

83



kY

B T : and fodder bushes. Since the fam 2 o Jo not get in
”}f («J‘ (\‘f ’ V,( "}«« divect touch with the groutd, sosl -+ e to splush
erosion is avoided, The gruzing arrewis oot balanged
) feed due 1o second tier brogsing o wig DUbritious
( leaves of the bushes. The trees e Lol anly during
IJ\ scarcity periods (or to provide e lphy canopy) thus

increasing fuel-wood production

A schematic diagram of abl the glas ., wih models
described above is shown in Fig. 2. Tigem, ,pybs, grasses
and legumes suitable for various agto-chmu;, conditions
are given in Appendix I1. -

The above types of population Pupupylation are
being carrisd out at IGFRI in order vi mprove the
energy ountput and to provide additionas Jd.agmgw for
a better rural life, The whole theme is iftusuuyog in Fig. 3
from the point of view of possible benehir. . the rurs!
environment.

A comparison of soil and warer orvation by
different vegetation systems shows *::\ wslnnds
(protected) conserve the most (Table 25, Bu ;4 kombi-
nation of trees, grasses and shrubs increases the donser-
vation manifold. The grass-legume-tioe combinations
have been found to improve not ondy the soil structure
but the fertility status, 100 : in a natural grassiand sub-
jected to annual harvests, the fertility level is maintained
even afier 8 years, while with fodder crops it deteriorates
in spite of fertilizers and ether inputs, Soil amelioration
through leguminous nitrogen fixation is illusirated in
Table 3. This bas a greater significance to rural agriculture

: . y ! in view of the shortage and high price of inorganic
Fig.2 SCHEMATIC DIAGRAM SHOWING FROFILES OF fertilizers and a limited soil moisture status in general.

DIFFERENT SYSTEMS This system also ameliorates the general environment.
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Fig.3 . SILVi-PASTURES FOR RURAL RECONSTRUCTION
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energy ountput and to provide additionas Jd.agmgw for
a better rural life, The whole theme is iftusuuyog in Fig. 3
from the point of view of possible benehir. . the rurs!
environment.

A comparison of soil and warer orvation by
different vegetation systems shows *::\ wslnnds
(protected) conserve the most (Table 25, Bu ;4 kombi-
nation of trees, grasses and shrubs increases the donser-
vation manifold. The grass-legume-tioe combinations
have been found to improve not ondy the soil structure
but the fertility status, 100 : in a natural grassiand sub-
jected to annual harvests, the fertility level is maintained
even afier 8 years, while with fodder crops it deteriorates
in spite of fertilizers and ether inputs, Soil amelioration
through leguminous nitrogen fixation is illusirated in
Table 3. This bas a greater significance to rural agriculture

: . y ! in view of the shortage and high price of inorganic
Fig.2 SCHEMATIC DIAGRAM SHOWING FROFILES OF fertilizers and a limited soil moisture status in general.

DIFFERENT SYSTEMS This system also ameliorates the general environment.
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e —————
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[ server envirasmEnt ] INCREASED .
N R ry ANIMAL PRODUCTICN
CRYLAND CROPS []
WINGR TiMSER : i- SU.VI-FASTURES 8 | GRAZING
FUEL waop [P ASR{-FORESTRY OR — ] 2.FORAGE AS HAY
MINOR FOREST PRODUCTS FaRM FORESTRY 3.LEAN PERIOD, GREEN
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I HoATI- PASTURES (BETTER NUTRITION)
- ¥
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MOISTURE & NUTRIENT
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Fig.3 . SILVi-PASTURES FOR RURAL RECONSTRUCTION
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2. Humid Beagul-Adssam region! Azadirachta indica;
Dalbergia sissoo; Emblica officinalis;  Peltophorum
pterecarpum; Pithevellobium dulee; Pongamin pinnatu;
Albizzia febbek: A. stipy bata; Artocarpus hoterophylius;
Bauwhinda sp.; Lewcaens latisitigua; Movinga oleifera;
Morus alba; Svzygium cuminl; Tamarindus indica;
Ecalyptus sp.

3. Humid eastern Himalayan region and Islands:
Eucalyptus globulus; Pongamia pinnata; Quercus semi-
[carpifelia; Salix tetrasperma; Albizzia chinensis; Arto-
[carpus heterophyllus; Bauhinia sp.; Moringa olsifera;
} Morus seifata; Syzvgivm aqueom; Pongamin pinnata;
Mesua ferrea; Populus ciliata.

4. Sub-humid Sutlej-Ganga afluvial plains:  Acacia
nilotica; A. tortilis; Anogeissus latifolia; A. pendula;
Azadiracuta indica; Dalbergia sissoo; Kydia calycina:
Morus alba; Pithectllobium dulce; Pongamia pinnata;
Zizyphus mauritiana; Ailanthus excelsa; Albizzia lebbek;
A. procera; .\, amara; Bauvhinta variegata; Cordia
dichotoma; Hardwickia binata; Leucaena Iatisiliqua;
{ Cordiz dichotoma; Moringa oleifera; Adina cordifolia;
| Bridelia retusa; Schleichera trifuga; Gmelina arborea.

5. Sub-humidlhumid egstern and south eastern upland
regions: Acacia nilotica; Anogeissus latifolia; Azadi-
rachta indica; Cordia dichotoma; Dalbergia sissoo;
Delonix clata; Emblica officinalis Grevillea robusta;
Hardwickia binata; Kydia calycipa; Pithecellobium
dulce; Pongamia pinnata; Zizyphus mawritiang; Ailan.
thus ; Albizzia chinensis; A. lebbek; A.amara;
Artocarpus  heterophylus;  Bauohinia  purpurea;
B. varegata; Moringa oleifera; Morus alba; Leucaena
Iatisiliguna; Mimusops hexandra; Glyricida macuiata.

6. Arid western plains: Acacia tortilis; Azadirachia
indica; Cordia rothi; Hardwickia binata; Morus alba;
Parkinsonia aculeata; Pitheceliobium dulee; P. seman;
Salvadora oleoides; Tamarix sp.; Zizyphus mauritiana;
Ailanthes excelsa; Albizzia lebbek; Hardwickia binata;
Moringa ol¢ifera; Tecomella undulata; Bucalyptus sp.;
Prosopis cineraria; P. julifiora.

7. Semi-gridilava plateaux and central iighlands: Acacia
awvicoliformis; A. nilotica; Caswarina equisetifolia;
Cordia eathi; Emblica officinalis; Kydia calycina; Morus
alba; Pithecellobium dulce; Pongamia pinpata; Tama-
rindys indica; Tamarix $p.; Zizyphus mauritiana;
Ailanthus excelsa; Albizzia amara; A, lebbek; Bauhinia
variegata; Hardwickin binata; Leucaena latisiliqua;
Moringa oleifera; Tecomella wndulata; Eucalyptus sp.;
Glyricida maculata; Thespesia populoea.

8. Humid and semi-arid western Ghgts: Acacia ausi-
culiformis; A, melanoxylon; A. nilotica; Aplanifrous;
Albizzia amara; A. procera; Apageissus Iatifolia; Cassia
awriculata; Casvarina cquisetifolia; Eucalyptus sp.;
Grevillea robusta; Kydia calycina; Morus alba; Pelto-
phorum pterocarpum; Pithecellobium dulce; Pongamia
pinnata; Zizyphus mauritiana; Aegle marmelos;
Ailanthus excelsa; Cordia dichotoma; Hardwickia binata;

8¢

Leucazna latisiliqua;

Moringa  oleifera; Tiunarindus
indica; Glyricida maculatn; Mesua forren; Thespesia
populnea.

Appendix 11

biwcies sudiable for the proposed three-ti and sl
pasture Systems of production in different ecolcgical zones
(Tree species as listed in Appendix-I for every region)

1. Temperate and humid western Himalayan region
Shrubs: Grewia oppositifolia; Leucaena latisiligua;
Dichrostachys nutens; Banhinia sp.; Sesbania sesban.
Grasses & legumies: Themeda anathera; Chrysopogon
fulvus; Arundinella nepalensis; Heteropogon contortus;
Cenchrus ciliaris; Setaria anaps; Phaseolus atropurpureus;
Stylosanthes hamata; Phleum pratens; Muhlenbergia
duthieana; Poa pratensis; Dactylis glomerata; Medicago
sp.; Trifolivm subterraneum,

2. tlumid Bengal-Assam region

Shrubs: Leucaena latisiliqua; Sesbania  grandifiora;
§. sesban; S. microcarpa; Banhinia. sp.; Desmanthes
virgatus; Desmodium uncinatum; Morus alba; Moringa
oleifera.

Grasses & legumes: Setaria  anceps; Penniseium
pedicellatum; Panicum  antidotale; Chrysopogen acis
culatus; Marenga porphyrocoma; Panicum notatum;
Arundinella bengalensis; Atylosia scaraboides; Des-
modinm  uncinatum; Poreria  thunberglana; Clitotia
terneata; Vicia ap.; Glycine javanica; stylosanthes hamata.

3. Humid castern Himalayan region hnd Isiands
Shrubs; Desmodium cephalotus; Leucaeda latisiliqua;
Sesbania grandifiora; S. sesban; Moringa oleifera;
Morus atba; Desmanthes virgatus.

Grasses & legumes: Setaria anceps.
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s gmu ior htm'
It's Noga

NOGA makes jams from
fresh fruits and pure sugar.

Noga jams are as nourishing as they are tasty. e

Becausa they're made from hand-picked. fresh
fruits—--and purg sugar.

Moga jams are just the righ thing &t breakiast
Your children wilt love the fruity-sweet taste &
And the fittle chunks of fruit they’ll find in the
jam. No wonder, thay’ll want more—and more! &
Give your family the goodness of Noga jams
They N love the taste!

NOGA Jams —with the fresh fruit taste and goodness.

Choose from
mixad fruit.
fnanga, apricot.
{ strawberry and
pineapple jam,
orange
marmalade and
auava jally.

Grant7, 78
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Solar energy for rural

development

Solar energy could be a boon for Indian villages, particularly the ones situated away
from industrial centres. Pumping irrigation water, drying and processing agricultural
preducts, producing potable water from brackish water, cooking, lighting, and
entertainment are sonie of the imporfant fields of solar energy application for rural
areas, which need to be given priorify in our developmental efforts.

DR. H.P. GARG

Head, Solar Energy Studies Section, Central Arid Zone Research Institute, Jodhpur

B The enormousness of the world’s present rate of
ensTgy consumption can be gauged from the fact that,
in the USA, for one food calorie available at the table
for human censumption, about 10 calories of industrial
encrgy are consumed in production, processing and
distribution. Thus, at the present alarming rate of energy
consumption, it may be safe to predict that all the stored
energy of the Barth will Yast for only a few decades.

India is essentially an agricultural country, with 8077
of the population living in villzges and 50% of the gross
national product coming from the agricultural sector.
In our villages, both commercial fuels like coal, oil and
electricity and non-commercial fuels like dried dung.
firewood and agricultural waste are being used; besides
these, human and animal power is also used for various
applications. However, for most of the operations, the
energy from human and animal power and from non-
commercial energy sources is derived in a most inefficient
way. Moreover, increasing use of firewood results in
deforestation leading to soil and water erosion and a
disturbed ecosystem; and cowdung and agricoltural
waste, if used as manure, can bring about 2 tremendous
ingrease it our agricultural production.

There are about 4.51,500 villages in the country with
a population less than 1,000. In these villages, where the
energy requirement is low and which are thinly populated
and away from the industrial cenires, solar energy could
be an attractive alternative. It ¢an meet small localized
needs and can be put to a number of applications in
raral areas. -

Availability of solar energy

Because of its comparatively small size and lavge
distance (149 million km) from the Sun, the Earth receives
only 0.000000005th part of solar energy output. Ouiside
the Earib’s atmosphere, the average solar radiation

INVENTION INTELLIGENCE

intensity is 1.36 kw/m2 or 1.94 cal.jom?/min. on a surface
normal to the direction of radiation. This radiation is
further rarefied by the atmosphere due to reflection,
scattering and absorption and also by geometrical factors,
so that the Earth receives direct and diffuse solar radia-
tion which is variable and intermittent with a maximum
value of 1.2 kw/m2. :
There is at present a network of 30 stations (Fig. 1)
in the country for recording total solar radiation on
horizontal sarface, under. the control of India Meteoro-
iogical Department. The monthly means of daily total
solar radiation in respect of 20 of these stations are
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Table 1-—Moathly means of fotal solar radiation (cal,/cni?/day) on horlzonta! surface at 20 Indian citles

Jan. ¥Feb, Mar., Apr. May June July Aug. Sept. Oct, Nov. Dec, Year

Minicoy 470 488 508 499 423 376 378 412 431 412 420 402 435
Trivandram 503 538 563 530 470 449 416 458 499 448 425 442 4718
. Kodaikanal 508 562 555 535 550 445 314 397 421 383 405 453 462
Port Blair 403 4B6 515 492 307 306 300 247 36l M6 342 34 3IN

455 518 551 541 503 359 293 353 413 421 4l 431 427
472 493 596 587 556 443 354 366 405 412 388 417 466

PHRAM G PN~
2
B
g
S

Madras 441 539 584 581 559 498 449 474 482 425 367 316 481

Goa 484 541 579 599 5B8 434 320 436 467 490 467 453 490

Hyderabad 409 505 521 533 579 461 334 352 339 392 347 394 431
10, Visakhapatnam 451 521 553 567 576 425 395 444 438 445 441 427 473
11, Poona 445 324 578 611 620 514 388 392 448 487 435 409 487
i2, Nagpur 420 500 543 S8B3 598 505 379 367 433 488 442 390 471
13. Bhavnagar 431 502 588 614 655 547 389 369 505 515 446 394 496
14, Calcutta 357 417 480 528 542 413 394 382 367 3B 386 350 47
15. Abwedabad 410 493 563 623 650 565 413 405 4RO 496 420 38T 492
16. Shillong 316 449 437 467 493 363 327 351 293 351 343 33 37
17. Jedhpur 399 467 557 627 651 619 513 485 520 497 421 335 Sl
18. New Delhi 341 430 SI8  5B4 627 569 443 432 474 454 386 323 465
19, Gulmarg 265 303 346 425 411 491 406 337 365 293 291 223 M6
20. Sringgar 175 247 386 493 593 628 583 506

427 322 218 1712 401

shown in Table 1. This represents the available potential
for installation of solar esergy appliances utilizing total
solar radiations, it can be seen that the maximum radia-
tion (anowal mean) is received at Jodhpur {511 cal.f
am?/day), an arid region, followed by Bhavnagar,
Ahmedabad, Bangators, Hyderabad, New Delhi and
Poona, which come under semi-arid regions of the
counity, Further, the maximum solar radiation is re-
ceived in May at most of the north Indian stations (400-
651 cal.jem?/day) and in March or April at most of
the peninsular stations (500-600 cal. fem?/day). Minimum
radiation is received during the winter season or in the
monsoon season. These Agures clearly indicate the
enormous polentiality of solar energy utilization in our
country.

Selar cooking, .

According to a regent report of the United Nations
Enviroament Program (UNEF) published on the
eve of the World Environmental Day, the resl energy
crigis is shortage of firewood for one-third of the world
population, and it has urged ‘mass trea planting schemes®
and development of altsrpative cooking devices like
solar and biogas cookers, This crisis is so severe that, at
many places, the task of collecting wood which used to
take an hour or two now takes a whole day.

In roral India cooking is done mainly by firewood,
dung cake and vegefable waste, which together account
for 94.6% of the total fuel consumption; and out of this,
firewood provides the major share—58.6% (Table 2), .

20

The amount of energy obtained from non-commercial
sources in India in terms of coal equivalent over the last
20 years is shown in Table 3. It shows that in 1971-72,
191.3 million tonnes (coal equivalent) of non-commercial
fuels (20.0 million tonres of dung, 138.2 million tonnes
of firewood, and 33.1 million tonnes of agricultoral
waste) were burnt in India for cocking purposes, and
this constituted about 50% of the total energy need of
the country. These fuels, when nsed directly as fuel, are
of least economic value, and the villagers have to spend
little money for procuring them. However, the agri-
calture sector can benefit immensely if cow-dung and
agriculture waste are used as organic manure rather than

Table. 2—Pattern of fuel consumption in rural India

Fuel Percentago share
A. Commercial
Soft cake 1.6
Kerosene a8
Electricity, gas etc nil
B.  Non-commercial
Firewood 58.6
Dung cake 210
Vegetable wastes 15.0
Total 100.0
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burnt at a low efficioncy of only 10%. In view of this
epormous indirect cconomic cost to the country, the

Tahle 4-~Caoking trials on a new solar oven developed at
CAZRI, Jodhpur

Natienal Commission on  Agriculture has tly
declared the use of cow-dung a3 fugl virtually a crime.
In this context, solar energy offers a ready alternative te
domestic fuel if harnessed cconomically through cheap
solar cookers.

Though the technology of solar cookers is simple,
their advantages could be significant if used extensively.
Generally, solar cookers are made up of & single or
multipie ptaps reflector with a hot box arrangement and/
or of spherical parabolic reflector of average precision.
The materials nsed in their construction ave wood,
aluminium and iron sheets and tubes, plastics, glass,
mirrors ete.

The paraboloidal type cooker was first developed in
India in 1950 and was then modified In other countries
like WSA and Burma. The plane mirror type cooker was
first developed in USA and was later modified in India.
A more stable and dependable cooker comprising a
number of highly polished concave glass mirrors has been
developed in Tsrael. A solar steam cooker comprising
a flat-plate collector and an insulated box at the top
for boiling food has been developed in Canada.

Recently a systematic techno-economic study on the
development and field use of solar cookers was under-
taken at Central Arid Zone Research Institute (CAZRY)
Jodhpur, and as a part of this study, five different types
of solar cookers/fovens were designed, fabricated and
tested in the laboratory by the author. Qut of these five
solar cookers, the solar oven shown in Fig. 2 was found
to be the best. It comprises four square and four trian-
gular plane plass refleciors and a well insulated semi-
cylindrical box at the back made of sheet alumininm and
wood on an afgle iron stand designed for adjusting the
equipment towards the sun. A cradle-like cooking plat-
form made fn the oven helps in keeping the vessel con-
taining the food horizontal irrespective of the inclination
of the oven. The suitability of glass refiector, chromium
plated reflector, anodized aluminium reflector and

Table 3— Consumption of non-commercial foels in India
in terms of million tonnes of coal replacement

Year Dung Fivewood Waste Total Total energy
need (%)
1953-54  18.6 B2.2 251 1259 68
1955-56  19.6 844 263 1303 67
1960-61 216 95.3 29.2 145.1 4]
1962-63 2.0 968 296 1483 55
1965-66 176 120.1 3Ll 168.8 53
1968-69 19.7 135.1 32.6 1874 52
197172 00 $31382 331 1903 50
197879 HOERIM0 440 2080 30

(expected)

INVENTION INTELLIGENCE

Type of food Caoking me
{minutes)

1. Cocking
(a) Rice (1 kg in water) 45
(b} Potatoes (1 ke in waler) 50
(c) Arhar dal (1 kg in water) 75
(d) Other vegetables {1 kg in water} [t}

2. Roasting
(a) Potatoes (1 kg} 60
{b) Chicken (1.5 kg) 60
(c) Fich (1 kg) 20

3. Baking
(a) Cake {1 kg) 50

4. Boiling
{a} Tea (4 cups) 25
(b) Milk (1 litre) 45
(c) Water (1 litig) 45

aluminium refiector was also studied. It was observed that
the maximum temperature in the solar oven with a look-
ing glass reflector reached 350°C in summer and 250°C
in winter.

Practically all types of food can be cooked with this
solar oven. Some of the cooking tests condugted on this
oven are given in Table 4. The Table shows that practi-
cally all types of dish can be prepared with this oven
within 30-45 minutes. Its other advantzges are: () its
petformance is not affected by wind; (i) there are no
chances of dust falling in the cooking pot; (iii) the food

Fig. 2. Solar oven with octagonal silvered glass reflector,
developed at CAZRY, Jedhpur.




Tuble 5~Distribution of villages according to population
(1971) and number/percentuge of villages electrified

Table 6—Estimated encrgy avallabllity for pumplng water
(million kwh)

Human!  Dlesel

Popalation Tatal  Electrified  Percent
Less than 500 318611 35047 11
300 to 999 132873 33876 21
1000 to 1999 81509 4402 42
2000 to 4993 35952 24834 69
5000 to 9999 4975 3980 80
10000 and above 1358 1249 92
Total 575718 135388 24

Year Eleetric Total
animal engines motors
power
1968-69 2746.6 1000.5 1543.9 5295.0
1973-74 2365.8 1813.2 3973.1 g152.1
1978-79 2178.0 1905.2 6778.4 10861.6
1983-84 1932.2 3264.5 75734 1277041
1988-89 1642.9 26274 10234.2 14504.5
1993-94 1294.4 31074 121535 16555.3
1998-99 893.1 36209 14201.9 18721.9

remains warm for hours if kept inside the oven even
after sunset; and (iv) it does not require frequent adjust-
ment towards the sun.

Solar parpiog

To increase agricultural production and per capita
income it is essential to increase the energy input in the
rural India. To achieve the production level of 2,000
kg/hectare to meet the requirement of 3,000 food calories
day per person in India, at least 0.75 hp/hectare of energy
input is required as against 0,35 bp/hectare available now.

The major ingredients of an agricultural system are
soil, sunfight, water, plants and animals. We are rich
in respect of all these ingredients, but ours is one of the
least productive farming system because of inadequate
availability of energy in rural areas. There is a vast scope
for multiple and relay cropping provided more power is
available for lifting water from wells aed other sources,
which are at present under-utilized.

The total number of villages in India categorized
according to ranges of population with number and per-
centage of those which are electrified is shown in Tahle 5.
Only 3,061 cut of 5.76 lakh villages were electrified before
the begioning of the first Five Year Plan; up to March
1971, 247, or over 1,35 lakh of these villages had been
electrified; and by 31 March 1974, 27.3% or 1.55 lakh
villages had come under the electrification schere, The
remaining villages are so widely dispersed, thinly popn-
Iated, and with low energy demands that their electrifi-
cation would be highly uneconomical—indeed, even the
interest on the total investment would not be recovered.
‘Thus, for a long period, these villages will vemain without
clectricity and, hence, without electrically operated
pumping sets.

There are about 4.51 lakh villages in India with a
popolation less than 1,000 (Table 5). The daily energy
requirement of these villages is estimated at 500-600 kwh
(cooking 200 kwh; irrigation 250 kwh; lighting & enter-
tainment 100 kwh). Until now, this energy bas been
obiained from son-commercia! energy sources and
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humanfanimal power. The pattern of energy availability
from different sources — human, animal, diesel and
electricity — for pumping water over the period 1968
to 1999 is shown in Table 6. It can be seen that by 2000 AD
the consumption of diesel fuels and electrical enargy would
increase by about 20057 and 300%, respectively, over
the 1973-74 level.

The development of a small solar pump of 2-5 kw
capacity for irrigation purposes ¢an result in an agri-
cultural revolution. In most of the arid areas and ﬁT'E
some parts of semi-arid areas, the major portion of our
agricultural land is rainfed, and if some portion of this
land is brought under hrigation then crop production
could be substantially increased. As the power reguire-
ment for this purpose is localized and scattered in small
pockets, a small self-sustained crergy nnit would be very
useful. Since the requirement of water and solar radiation
availability are quite in phase, its wtilization would be
more stable than electrical and diesel engine pumps
which are adversely affected by periodic power break-
downs and shortage of conveutional fuels.

Solar pumps can be energized by converting solar
energy into either electricity (by solar cells) or mechanicat
power. Solar pumps based on direct conversion of solar
energy into electricity using solar cells are at present
bighly uncconemical, while those based on conversion of
solar energy into mechanical energy are not only feasible
but have been successfully tried in France, UJSA, USSR
and Israel,

A low temperature solar engine (LTS engine) deve-
loped in France for lift irrigation is shown in Fig. 3.
The operating principle of this pump is the opposite
that of a refriperator. It uses a large number of flat-
plate collectors to heat water np to 70°C by thermo-
syphon action in a heat exchanger, where the heat is
taken up by a low boiling liquid (ike methyl chloride
or butane) which evaporates and produces a high pressure,
actuating a reciprocating engine. This engine runs a
hydraulic press which operates a pump immersed in
water in the well. Having done the mechanical work,
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the vapours at fow pressure reach the condensor which
i3 gooled by the pumped water, and the condensed liquid
is pumped back for the next cycle by a small te-injetion
pump coupled to the engine,

This solar pump was fabricated by the French re-
search organization SOFRETES. It uses a number of
heat exchangers and operates four water pumps and,
therefore, its overall efficiency is very low: only 1%;;
besides, a 3 kw pump costs about Rs 1 lakh, The cost
can be brought down by a factor of 2 if these pumps
are mass produced and the collectors, which account
for a major portion of the cost, are integrated into the
roofs of buildings.

It is obvious that, because of their very high capital
cost and bigh mainterance and mipnéng expenses, these
solar pumps ¢annot beé used as such in our rural areas.
Perhaps & simple, cfficient and low pressure vapour
engine or turbine could be developed for converting
solar energy into mechanical energy so that water could
be pumped by using centrifugal or reciprocating type
pumps. But here again some maintenance and running
expenses would be involved and the capital cost would
still be higher than conventional pumps.

A novel idea being tried by the author at CAZRI,
Jodhtipur for solar energy does not involve much capital
and running costs. In this pump, a humber of ‘Bonduct’
type flat-plate eollectors made out of aluminium sheets
(developed for the fitst time in India by a Poona firm)

LOW TEMPERATURE SOLAR ENGINE
LTS. ENGINE c

@ FLAT HEAT COLLECTOR
8 HEAT EXCHANGER
CONDENSOR
@ RENJECTION PUMP
& ENGINE
@ weoRouic pume
@ wvoRoLic cirCWIT
® BOREWELL PuMP
=l WATER CIRCUIT
—»- HWYDADLIC CIRCINT
—§- BUTANE CIRCULY

Fig. 3

INVENTION INTELLIGENCE

are vsed. The efficlency of these collectors Is much higher
than of those used In other solar pumps. A low boiling
paint organio lquid (like ether) passing through these
collectors evaporates to give a very high pressure. The
condensation and vapourization of the liguid makes the
diaphragm of a digphragm pump move back and fourth,
which causes pumping of water,

This solar pump is suitable for pumping water even
against high heads. It is free from vibrations and it needs
little maintenance, Flat-plate collectors and a diaphragm
pump which can operate at a low pressure have clready
been fabricated and their performance tested by the
author, This pump has no moving parts and has a lesser
number of heat exchangers, and hence its overall effi-
ciency would be higher and capital cost and running
expenses lower than other types of solar pumps,

Rural Hghting and entertainment

In India 802 of the people live in villages and out of
a total 5,75,718 villages only 1,35,388 are so far electrified.
The remaining 4,40,330 villages are without electricity
due to low population, low energy dermand, or distant
location from central electricity grid systems, In these
villages, either kerosene or mustared oil lamps are used
for lighting purposes. And there is almost no communi-
cation system. For such viltages, the sun could be an
ideal source of energy for lighting and entettainment
through radio and television.

Direct conversion of solar energy into eleciricity by
means of semiconductor photovoltaic cells (solar cells)
is receiving worldwide attention. During the last two
decades, solar cells have been widely used ip space appli-
cations to power salellite systems. Until 1972, over
600 US salellites and about 400 USSR satellites have
used solar cells a$ primary sources of electrical power,
These solar cells are of extremely high quality and.
thetefore, they cost at the rate of about Rs 1,000/watt.
Such high quality cells are not required for terrestrial
applications, but for their widespread use on carth the
cost per watt must be reduced by at least 100 times, and
they have to be mads resistant to wind, -dust, precipita-
tion, humidity stc, .

The standard solar cefl available today smploys the
same material as was used a decade ago. These cells
are n-on-p type silicon p-p junctions with a contact
grid structure on the negative electrode side. These are
fabricated by diffusing an n-type impurity (generally
phosphorus) in a8 p-type single crystal silicon wafer.
The base material could be of an n-type waler which
will require diffusion of a p-type impurity to achieve a
Jjunction. Though the theoretical efficiency of the silicon
solar cell is about 229, the actual efficiency of the cells
made so far is 15.5%.

The first solar cell was developed in USA in 1954,
and since then considerable improvement in performance
has been achieved. Solar celis are now made it a number
of countries, like USA, USSR, France, and Japan. In
India, work on solar cetls was started at the Indiap
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Institwte of Technology, New Delhi in 1965 and the
Solid State Physics Laboratory, New Delhi in 1946,
Hoth these Institutions have developed solar colls with
up 10 109 efficioncy. But thess cells are very costly and
requive further research and development to improve
their efficiency and life.

Recently, the Department of Science & Technology,
Government of India, has established an insittution
named Central Electonics Limited (CEL) to e it
R & D work onsolar cells and also to co-ordinate re .o s
effort in this field. According to CEL, by 1985, three
million rural families in India will be able to generate
their own electricity for lighting purposes and for operat-
ing radios, using solar cells,

In this direction, preliminary experiments carried
out in some villages in Pakistan by the Atomic Energy
Commission {(Pazkistan) are encouraging. They bave
developed with imported solar cells iwo solar lighting
kits, one each of 2-watt and 5-watt ratings, providing
13 and 25 candle-power light, respectively, which is
about § times more than the light produced by kerosene
ot mustered oil lamp. Each kit contains a panel of solar
cells along with Ni-Cd storage batteries,

These kits can not only provide light for a small
house but alse power to run radio, fan and TV. However,
at the present stage of technology, the cost of these solar
kits is very high and, therefore, a major technological
effort is imperative on the development of suitable
materials, techniques and processes for large scale,
low cost produciion of solar cells. The attention of
scientists all over the world is focussed on this goal,
and it is not unlikely that by the furn & the present

- ) e

decade wo may have solar cell power stationn on
the Earth,

Solar desalination

Solar distillation is a simple technology but is full
of promise for areas where potable water is not available
for drinking purposes, such as some arid regions of
Rajasthan, Haryana and Gujarat and some Coastal
arcas. Distilled water is akso required by laboratories,
retrol pumps, health centres etc. Moreover, solar stills

~e very useful in isolated places like light-housses
anu -alt farms.

In some thinly populated vitlages the underground
water is unfit for drinking because of high salinity, which
may vary from 5000 ppm to 10,000 ppm. The only
source of drinking water in these villages is the rain
water collected in sankas. So acute is the scarcity of
drinking water in some of these villages that one to two
family members are constantly busy going miles away
in search of fresh water,

Solar energy, available in abundance and at the site,
can be conveniently used for converting brackish/saline

Wad spmton Wodiioo fooo o
IILAL WAkl INAUEG 15 8 v

efficient and
automatic solar distiller : water evaporated from oceans,
lakes, rivers etc due to heating by sojar radiation, znd
carried away by the wind, gets precipitated in the form
of rain at comparatively cooler places. The same phenc-
menon gceurs on a small scale in a solar still. The endire
process of evaporation, condensation and collection in a
solar still, with various uses of distilled water, is shown

in Fig. 4.
The first solar still in the world was set up by Carlos
Wilson in 1872 ai Las Salinas in

praton et din
WAaLEL invd Gisi

SALT CR
$OME AMOUNT OF
SALINE WATER

{pisTiLLED waTER

the province of Antofagasta, Chile,
with a built-in asea of 4,700 m2
and a capacity of about 20 m?®
of distilled water per day during
summer. It worked untii 1910.
The interest in the solar still was
revived in 1954 when a number
of countrizs (USA, Australia,
USSR, Greece, Chile, Canada,
India etc) started work on it.
Table 7 lists 12 of the larpest
basin-type solar stills that are
now working around the world.
The size refers to the evaporat-

OF DISTILLED WATER

@ S0LAR 3Tl PROGESS AND SOME OF THE USES

ing area and the capacity to daily
vield on year round basis. The
capacity to arca ratios in respect
of all these stifls are different
which may ke because of different
climatic and design parameters.
All these stills are built on
ground with no insulation at
the base. ’

In India work on solar still

was started in 1950 at the
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the vapours at fow pressure reach the condensor which
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is pumped back for the next cycle by a small te-injetion
pump coupled to the engine,

This solar pump was fabricated by the French re-
search organization SOFRETES. It uses a number of
heat exchangers and operates four water pumps and,
therefore, its overall efficiency is very low: only 1%;;
besides, a 3 kw pump costs about Rs 1 lakh, The cost
can be brought down by a factor of 2 if these pumps
are mass produced and the collectors, which account
for a major portion of the cost, are integrated into the
roofs of buildings.

It is obvious that, because of their very high capital
cost and bigh mainterance and mipnéng expenses, these
solar pumps ¢annot beé used as such in our rural areas.
Perhaps & simple, cfficient and low pressure vapour
engine or turbine could be developed for converting
solar energy into mechanical energy so that water could
be pumped by using centrifugal or reciprocating type
pumps. But here again some maintenance and running
expenses would be involved and the capital cost would
still be higher than conventional pumps.

A novel idea being tried by the author at CAZRI,
Jodhtipur for solar energy does not involve much capital
and running costs. In this pump, a humber of ‘Bonduct’
type flat-plate eollectors made out of aluminium sheets
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are vsed. The efficlency of these collectors Is much higher
than of those used In other solar pumps. A low boiling
paint organio lquid (like ether) passing through these
collectors evaporates to give a very high pressure. The
condensation and vapourization of the liguid makes the
diaphragm of a digphragm pump move back and fourth,
which causes pumping of water,

This solar pump is suitable for pumping water even
against high heads. It is free from vibrations and it needs
little maintenance, Flat-plate collectors and a diaphragm
pump which can operate at a low pressure have clready
been fabricated and their performance tested by the
author, This pump has no moving parts and has a lesser
number of heat exchangers, and hence its overall effi-
ciency would be higher and capital cost and running
expenses lower than other types of solar pumps,

Rural Hghting and entertainment

In India 802 of the people live in villages and out of
a total 5,75,718 villages only 1,35,388 are so far electrified.
The remaining 4,40,330 villages are without electricity
due to low population, low energy dermand, or distant
location from central electricity grid systems, In these
villages, either kerosene or mustared oil lamps are used
for lighting purposes. And there is almost no communi-
cation system. For such viltages, the sun could be an
ideal source of energy for lighting and entettainment
through radio and television.

Direct conversion of solar energy into eleciricity by
means of semiconductor photovoltaic cells (solar cells)
is receiving worldwide attention. During the last two
decades, solar cells have been widely used ip space appli-
cations to power salellite systems. Until 1972, over
600 US salellites and about 400 USSR satellites have
used solar cells a$ primary sources of electrical power,
These solar cells are of extremely high quality and.
thetefore, they cost at the rate of about Rs 1,000/watt.
Such high quality cells are not required for terrestrial
applications, but for their widespread use on carth the
cost per watt must be reduced by at least 100 times, and
they have to be mads resistant to wind, -dust, precipita-
tion, humidity stc, .

The standard solar cefl available today smploys the
same material as was used a decade ago. These cells
are n-on-p type silicon p-p junctions with a contact
grid structure on the negative electrode side. These are
fabricated by diffusing an n-type impurity (generally
phosphorus) in a8 p-type single crystal silicon wafer.
The base material could be of an n-type waler which
will require diffusion of a p-type impurity to achieve a
Jjunction. Though the theoretical efficiency of the silicon
solar cell is about 229, the actual efficiency of the cells
made so far is 15.5%.

The first solar cell was developed in USA in 1954,
and since then considerable improvement in performance
has been achieved. Solar celis are now made it a number
of countries, like USA, USSR, France, and Japan. In
India, work on solar cetls was started at the Indiap
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Tuble 7 Mbajor solar stills of the workl

g Mace Countyy Size Year of Capacity

(m)  instal- (litres’
Lation day)
PooCoober Pedy Al ISR Nov 1966 7630
z. ith Aushiadn 413 Aag 1UaT 1)
3 Qulleeea Chile T4 1468 480
4. Acuinu [SEREAN A Ger 1983 809
3 Pates Greece el Tyl 1657 3320
A Kimelos Crreece pRIERY [ th]
7. Bhuvnagar Indi FTOOer i503 10w
S, Las Maninas Spain 5700 Mar, 1966 3090
v Chakmou funisig 0 1967 640
10, Bakharden ['SSKR B0 Apr 1968 1950
il Pen
SU vicent Mest bndies 17100 Feb, qun? 3900
b2 Hain Meest Tndies 223 Jupe sy 9140
Navonad o Phyvacal Lateriaons, New Delhi whore

Saperiments e convuctad o conees sator tope aod
Hat-basi tope st U ofortuialely, thes work sis dis
conlinued alTer g low sear-s The Cenerad Salt & Murine
Chemicads Resvaich doaline SCSMORD, Bhavnagar
sEred wern on selir stils i 196, dint with 3 smul
shoratur msted thasin aree 0.216 M%) and subsequen:ly
with aoot Ul ibasin wred 377 m?; capacity
BASO Bres o The ©3MOR! Das studied the etdect

il

MVENTION INTELL

i

o ditlerent design variables, lhe denth and cover angles,
o distilled water

stput, and alse thie use of indigenou-
building materiis toc solar still copstroction. vhe designs
developed at CSMCRE are available in the published
literature or can be obtaied from the Natonal Rescarch
Developinent Corporation of India.

The author started work on solar distillation in 1973
ab the CAZRI Jodhipur with the specitic aim of  opti-
mizing the size of demestic solar stills under Indian arid
zone conditions. A number of single-sloped and double-
slopad solar stills, both on ground (with and without
ground insulationy and raised plateform, were fubricared
and hourly data of the distiled water output wee collected
over a period of two-and-a-half vears. A photograph of
four experimental solar sils is shown in Fig. 5. The
etlect on distilled water output of a number of climatic
parameiers (solar radiation, ambient aw temperatu-e,
outside wind speed, outside sir humidin ete), design
mirameters  (base insulation, cover plass  inclination,
vrienetion of still, single-sleped and deuble-sloped e,
wrd operationa] parameters Ddepth of woter in besin,
preheating, culuaning ooy were exper eostadied
Fiforis are now beme made o aptinuee the wize of the
solar sttt for both domestic and Tnberatoy tse.

Solur oryiig

Solur energy has beeni used sinee times imme norial
for opert ar dring of @ nismber of agricul; .
hke hay, cereals, fruits, vegetables, tinber. and fish, and
non-agricaltured products ks bricks, salt from sea water,
tubber sheces, and paper.  Tn such natoral sun-drving

cal produe
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Table §--Suwmowry of recontteadution for dovioy? grabny with eatard ale and heated sl

Hevonirog adaiions Lur sShelled  Wheat  Oxat oavley  Grain Soya Rice Peangt
COEn o sorghum  bemin

1, Maxinum moisture content of

crap at barvesting for satisfactory

drying

{a} with natural air (5 3t 25 20 20 30 20 20 25 45-50

{b) with heated air (34) 35 35 23 25 25 25 25 25 45-50
2. kiaximum molstuce content of

vrap for safe storage in a tight

structure (%) 11 11 il 1 11 10 ] 10 11
3, Maxlmurz relative humidiy of

air which wilt dry the crop down

to safe storage level, when natural

air is used for drying (%) 60 60 ] 80 60 oe 63 60 75
4. Maximum safe tempecaturs of

heated air for drying when the

CIOP i8 o be!

(2} wsed for seed (°C) 43 45 45 45 4G 45 45 45 35

(b) soid for commercial use (°C) 55 55 60 60 40 60 50 45 33

{¢) used as apinusl feed {°C) 80 80 80 80 80 80 — —_ _—

processes, usually high iaBour cost, inferior product qua-
tity (due to coatamination by dirt and insects), preduct deg-
radation, wastages et are frequently tolerated. In India,
ouly 0.3% of the 32 million tonnes of fruits and vegetables
produced évory yaarar: processed and preserved in fodus-
+rics while about 25°; of the total production gets spoiled
before it reaches the consumers, Similarly, A considerable
amouni of grains like wheat and paddy is spoiled because
of high moisture conient at the time of storage. In view
of this type of wastages, modern controlled methods
like mechanical drying with heated air or steam have
becomme importani in recent times, because these me-
thods are independent of weathes conditions and give
good quality producis, Howevear, because of exhiochiiant
cost of fuels and electricity required for operating mecha-
nical dryers, these have been used only in industries
thereby making the final products astlier.

By appiying a little technology solar drying may be
made more efficient with improved product quality
and reduccd spoilage. Though this would add a little
w the product cost, savings in fuels and electricity can
be substantial. Researeh on solar drying is being carried
aut in USA, Canada, England, USSR, Australia, France,
India, Pakistan, Ethiopia, Portugal, Tur'y and Middie
East countries. )

Solar drvers are basically of two types. In direat
drying solar dryers, the material is directly exposed o
selar radiation in 2 4ot box-like arrangement so that,
dug 10 solar hzating and air circulatior, the moisture
geis vapouvrized and goes iato the aimosphere; these

Far-)
{27

Table 9—Optivum temperatures for dehydration of fruits
angd vepetables

Vegeiables  Optimbm Fryits Oplinem
fempera- tempera-
ture{°C) Hre®C)

1. Bitter Gourd A5-70 1. Apples 60.65

(Kerala) 2. Apricots 55-60

2. Brinjal 303-55 3, Bananas 50-55

3. Cabbage 60-63 4. Grapes 65-35

4. Cartot £5-70 3. Peaches 60-70

5. Caulifiower  60-65 6. Pears 6065

4. Garlic 55-60 7. Dates 60-80

7. Knot-Khol  50-60 8. Bers 60-80

8. Okra 65-70 9. Pomegranates 50-60
{Lady’s finger) 10, Fipy 50-60

9. Onions 60-65

10. Feas 60-55

11, Potatoes 60-65

12. Pumpkin 65-70

i3. Spinach 63-70

i4. Tomatoes 60-65

15, Turnip 56-55
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Table 1—Economics of a windmill costing Re 10,000 operating In Breus covered by the curves in Flg, §
=] .

Carve no, i 7 Average annuﬁl ' Annual “vilndmlll udtpﬁl Recurving anoual Costfunit (kvli}
wind velocity at 759 duty cycle cost energy produced
{km/hr} kvl {Rz) (Rs}
1 12.2 220 1,950 0.88
2 2.7 1,059 1,950 1.84
3, 6.3 329 1,950 5.93
Hypothetical 20.0 9,702 1,950 0.20

Wheel & cikcular
trachk

FICURS 2- DUTCH SCREY WIKTEUMP

on the availability of adequate wind velocity over a
petiod of time sufficient to justify the iavestment in and
maintenance of the energy conversion device. To illus-
wrate, consider a windmill costing Rs 10,000 on which
the recurring annuat expenditure in terms of interest
on capital invested (129), depreciation (5%;) and main-
tenance (2.5%)) is Rs 1,950. The economics of this wind-
mill operating in areas covered by the curves in Fig, 1
can be broadly summarized as shown in Table 1.

The table indicates that the econpmics of the windmill
are favourable for such areas of the couniry as are indi-
cated in curves 1 and 2, if the cost per unit energy broduc-
ed by the windmill is compared with the cost of commer-
cial energy, which is about Rs 1.18 per unit {(obtained
by averaging the relative costs of agricultural electric
power, kerosene and diese! oil).

Windmils and their uses

Windmilis had been widely used in Persia, China,
Euorope and the USA for pumpin water and grinding
grains. Efficlent wind electric generators were later
developed in the USA, thousands of which produced
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electricity for farms and homesteads before ihe advent
of rural electrification.

A windmill converts the energy of a moving mass
of air into mechanical motion that can be used to either
work a machine directly or to turn a genéerator to pro-
duce electricity. The mechanical type windmill and the
wind electric generator (aerogenerator) are compared in
Table 2.
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* Windpumps

The windpump is the simplest type of windmill to
manufacture and maintain, and {3 therefore the most
relovant to rural India.

Windpumps can bo classified into low-lift high-
discharge and high-lilt low-discharge types. The first
type, Mlustrated in Fig. 2 & 3, can be goupled 1o Arche-
median screw pumps, low speed centrifugal pumps with
wooden of metal paddles, pallet pumps, chain washer
pumps, double acting reciprocating pumps or Persian
wheels similar to the “Halt” used by farmers in Punjab,
Haryana and around Udaipur. Such devices can dis-

chargo up ta 40 litres per second (500 gallons/minute) in
a 13 koyhows wind, They can be constructed with local
expertize wnd maierials, They bhave potentinl for 1ift
ietigation from canals, rivors lnkes, tanks and open
wells where the water table is 3 metres or less, and for
pumping sea water for tho manufacturg of salt.

The high-lift [ow-discharge windpump s widely
wsed in the USA, Europe, South America and Australia
to pump water from decp wells when the water table is
between 12 and 90 metres. The water vielded by tube-
wells is biologically pure and can normally be safely
used for drinking purposes.

Table 2—Comparison between mechanical type wizdmill and wind electeic generator (aercgenerator)

Sr. Factors determining choice
No. of windmill type

Mechanieal type windmill

Asrogenerator

1.

2

3.

F N

5.

=y

o0

Applications :

Cost of construction :

Maintenance *

Level of construction technology :

Wind velocity required :

Energy conversion efficiency &

Pozsibility of epergy storage for
use during calm spells :

Spatial distribution  of energy
produced &

INVENTION INTELLIGENGE

Limited to water pumping and some
mechanical functions like grinding
of grains, oil expelling, fodder chop-
ping, and operation of simple machi-
nery when operating fiequency and
rpm are ot critical.

Low to moderate, depending on
design and choice of materials,
ranging between Rs 3,500 and
Rs 15,000.

Simple sailwing windmills need
regular attention because of crude
construction and choice of materials;
comenercially manufactured wind-
mills, if properly installed, can work
unattended for a year or more.
Low: it is possible to construct
simple windmills using facilities
available at district and tefsil towns,

Relatively low : specially "designed
mills can pump water at a wind
velocity of 4 kmyhr. :
Generally low : efficiency falls and
transmission losses incrcase with
increasing wind velocity.

Limnited : the only feasible method
of storage at present is pumping
water into overhead tanks; future
possibilities are use of large fly-
wheels and operation of compres-
sots for storage of compiessed air,
Scope limited to’ water pumping
windmifls  {wind-pumps), when
water stored in tanks can be disii-
buted throwgh pipelines and
channels. .

Yery wide, particularly if stored
power is converted to 220 volts
50 hz ac before distribution,

High, usually exceeding Rs 22,000
(excluding electrical storage and
distribution systems) according to
rated output.

Limited mechanical maintenance is
required, but a technician is needed
to regularly attend to the electrical
storape and distribution system.

High : efficient aerogenerators op-
erate at high speed and require
sophisticated techniques for manu-
facturing wind rotors, wechanical
transmission and generating equip-
ment,

High : aerogenerators cperate effi-
ciently at wind velocities of 20 km/hr
and higher.

High at optimum windspeed, ofien
approaching 70%;, of the theoretical
maximum conversion efficiency of
39.26%.

Electrical energy is easily stored in
accumulators; another possibility is
production and storage of hydrogen
and oxygen by electrolysis of water.

Distribution of ¢lectricity over rea-
sonable distances is easily possible
through cables and overhead trans-
mission lines,
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‘Table 3—-Wind velocity and windmill owtput

Wind veloclty Power output,  Pump strokes Pump discharge Puwer for Excé.ss;um-r
S mdla. rator  with 2:1 crank (7.5 cm cylinder,  pump available
reduction drive 15 cm stroke)
(km/bhr) (hp) (sirokes/min.) Qitres/trd (hp) (hp)
10 0.07 o 1,250 0,07 —_
15 0,22 45 1,875 4. 105 3,115
20 0.53 60 2,450 0.14 0.79
25 1.00 75 3,125 0.175 0,823

Reciprocating piston pumps with an operating stroke
of 12.5t0 25 to cm lend themselves well to windmill opera-
tion. Pumps of this type are commercially available in
India end are extensively used as deep well handpumps
in village water supply schemes.

In the windpump, reciprocating metion is transfecred
from a crank attached to the rotor shaft via a plunger
rod which goes own the water riser pipe, through the
top of the pump cylinder located near the bottom of
the tubewell, and thence to the piston yoke and bucket-
washer assembly. Valves located in the piston yoke and
the foot of the cylinder assure positive lift to the column
of waier at each upward stroke of the plunger. A high-lift
windpemp system is schematically illustrated In Fig. 4.

Deep well reciprocating pumps have an efficiency
of up to 309 and can operate at any stroke frequency
up to 50 strokes per minute.

Decp well windpumps have been developed at the
Naztional Aeronuutical Laboratory, Bangalore, and a
number of these along with some imported units are
operating in various places in India for supply of protec-
ted drinking water to rural communities (Fig. 5, 6 & 7).

As wind velocity increases, an increasing amount of

Fig. 8. Mudti-purpose wirdmill to  pump water and

operate agriciltural implements, located at the SW.R.C.,
Tilonia, Rajasthan.

FIGURE 5-
HIGH-SPEED ABBOOENERATOR ROTOR

power can be extracted from it. At windspeeds above
10 kmy/hour, more power can be produced than is actually
needed for the operation of a deep well pump. Since
the windmill output is roughly rroportional to the cube
of the wind velocity, whereas th.o shaft horsepower of
the pump increases linearly with the pump discharge.
The Table 3 enumerates this characteristic.

The wind velocity often exceeds 16 km/hour in many
parts of the country (sev Fig. 1), particularly between
March and September. In such cases, windmills with
rotary rather than reciprocating cutputs may prove to
be more cost effective since they could pump water and,
during the windy season, simultanzously operate a variety
of agricultural machines and implements used for com-
munity services, such as grain grinders, fodder choppers,
and oil expellers. A multipurpose windmill of this type,
developed by the author, is shown in Fig. 8.

Acrogencrators

Aerogenerators are designed to operate at high rotor-
speeds and utilize propeller typs rotors shaped to follow
conventional aerofoil designs of known aerodynamic
characteristics.

In high-speed aerogenerator-rotors (Fig. 9) the aero-
dynamic lift force, for a given relutive wind speed, in-
creases with the angle of zttack (¢h) until it reachss the
stalling value of about 15°, after which the lift decieases.
For high efficiency, the blade sections must bz shaped
o have the greatest possible fift and the smallest passible
dreg. To extract maximum power at each succesding
section along the blade, it is nzcessary that both its shape
and the blade angle, which its principal axis makzs with
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Fig. 10. Aerogenergtors with cutomatic centrifugal rotor
pitch control (Rolor blades are made of Sbreglass  re-

inforce:t plastic)-

Fig. 1. Bullsck-cart wheel, canvas and bamboo windpump
rotor.

the pixne of rotazion, vary to suit the changing magnitude
and direction et the relative wind. The smaller the peri-
pheral speed (27 N} the grecier the angle which, for any
wiven wind speed, the relative wind will make with the
plate of rotation, .

It foltows, therefore, that 1o maintain the best angle
o atiach, we Blade anele comting naly
along the Blade and should be wreatest at the root and
ast at the tip.

b= tan ! 1— K ten A
L

where A s the tip o
& the angle of etk

The develos
1920s, amd the core

shorid vam

I¢.

T alths b, R thy tip cadivs, and

Tahdius

the prooseller for aireralt o the
Leraoliny of storape batteries,

catadyzed the de vt Chew solidity' windmills

for generation ! cieotr ¢ power Gelidily = ratio of total

blade chord w circurierence of swept cirele at any given
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radius). Low solidity rotors are not restricted by the
actuea) wind velocity, and can exceed it by 6-10 times.

Either de generators or ac alternators can be used :
de generators can charge a bank of storage batteries
through a voltage regulator similar to the automobile
cutout relay, while ac alernators need to operate at
constant speed for a constant output frequency. Some
acrogenerators have centrifugally operated automatic
rotor pitch control which varies the angle of attack of
the blades so as to maintain near consiant rotor speed
despite variations in wind velocity (Fig. 10).

The power stored in batieries can be used disectly
il e machinery is available for the load. Alternatively,
jotary de 1o ac converlers, or clectronic inverters, are
employed to produce alternating current of 220 volts,
i0 hz. .

The major disadwuntage of aerogenerators is their
high relative cost and high cost of storage batteries and
clectricity distribution network. The estimated cost of
wind electricity generation, storage and distribution
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systems i over Rs one lakh, which may be considered
beyond the means of most Indian villages, On the other
hand, there i3 considerable potentinl for widespread use
of much smaller asrogonarators produging atout 0,2 kw,
which Is sufficient to power aradio or a tefovision set,
When doveloped, such devices could be mapde available
at a price that might be considered reasonable in terms
of the cost of television set or radio receiver.

Windmill components

* The rotor, also called the windwheel, consists of a
number of blades or sails disposed radially around a
shalt to which they are aitached, and which is oriented
ptallel to the wind direction so that the blades rotaie in
a plane approximately normal to this direction. The
blades may vary in aumber from one to eighte¢n or more,
may be tapered or of same chord-width throughout.
and may be plape or twisted. Their pitch may be fixed
or variable and they may either be rigidly mounted or
allowed to ‘vone’ or ‘drag’ to relieve the stresses set
up by rapidly changing windspeeds.

Windpump rotors can be made with strips of sheet
steel or aluminium beld in positlon by cireular  steel
frames (Fi;.5) or can be fashiongd from  waterproot
cloth stretehied between rudial poles (Fig. 1 & 1),

Materials for aerogenerator rotors are wood, alu-
minium or fbreglass reinforced plastics (Fig, 10),

The turntable, usually mounted on a race and resemb-
ling a thrust bearing, permits the rotor and power trans-
mission system to ‘yaw' or rotate around a central
vertical axis to keep the rotor fucing up-wind,

It is wseful to study the wind dircction patlern of a
proposed windmill site before the windmill is designed.
Locations with marked wind turbulence require windmills
fitted with freely-moving turntakles, but there are many
places in India, parsicularly along the coastline, where
the wind direction docs not change more than two or
three times a day. Fig. 13 shows the wind direction
patterns at Vishakhapatnam during the months of Janu-
ary, April, May, June, July and August. Such uniform
patterns indicate that the windmill need not necessarily
have provision for automatic ‘into-the-wind’ orientation,
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Aquaculture, the farming of aquatic plants and animals, can be as good a source of

foed as agriculture. Its development wifl not only generate additiong! food
resources but ¢lso create conditions for rural prosperity.

OR. 5.Z. QASIM

Director, Natfonai Institute of Oceanography, Dora Poule, Gog

4 Similar to the utilization of land for multiple crop-
ping, there 15 a vast scope for using the backwaters and
estuaries adjoining the cousts of India for fazming of
aguatic plants and .nimals. This type ¢f farming is
known as Aguacufture, which has recently come up as
ore of the very useful ways of generating extra food
TESOUICES.

Agquaculture can be defined as the introduction of
certain principles of animal busbandry to gain control
over the animals and their enviconment. 1t is somewhat
similar to agrivulture in the sense that it cannot be
carried out economically just anywhers. A site for
aquaculture, therefore, must have certain prerequisites,
like suffcient depth of water, suitable temperature,
opticum salinity and feriility of water,

A view of the raft used for ajagciiture aperationy ai N.1.Q.. Gea.

Importance of aquaculture

In agriculture, only the lopmost scil, some 30 cm
thick, which is subjected to the vagaries of nature, sustains
most of the food produstion, In aguaculture, it is not
only the topmost layer but the entire water column,
from the surface down to abaut 160 metres depth, depend-
ing upon the clarity of water, that is available for cultiva-
tion. This means that the available spage for the cultiva-
tion of aquatic organisms is many times greater than the
available space for agricultire or animal farming oo
land. Moreover, it is not difficult to grow aquatic animals
for food because they are of the same density as the
medium in which they live and require only water hodies
as their habitat, unlike the sheitering and supporting
structures required by the land animals, In fact, ip some




View of N.1.O. fish farm at Goa Velha in Goa, where field experiments in prawrt and fish cultures are conducted.

parts of the world, aguaculture has surpassed even the
efficiency attained in pouliry farming by production of
over 220,000 kg of animal meat per man per eal. An-
other tmportant factor in favour of aguaculture is that
most of the crops produced have high quality promein.

Some of The aguatic erganisms are known to be better
converters of plant ford than the land animals. Filter
feeding fishes and melluscs subsist on  microscopic
plankton, which cannot be used directly by human
beings. Most of the fishes and other aquatic animals are
cold-blooded and heace they do not expend their energy
for thermo-regulation. It has been estimated that the
accumulation of flesh in some of the fishes—Ilike carps—
per unit of assimilated feod is 1.5 times as rapid as in
pigs or poultry and twice as rapid as in catile and sheep.

Problems in aquacelture

If aguaculture has such a vast potential, why has its
development been so stow? The reason is that, in aqua-
culture, water rather than air is the environment in
which the organisms have to be reared, and becavse of
which the aquatic animals largel” remsin unseen. In
water, the estra food materials and other metabolic
products do not degrade as fast as in the air, and hence,
the warer gets easily poiluted. This necessitates either
continucus flushirg, which requ.ses an oser-abundance
of water, or rather expensive recycling schemes. Another
difficulty is that the young stages of aguatic anirals
undergo profound transformation from hatching to the
adult stage. During this process, they neither resemlile
their parents nor consume the same food as the parents

FOS

consume. Thus the rearing of aquaiic animals from
herbivoies to carnivores, or vice versa, tequires additional
labour, skill, and special Furthermore,
these practices normally accelerate the ecological cycles
which, in turn, lead 10 faster accumulation of waste
materials. These materials have to be eliminated through
technological means, which requires more economic
inputs. Thus. the product of aguaculture ullimately costs
more per kilogram than the naturally occurring fish
population obtained by fishing in the sex, Another dis-
advantage of the aquatic medium lies in the fact that
water is a universal solvent, which makes any preventive
step against physical and chemical contamination of
water very difficult.

Evidentiv, aguaculture, at least in the near future, i
not poing to replace fishery, tut it would definitely
supplement it.

Tt is vlear from some of the facts noted above ihat,
although the total theorctical yield of aquacuiture is
very high, it is doubtful if this potential can be easily
realized in practica’' terms, unléss we use suitable in-
novaticns and Ffairly advanced technology, The future of
large-scale aquaculiure, therefore, largely depends cn a
more realistic appraisal of our land and water manage-
ment.

Economic viability

The 2ecomic vibilty of aguacutture would depend
or a large number of interacting favtors, which are more
often sociclogical than ieclinelogical and vary from
region to region. The degree of success achieved alse
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not poing to replace fishery, tut it would definitely
supplement it.

Tt is vlear from some of the facts noted above ihat,
although the total theorctical yield of aquacuiture is
very high, it is doubtful if this potential can be easily
realized in practica’' terms, unléss we use suitable in-
novaticns and Ffairly advanced technology, The future of
large-scale aquaculiure, therefore, largely depends cn a
more realistic appraisal of our land and water manage-
ment.

Economic viability

The 2ecomic vibilty of aguacutture would depend
or a large number of interacting favtors, which are more
often sociclogical than ieclinelogical and vary from
region to region. The degree of success achieved alse
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Frame culinre of Placenta placema {window pane oysters).

on a commercial scale using indigenous technology.,

The culture of seaweeds on coir ropes and woodzn
frames has alse given promising results and many sea-
weeds of cconemic lmpostance can now be cultivated
on & furly large scale. Similarly, tne culture of several
other orgaaisius—sponges, holothurians, turiles ste—
can also be attempted in India.

Scope for development in Tndia

India has vast aguatic resources ideally suited for
aquaculture, With the technical knowhow and [nova-
tions now available and the incentives given by tie
Govarnment, aquacultuce Ias great potential for deve-
lopruent in this country and it can considerably improve
our rural economy. If aguaculture is practised on proper
lings, the present seafood production of India can in-
crease several times within a few years.

For popularizing aguaculture, nation wide demonst-
rations are necessury to expluin the principies javolved
and the monctary returss expected from cuituring of
selected species. Another promising approach cculd be
the utilizution of treated sewage for producing fish and
the vse of wastes from industrial complexes like fertilizor
factories for eulturing several edible varieties of aquatic
animals.

The slow pace of development of ac, 1acvlture in Tural
areas is largely because of shortage of capital, lack of
skilled personnel and the use of outmoded technigues.
These factors coliectively reduce the yield from aquacul-
ture und maks the village folk hesitant to adopt aguacul-
ture as tieir mode ol livelihood.

By introcucing multiple cropping system and dey land
farming, largely due fo the unrlring efforts of D, M.5.
Swaminathan, ¥.R.5., Direclor-General, Indian Council
of Aagricultural Research, we have obtained valuabls
resu'ts in agricultural revitalization. Careful selection of
seeds, crop rofation, proper use of fertilizers, disease and
pest control, and better cultivation teckniques have
resulted in excepticnally high yiclds, leading to what is
popularly known as the Greer Revolution in some parts
of the country, The success of the Green Revelution, to
a large extent, lies in the planned systems approach that
was followed in developing certain high yielding key
Srops.

In the field of aquaculture, we have yet made only a
beginning, and once the new innovations of sea farming
reach the rural areas of our long coasiline, aguaculiure
could become as popular as poultry farming. By intro-
ducing successful aquaculture we should be able fo
gencrate considerable employment potential in our rural
areas whick would add to our economy substantially,

INVENTION INTELLIGEN{.S
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Dairving as an instrument of

rural change

Essentially a by-product of agriculture, dairying until recently has besn a source of
side-income to the farmer. However, like high yield farming, dairying too can
be turned into a high productivity enterprize and allowed to stend on its own in

healthy competition with modern agriculiure.

DR. D. SUNDARESAN

Director, National Dairy Research Institute (JICAR), Karnal, Haryana

B In Indian agriculture, the cattle have alwayvs played a
leading role by providing working bullocks for culti-
vation and ccws for converting agricultural by-products
into milk. Dairying has thus been essentially a by-product
of agriculture. Until recently, it has been supplementing
the farmer’s income, but not competing with agriculture.
The sitvation has now radically changed, however.
‘The prosperity brought about by rural economic growth,
wheréver # is visible iL our countryside, is attributable
to high input, high production competitive agriculture.
High yiclding varicties of crops, particularly wheat and
rice, have greatly contributed to rural prosperity. Scienti-
fic dairying too is capable of competing with such high
yield crop farming, and it can play an equally gecisive role
in ushering in au era of rural prosperity in this country.

Economic beneiits of high production dairying

Under the primitive conditions of milk preduction
with low inpets prevailing in India today, the cost of milk

High yielding cows
(NDRI, Karnal)
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production in this country is among the highest in the
world. Dbviousty, the price of milk paid by the consumer
is also about the highest in the world. Today an American
citizen can buy a litre of milk for 3¢ cents for which a
citizen of Rombay will have to shell out about Rs 3. In
terms of labour, an Indian worker has to put iz much
more effort compared fo an American worker to seoure
& litre of milk, at.d the cost of milk in India on this scale
woutd be 10-20 fold as high as in the USA.

Data relating to net ¢ost of milk preduction ia Tndia
for different breeds of cattle at different production
levels, based on a study conducted at the National Dairy
Research Institute (NDRI), Karnal, are summarized in
Table I. These fipures show the fall in production cost
per litre as level of production goes up.

This spectacular drop in cost of milk production as
the production level per auimal increases is also due to
inputs of nutrients to the animals through green forages,
A kilogram of ‘digestible protein’ fed through grains costs
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twice &5 much as a kilogram of ‘digestible protein’ fed
through green iorage; and in terms of energy, a kilogram,
of ‘total digastible nutrients’ fed through grains costs
four times as much a kilogram of “total digestible nutri-
ents’ fed through & combination of high quality green
forage and dry fodders,

A vroject at the NDRI, Karnal has shown that six
high yielding cows supported by one hecta, 2 of good
land under irrigated condition. in the northern region
of ihe country, will provide the farmer a net return of
Ks 5,000/ hectare/yr for his labour and investment, as
against about Rs 3,000/ hectare/yr for intensive crop
cultivation with high yielding varieties of cereals.

Employment for rural manpower

Dairying lends itself to smail scale enterprize more
etfectively than other common agriculturs] enterprizes.
Dairying is a very labour intensive enterprize and, when
conducted with the heip of engaged labour, the effort
invelved is uniformly distributed throughout the year.
Investigations at the NDRI, Karnal have revealed that

two lull time labowrers are required per hectare o Jand
for dairying as against two libourers including scasonal
labourers for five hectares of land under crop production.
Dairying thus provides an opportunity 1o the Lindless
and the farmes with insignificent fand holding lo manage
an enterprize with one or two high siehding dairy cows;
s0 also to larmers with Jarge land hoidings to manoage
10 to 30 dairy cows with engaged labour, thereby provid-
ing employment to the unemployed in the rural com-
munity.

Role of womnen in dairy business

A commen phenom=znon in regions where dairying is
an important commercial activity of the vural popula-
tion, us in Gujarat and Paniab, is that it is the women
folk wha essentially maintain and manage the dairy
cows and buffaloes. In areas where the milk produced is
channeled through dairy plants, bringing daily or weekly
income to the household, the dairying activity raises the
status of women, They often ¢ mmand sespect in the
commur 'y for the direct incomne brought to the family.

It has also been established that, even though a
sicable portior of the milk produced in such areas is drawn
by milk pianis for urban consumption, the consumption
of milk at the farmers’ homes in the viliages of these
areas is more than in the neighbouring villages where
milk is not soid to dairy plants. This was clearly brought
out in a study of milk consumption in Kaira district,
Guijarat, vis-a-vis the milk consumption in the neigh-
bouring districts

Dairyiag, soil fertility and energy supply

The concept of cattle fertilizing the fields is innate to
gur rural economy. However, the poteatial of dung as
a soil fertilizer is minimized due to the facts that under-

Table T—Net cost of milk production for different breeds of cattle at different production levels at NDRI, Karnal
(1974-75)
(in Prisg/iitre}
Breed
Production Pure-bred Cross-bred
level (litres) Tharparkar Sahiwal Red Sindhi pooled
Upto 500 1156.83 — —_ 1156.83 684.03
801-1200 292.36 294,90 — 293.21 —
1201-1600 234,96 201.64 254.33 228,53 —
1601-2000 195,84 179.35 198.97 187.94 220.27
2001-2400 14%.53 159.08 174.42 156.04 160.82
2401-2800 139.98 148 84 145.08 144.81 144.85
2801-3200 124.45 136,21 137.63 133.66 127.32
3201-3600 127.32 136.70 126.66 132.88 115.60
3601-4000 133.47 157.86 — 145.64 106.92
Above 4000 105.04 123.10 122.66 111.20 91.48
All: 148.16 150.24 150.54 149.34 108.93
114 JANUARY-FEBRUARY 1977




A woman milking a cow

fed cattle provide less nutrients when their dung is added
to the soil and that a farge amonat of dung is traditionally
burnt as fuel.

About 60 pepcet:r of the nutrients consumed by an ani-
mal is digestible, lnuving 40 perceat as manure. The diffe-
rence between the nutriest consumption of a low yielding
cow and that of & high yielding animal could be as much
as 3-4 times. Thus the manure produced by one high
yielding cow could be as valuable as that produced by 4-5
low yielding animals, particufazly in respect of nitrogen
componeni. The scope of biogas production in rural
areas to provide energy for conking food, running small
engines, lifting water, chafling fodder eic without any
loss in the manural value of dung and other wastes has

Green forage
(NDRI, Karnal)

INVENTION INTELLIGENCE

been established, This is another economic benefit to the
rural producer of milk.

Dairying for better living

Dairying as a business is tied up with good roads,
improved transportation, and easy movement of industrial
products to the villages. Since dairying involves handling
of a perishable commodity, milk, an agency is necessarily
jnvolved for contacting the farmers at least twice a day,
which in turn brings the farmer in contact with the out-
side world; and facilities for prevention of spoilage of
milk, provision of compounded feeds for the cattle,
artificial insemination of cows and buffaloes, improve-
ment in milk producing capacity through breeding etc




Farmers visiting NDRI, Karnal

become a part of rural life. Such developments in them-
selves have implications for promotion of self-improve-
ment of rural comiunities.

In many partz of the country, the fermers have been
assaciated with the dairying industry through Coopera-
tive Unions for collection of milk. Since a large number

of farmers are nvolved in supplying milk te a large
dairy plant, their sense ol ewning o modern industry has
in iselr o healthy inlluenee on their lives by intilling in
thenry a spirit of vonlidence and enterprize,

Conclusion

The mugnitude of change that can be brought about
in 1he rural arcas thiough diirying has to be seen to be
believed. An outstunding exiniple, which is being copied
widely in the country, is the Kaira Cooperative Milk
Union in (ujarat which operates a giant dairy planr
apd markets dairy products all over the country under
the trade name AMUL, Essentially only one district
(Kaira) with about 2 lakh farmers is involved in this
huge economic ent. rprize, having an annual turn-over
of Rs 35 crores. These farmers sell to the plant about
4 lakh litces of milk daily, accounting for 309{ of the
per capita income of the district]

The magnitnde of rural change made possible by this
enterprize is astonishing. The average milk production
per buffalo in Kaira district today is about 4 jitres; by
Jubt increasing the milk production capacity of this
8 litres,
income and the consequent rural change can well be
imagined.

the vast increase in the mer canita
ing vasl InCrease In ng per capda
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Technoilogy for irrigation and
water management

Scientific management of irrigation water offers the best insurance against wegther-
induced fiuctuations in our total food production. Efficient ground water utilization,
improved water conveyance aad distribution techniques, judicious selection of water
application metheds, and proper irrigation timing and cropping patterns to ensure high
water use cfficiency are among the essential elements of our irrigation planning and

water management.

DR. A.M. MiCHAEL

Project Director, Water Techrology Centre, [AR), New Delhi

B Lrogation is artificial application of water to soil
for the purpose of plant production. Irrigation water is
supplied to supplement the water available from rainfall
and the soil moisture contributed by the ground waier.
With more than fifth of the world's irrigated area, India
‘eads the world with the largest irrigation network.
During the past 25 years, significant striues were made
toward improving our irrigation pofential and the
irrigated area has iocreased from 22 million hectar=s to
about 45 million hectares. This increase is mainly account-
ed for by the increased use of surface water resources
through the construction of reservolrs and canal net-
works, though of late there has been a rapid increase
in the number of irrigation wells as well.

Until recently, the attention of our irrigation cngi-
neers was confined to the canal outlet, where the water
is delivered, while the quantitative aspects of water use
on the farm were, by and large, neglected.

In the comprehensive strategy needed for the conser-
vation and development of our water resources, several
factors are to be kept in view: the avaliability of water,
its quality, lecrtion, distribution and variation in its
occurrence, cliviatic conditions, nature of the soil, com-
peting demanes, and socio-economic conditions, In
dealing with each of these factors every effort mmnst be
made to make the best use of the available water, s0 as
to ensure a high level of continuous production. Gur aim
today is to increase agricultural production per unit
volume of water, per unit area of cropped land per unit
time,

Scjentific management of irrigation water provides
the best ipsurance against weather-induced fluctvations
in total food production, and it is the only way to make
our agriculture competitive and profitable. Ar intepreted
policy for water resources management, in addition to
efficiert utilization of the other resources for optimum

INVENTION INTELLIGENCE

crop production, should meet the requirements of our
growing industry, human and .ivestock censumnption,
and also provide for flood control, hydro-electric power
generation, recreation and navigation,

Many scricus Jand and water problems now con-
front our irrigated agriculture. Large quantities of water
harvested from walersheds, pumped from ground-water
sources, or diverted from streams are lost by secpage
and cvaporation from tanks, canals, distributories and
field channels. Inadequately or improperly designed
field irrigation systems aod uncontrolled water appiica-
tien methods lead to huge losses of water by way of
seepage and deep percolation below the crop root zone.
This not only leads to the loss of a veluable resource
developed at high cost but also creates serious problems
of waterlogging and accumulation of harmful salts.

Efficient water management should, therefore, be an
essential feature of our irrigation pianning. Integrated
development of water resources, efficient methods of
conveyance and distribution of water on the farm,
judicious methods of water application, vroper soil
management practices and cropping patterns for high
water use efficiency, scientific timing of irrigation to suit
crop growth stages, and the removal of excess water are
the important aspects of a comprehensive irrigation
development program.

Efficient ground water utilization

Efficient and economical utilization of ground warfer
through wells depends on their design that best suits the
characteristics of the water bearing formation. The flow
of ground water into wells is influenced by the physical
charactereristics of cthe water bearing formation, the
extent of this formation, the clements of well design, and
the methods used for constructing and developing the
wells.
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Fig. 1. Differcnt types of well screens: cofr strainer, pipe
based wire net strainer, and slotted pipes with vertical and
horizomal slots,

Tubcwells may be deep or shallow; they may be
screened wells or cavity wells. Screened wells are often
provided with a gravel envelop around them. Fig. 1 shows
different types of well screens used-—coit strainer, pipe-
based wire net strainer, and slotted pipes with vertical and
horizonial slots, The choice of one or the other type of
well depends on the nature of the underground forma-
tign. Fanlty design and construction practices lead to fail-
ure of the wells and loss of the huge capital invested.
For instance, a cavi'y well constructed where only a
screen well is suitable is bound to fail.

Simple tools and technigues are available to enabie
the farmer to construct low cost shallow and moderately
deep tubewells. In many areas, like the hard rocky
vegions which cover about 7074 of the geographical area
or the country, tubewells are generally not suitable, and
the only way to exploit yround water in such areas is
through open wells. In many cases the yield of existing
open wells can be increased adequately by driving lateral
bores in the rock fissures encountered below the water
table or by sinking tore holes from the bottom of the
wells, These lateral or vertical borings in open wells can
be done with low cost indigenous boring tools consisting
of sbarp pointed or twisted bits and extension pieces.
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Irrigation wells arg costly structures which should
be used at an optimum level. These welis, in general,
are under-utilized at present, with the average annual
uttlization ranging from 1,200 ta 2,500 hours. Low
intensity cropping, lack of caoperation among the farmers
on sharing water from a common well, and non-availa-
bility of electric power and diesel fuel wre the principal
causes of under-utilization of wells.

Irrigation pemping

Installation of pumps 10 match the yields and pump-
ing heads of wells deserves much greater attention. This
calls for quality contrel in pump production and avail-
ability of a wide range of pumps 1o mest varying needs.
There is 2 need to introduce pumps of higher efliciency
to suit the conditions of high discharge and lowta medium
pumping heads. Increased emphasis is required on the
development of more efficient water lifts operated by
human and animal power.

The discharge and efficiency of an irrigation pump
depends on its design, Any pump may be used to iift some
water. But how much discharge it gives and how much
power it consumes are important considerations.

Careful planning of energy sources and their efficient
utilization are vital for meeting the water needs of agri-
culture. Agricultural production in developing countries
is seriously hampered due w non-availability of adegquate
power for lifting water for irrigation from ground and
surface water sources.

The energy requirements for irrigutiors pumping may
be broadly grouped into (a) puniping from wells and
(b) pumping from rivers and canals. Based on the extent
of utilization of different sources of power in river and
canzl pumping schemes, the possible increase in irrigated
area from ground and surface water sources, and the
consequent higher demand for power, <siimnaies have
been made of energy requirements for the period 1973.74
to 1998-99. According to these estimates, there will be a
gradual reduction in human and animal power from
2,366 million kilowatt-hours/yr in 1973-44 to 893
million kilowatt-hoursfyr in 1998-99, while diesel power
requirement wiil increase from about 1,813 million
kilowatt-hours/yr to 3,621 million kilowait-hours/yr
during the same period, which would necessitate an
increase in the total annual requirement of diesel fuel
from 559 miltion litres to 1,116 million litres. The re-
quirement of electrical power will increase from 4,242
million kilowatt-hours in 1973-74 to 14,208 million
kilowatt-hours in [998-99.

The above projections are based on a reasonable
level of efficiency in pumping. Due to the present in-
efficiency in pumping, the actual values of energy con-
sumption are higher than the projected values.

Much greater care is necessary in selecting the correct
size of electric motor or pump needed to lift the desired
quantity of water to the required height. The capacities
of electric motors and engines at present available in the
merket may not always suit the needs of irrigation pump-
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ing; therefore, their production should be tailored to
suit the iequirements of irrigation.

Improving water conveyance and distribution

One of the areas where a breakthrougi can be achiev-
ed quickly is water conveyance and distribution. The
Second Irrigation Commission (1872} has estimated that
in the Indo-Gangetic plains th: conveyance
amount to about 1794 in the main canals and branches,
8% i~ the minors and distributories, and 20% in the
water courses. There is a further loss in the field channels
which may amount to 10-20%;. Thus over 63%; of the
water diverted at the canal head never reaches the fields,

Farmers in India mainly depend on earth channels
for conveying water tc irrigate their fields, In permeable
soils, like sapd and sandy loam, seepage losses in earth
channels may be as high as 10-40%; of the water delivered
to the channei. The loss by seepage is directly propostionzl
to the length of the unlined channel. Rats and other
rodents burrow through the banks and bottom of the
unlined channcl. These holes may lead ic a network of
holes below the ground surface, resulting in the loss of
large quantities of irrigation water. Yet another serious
problem in the use of earth channels i thet of weeds,
which obstruct the flow of water. If the weeds are allowed
L0 grow to maturity, their seeds may spread over the farm
through the irrigation water. Earth channels therefore
require continuous maintenance to control moss and
weed growth and to repalr demage by livestock, rodents,
or by erosion, the last being a serious problem on steep
slopes,

Lining of channels can overcome or minimize see-
page loss by preventing erosion or damage by rodents
and burrowing animals. It can also help reduce the
amount of land occupied by channels and minimize
the labour reguired for channel maintenance.

Concrete and brick or stone masoary are commonly
used for lining irrigation channels. Well mixed and well
made ¢cement concrete and single layer bricks or stones
faid in cement or lime morter provide virtually water-
proof channe! lining {Fig. 2). Limited use has alsc been

losses

Fig. 2. Lining of & canal
water course in progress in
district Rohtak, Haryana.
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made of bituminous miztures, soil cement, chemical
sealants, polyethylene film, and impervious earrh materials.
However, most of these materials are susceptible to
damage by trampling by livestock, insets, weed growth,
and erosion by high veiogity flows. Lheir short life often
rakes them uneconomical urnless special protection is
provided,

Water application methods

The quantity of water supply, the type of soil, the
topography and the crops to be grown determine the
correct method of applying irtigation water. Irrigation
water may be applied by controlled surface flooding
methods, sprinkler method or drip methed. Whatever
be the methed chosen, the essential requirement in water
apolication s the use of right amount of water for uniform
distribution over the field to wet the root zone soil to its
storage capacity, Due to injudicious methods of irriga-
tion, considerable amount of irrigation water is lost by
percolation below the crop root zone, which also causes
loss of plant nutrients due to leaching. The ultimate
result is a rise in the waer table, rmaking the soil saline
or alkaline.

The common metheds of surface irrigation are the
check basin, the border strip, and the furrow. High water
application efficiencies may be obtained by any of these
meihods, if the system is properly designed.

Recent developments in surface irrigation have mude
it possible to pregict the behaviour of the irrigation
stream on the land surface so as to apply precise amounts
of water to the crop. Analytical equations devcloped to
predict the advance of water front on the {and surface
help in designing efficient irrigation systems, The design
of any surface irrigation system will require the determi-
nation of the optimum size of the irrigation stream, the
length and breadth of the irrigation bed, and the slope
of the land, The duration of irrigation is so t'med as to
wet the root zone to the optimum moisture level.

Fig. 3 illustrates the layout of the impounding type
border Irrigation system and the water front advance.

Sprinkler irrigation has advantages over the surface




methods mainly on the hills, especially for irrigation of
plantations, as it requites little or no land levelling and
can be adaptad to ircigate standing crops, Under average
conditions of soi! and topography, the cost of land grad-
ing and construction of lined field channels and the cost
of laying a sprinkler irrigetion system are nearly the
same. However, th* maintenance and operational costs
of the sprinkler :* are comparatively very high due
to the addition.. 5y required to force the water
through the sprinklers and the depreciation of the com-
ponent parts of the system. Investigations have revealed
that both the sprinkler and the surface methods of irriga-
tion could be used cfficiently it designed properly.
The recently developed drip irrigation method offers
a very geed means of reducing the total waler required
for irrigation under many field situations.In this method,
water is conveyed to the field through flexible pipes and
is applied through drip nozzles directly into the soil. The
drip method makes it possible to irrigate frequently and
apply precise amounts of water to the crop. Water loss
by surface cvaporation ang deep percolation are reduced
to the minimum. The method, though costly on a com-
: parative basis, would be most suituble in scarcity areas
“and is likely 1o prove cconomical for frrigating orchards,
widely spaced vegetables and cash crops.

Irrigation scheduting

Water requirenients of crops are diferent at different
stages of their growth. When water supply is limited,
it is necessary to take into account the critical stages of
crop growth with respect to meisture. The term ‘critical

New deep-welil hand-pump for
rural areas

B A deep-well hand pump developed by the
Mechanical Engineering Research and Develop-
ment  Orpanization (MERADO), Madras has
shown satisfactory performance in accelerated
life tests lasting over 1,600 heurs at a stretch.
Christened *Bangalore pump’, it has been developed
in collaboration with the Werld Health Organi-
zation for rural community water supply.

A workshop of engineers and representatives
from conceraed departments organized to evaluate
the design and perfcrmance of this pump has
unanimously recommended its mass manufacture
for extensive field trials in different parts of the
country.

The principal features of the *Bangalore pump’
are the use of cheep non-metalic raw materials
that minimize damage due to corrosion; stand-
A ¢ components designed for mass o
facture and easy interchangeability; eflicienily
designed pump head and hand lever mechanism
to ensure minimum human offort Juring pumping;
provision of a non-ferrous cylinder for deep well
gperation; and reduced cost of maintenance,

This sturdy, reliable and efficient hand pump
is expected to go 2 long way in mesting the require-
ments of such pumps in rural areas.

a

Fig. 3. Schematic sketch illustrating the layout of the impounding type border irrigution system ord the water front

advance.
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stage® is commonly used to define the stage of growth
when planis are most senstive to shortage of water,
Each crop has certain critical stages at which shortage
of moistere causes drastically reduced yield. 1n Ma=xican
vavieties of wheat, for instance,the crown-root initiztion
(about three weeks from sowing) s a critical stage. It has
been observed that, regardless of the depth of planting,
the crown-root develops aboui 2 cm Uelow ithe surface
of the soil. If the soil zone around the crown-root is dry
at the timme of its initiation, it does not develop properly
and on'y a few tillers are produced. Imigation at the
crown-root initiation stage stimulates root development
and tillering in wheat.

Tiller initiation, pre-flowering, flowering and grain
development are normaily the critical stages in ciop
growth. When, there is shortage of water, it is better to
first take care of the critical stage to obtain increascd
water use cfficiency. There is reed to study the critical
stages of crop growth in respect of different crops.

Increasing water use effiviency

The water use ethiciency (crop yield/evapo-transpi-
ratien of crop area} is influenced by crop and soil
management practices. The numerator of this formula,
namely, crop yield, can be chunged appreciably by
proper management practices. The evapo-transpiration,
or the decominator of the formula, is more difficult to

Table 1—Productivity of cereals gev unit of water

Crops Water Yield Productivity
(new sirains) requirensant of water
(cm) (kg/ha) {kg/ha /mm)
Rice 120 4,500 3.7
Sorghum 53 4,500 5.0
Pear| millet (Bajra) 50 4,000 8.0
Maize 62.5 5,000 B.O
Wheat 40 5,000 12.5

be controlled by nan because it i3 so dependent on the
heat of the physical environment and the availability of
water. Evidently, the immediate practical way of in-
creasing water use efficiency is to seek ways to increase
the yield. Water uvse efficiency is not closely dependent
on the water available if ilie supply is witnin the evapo-
transpiration limit, even though crop yiclds depend on
the adequacy of water supply. Storage of more water in
the soil profile greatly increases the water use efficiency
of grain crops grown under conditicns of limited water,
Likewise, leiting aa irrigated grain crop like wheat or
maize run out of water af the ¢ritical phase of iis growth
may reduce yield and water use efficiency drasticaily,
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without appreciably lowering the total seasonal evapo-

transpiration.

One of the primary ways of increasing crop yield and
wate® use efficiency in a particular environment is to
select plant species adapted fo the total amount and
distribution of water. Plant species vary greatly in water
requirement. Table 1 summarizes sample experimentai
data obfained on water requirement and water use
efficiency of some of the commonly grown cereal crops.

The concept of irrigation requirement znd itrigation
efficiency is schematically illustrated in Fig. 4.

The plant characteristics that infiuence water re-
quirements ioclude the length of growing season, ex-
tensiveness of the root system, leaf aren and angle of
inclination, and the number, distribution and size of the
stomata. Species selection, plant selection and plant
breading have greatly helped in increasing the efficiency
of water available in a given area. Plant breeders buve
made significant confribution to stabilization of crop
yields by protecting the plants against insects or diseases
through breeding. With the aid of suitzble predictions in
regard to moistare availability from rainfall, ground
water and surface water sources, i is now possible to
arrive at suitable cropping patterns to make maximum
use of the available water.

Efficient and economic utilizetion of water resources
will involve the integrated efforts of the farmer, the
scientist, the engineer, the economist and the policy
maker. The available water resource should be fapped
and husbanded properly, nardcularly through intensive
efforts to increase the efficiency of water conveyance an:d
waler use,
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5 Development of roads, future plans and possible
progress

6. Overall economics of various modes of trans-
portation

Let us now consider the above six aspects separately
to determine possible approaches of tackling then:,

Technological solntions

In India, rural transportatign today consists of :
(i) animal drawn vehicles (ADYVSs), (ii} low-technology
mechanical vehicles tke cycles, ¢ycle-rickshaws and
wheel-barrows; ard (iii) powered wehicles like motor-
cycles, cars, trucks, buses and trains.

Among the ADVs, the bullock-cart tops the list,
The number of ADYs which was estimated at around
8 million in the nineteen-thiriies rose to over 13 millien
in the seventies. The aggrepats investment in ADVs
including cost of animals is of the order of Rs 40,000
million, which is more than the tofal investment in
Indian Railways (Rs 33,000 million in 19638-¢9) or in the
network of roads (Rs 35,000 million in 1970-71).

The bullock-cart : T. - design of the bullock-cart has

remained the same over several centurics, without any
finprovement in spile of the advent of modern science
and technology. This was perhaps because of the contempt
it evoked in the mind of the modern engineer who always
dwelt in the realm of Migh powered, high speed aupto-
mobiles, supersonic aire afts and inter-planctary space
vehicles. In spite of the I ck of any technological inputs,
there has been an inc.ease cf 6,22,000 bullock-carts
over a small span of five years (1961-66), and the number
is ever increasing. The mass produced automobile, on
the other hand, is today a victim of the energy crisis Gue
to a sharp increase in the petrol price from a mere 67
“Paise a litre *o Rs 3.40 a litre. It is worth mention that
the pearly 30 million bullocks in India are used only
ar 367, of their time for agricultural operations, and
chey are available for transport during the rest of the
time. Moteover, unlike zutomobiles, the ADVs do not
need heavy investment in road construction.

It is worthwhile to point out here that the bullock-
cart does not cost more per toane-kilometre than a
jorry (for shovt bauls of farm produce), as is generally
mmade out. In fact, lorries cannot reach moest of the farms
at all. This is s0 because, out of the 5,72,834 villages in
India, 83.7% do not have metalicd roads within ore
kilomeire; ar? out of the 16,3% that have, 39.17%
villages have metalled roads only within 8-15 km and
19.1% beyond 15 km. it is obvious that the use of lorries
alene, even for short distance haul in rerai areas, is not
practicable, as advocated by foreigaers.

In 1965-66 an esiimated 71 million tonnes of goods
were transported by bullock-carts, which might have
crossed the 100 millios tonnes mark in 1975-76 and might
double, if not treble, by nineteen-nineties,

It is evident from the foregoing thut the buliock-cart
is going to stay. It is indeed a pity that India with its
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hpge technical manpower {ranking third in the world}
could not so far impreve the design of this versatile
vehicle,

Problem areas in bullpel-cart design ; There are said
to b as many as 300 different types (designs) of bullock-
carts in use all over the country. But most of them have
a few common features, as described below, which nust
be tackled ficst during any design excrcise,

1. Wheels : Bullock-trts  basically use wooden
wheels fitted with iron tyres or rings. Majority of the
wheels used are spoke type (66%) and the rest arm type
{33%,). The wheel diameters range from 3 t to 6 fL {The
bullock heights also vary from one State to another).
The carrying capacity of the bullock-cart is reduced with
reduction in wheel diameter, while the tractive effort
is increased.

2. Wheel tyres 1 The width of the fron-tyres ranges
from 1% to 3% inches : the greater the tyre width, the
higher the cost, but lesser the tractive effort involved.
Though pneumatic wheels reduce the tractive effort,
lessen the wear and tear of roads, and incrense the carry-
ing capacities, the overall economics of cperation at
present rates and the investment ability of the individuals
and the State do not give it a clean chit to be installed
on all the existing 13 million ADVs,

3. Wheel hub, bearing and axle : The normal axle
is a miild-steel hand-made affaic which is not a true circls,
and 50 are the hubs and bearings @ they wear out faster,
causing wheel-wobble, which increases the tractive effort
and is injuricus to the bullocks, Toe lubricant used
(castor seed oil} has too little viscosity to provide the
desired lubrication for the spot-loads created while
driving. The absence of any springs on the axle results
in all the instant impact loads, caused by unevenness
of the road surface, petting transmitted to the bullocks.
The sitnation is furtLar ageravated by the problam of
imperfection of load balance due to the scantlings being
either higher or lower than the actual neck of the bullocks,
which canses u part of the load to bear directly on to their
necks—so that they start carrying such loads instcad of
Jdragging them. And no saddle-like fitment is used cn a
bul'ock (as on a horse or a tonga) to avoid the load of

" the cart resting on its neck.

Probable sofutions : The efforts made in the past by
Mr. B.¥. Vagh under the auspices of the Indian Road
Congress and the experiiounts at the Central Road Re-
search Institute, New Twlthi to develep o self-aligning
wheel that could adjust to the sloping road-camber, and
the idea of using two conical roller bearings on each
wheel, deserve appreciation. However, more congerted
cffozts in this ditection are required, for unless the ideas
developed are put into practice, ali reseavch and thinking
on bullock-cart design would go waste. To my mind,
any attempt at improving the bullock-vart design s
take care of the following peints @

1. The village carpenter should be able to learn

ust

the new techniques easily and continue to manuiacture 7

and repair the bullock-carts.
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2. As the present bullock-cart s supposed to last
for 30 years with occasional repairs, the modified butlock -
cart should have a longer or at [east the same life.

3. If the builock-cart of today costs only
Rs 1,000-1,50G and lasts for 30 years (ie, an invesiment
of Rs 30-50/ annum or paise 10-12/day), and i
bullocks ased for oither agricultural operations continue
1o be used 10 drive them, it would be much better to so
redesign it as to make ita multi-purpose vehicle with
ingreased utilization.

4. Other design elements that are going to matter
in future are : (i) use of old auto-axles or newly designed
steel axles; (i} introduction of leal springs on the axles;
(iti) use of over 4%" iron tyres, solid rubber tyres (as
used in fougas) or pneumatic tyres with rims specially
designed for up to 8 km/hr spend (as against the present
ADYV tyres fit for 50 km/hr or more); (iv) elevated or
non-horizontal scantlings; {v) leather saddles for the
tullocks to reduce ditect foads on their necks; {vi) in-
creased vehicle utilization from the present 1,500 km
to 10,000 km {(as against 1,00,000 ko for lorries): and
(vii} iucreased payload from the present 3/4 fonne to
2 tonnes.

5. The conical roller or btall bearings and even
axles, manufactured by any agency, should be distributed
only through Government or cooperative agencies at
regulated prices, with easy availability, so that manu-
facture of new bullock-curiz or repair and modification
of existing ones could be speeded up.

§. AH bullock-carts should be registered (though
not licensed by a tax) and the registrations renewed once
in 5 years so that it is easy to regulate supplies of axles,
bearings, hubs and wheels from Central Stores or Pro-
duction Centres.

Bullock- art of the future ; The 2000 AD bullock-
cart may have the following design features :

1. A chassis with not more thau 18° ground clear-
ance and 247 whael radius,

2. To ‘nerease frictional coefficient, either salid
rubber tyres of adequate width or iren tyres of doubly
incceased width, both preferably with mud and snow
type treads.

3. Two ball bearings or preferably conicai bearings
on each wheel with adequate shim and tightening mechan-
ism to last 30 years of 15,000 km or 3 lakh ki driving,
respectively,

4. YLsection (47 afl round) aluminium central scant-
ling, bent to desired shape to accommodate the neck
height of bulls, or box-section (4°) of 12 guage MS as
second preference.

5. BRody made up of two longitudinal aluminium
2" Tsections of 2° WS boxscctions: five
horizanta! sunports of aluminium extrusion 13" T.sections
or 13" MS box-sections; side frames of bamboo or $/4°
iron or aluminium hollow rods (2 ft high) and a canopy,
where nceded, supported on"3x}” diameter iron rods and
covered by a detachable canvas of suitable dimensions.
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6. Either 5-ply plywood or 18-gauge sheet aluminium
floor for the cart with adequate space to keep grass for
the bullocks and a cloth to eover it.

7. Leather saddles for the bullocks round their
waist with U.-foam lining and double-suspended icad-
carrying loops on either side

8. Whete needed, an aluminium diagonal mesh for
carrying loose seeds, manures etc on the frame or in a
detachable container of 4 ft height, 8 1t length, and 6 fi
width,

9, A foot-operated double-pedal hand-brake of
4 inch width and 1 ft diameter on either wheel, a mechani-
cal friction foot horn, two oil/carbide lamps with reflec-
tors, a fObreglass driver seat fitted on a sprir ; frame,
and leaf springs fitted on the axle with shock absorbers
in between.

Implications of the fuel crisis

Since November 1973, the Inaian economy has been
suffering under the impact of the fuel crisis caused by the
spurt in the cost oi petroleum fuels sold by the Arab
countries. The import value of crude petrolenm has risen
many times which our economy can ill-afford to with-
stand. The demand for petroleumn preducts in the country
rose from 20.76 million tonnes in 1971 to 29.34 million
tonnes in 1974, and is likely to go up to 45.58 million
tonnes by 1979 if no fiscal or rationing curbs are
employed.

The present position of world reserves of fossil fuels
indicates that while proved oil ressives may iast only
another 30 years or so,the coal reserves may last many
centurics. However, the cost of mining and transport
will keep on increasing as the mines go deeper and deeper
into the Eaith's crust. The frend, therefors, is to shift
the emphasis from fossil to fissile fuels (Uranfum-235)
and breeder reactors based on fusion.

The perocniage distribution of eneigy production in
india (Table 1) shows that the bulk of it (45.4%) is
contribuied by farm waste, wood and cliarcoal, followed
by animaie effort energy (34.6%) and ccmmercial energy
(20.0°7) derived from coal, oil and hydro-power. The
sector-wise consumption of commercial epergy during

195




2. As the present bullock-cart s supposed to last
for 30 years with occasional repairs, the modified butlock -
cart should have a longer or at [east the same life.

3. If the builock-cart of today costs only
Rs 1,000-1,50G and lasts for 30 years (ie, an invesiment
of Rs 30-50/ annum or paise 10-12/day), and i
bullocks ased for oither agricultural operations continue
1o be used 10 drive them, it would be much better to so
redesign it as to make ita multi-purpose vehicle with
ingreased utilization.

4. Other design elements that are going to matter
in future are : (i) use of old auto-axles or newly designed
steel axles; (i} introduction of leal springs on the axles;
(iti) use of over 4%" iron tyres, solid rubber tyres (as
used in fougas) or pneumatic tyres with rims specially
designed for up to 8 km/hr spend (as against the present
ADYV tyres fit for 50 km/hr or more); (iv) elevated or
non-horizontal scantlings; {v) leather saddles for the
tullocks to reduce ditect foads on their necks; {vi) in-
creased vehicle utilization from the present 1,500 km
to 10,000 km {(as against 1,00,000 ko for lorries): and
(vii} iucreased payload from the present 3/4 fonne to
2 tonnes.

5. The conical roller or btall bearings and even
axles, manufactured by any agency, should be distributed
only through Government or cooperative agencies at
regulated prices, with easy availability, so that manu-
facture of new bullock-curiz or repair and modification
of existing ones could be speeded up.

§. AH bullock-carts should be registered (though
not licensed by a tax) and the registrations renewed once
in 5 years so that it is easy to regulate supplies of axles,
bearings, hubs and wheels from Central Stores or Pro-
duction Centres.

Bullock- art of the future ; The 2000 AD bullock-
cart may have the following design features :

1. A chassis with not more thau 18° ground clear-
ance and 247 whael radius,

2. To ‘nerease frictional coefficient, either salid
rubber tyres of adequate width or iren tyres of doubly
incceased width, both preferably with mud and snow
type treads.

3. Two ball bearings or preferably conicai bearings
on each wheel with adequate shim and tightening mechan-
ism to last 30 years of 15,000 km or 3 lakh ki driving,
respectively,

4. YLsection (47 afl round) aluminium central scant-
ling, bent to desired shape to accommodate the neck
height of bulls, or box-section (4°) of 12 guage MS as
second preference.

5. BRody made up of two longitudinal aluminium
2" Tsections of 2° WS boxscctions: five
horizanta! sunports of aluminium extrusion 13" T.sections
or 13" MS box-sections; side frames of bamboo or $/4°
iron or aluminium hollow rods (2 ft high) and a canopy,
where nceded, supported on"3x}” diameter iron rods and
covered by a detachable canvas of suitable dimensions.

INVENTION INTELLIGENCE

6. Either 5-ply plywood or 18-gauge sheet aluminium
floor for the cart with adequate space to keep grass for
the bullocks and a cloth to eover it.

7. Leather saddles for the bullocks round their
waist with U.-foam lining and double-suspended icad-
carrying loops on either side

8. Whete needed, an aluminium diagonal mesh for
carrying loose seeds, manures etc on the frame or in a
detachable container of 4 ft height, 8 1t length, and 6 fi
width,

9, A foot-operated double-pedal hand-brake of
4 inch width and 1 ft diameter on either wheel, a mechani-
cal friction foot horn, two oil/carbide lamps with reflec-
tors, a fObreglass driver seat fitted on a sprir ; frame,
and leaf springs fitted on the axle with shock absorbers
in between.

Implications of the fuel crisis

Since November 1973, the Inaian economy has been
suffering under the impact of the fuel crisis caused by the
spurt in the cost oi petroleum fuels sold by the Arab
countries. The import value of crude petrolenm has risen
many times which our economy can ill-afford to with-
stand. The demand for petroleumn preducts in the country
rose from 20.76 million tonnes in 1971 to 29.34 million
tonnes in 1974, and is likely to go up to 45.58 million
tonnes by 1979 if no fiscal or rationing curbs are
employed.

The present position of world reserves of fossil fuels
indicates that while proved oil ressives may iast only
another 30 years or so,the coal reserves may last many
centurics. However, the cost of mining and transport
will keep on increasing as the mines go deeper and deeper
into the Eaith's crust. The frend, therefors, is to shift
the emphasis from fossil to fissile fuels (Uranfum-235)
and breeder reactors based on fusion.

The perocniage distribution of eneigy production in
india (Table 1) shows that the bulk of it (45.4%) is
contribuied by farm waste, wood and cliarcoal, followed
by animaie effort energy (34.6%) and ccmmercial energy
(20.0°7) derived from coal, oil and hydro-power. The
sector-wise consumption of commercial epergy during

195




Railways and Roadways to obtain about
capuacity without any exira investment.

5%, extra

teonomic capability of possessing providing trapsport
tacility

The higher the GNP of a country the higher the invest-
ment on transport and the greater the sophistication of
technobogy used i transport vehicles @ America with
1,3rd the population of India has ainost five times the
Railway route mileage; Russia with less than balf the
pepulation has more than double the route mileage;
cven Canada with 1, 25th the population has more route
mikeage than thal of India. Se is the case In respect of
the number of cars and trucks per thousand population
or length of roads per thousand population. The lech-
nolugy employed in the design of the rolling stock —
tor road, tail, air or water — 15 of a higher order, requir-
ing higher investment and involving greater specific fue
consumption — factors  which only  rich  notions
attfud.

For Lndia, with s present tate of inde-irial and
agricubiural growth, a greater pereentage of low tech-
nolegy transport vehicles is more appropriate. Here
the use of animate and human enrcrgy in transportation
of men and maicrials i3 more likely to stay put or even
increase. With low availability of petroleum crude,
thete is greater need for improving the funclional efli-
ciency of mopeds and bullocks-caris, to cover longer
distariees per trip.

In fact there is already an awakening among the
[ndian automobile manufacturing firms to reducz the
brake-horse-power and maximum spead  of vehicles,
after they are freed from the obligations of fercign
licences. In the past one decade the Indian automoblle
industiy has considerably increased the production of
two-wheelers and heavy-duly irucks.

<can

Changes in life styles

To keep up with Jones's {s o normal human tendency.
However, India with its vast ancient cultural heritage
has been able to withstand the consumertsm of the West
and retain its individoality as a mation. Here, urbani-
zation is stili only 20%] 18 against 70-80%; in the developed
world, Keeping such parameters in view one can salely
guess that our nation can adept a specd management
peticy of not travelling at high speeds. The preseat socio-
cultural sittation and the trend of its development surely
permits us enough feoway to take a naticnal decision on
the type and guantum of aur transport nceds, appro-
priate to Indian conditions, rather than going about irra-
tionally copying and adopting foreign standards and
desigis.

If the above assumption is right, adeguate maebility
can be planned to meet the total needs of movement
of men amd materizls by animated and low technology
vehicles for short distances and economic units of fister
and costlier vehicles of higher technology for larger
hauls of Tonger distances.

Development of reads

Road consiruction is a costly affair. The type of road
construction needed mainly depends on the speed of
vehicles to ply on them @ in general, higher the average
speeds, costlier the voad construction per kilometer.

Basically, surfaced roads are of cement-concrete,
biturnen {black top), or water-bound macadam, and
the cost of construction per kilometie length varies
considerably depending on the material used. The un-
surfaced roads, made up of an admixture of granular
material and natural soil, are motorable in fair weather,
but sometimes may be unmotorable round the year.

Table 3—Passible fuel {pefrolenm productsy consumption by powered vehicles in India (1976}

Type of vehicle Approx, no, of  Assumed Fuel used (average) Possible
vehicles possible G;‘iim anpual fuek
{lakhs) average annnal consumption
nsage {militon
(ihousand km) fonnes)
1. Trucks 4.5 130 4.0 230 9.00
2. Buses 1.4 75 4.0 250 1,50
3. Cars 0.5 a 8.0 125 .06
4. Taxis 1.0 40 8.0 125 2.0
5. Jeeps 1.0 20 5.0 200 0.32
6. Scooters & motor cveles 3.0 12 25.¢ 40 2.59
7. Antorinkunaws & three cheelers 1.0 40 20.0 50 0.16
2. Other veb’. . 7 chuding Defence
vehigles 7.0 50 5.6 175 4.90
29.0 16.25
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With increase in the speed of vehicles and unit loads to
be carried, the quality of the road surfauce has to be
improved leading to increase in the cost of road constryc-
tion in geometric proportion.

In India, during the period 1951-71, the surficed
toads increased from 157,000 km to 388,000 km ar. the
unsurfaced roads from 400,000 km to 844,000 km. Thesc
are in addition to urban roads within municipal limits,
which increased from 41,800 km io 94,000 km during
the same period. In spite of this impressive increase
of over 2007, withiz éwo decades, India sull does noi
have even a fraction of 17; of road length per thousand
population when compared o the developed countries,
though the expenditure on road construction per annum
ingcreased from Rs 32 million in 195! to Rs 62 million
in 1971,

The above figures de indicate the country’s inability
to finance construction of adequate road lengths it for
fast trayel compaiable to those in developed countries.
However, they do suggest, once again, that low horse-
power, fow speed vehicles will be the most important
transport systems of the rural seene of tomerrow.

Overall ceonomic considerations

Therg are three impertant poiats thal have emerged
out of the fucts presented in this article .

1. A study of the economics of various modes of
transport reveals that speed of (ravel costs money by
wiy of both capital investment and recurring operational
and maintenance expenditure,

2, The adequacy of transport could be measured
in torne-kiloragtres or passenger-kilometers irrespective
of the mode and type of vehicle used and operated with
either human/animate crnergy or fuel cnergy.

3. Low fechnolegy, low speed wvehicles subject 1o
less frequent replacements {in USA cars are charged
ence in three years while [ndian bullock-carts last 30
years) will be the future modes of transpert in rural
India.

In conclusion ane cun say thal our budding inventors
and entrepreneurs should focus their attention on the
development of improved designs of low technology
vehicles like cycles, wheel-barrows, low horse-power
semi-motorized transports, and animal-drawn vehicles
(ADYVs) like bullock-carts.
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Technological innovations
for housing the rural poor

Scientists af the Cenfral Building Research Institute, Roorkee have developed a
numker of innovations for rural housing, both o improve traditional methods of
consiruction and fo provide more durable and sfrong structures,

NARENDRA VERMA

Scientist Coordinator, Rural Building Division, Cercraf Building Research Institute, Roorkee

B The shortage of houses, specially for the poor in
rural areas of our country has been increasing over the
years, and the backlog piling up. The major reason for
this shortage is, no doubt, the population explosion,
but a nomber of houses do collapse and vanish every
t+ - during 1he rainy season, or due to carthquakes,
floods, outbreak of fires etc.

Tt is estimated” that the honsing shortage may reach
the figure 80 million units by 1979. As against this short-
age, the rate of construrtion has been pitifully small,
mainly due to economic reasons and the priorities fixed
by both the individual and the Government, Obviously,
short ferm gains are preferred to less productive jobs
like housing. Added to this is the rural poverty : about
50 percent households in India carn? less than Rs 1C0
and about 80 percent less than Rs 200. With such meagre
econemic resources, it is almost impossible for the poor
even to think of anything more than food and clothing.

Problems of rural housing

Things are now changing, however, mainly dve to
welfare policics of the Government and partly due to the
marginal economic improvement as a result of the Green
Revolution. Various schemes®, like village housing pro-
jects, provision of houses to backward castes, and crash
employment programs, are already being implemented.
Out of the 110 iakh familics eligible for allofment of house-
sites under the scheme of provision of house-sites to
landless workers, 61.13 lakhs have already been allotted 2
But this is not sufficient. If we calculate the budgetary
requirement for meeting :ie finances to meet the total
demand, the figure will be enormous. .Added to this is
the shortage of canstruction materials. tike cement, steel,
Liick and timber; their rates are prohibitively high,
especially for the rural poor.

The rural poor are in a dilenma, in so far as their
housing probierrs. are concerned. On the one hand they
are fed up with mainle/ning, repairing and rebuilding
their hou 'es with perishable tr.jitio ial materials, or the
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other hand the permanent materials are bevond their
reach. A few villagers, especially in presperous arcas of
U.P., Punjab, Haryana and soms other States, d¢ cons-
truct® their houses by using construction techoiques
based on permansnt materials, like reinforced brick,
reinforced cement concrete, galvanized iron and asbestos
sheet (for rocf) and burnt brick (for walls). But in absence
of proper technical guidance, and being dependent upon
the skill of the local mason having some experience of
similar construction technigues in  urban areas, they
have 10 reckon witk wastage of materials and labour,
which utlimately lead to costly construction.

Further, India has a large variety of locally available
materials, both permanent and perishable. The birng
bricks may be of good quality and a commonly used
material in on¢ area, but in other areas # may be of a
very poor quality having unreliable strength, In the
later case, the ingeedients of concrete and timber may
be locally available.

It is only under the constraints of locally available
materials, Tocal skilis and the economic resources of
individuals that technological innovations must be made
to provide a solution to the problem of constructing
permancnt houses with minimum use of permanent
materials to reduce onst and maintain simplicity in
construction. This may be achieved by eraploying simple
methods of partial pre-fabrication, intensive use of
semi-skilled and unskilled labour force, application
of simple tools of the [ocal mason, and by making the
technique of construction foolroof, It is also essential
at the same time to develop innovations to improve upon
traditional materials and constructior. technigues.

The Central Building Research Enctitute, Roorkes
has developed a number of technologizal innovations
in rurai housing, beth to improve the .rad.‘ional methoas
of construction and to meet the crying nee: for construc-
tion of more durable and strong housing structures for
the masses. This article primarily deals with sch inno-
vations, which are briefly described below.
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BRICK PANEL SYSTEM
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Lngrovements in traditional techniques

The mud amd thatch hogses deteriorate last and
collapse due (o atack of termites and rodents, rains,
floods and fires. Fotowing techriques bave been deve-
Toped to mike these materials more durable :

1. Non-erodable mid plaster
2 Seil stumitization by using cement and bitumen

3. water-proofing treatment ror mud walls

4. Fire-nroofing treatment for thuteh roef

The first two technigues have tound very limied
application, particulurly because ol high cost of stabilizers
and kibour fnvolved in comparison te the advantages
achioved. The lator two technigues, however, are now
being adopted and bave good scope of acceptability
by the masses.

Warer-prosfing treatment for mud walls - The conven-
tional mud walls commonly used by the villagers get
croded during the rainy season and many g time collapse.
The technique of spraving bitumen solution’ has been
deveioped 1o make these wails waterproof. The basic
materials reguired for this purpose are normal asphalt
(80,100 grades used for road construction) and kerosene
oil. Fifty litres of kerosene oil is taken in an open iron
container of 100 litres cupacity and 25 kg mohen asphalt is
added to it in batches with constant stircing, till the
asphalt is completely dissolved. This solution is then
allowed to cosl and transferred to another barrel through
a seive.

The mud wall to be treated should be repaired to fill
up any hollows, cracks and facked off plasters, and then
given a thin coai of mud-gober slurry to seal the fine
cracks. The bitumen solution prepared earlier is now
sprayed on the dry surface of the repaired mud wall
with the help of 2 pump commonly used for insecticide
and pesticide spraying by the villagers. Two coats of this
spray are applied at an interval of minimum 4 hours
depending upon the porosity of the surface and drying
of the first coat. The pump shoulkd be cleaned after use
and the left over kerosene oil stored for makigg other
batches of solutions.

Two persons can easily spray about 200 me# of wall
in oue day, The treated wail, which becomes black,
can be whitewashed by a solution obtained by adding
70 g of animal glue (soluiion in half-litre water) in 1 kg
of quick fime solution. The white-wash so prepared
adheres well 1o the sprayed surface.

This technigue was applied on the walls of about
cight houses in different villages around Roorkee, and it
is found to be very satisfactory. The total cost of treat-
ment and whitc-washing, including animal glue, comes
to Rs 1.50/me.

Fire-proofing of thatch reof : The use of combustible
materials like thatch, paim leaves and reeds cannot be
ruled out altogether in the construction of rural ouses.
When a fire breaks out in such a house, heavy damage
is caused not only fo onz but a number of houses, and
lives are often lost,

The fire-proofing treatment for thatch® roof is based

INVENTION INTELLIGENCE

Fhoto—1.

Precasting of wali-panels fone ream howve),

on the use of fertifizer grade dinmumonium pnosphate
{99,937y and sodiwm flgoride (0,857 ), the Tormer acting
as a live retardent and the latter g5 an insecticide and
fungicide. A solution of these chemicals is prepared in
water {1490 aud the dry thateh, repe. padmyrah leaves
el are soaked in it for a period of 10-12 hours. They
are then taken out of the solution, drained of the extra
chemicals, aad kept for drying in the air. The dried
malerial is fire-proef. To avoid leacking cut of the
chemicals during rains, o paint prepared by mixing zinc
axide (15%), mica powder (13%7), talcum powder {135:},
chlore-wax {30%), polyviny!l acetatc emulsion (259,
and required quantity of spirit, is sprayed on the
completed roof.

The total cost of treatment comes to Rs 5.30/m?
The life of the material is increased from 1-2 years to
4-5 years, Large scale tests have been conducted and the
demonstrations given to prove the efficacy of the treat-
ment have been very suceessful. The technique has now
been accepted by the Tamil Nadu Goverament for use
in the coastruction of low income group houses,

“linirum use of permanent materials

The techiiques developed to minimize the use of
locally available permanent materials fall under two
categories @ (i) construction of load bearing walls of
minjpum thickness sufficient to satisfy structural require-
ntenfts; and (fi) construction of durable amd strang
skeletons (roofs and columns) leavirg the cladding walls
to be done with cheap materials. The salient features of
the various systems developed are given below -

Prefab brick panel system @ This system® (Fig. A)
utilizes the potentiality of ihe good quality brick (50
kglerm? and above) and the principle of pre-fabrication.
Following components of brick and concrete have been
pre-fabricated.

1. Umwreinforced wall panel (515 x 1056 mum) made
by laying 18 bricks in 1:4 cement/sand mortar and
having four liftiug hooks of 6 mum® (Fig. A-9 & A-10;
Photo-1}.

2. Reindorced roof panel (360 x 1040 wmm) made
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Phore—2.

wh brick panct syveent fone room funser,

ol 17 brichs and Lo cement coarse-sind mortar ¢Fig, A-2»
or 16 bricks and AM-130 congrete (Figo A-1} weinloreed
with two bars of & mm @,

3. Paruably precast RCC joist {130 x 100 mmy
reinforced as per structural design for a particalar span;
however, three bars of 12mm @ at the bortom and one
bar of 6 mm ®at the top with 6 mm @ stirrgps wt 15 cm
spacing caa be osed Tor o clear snan of 3,300 mm {Tig,
A-5 & A-6).

4. Procast RCC Liaced, siebs and projections 70 mm
thick (Fig. A-3, A & AT

S0 Wall pane! 1300 % 8565 mmt for exwa flexibilin
(Fig. A-8).

The wall parcls are luid side by side with & gap of
50 mm (Fig. A-12). This gap is filled with concrete
(M-150) o form a brick-cum-conerete column, These
columns support the rooflng joists, together with part of
the adeacent panels, The cxpesed faces of the punels may
be olastered or foft exposed, as desired (Photo-2).

The thermal requircnients of walls are mer by provid-
ing non-load bearing sen-dried brick walls 73 or 115 mm
thick (Fig. A-12 & A-133 on the inner fages of the external
walls with or without o 40 nun cavity.

ihe rool panels are supported on partially precast
joists (Fig. A-12) and joined together with 1:+4 cementy
sand mortar. For negative reinforeement across the
Joists, 550 mm long 6 # bars are provided, one on each
pane!, Temperature reinforcement is provided by three
3 mm @ wires parallel w the joists and one acruss them
on euch panel. A 23 mm thick cement conerete {M-150)
is ladd all over the roof panets 1o develop T-beam action,
Two coats of hot bitumen are applied for water-proofing
before lime concrere terracing or mud phuska — the
jatter provides additional insulation and protection
to the bitemen againit heat.

Door and window frames are eliminated and a simple
device has been developed for fixing the shutters {Fig.

INVENTION INTELLIGENCE

Photo—3. Brick skeleton system:
striccted v districs Varanasi.

Hlarifan houses eon-

A3 & A-T0) The floor 33 made of 3 mm thick com-
pacted brick dggregate finishad with 20 ot thick eement
conerete (1:2:4),

The cmowas adopted by the Rural Enginecring
Services Department of LT T construgtion of Harffen
Fouses cuch comprising a room and a verandah with a
plinth aren of 1975 m2 (losr aret 1745 m%); these
houses could be provided within the ceiling cost of
Rs 2,000 (April 1674). Two prototyvpes were construcled
at CBRI, Roorkee (Photo-2) and two at Ghagabad by
the Ghazisbad Improvement Trust.

Brick skeleton sysrem @ This system® (Fig. B) utilizes
the construction ol in-situ T-shaped column: of bricks
and precast reinforced brick panels supported on partially
precast RCC joists.

The details of precast components have already been
given above, The T-shaped columns are constructed in
bbb ocement/sand mortar. The cladding wails, doors,
windows and floors may be made according o one's
choice and resources.

This system was also adopted by the Rural Enginger-
tng Services Depuriownt of ULP. for construction of
Harijan houses (Photo-3y, each comprising a room and a
verandah with @ plinth area of 19.75 m?; these houses
abso could be provided within the celling cost of Rs 2,000
(April 1974) in the districts of Bullandshahar, Yaranast
and Meerut.

Roth the prefab brick panel system and the brick
skeleton system have been accepted by the ULP. Govern-
ment for construction of 11.5 lakh houses for landless
workers. By application of these techniques, the anti-
cipated savings in the consumption of scarce materials
like cement, brick, steel and timber are 307, 407/, 489,
and 5025, respectively.

Tutegrated thin-wall and colurr systom ; Combining
the merits of the two systems described abeve, this
system® (Fig. C)involves the use of thin walls (hall-brick
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Photo—-A. A view of
Aocsey for economically
weuher section af Ghaziahaed.

thick or 1.5 ¢m) made towerther with 23 5 23 oy thick
columns 1 cement nortiv (16 The hocotemne,
spaced 1.10 m apart, support the Joist
taking the load of the roof, The contuon walls are 23 em
thick to avoid projection of columins i get more
floor space. The partitions in the copboands are alwo
used T oom thick enmd-walis. The

rovusl concrens

1 strengthen the 1.3
mothod of casting of the brick
Joists s the same as deseribed curlic

Thes systam has been adoptad for construetion ol
1,330 houses for the coonomically weaker sectivon by
the Ghaziabad Improvement Trust (Photo-4h and 907,
of the howses are already complete, the Trust is now
preparing 4 ntw scheme Tor 5,300 houses (o the same
Sconomic group, This svstenn was abso mdepted for cons-
troction of 19 houses for the landless labourcrs in e
village Sunehra near Roorkee (Photo-3).

panels and concretw

Fheovise s o the lusndfosy wt
rodre g ok Kook s,

This netiied hay made posstbic © 3 overall economy
st 120, IR the cost of constraction (1975-76).
PSR amptica of searee mulerials ke
cement, stech, bricks and finzher e 200, 40°,0 40°,
amed a0

Creerete sheleton sysiem: This swalent {Fig, Dy i
based on the use of concrete (PCC or RCC) for mriking
precast compongnts —- pocher footing, hollow colummns,
doubl curved tiles. beams (slart spani aed partially
precast doists ong span). The spacing of the columns
depends upon the maximwt size of the DC tiles (maxi-
e possible size 730 % 750 mum) adopued in the design.
The joist curries the Joud of the roof and wransters the zame
o the columns ihrough the beams. The fillar wall may
fowa]l materidd,  like bamboo  mat,
ntd, sun-dried brick or Jow strength brick. The door
und swindesy shutters qre made of mango or other cheaper

oo

pectively.

be mpde of wn
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varioty wood; these are fixed with specially designed
pivol hinges without any kind of door or window fraines.

This system was adopted for conmstruction of 42
houses for scheduled castes and tribes at Karimnagar
(A.P.), where the cladding walls were made by laying
poor quality bricks in mud mortar {Fhoto-6) followed
by plastering + ith cement mortar on both sides, The
flooring was done with plain cement conerete (1:3:6)

and finished with neat cement at the top, and the roof
provided with lime terracing.

The final cost of a house (Fig., D-9) with one room,
kitchen and small verandah (foor area 20 m®) was Rs
2,057 (July 1973).

Timber skeleton system : This system (Fig. E) makes
use of locally available secondary species of timbers,
like mango wood. Small dimension timbers are pre-
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Né_eq-;fp_r.-qevelopment of new
mplements and tools

for immediate developmental effort.

'_Wh'at are the fhvpz’ements and fools that need fo be developed fo improve the
productivity of land and labour? The author has made some valuable suggestions

‘DR. K.N. SINGH

Tmproved implements and toels play a very vital role
in increasing agricultural production. The importance of
' machinery inputs is generally not as well recognized as
that of other inputs like seeds, fertilizers, and irrigation
awater. This is mainly due to the fact that, whereas seeds
f high vielding varieties, good doses of fertilizers, and
‘encugh of irrigation water have very obvious effects on
the crop growth and its yield, the effects of improved
machinery can be realized only in terms of timeliness of
peration, conservation and better ufilization of eneray,
ncreased productivity of labour, and more precise ficld
peraiions : all these factors ultimaiely result in increased
roductivity of land. The removal of manual drudgery
‘another important factor in the developman: of im-
foved -implements and tools. Sometimes the factor
f timelingss becomes so important that, for lack of proper
ma.chmery and tools, a large portion of land is not
onght  under :double cropping, which in fact results
nder-utilization of national resources.

There are a variety of machines and implements for
variops agricultural operations availsble in the werld
_market However, they are designed for use under parti-
cular socio-economic and agricultural working conditions
which are quite different from those obtaining in India.

‘Although some of these machines can be directly adopted
snder Indian conditions, most of them cannot be taken
up as: such, mainly for reasons of difference in agro-
zmatu: oondltlons, unsnitability of produchon teck-
nology,’ and lack of demand potenitial.

A number ‘of effivient agricrltural implements and
ols are also availabls in the Indian market; howcver,

these still <xists lot of scope for development of new
machines, implements and tools for varfous operations,

Power on the fan

~Indian farms are suffering from huge power shortage.
‘The minimum requirement for a reasonably efficient far-
ming of 140 million hectares of cultivated land in India is
ahout 112 mllhon hp’ But we have a total of only 37.86

INVENTION INTELLIGENCE

Professor, Department of Agricultural Engineeding, College of Technology
G.B. Pant University of Agriculture & Technology, Pantnoger, Nalnital

e

million hp available on our farms : of this, an estimated
26.04 million hp is supplied by 81.40 million animals,
2.28 million hp by 35.62 million effective labour, 6.34
million hp by 0.211 million effective tractors, and 0.09
miflion hp by 00137 million effective power tiller.. It is
obwious that the butk (about 702" of the power available
to Indian farms is supplied by animals.

The above situation necessitates development of
suitable harnesses for a single bullock as well as a pair
of bullocks so as to increase the availability of power
from the draft animals. Some work on this line was
started a few years back at the Allahabad Agri-
cultural Institate, and harnesses were  developed for
both single bullock and a pair of bullocks. Field
tests on these harmesses indicated 209 increase in
power avallability over the Jocal wooden hamess —a
significant improvement which could have increased the
available animal power even at the existing strengih of
draft apimals by 5.21 million hp. However, these
harnesses could not become popular due to somewhat
sophisticated design and higher cost.

Development work on a simple and efficient builock
Liarness is very important, especially in the context of
overalt higher encrgy cost. Work on a single animal
harness is particularly essential in view of the ncreasing
number of small and marginal farmers io the country.

Studies have indicated direct correlation weiween
power availability and production on the farm?. For
example, the average figures of power availability per
hectare of crop land in USA, W. Germany, Japan and
Iadia are 1.1, 5.2, 5.0 and 0.27, respectively; while figures
for land productivity in terms of cereal yields in tonnes
per hectare for these countries are 3.899, 3.817, 5.497
and 1,120, respectively. Even in India, therc has been
an impressive increase in wheat yield in Punjab from
0.84 tonnes/hectare in 1961 to 1.88 tonnes/hectare in
1973; during this period tractor power per cropped
hectare increased from about 0.03 bp to 0.25 hp and area
under multiple cropping from about 269 to 447,
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This 7.5 hp power tiller manufacrured in India
is very suitable as a power source for smal
JSarmers, bur high cost Iimits its use to a few
rich farmers only.

This bullock-drawn soil turning plough cuts the
soil to a dzpth of 7-8 cm, inverts the furrow
stice, and covers the weeds in the furrow.

To increase the overall agricultural production in
the country it is essential to increase the power availability
on the facm. Since animal and human power cannot
ke increased so fast due to biological and social reasons,
te only way to supplement the present leval of power
availability is by augmenting the sources of mechanical
power.

A number of 4-wheel tractors are being manufac-
tured and used in India. These are, however, beyond the
reach of & large section of the farming community. Low
horse-power power tillers of 5-12 hp range are alse being
manufactured, but due to high cost these, too, are not
getting popular. Thus, there isan urgent need for deve-
jopment of a small power unit of 5-7 hp range, which
should be sizaple in design and low in cost. It should
be a mobile power unit which could easily replace 2-3
pairs of bullocks, and should cost about as much as
three pairs of bullocks. This power unit can be used for
various operations starting from tilling and cuitivating
to pumping of water, driving of tkresher, and casrying
out of other stationary jobs.

Tillage implements and tools

Ploughing and harrowing are major operations
for seed-bed preparation and consume about 405, of
the total enmergy needed for growing o crop. Bullock

140

This bullock-drawn 8-disc harrow, used for seconda-
vy titage operation after ploughing, dees the tillage
work efffciently and takes about 3057 lese time in
land preparation than a conventional deshi plough.

drawn steel ploughs of mould-board and chisel types are
available and being used in some areas, Sirilarly, disc
harrows are also being nsed in seme regions, These
implements are quite efficient for seed-bed preparation
compared to wooden deshi ploughs, and there is a saving
af about 50% in enargy consumption with the improyed
tools. Howcver, use of these implements is restricted
to certain regions due to the fact that bullocks of onc
region differ from those of the other regions in size and
draft capacity, Development work oo meodification of
steel ploughs and harrows to suit the draft capacity of
lecal animals is, therefore, desirable.

For puddling wet land, a number of puddlers have
Been introduced in different regions of the country,
However, most of these puddlers require heavy draft
and hence, many farmers feol better with the deshy plough,
There is a need for standardizing the designs of puddlers
hest suited for particular sofl conditions after testing the
existing designs, and also modifying them to match
the power of regional draft animals.

Seeding and fertilizing equipment

Various feid demonstrations have shown that, by
using a ferti-sead-grill, crop yields increased by 5-1027
over conventional method of seed dropping behind
the plough. Quite a few ferti-seed-drills operated by
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stice, and covers the weeds in the furrow.

To increase the overall agricultural production in
the country it is essential to increase the power availability
on the facm. Since animal and human power cannot
ke increased so fast due to biological and social reasons,
te only way to supplement the present leval of power
availability is by augmenting the sources of mechanical
power.

A number of 4-wheel tractors are being manufac-
tured and used in India. These are, however, beyond the
reach of & large section of the farming community. Low
horse-power power tillers of 5-12 hp range are alse being
manufactured, but due to high cost these, too, are not
getting popular. Thus, there isan urgent need for deve-
jopment of a small power unit of 5-7 hp range, which
should be sizaple in design and low in cost. It should
be a mobile power unit which could easily replace 2-3
pairs of bullocks, and should cost about as much as
three pairs of bullocks. This power unit can be used for
various operations starting from tilling and cuitivating
to pumping of water, driving of tkresher, and casrying
out of other stationary jobs.

Tillage implements and tools

Ploughing and harrowing are major operations
for seed-bed preparation and consume about 405, of
the total enmergy needed for growing o crop. Bullock

140

This bullock-drawn 8-disc harrow, used for seconda-
vy titage operation after ploughing, dees the tillage
work efffciently and takes about 3057 lese time in
land preparation than a conventional deshi plough.

drawn steel ploughs of mould-board and chisel types are
available and being used in some areas, Sirilarly, disc
harrows are also being nsed in seme regions, These
implements are quite efficient for seed-bed preparation
compared to wooden deshi ploughs, and there is a saving
af about 50% in enargy consumption with the improyed
tools. Howcver, use of these implements is restricted
to certain regions due to the fact that bullocks of onc
region differ from those of the other regions in size and
draft capacity, Development work oo meodification of
steel ploughs and harrows to suit the draft capacity of
lecal animals is, therefore, desirable.

For puddling wet land, a number of puddlers have
Been introduced in different regions of the country,
However, most of these puddlers require heavy draft
and hence, many farmers feol better with the deshy plough,
There is a need for standardizing the designs of puddlers
hest suited for particular sofl conditions after testing the
existing designs, and also modifying them to match
the power of regional draft animals.

Seeding and fertilizing equipment

Various feid demonstrations have shown that, by
using a ferti-sead-grill, crop yields increased by 5-1027
over conventional method of seed dropping behind
the plough. Quite a few ferti-seed-drills operated by
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In India, the sickle is still the main harvesting tool. It is
available in various designs, but the productivity of
labour with this tool is very low. There is considerable
scope of improvement in the performance of the sickle
by making suitable changes in its design, metallurgy
and production technique. At the same time, some
additional tools should be developed to increase the
holding capacity of one hand so that a bigger sire bunch
is cut each time, which would greatly improve the pro-
ductivity of tabour.

Work 1as been dome at the Punjab Agriculturai
University, Ludhiana and the Indian Agricultural Re-
serch Instituie, New Delhi to develop a bullock operated
reaper. Similar work has been done on the development
of engine operatad, tractor mounted, and power tiller
mounted reapers at the Punjab Agricultural University,
Ludhiana, Tamilnadu Agricultural University, Coim-
batore, Agricultural University, Udaipur and some
other institutions?; however, except for the limited
success of the tractor front mounted reaper, none of
these reapers has achieved commercial success. An
acceptable design of a small reaper or reaper binder has
good scope in this country.

A large number of wheat threshers is available all
over the wheat growing regions. Some high capacity
paddy threshers have also recently come up in the market.
However, a large number of farmers still uses the age old
method of bullock-treading for threshing of wheat as
well as paddy. A deep thinking is needed on the develop-
ment of some simple device which ¢ould supplement
the bullock power and greatly reduce the time of thresh-
ing by the bullock treading method, Perbaps a suitably
designed shoe for the bullocks may help reduce the
threshing time considerably.

Land levelling and clod breaking

In heavy soils, clod breaking is a big problem in some
vegions after paddy harvest and before seeding of Rabi
crops. The available clod crushers and patelas are not
successful in these areas. Although this is only a regional

problem, it does need attention of farm machinery
designers,

For land Ievelling, quite a few tractor operated and
bulfock operated levellers are available. More extension
work is needed to popularize these implements,

Root crop machinery

Potato is one of the main root crops in this country,
Some semi-automatic tractor drawn potato planters are
being manufactured by one or two firms. There still
exists a need of an animal operated potato planter de-
signed to save time and fo bring more area under this
crop.

Harvesting of pofatoes is another time consuming
and laborious process. Some potato diggers have been
developed at the Pantnagar and Ludhiana Agricultural
Universities. Howaver, the picking of the dug potatoes
has still to be done manually, which takes more time
than digging. Thercfore, a need has been felt of a tray
or some other collecting device atitached behind these
diggers to coliect potatoes automatically. Similar prob-
lems exist in case of the groundnut ¢rop,

The above mentioned arc some of the important
areas where devefopment work should be taken up im-
mediately. However, there are still other areas that
remain to be explored vith a view to improve the pro-
ductivity of land and labour through the development
of new implements and tools.
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Safety at the farm shop

What are the possible accidents that one might meet with at the farm shop? And what
are the precautionary measures to ward them off ?

DR. K.S. SALARIA & Er, R.K. SINGAL

Department of Mechanical Engineering, College of Agriculturof Engineering

Punjab Agricultural University, Ludhiana

B Every one wanis to be safe. Safety is a multifaceted
concept. One wants to live ina safe home, for {nstance.
The safety of the atmosphere is desirable: it should be
free from pollution by harmful gases. The ultimate aim
of all such safety measures is to safeguard against acci-
dents. Both minor and major injuries may constitute an
accident. Toavoid accidents, it is very imporiant to
know their causes, as ounly then can one fiad the ways
and means to prevent them.

There could be a number of accidepts at the farm
shop. What are the precautionary mweasurss that onc
must observe to ensure that these accidents do not occur?

Safety precautions

Accidents at the farm shop could be due to a fall
{on a slippery floor), use of wrong tools for the jobs
undertaken, careless handling of tools, ignorance of the
proper use of tools, and neglect of the safety rules laid
down for different types of jobs.The most important
precantion i to use the right tool for the right job. A
file, for example, should be used for doing a filing job
and not for striking & workpiece or driving a nail.
Similacily a spanner should not be used as a hammer, a
plier as a spanner for loosening or tightening nuts and
bults (Fig. 1), a serew driver as a cold chisel, a punch as a
prying bar, and 50 on.

Many accidents result from the simple fault of not

FiG. i _
DONT USE PLIERS ON NUTS

knowing how to do a particular job.For example, many
of vs do not know how to hold a nail when driving it.
If we hold it very near its point our thumb and finger
will be smashed, if it slips when struck (Fig. 2a); if we
hold it near its head our thumb and finger may be
knocked out of the way (Fig. 2b). Fven while using the
correct {ool and following the correct method. the follow-
ing guidelines and suggestions should be cbserved to
avoid accidents.

1. Don't force light duty teols to do the job of
heavy duty tools.

THUMSE Thyns
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2. Keep ali the tools sharp and well adjusted to
avoid sticking and slipping.

3. Be sure handles are sccurely fastered: replace
split and loose handles in hammers and before using a
file equip it with a £ight fitting handle to avoid the danger
of injuring the hand due to separation of the handle
from the file.

4. While sawing, start the work slowly and carefully
with a light cuf, deep enough to prevent a sideways slip.
Also make use of a bench or saw-horse and knce to
support the workpiece. When using a hacksaw, anchor
the workpiece solidly.

5. Keep wreaches clean and free from oil, other-
wise they may slip and cause injury. A pull yn a wrench,
s always safer than a push. If a push i necessary, use
the base of the palm and hold the hand open; this will
save the hand from being burt if' it strikes against
something.

6. Wood chisels are dangerous tools if used in-
correctly. Always secure the workpiecs ina vice—don't
hold it in the hand, otherwise the chisel may slip and
cut the hand or the wrist.

7. The head of a cold chisel spreads out or & mush-
room is formed after excessive use (Fig. 3a). This spread-
ing is rough and will injure the inside of the hand if the
chisel should slip. Besides, while haramering, iis pieces
may break away from the overhead with enough force
to cause injury, For safely purposes, dress the head of
the cold chisel well in time (Fig. 3b).

8. Screw drivers with broken blades or loose handles
are likely to cause accidents, Don’t hold the workpiece
in one hand and the screw driver in the other, The screw
driver might slip and hurt the hand.

9. One should be very careful when working with
power tools. When operating a grinder, wear gogeles
and be sure that the srinding wheel has a protective hood.
Use only the face of the wheel; the sids should be used

) (b)
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only if the wheel is specially designed for grinding on
the side, otherwise side pressure may cause it to break.
Avoid blows or excessive pressure on the wheel and hold
the tocl being ground firmly. Stand in such a way that
your face is not in line with the grinding wheel, so that
flying sparks, grit and bits of metal don’t pose a danger
by hitting you direct in the face or eyes,

10, When using a power drill the workpiece should
be clamped or firmly held on the drill table, otherwise
the drill may stick in the job and rotate it on the table,
pussibly breaking the drifl or injuring the operator.
When the drill :icks in the workplece, stop the
motor and release the drill by hand. For drilling small
parts, always use a drill-press-vice, Don’t wear gloves
when operating a drill-press. Your clothing should not
be loose fitting as it might get caught in the moving parts,
leading to an accident. '

FiG.4

F.rm shop maintenance

The farm shop shouid be kept neat and tidy. Hand
tools, scrap materials, broken glass, nails etc should
not litter the farm shop, to avoid accidents. Hand tocls
should be stored in their proper place, preferably on a
board fitted or «. wall, when not in use. Children should
not ke allowed in the farm shop. The farm shop floor
sheuld be kept clean and free of oil and grease to avoid
slipping on it. If at all oil falls on the floor it should be
covered with saw dust oggpnd till it is cleaned.

The work-bench area should be well lit and ventila-
tivn should be adequate. The work-bench should not be
cluttered with tools not in use, A work-bench crowded
with tools is a potential place of accidents.
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Thorough grounding of the electrical system and
ulso that of all power tools must be ens ired. Power tools
should be disconnected and the plugs removed when not
in use. Ensure proper insulation, size and type of wire,
and there should be enough circuits to aveid over load-
ing of wires. When bandiing electrical equipment stand
on a dry wooden platform or rubber mat and keep the
hands dry. Before repairing any electrical connection,
disconnect the main switch, remove the fuses, and stand
on a dry rubber mat or a wooden board. The new fuse
should be installed after the source of trouble has been
corrected. Keep a periodic check for loose wires, fittings
and worn-out insulation. Repair work should not be
temporary. Coins and other metal objects should not be
kept in the fuse box.

First-nid

Safety comes first and a little caution aud systematic
work goes a long way in avoiding accidents at the farm
shop. One 1hing is certain: accidents (minor or major)
are bound to happen, however hard we may try to aveid
them. For this reason we should always be ready to
provide first-aid fo the accident victim, and a first-aid
kit is essential for this purpose.

A first-aid box (Fig. 4) is a must at the farm shop. Its
medicines should be replaced as soon as they are used
up, 50 that it is always ready for use, A first aid kit
should consist of at least the following items:

1. Cotton One packet (medium sizc)
2. Bandages Six (medium size)
3. Scissors One (10 cm)
4, Sticking plaster One (2.5 cm x 5 m)
5. Burnol One tube (medium size)
6. Iodex One bottle
7. Tincture Iodine Quarter litre bottle
8- Spirit .. Half litre bottle
9, Eye drops .. One bottle
10, Pain relieving tablets
(Analgin/Novelgin/
Aspro ete.) Ten

The information furnished in this paper, we believe,
will help the farmers in vreventing a lot of accidents that
happen at home and at the farm shop. Besides, the
precautions cutlined here will go a long way in keeping
the farmers and farm labour healthy and fit and, to that
extent, will prove econemical to them in terms of reduced
medical bills and the time saved from incapacitations
due to accidents,

INVENTION INTELLIGENCE
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There’s much more
than magic on the road...

badal

India’s First Complete

Live-action 3-wheel Mini Car

with aati-cerrosive
fibreglass reinforced
polyester body

HIGHLIGHTS

Grverall fuel consumption:
25 km. per litre,

Seating capacity: 4 adults.
Engine: 2-stroke,
horizontally opposed iwin
cylinder, air-cooled

petrol engine. BHP: 12,

badab ~ the optimum smileage car
Sunrise Auto industries Limited. Bangalore-560 022.
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Appropriate technology for rvural
areas

B Problems of rural India are many and varied. Even
today, when the ‘smokc” generated by technology has
reached the danger mark in most citics, at least 250
million people in our rural areas are still deprived of
basic necessities liks food, clothing and shelter. In this
context, there can hardly be two opinions about the
imperative necessity of transferring appropriate techno-
logy to rural areas with a view to improve the iot of the
people.

Approptiate technology depends on the requirement
of the situation, which differs from region to region.
The prerequisite of any technology for the village should
be its relevance to the rural conditions which ¢alt for an
unbiased and frank assessment of rural needs and levels
of achicvement. [t should primarily aim at reducing the
toils and tears of the villager, raisiog his productivity
and earnings, utilizing local resources, and harnessing
local talents. No Tess Important is the viability of a given
technology destined for the villags. Too sophisticated or
expensive a technology would be self-defeating and
counter-productive.

While surveying the areas where use of technology is
most needed one cannet but pause at agriculture; over
70% of our population living in rural areus is engaged
in agriculture and about 509 of our GNP is derived
from it. Being the principal rural activity, count-
less problems arise in agriculture, starting with the
preparation of the soil. Everybody knows that agriculture
is best done by modern mechanical implements, but
their maintenance and operational cost would negate
all the benefits from them in 2 country where land ceiling
has been fixed at 15 acres. Let us, therefore, ind out
ways and mean: of improving the present systerm of
préparing soil by using bullocks and ploughs.

Another area of preat importance is the evolution of
high-yielding and drought-resistant seeds. Although very
commendable work has been doue in wheat, cotton and
even castor seeds, there are still very important crops,
like cilsesds. that remain neglected.

The present inability of the farmer to raise nurseries
and transplant the saplings at the most propitious time,
roor water and soil management, failure 1o keep pesis in
check, and the primitive state of post-harvest technelogy
are po less important problems, Yet another facet of
agriculture is the proper use of animal, agricultural and
forest wastes, The production and wse of gobar gas is an
example. However, the blzgest waste product of agri-
culture is the cellulosic material. Can a technology be
evolved to upgrade it For human or animal nuirition?

INVENTION INTELLIGENCE

Besides agriculture and animal husbandary, there are
other sphervs—sanitation, cheap housing, inexpensive
roads, transport management, efficiency of the bullock-
cart, forcstation and plantation, irrigation, cnergy,
drinking water, small and cottage industries, storage and
marketing, education, health, old crafts, etc—which need
techrological selutions.

The drift of population from the villages to the cities
is a well known problem, This can be overcome only
by invigorating the traditional arts, giving incentives and
necessary inputs to artisans, spreading education, and
changing the general landscape of the villages.

—M.M.5, Karki, !/i6 Easc
Dethi-110103.

Patei Magar, New

A strategy for rural development

B The cconomic development of countries like India,
where about 80°%; of the nopulation lives in villages, lies
in the uplift of the living standard of the masses. Our
villagers are weliknown for their ceaseless effort and
tough manual labour. In spite of intraduction of the
latest developments in agriculture, which is the main
occupaticn of the masses, the wide gap between the rich
and the poor in the couniry has not been bridged, and
the living conditions of the latter are the same as were
in the fifties, .

The main drawback in the management of Indian
villages is that the products of the villagers do not find
a profitable market and where they do find, the middle-
men usually take the lion’s share of the profits, The
village economy will improve only if the Government
can assure a reasonable price for the villagers” produets
with the help of co-operative societies. In the absence
of such help, the villegers usually forgo their stock at
throw-away prices ai times of nesd for money or they
land themselves inte the cluiches of unscruplous money-
fenders. Rural banks may lend a helping hand to the
villager at such times of need.

The management of villages may be entrusted 1o such
agencies as banks, societies, and different institutions
with result oriented activities. The block-diagram depicts
the method of organizing the village labour force for
better out-turn and uplift of the villagers® standard of

living.
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The following letter is reproduced from the Times of india,
2 October 1975, to provide food for thought to inventors-—Ed,
Sir— The gas produced from dung is methane. The
main problem after its production is storage and distri-
bution. Mathane cannot be compressed. It will be difficult,
therefore, to liquefy and put it in cylinders for distri-
bution as in the case of liquid petroleum gus (LPG)

1 recollect having seen some years ago a picture in
foreign magazine of German housewives carrying home
kitchen gas in balloons. We should try and evolve a bal-
laon container of a suitable size for the methane gas. The

Develap a balloon for methane gas

contaier and its nowzie must be safe, without leakage
and easy to connect for use in the kitchen. The totai
quantity to be carried in a single ballocr should not be
fess than that requived for at least a week's consumption
by a family of lour. And the cost should be low.

The balioon can have a flexibie tube like that of a
tyre or a football and a protective hard and dorable cover.
Only if this can be done will there be scope for propaga-
tiem of the use of methane gas as fuel in the villages.

—-Shantilal H. Shah, Bombay

There are many viable schem s that could be executed
by the villagers with minimumn cupital investment., The
fact that the villagers are themselves not capable of
visualizing such schemes, because they are more familiar
with the traditional business of agriculture js one of the
reasons why such schemes do not flourish in rural areas,
Only a few who have an enierprizing bent of mind are
taking up such schemes as poultry, dairying and handi-
crafts on their own. However, most of them need expert
guidance untill they can stand on their own.

Educating the villagers through practical demonsira-
tions may yield good results. To cite an example, the
use of chemical fertilizers has been increased manifold
by making the villagers aware of the importance of the
application of fertilizers to crop yield. It is of uvtmost
importance that the villages are provided with training
institutes to assist and guide the villagers on the econo-
mically viable schemes and fo keep them in touch with
the new teehnigues.

Amnother change required among the villagers i in
their outlock on the developments in science and techno-
logy, Being iltiterates, they view the achigvements of science
and technology with wonder and look bewildered when
they hear of rockets and satellites. ‘There is a widening
gap between the understanding of the villagers and their
fast developing environment. This gap is now too wide
to convince them of human potentialities. They still talk
of the powers of the Almighty and they are reluctant to
think in terms of science and technolpgy. Thisis all be-
cause they are not aware of even the basic concepts of
science and technology. The villagers should be educated
in the basic concepts of science and its role in the moderni-
zation of society. This will certainly stimulate new ways of
thinking among the villagers and make them worthy of
accomplishing what they could not achieve earlier for
want of understanding.

—T. Theivendran, Jr. Engineer, Eleciricity Board,
3, Nadupettai Stre<t, Tenkasi, Temil Nadu,
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An economical chula

B In the villages the most commonly used fuel for
cooking & waad. 1F somehow o saving, could be affectad
in the amount of fuel used then a 1ot of fuel weed could
be saved. Keeping this point in view, the author has
designed an economical cinla for burning wood, cowdung
cakes etc ag fuel, It is so designed that the heat losses
through its walls are utilized to heat water. So, while
you cook vour food you get hot water as a bonus. The
us¢ of this cimla will thus conserve lot of fuel as about
£G4 of our population uses chwdas for cooking food.
The new c/ufais like an ordinary cinla being common-
ly used in the villages, except that its outer casing forms
a doubi¢ walled charaber which serves as a water jacket.
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Homes that rise from: the soil

BThe use of simple ..wnpaeted soil (natural earth) as
a building material dates back to times immemorial,
and it has been used for building houses, down to the
present day, because of its constructive gqualities, Yet,
despite its good insulating and other properties, there
are limitations 10 the use of earth owing to its lack of
strength and vuloerability to moisture and erosive in-
fluences of the elements.

Provided nutural soil possesses a combination of
certain characteristics, however, it can be subjected to the
process known as ‘stabilization’. The effect of adding a
stabilizing agent, like Portland cement, is not exnly to
enhance its best qualities but zlso impart 1o it other
properties which soil alore does not possess.

The stabilization process involves taking soil from
the carth and pulverizing it, mixing a certain small
amount of cement, adding water until an eptimurm mois-
ture content is obtain~d, and subjecting the dough to
moderate pressure, thereby producing a mass which, when
set, possesses great streppth. This material is able to bear
a much higher work-load than could be carried by soil
without cement, and durable enough to withstand contis
nuous efiects of atmospheric agents.

The compound of soil, cement and water, inixed in
proper proportioas and compacted to a preper degree,
constitites “soil canent™.

Soil-cement has zcquired a good name as a vuilding
material, and it can compere in {echnical (maiity with
materfals commorly med in low cost rostructions. Tis
use is steadily increasing in alt countries, particularly for

Blockmaster
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building houses in rural wnd subarban areas. The simpli-
city of the technique involved enables peasauts and
workers, without soccial tradning, to build their own
homes inexpensively, withoul the wse of camplicated and
time consuming skills,

Our company has begn offering Ellson Elockmaster
tor making home building blocks oui of soil cement. It
basically consists of a metal box mould in which prepared
carth free from organic matler, previously mixeg with
stabilizer und water, is manouvally compressed by a
plunger actuated by a level-linkage mechanism. The
extreme pressure so developed is sufficient to produce
blocks which ufter 15 days' damp-curing are ready for use.

The 20-point program has laid great stress on providing
house sites to landless agricuftural labourers and build-
ing houses for them, Many States have enthusiastically
launched housing programs. Of the estimated 10 millions
eligible landless familics all over the country, some 6
millions have already been allotted house sites. A housing
program of this magnitude calls fer building cheap houses
mainly with locaily available materials to save transporta-
tion costs. For those being offered Lousing plots, it would
be « life’s drearn come true. It would be in the fitness of
things, therciore, 10 guide their uew born enthusiasm
aleny, right lines in order to avoid another gereration of
substandard heusing in the villapes. In view of the
great potentialities that soil offers as a construction
n:aterial, combined with the advartages that stabiliza-
tior, offers by ensuring strength and durability to coin-
pacted eaith, a concentrated effort at a fairly high level
is calied for io enforce its use for rural and sub-urban
housing.

-=Dinker Pranlat }oshi, Eilson Divisien, Kathiawar
Metal & Tin Woarks, 9, Lati Plot, Near City Station, Rejkot,
Saurashtra,

Reducing the fuei consumption
of agricultural pumps

B In India millions of pumpsets are employed for
pumping water for ircigation. While a majority of the
pumps are run by electric motors, a sizable number still
depends on diesel engines. The convention:! system of
pumpset installation suffers from certain drawbacks and
calls for technological means of achieving maximum
cfficiency and economy. The author would like v suggest
a new method by which the energy requirement of each
pumpset  conld be considerably reduced, effecting
appreciable savings in clacfricily and fuel consumption
on the national scale.

Fig. § shows the common arrangement of a pumpset
discharging water horizontally; some cases of vertically
downward discharge using a small elbow are also noticed.
In cither case cncrgy is wasted in the discharge water
as pressure =nd velocity heads. Further, there is a con-
stant load due to the discharge head (Hd.).
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presence of air bubbles in the discharge water. Fig. 3
shows an alternate design of the system.

Thus, by introducing the propused or similar system
on every irrigation pumpset in India, the residual kinetic
and potential energy that s otherwise being wasted could
be usefully harnessed. The pumpset owners stand to gain
considerably by such an innovation.

—V.S5. Akbar Basha, Heavy Vehicles Factory, Avadi,
Modras-600054,
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Lifting water from wells for
irrigation

B Though the conventionai systems of pumping water
from wells for agricultural purposes are being replaced
by centrifugal puraps, there is still a very large number
of vitiages where the former systems are in use, Howcever,
there is a fundamental drawback in many of the con-
ventional pumping arrangements,
A The conventional systems involve the use of hullocks
to pamp water trom wells by a Jeather bag or a metatlic
container. Usually an incline is prepared to make it easier
for the bullocks 1o pull, However, to bring the fower
cnd of the incline to the ground level, it becomes necessary
to take the upper end 1-2 metres above the ground level
(Fig. I). In this arrangement, it becomes necessary to
raise the water to o higher bead, although it is o be
served at the ground levl. So, one has fo spend more
energy for lifting water than is actually required.
Assuming that the well is 8 metres deep and the
incline about 1.5 metres high, the bullocks have to put
in about 20 %:extra effort and time to lift the water,

FRnunD LEVEL
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Fig. 2 shows a proposed syphon refurn system. An
elbow {(C) coupled to the existing design would discharge
the water vertically downwards. A draft tube (D} should
be connected to the elbaw (C), with its taper size depend-
ing on suction and discharge heads, pump capacity etc.
The other end of the draft tube (D) is immersed in water
in 2 specially constructed tank from which water issues
out to the fields. If the height of the discharge pipe from
free water level &5 Hy, there Is a gain of H, feet from the
total head on the pump due to syphon action. Moreover,
the draft fube causes a suction foree equivalent to, say,
H, feet dug to the tapering flow chamber and assists in FIGURE 1- FIGURE
the pumping action by reducing the total head to B+ gﬁi&":;ﬁg‘i 3{5;“‘ ) T’é?‘;ﬂ?ﬁf?‘&"
H,-H,-H, fect. v

If necessary, a biced valve (B) may be provided to
avoid back-pressure while starting, otherwise the dis-
charge side will have to be drained after stopping the
pumpset. Efficient operation of the draft fube may be N
ensured by momentarily opening the bleed valve (B} and \
checking for air suction. The conventional design suffers S
from the disadvantage tat minor air leakages into the
suction ling can not be detected, but in the suggested F1ooRs
design the discharge end is submerged in water and air  EIEPRER 00| acrry SisciAnce vELOCITY
leakages into the system manifest themselves by the FROUCED
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The author would like to suggest the use of an incline
whose upper end is at the ground level and the lower
end below it to provide the necessary angle of inclination
(Fig. 2). In this arrangement the bullocks can <o about
20%; extra work in the same time, Also, it may be noted
tkat the length of the track would be 2097 luss than in
the earlier system.

There may be one difficulty with this arrangement:
in rainy seasons the ditch will collect water. However,
usually ne watering s required in the rainy seasons.

Tt is interesting to note that when a conventional
arrangement is to be repiaced by a centrifugal pump,
the discharge of the pump is nommally put in the old
track, with the result that the pump has to v ark against
a higher head. It has also been a practice to extend the
pipe above the ground level by about § metre. It is sug-
gested that the discharge end of the pipe should be just at
the ground level. This wil! give more discharge with less
power.

Lisually the discharge velocicy of water rem centri-
fugal pumps is considerable. This kinetic energy of water
is a total loss. M this loss of energy is reduced, the re-
duced head on the pumyp will give more discharge.

The author would suggest a diverging section to be
fitted at the discharge end. The angle of the divergent
truocated cone should be 7°-12° to avoid separation
in ke diverging section. Fig, 3 and 4 show the discharge
end as used at present and ope fitted with a diverging
section, espectively.

As the loss of kinetic energy is proportional to the
square of the velocity, the proposed arrangement will [ead
to considerable reduction in loss, and so, the diverging
cone will give more discharge.

—G.S. Tasgaonkar, Department of Mechanical
Engineering, Coflege of Engineering, Amravati, Maharashtra,

Using waste-wood for energy
production

B [ would like to propose following ideas for deve-
lopment:

1. In Orissa one Ainds a huge amount of waste wood
in rural areas of many districts; so must be the case with
many areas of other States also. At present it is impossible
to supply electricity to all villages for lift irrigation and
other purposes: indeed, it may take a few decades to
electrify these areas. Most rural areas are endowed with
rivers, big or small, and water is available in most of
these rivers up to February-March; even afier March,
water is available in abundance a few feet under the
river beds. Many times it so happens that whiie water is
available in the rivers, the lands become dry due fo
scarcity of rain. leading to heavy loss of crop, Tn these
days of energy crisis, waste wood can be utilized for
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raising stearn which, in turn, can be used io rotate
turbine pumps for lifting water from rivers, lakes, ponds,
wells etc. This will definitely help in getting good crop
when there is scarcity of rain. The whole assembly of the
system used for his purpose should be mounted on a
portable support so that the equipment could be easily
transporied from one place to another according to
requirement. The equipment should be so designed that
an ordinary villager could handle it conveniently. If this
idea becomes successful, I hope it will solve the problems
of both energy and food scarcity to a great extent.

2. Recently there was an artick on *Wood-gas
producers give additional energy from waste wood’
in fnvention Iutelligence (April 1976, p. 135), If fuel pas
preduced from waste wood could be supplied in cylinders
to the people living in towns and cities for domestic use,
it could partiaily solve the problem of fuel gas crisis and
alse preveut the wastage of wood that occurs i our
country every year,

Tawnship,

—Padmanav Sahu, €290 Fertilizer

Rourkela-7, dt. Sundergarh, Orissa
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IMPORTANT LINK
BETWEEN BREEDER
AND FARMER

“Indiz has maede amazing progress during the
last few years in guality seed production..,
! am happy NSC is endeavouring to
strengthen te seed industry.. NSC is ussful
and important link between the breeder and
the farmer” Dr. Norman E. Borlaug, &n emitnesd
agriculturel sCiantist and Mobel Laureate.

MATIOMAL SEEDS CORPOBATION LTD.

(A Gowt of India Undertaking}

BEFJ BHAVAN, PUSA
MEET B ELHI-10012
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