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Introduction to

yal

Written largely by sxperts who have worked with the
intermediate Technology Devalopment Group in London and
based on experiencas In developing countries, this book is
of interest to all Americans who are interested in pursuing a
simpler fife-sty'e. ’

This comprehensive work features specific ways in
which both developed and deveioping countries can
introduce people-oriented technologies to all aspects of
scciety. It is a revolutionary work in that it outlines some .
radical economic changes which must be made in ths
industrial world.

The following chapter titles illustrate the wide-ranging
applicabiliity of the book: “An Approaci: for Appropriate
Technologists,” “The Social Context for Choosing Water

Technologies,” “Tools for Agriculture,” “Intermediate
Technology Building,” “Energy in Rural Areas: An
Intermediate Approach,” “Pedal Power,” “intermediate

Chemical Tachnology,” “Educational Systems: Appropriate
‘Education and Technology for Development,” “Appropriate
Production Systems: A Conceptual Framework,” “industrial
Liaison,” and cthers.

Introduction to Appropriate Technology, written by 12
world-renowned engineers, scientists, and sociologists, as
well as agricultural and education specialists, is an
extremely practica' and down-to-earth introduction to what
many people believe wiil be the technology of the future.
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Foreword

‘This book was firsi published by the Com-
mittee for International Cooperation Activities
of the Technical University of Eindhoven in the
Netherlands, as a result of a series of lectures or-
ganized jointly with the CICA at the Technical
University of Twente, in the Netherlands. The
lectures were given at bath universities at the
end of 1974, and were part of the growth of
activities in the field of snciallv appropriate
technolagy in the Netherlands which the two
CICA’s have done much ta stimulate.

The first edition of this book was published
by the TOOL Fuandation, a nonprofit agency
that coordinates the research and development
activities of volunteer proups of staff and
students in Dutch higher education instita-
ticns, and an engineering consultancy firm.
Since its establishment in 1974, TOOL has han-
dled thousands of techrical inguiries from both
industrialized countries and the Third Worlds,
from development workers engaged in
activities in the field of socially appropriate
technology. In addition, through the medium of




publications such as this, TOOL has promoted
the concept end the practice of a socially appro-
priate technology both to the general public and
to cutrent policcmakers. Engaged in providing
support for a growing number of field projects
in Africa, Asia, and Latin America, TOOL is
working with government and nongovern-
mental agencies alike on the application of
SAT. A key activity in which TOOL has been
encouraged by similar agencies elsewhere to
take a lead is in the establishment of a
comprehensive dacumentation bank for the
practitioners in SAT; SATIS, the socially appro-
priate techrology information system, is an in-
formal and practical network of development
waorkers spread throughout the world.

Neither the Technical University of
Eindhoven, nor the TOOL Foundation, can ac-
cept any liability for damage claims arising
trom the use of any advice or descriptions of
any instruments ot apparatus containad within
Intraduciion to Appropriate Technology.

R.J. Congdon

Foreword



Intfreduction

Between the bullock cart and the jet plane,
between the hand plow and the combine,
between the wheelbarrow and the truck, there
exists a whole range of “intermediate”
technologies that are “appropriate” to an indi-
vidual, a culture, a nation,

In this age of big, and often destructive,
technologies, increased attentian is being given
to “intermediate” or “appropriate” or “low-
cost” technologies which tend to mean dif-
ferent things to different people. But, beyond
this semantic tangle is a discernible cry, both in
America and abroad, for alternate technologies,
for different “world views” and tools and
technologies te fit such perceptions.

In his book, Small Is Beautiful, E. F. Schue-
macher coined the ferm ‘‘intermediate
technclogy” to describe a “technology of
production by the masses, making use of the
best of modern knowledge and experience, con-
ducive to decentralization, compatible with
iaws of ecology. gentle in its use of scarce
resources, and designed to serve the human
person instead of making him the servant of ma-
chines.”

From an economic point of view Schu-
macher considered intermediate technology to
stand between high and low technologies. “I
have named it,” he wrote, “intermediate
technology to sigaify that if'is vastly superior to
the primitive technology of bygone ages but at
the same time much simpler, cheaper, and freer
than the super-technologies of the rich. One can
call it self-heip technology or democratic or
people’s technology—a technology to which
everyone can gain admittance and which is nct
reserved to thuse slready rirh and powerful.”

xii

In a specific sense intermediate technology
represents a practical alternative to those
caught in the garips of “inappropriate”
technology. In his contribution to this book
Peter . Dunn refers to the inappropriateness of
a Furopean space agency supplying television
sets to rural parts of Africa and then supplying
solar cells, battery packs. and small gasoline
engines to supply the power for the sets.
“Gasoline engines,” Dunn suggests, ““are unre-
iable and difficuit to maintain, battery packs
are very expensive, and solar cells are prohibi-
tively expensive. Now this is a good example of
where pedal power is required. A person can
pedal very easily on a bicycle for an hour and
generale 35 watts. We have in fact developed a
generator of this sort. It consists of a small
wooden frame with a wheel-mounted dynamo.
If it goes wrong, the reason is obvious; the dy-
namo has fallen off or something similar. The
iocal people do not regard it as a mystericus
black box. They see what is wrong and they can
repair it themselves and make more units at the
same time.”

But whether a technology is “inter-
mediate” or not depends on a number of factors.
The ox-piow, which stands halfway between
the traditional hand-operated hoe and modern
diesel tractor, would be considered an inter-
mediate technology in Africa where it was
recently introduced. On the other hand, writes
Nicolas Jéguier in Appropriate Technology:
Problemns and Promises, “In the societies of the
Middle East and Asia which have known and
used the ox-drawn plough for thousands of
years, such a technology can be called tradi-
tional, and the intermediate level of technology




would more adequately be represented by the
small two-wheel tractors of the tvpe developed
by the International Rice Research Institute in
the Phillipines or by the industrial co-opera-
tives of Sri Lanka. In the tropical African
societies which do not have any tradition of
livestock breeding and which still use very
vimple implements, the ox-drawn plough is a
major innovation, and from a technological
point of view, it represents a big step forward.”
i Therefore, in the very best sense, the “inter-
mediateness” of a technology is relative to time
and space, to the perceptions of a particular cul-
ture, and to the kind of engineering it has
enjoyed. And, by narrow definition, “inter-
mediate techniology” belangs to the field of
engineering.
Because of the economic and engineering
" overtones of “intermediate’’ technology, people
‘" seem more comfortable with the term, “appro-
priate” technology which represents, among
other things, the social and cultural dimensions
. of this movement. In addition, appropriate
technoiogy is a vehicle for certain positive and
symbolic insights. While appropriate
technology refers to the middle-level
workplace, it also refers to a kind of social and
“.“cultural revolution that is evident in many parts
~of the world. According to Ken Darrow in Ap-
‘propriate Technology Sourcebook this
“techaclogy is especially attractive because it
“seems to solve a number of problems at once.
~ ' Because it involves self-reliance and local
" production for local needs, on & national level
this approach can remove from the list of
obstacl:, to development many of the inequi-
ties of an international system that is dominated

v
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by the expensive technology and economic
power of the rich couutries. At the same time,
the lack of well-developed infrastructure #ad
the shortage of highly trained manpower to run
large indnstrial operations become much less
important when people are allowed and en-
couraged to develop themselves wherever they
are. A whole array of problems can potentially
be solved at once.

“It is precisely for these reasons that the ap-
propriate technology concept is spreading in
popularity so rapidly. Those who believe in
small entrepreneurial capitalism, decentralist
Marxism, European socialism, African commu-
nalism, and Buddhism can all find much of
value in the ideas underlying appropriate
technology. Different people are attracted to ii
because it seems io address so many funda-
mental problems so directly.”

Accordingly, appropriate technology may
best be seeu as a movement, a humanistic coun-
terweight to the mechanistic view of the world
that has prevailed for the last few centuries; as
an opportnnity for all citizens of the world to
participate in new styles of architecture, a
change of heart.

On the other hand, appropriate technology
may refer to specific lists of tools and tech-
niques, which, as listed in Appropriate
Technology Sourcebook, share the following
characteristics:

1. Low in capital costs

2. Use local materials whenever possible

3. Create jobs, employing local skills and
labor

4. Are small enough in scale to be afford-
able by a small group of farmers

xili




Introduction to Apprapriate Techuclogy

5. Can be understood, controlled, and
maintained by villagers wherever
ossible without a high level of
estern-style education

6. Cau be produced out of a small metal-
working shop, if not in a village itself

7. Suppose that people can and will work
together to collectively bring improve-
ments to the communities, recognizing
that in most of the world, impertant de-
cisions are tnade by groups rather than

"by individuals

8. Involve decentralized renewable
resources, such as wind power, solar
energy, water power, methane gas,
animal power, and pedal power (such
as in that highly efficient machine, the
bicycle)

9. Make technology understandable to
the people who are using it and thus
suggest ideas that could be used in
iuriner Innovations

10. Are flexible so that they can continue
to be used or adapted to fit changing
circurnstauces

11. Do not involve patents, royalties,
consulting fees, import duties, ship-
ping charges, or financial wizards.

Perhaps appropriate technology can be
‘'seen as an evolving book of people-oriented
ideas, tocls, and attitudes which both the
-developed and developing countries contribute
to in various ways. Undoubledly appropriate
technology, which can be seen as a kind of
probe in the industrialized countries, has its
modern roots in the developing world.

Introduction to
Appropriate Technology

Intioduction to Appropriaie Technology,
first published by the Commitiee for Interna-
tional Cooperation Activities of the Technical
University of Eindhoven in the Netherlands as a
result of a series of lectures organized jointly
with the CICA in the Technical University of
Twente in the Netherlands, is a comprehensive
collection of essays by emiueut economists, so-

ciologists. enginsers. and nthers on annronriate

WAL DALy LAl iiitisduy WAL AL D AL Up e R auY
technology.

Very simply, this is a revolutionary work
by “technical revolutionaries,” many of whom
have been asseciated with the Intermediate
Technology Development Group, who believe
that appropriate technology offers genuine al-
ternatives for both developed and developing
countries. Moreover, Infroduction is a lively cri-
tique of Western technology that, in the words
of Ton de Wilde, “can only aim for a society
where people are consumers and no longer
producers. In our Western rationality, in our
dialectic way of thinking, we distinguish
between consumers and producers, between
lif= and work, between capital and labor,
between materialistic things and spiritual
things or feelings. But what happens when the
decision makers base their decisions on models
that only recognize a part of our human being?

“Now, on the one hand we Lave our cars—
sometimes with stereo—our color television,
our household gadgets, our parties; on the other
band we have our psychiatric hospitals. And
there are simply not enough of them to cope.
We do not have enough psychiatrists and




psychologists to heip the people who run their
heads against the wall—people who want fo
wark but can only go each week to the sodial
service to be paid for doing nothing. It must be
clear by now that to me technology means the
labor situation and the whole technological
infrastructure.

“The technological network is concerned
with a mass of information, the speed of life,
places crowded with cars, a lot of garbage in na-
ture, the spoiling of our ecological system. For
some people in some situaticns this sort of
systemn has its benefits, but we must realize that
there is alsp a bad side for other people in ather
situations. This is true not only at a national,
but also at a world level. One part-—the 20
percent in the developed countries—is well fad
and has some kind of work, while the BO
percent in the less developed countries is badly
fed, and there is no work for 30 to 50 percent of
them,”

Introduction o Appropriate Technology is
an important, perhaps essential, handbook of
tools and techniques for rethinking develop-
ment aid. Moreover, it provides specific ra-
tionale and content for appropriate technology;
it is full of the hardware of appropriate
“ " technology. For example, John P. Parry con-
. cludes his chapter in “Intermediate Technology
‘Building” with the following admonition:

“When the people in the developing world can
build themsslves good brick and tils houses
with the masonry bonded by pozzolanic
mortars, all of which materials they have made
themselves, we will have taken a major step
towards reattaining the standard of
maintenance, insulation, end permanence of
that excellent but scarce dwelling, the Ice Ags
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cave.” And such a hope is also applicable io
residents of the American Southwest who, for
these reasons, are rediscovering a traditional
and worthy building material: adobe.

To those critics who suggest that appro-
priate technology is a loose collection of ideas
and inventions, Intreduction gives lie. Appro-
priate technolopy, as the following chapter
titles indicate, is applicable in a multitude of
situations: “The Social Context for Choosing
Water Technoiogies,” “Tools for Agriculture,”
“Intermediate Technolegy Building,” “Energy
in Rural Areas,” “Pedal Power,” “Intermediate
Chemical Technology.” “Education Sys-
tems,” “*Appropriate Production Systems,” In-
dustrial Liaison,” **“The Transfer of Knowledge
and the Adoption of Technologies.™

But more than explaring the hardware of
appropriate technology, Mmiroduction exploses
the spirit of this movement with examples from
revalutionary societies, stch as Cuba, China,
and North Vietnam, where people-oriented
technologies are a way of life. In chapier 12
“The Transfer of ¥Knowledge . . . Harry
Dickinson notes that “China is feeling the ef-
fects of mechanization. If you ask the peopie in
a village what happens when they get a pump,
they say that they all work less hard. But that is
only their immediate reaction to the innovation;
after a while they say that they start up new
‘sideline’ industries. These may give them the
added valu:: from processing their pwn raw ma-
terials; they may produce goods that the com-
munity itself needs, or they may preduce goods
for sale and thus enable the community to
purchase products it was not used to before.
Whatever the objective of the new activities,
there is no idea that anything to do with

XV
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increased productivity could lead to any sort of
unemployment. Such a result is inconceiv-
able.”

Appropriate Technelogy
in the United States

There is an abiding belief on the part of
scores of groups in the United States that appro-~
priate technology offers real promise for a kind
of cultural revolution and a basis for genuine
brotherhood. This thinking is reflected in the
report, " Appropriate Technology in the United
States,” prepared by Eugene Eccli for the Na-
tional Science Foundation. “The problems,”
Eccli writes, “faced by appropriate technology
innovators and a world moving toward a re-
cycling-based economy are not insoluble, A
high degree of initiative and responsible local
activity, coupled with the opening of economic
opportunities and quality control gained by a
people-to-people communications system, offer
a chance to build a matrix of local solutions
whose combined effect would address critical
issues like new enterprise development, mesn-
ingful employment, and environmental
renewal. In the worldwide context, appropriate
technology could provide a basis for coopera-
‘tion betwsen small innovative groups in the
United States and developing countries.
Moreover, as its efficient methods are adopted it
could help to relieve international tensions
caused by resource shortages.

Admittedly, it is somewhat paradoxical to
think of appropriate technology serving the
needs of both developing and developed coun-
tries. And it is: while, for example. parts of
Africa struggle to enter the industrial age, parts

xvi

of America struggle to enter the post-industrial
age. Nonetheless, in spite of the vast difference
in needs among the populations, appropriate
technology can be a two-way street, a vehicle
for understanding. As Eccli notes in his study,
“The U.8. can learn from Japan, Egypt, Taiwan,
and Israel, countries whose small farmers

rantribita grantle ta fond nradaction and ale
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have mastered many of the techniques of rural
development. Of particular interest are the in-
stitutions which protect small farmers in these
conntries, keeping them involved in highly
productive agricultur:, and the relationship
between those insiitutiors, appropriate
technology, and economic incentives.”

National Center
for Appropriate Technology

Although appropriate technology surely
addresses pressing needs in developing coun-
tries, it does have relevance to industrial
societies, such as the United States, which
e ently formed a National Center for Appro-
plldLU ltﬁblillulﬁgy LU ut:veitlp aﬁu ll‘llplemelll
technologises appropriate for low-incems com-
munities. From a historical point of view, this
national interest in appropriate technoiogy is
similar to the environmental and consumer pro-
tertion movements; it graw out of a specific set
of circumstances, ingluding the energy
shortage, and not particularly out of events in
the Third World. Still, the National Center for
Appropriate Technology should strike a cord
with appropriate technologicts overseas. Ac-
cording to the NCAT, ““The main goal of appro-
priate technelogy is to enhance the self-reliance
of peopie on u iocal ievel."”




The NCAT, which will fund and advise in-
dividuals and communities on the basis of their
particular needs, will be “hardware oriented,”
as the following objectives indicate:

1. Improving heat-source efficiency (e.g.,
improved flue dampesrs)

2. Low-energy cooling and ventilation

3. Reducing the cost of insulation through
manufacti.ring techniques

4. Weatherizing mobile homes

5. Developing low-cost housing for rural
areas based on indigenous and recycled
materials

6. Developing community greenhouses

7. Devoloping agquaculture systems for
low-income communities

8. Developing composting toilets and
methane digestors for rural areas

9. Developing community industries
based on the manufacture of small-scale
technologies for community and outside
use (such as solar collectors}.

In truth, the establishment of the Nationa!
Center for Appropriate Technology was
hastened by the good work of existing appro-
priate technology organizations in America and

- Canada. These groups, includiug New Alchemy
Institute, Zo11eworks, Windworks, Institute for
Self-Reliance, The Farallunes Institute,
Ecotope, the Brace Institute, Rodale Resources,
and many others are developing appropriate-
technology hardware and strategies.

Interestingly, the budding interest in
America in small-scale technology would not
have surprised the country & ceniury ago. As
Nicolas Jéquier notes “virtually all the indus-

iries which grew up in the United States in the
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nineteenth century started on a verv small
scala, often as one-man operations.

“Another lessori from the American
experience is that, conirary to what happened
in most European countries, a high proportion
of the inventors and entrepreneurs came fTom
the rural communities. Oliver Evans, the inven-
tor of the automatic milling machine, was
brought up on a Delaware farm; Eli Whilnay,
who was to play a crucial part in the develop-
ment «f the textile industry, and later the ma-
chine industry. grew up to manhood on his
farm in Connecticut; Cyrus McCormick, whose
name became the major trademark in agri-
cultural machinery, was also a farmer’s son, and
Henry Ford himself came from a Michigan
farm. Clearly, the American farming com-
raunity of the nineteenth century was very dif-
farent from the peasant societies of any other
counlries: the farmers were free men and they
knew that the future would be what they
wanted it to be. These examples are given here
to suggest that development is not necessarily
an exclusively urban phenomenon and that the
inventiveness and the entrepreneurship in the
rural sector are extremely important. This point
must be emphasized, since more than 70
percent of the world population today still lives
in rural communities. No society can be
considered as truly ‘developed’ unless it has a
healthy agriculture, and the social and eco-
nomic level of the agriculture sector is
generally a good indicator of a country’s ovarall
level of development.”

In Small Is Beautiful Schumacher noted
that the ‘applicability of intermediate
technology is extremely wide, even if not
universal, and will be abvious to anyone wha
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takes the trouble to look for its actual applica-
tions today. Examples can be found in every
developing country and, indeed, in the ad-
vanced couniries as well. What, then, is miss-
ing? It is simplv that the brave and able prac-
tioners of intermediate technology do not sup-
rort one another, and cannot be of assistance to
those who want to follow a similar road but do

xvii

not know how to get started.”

It is hoped that Introduction to Appropriate
Technology will be of great help to both thase
those who are interested in the fullest applica-
tion of appropriate technology at home and
abroad.

James C. McCullagh
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Chapter One

An Approach for

Appropriate Technologists
by George McRobie

In recent years there has been
considerable =ffort in the area of what
might be called people-oriented
technologies, which have been variously
called intermediate, appropriate,
progressive, and low cosi.

By virtue of the work done by the
Intermediate Technology Development
Group in London, the phrase “inter-
mediate technology’™ has gained
v:onsiderabla currency. Invented by E. F.
Schumacher after a visit to India in 1963,
“intermediate trchnology” is essentially

an gconomist’s concept reflecting an al-
ternative to the very costly technologies of
Euvrcpe and America. On the average, in
Western Europe technology costs ap-
proximately $6,000 per workplace. This
figure represents the average cost of creat-
ing one workplace in a manufacturing in-
dustry, excluding the cost of land and
building. Thus, it would cost $6,000 for
equipment for the workplace.

Traditional technology, which is now
in use in the rural areas of developing
countries, costs about $2, Therefore, in the

Photo 1.1. Simplest technology—field workers in China. 1
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Photo 1.3. Peasants weeding in India.

simplest sense intermediate technology
refers to the cost of a workplace between
high and low technologies.

Since the average income of skilled
workers in the rich countries is $4,000, so-
ciety has liHle difficulty in regenerating
workplaces at a high level of cost. For
example. a skilled workman who saves one
month’s salary each year can buy his own
workplace in 18 years. But if his average
income is only $40, he wonld be saving for
his workshop for nearly 209 years.

Considered from this point of view,
Western technology can spread only to a
vary smail section of the population, And
this is precisely what has happened.
Development has been concentrated in
cities; it hes bypassed the great majority of
peopls in the rural areas, and it has caused
divisions in a society which are far greater
than those which might have oeccurred

Photo 1.2. Trimming white potatoes for starch in Taiwan.
' without the advent of such a technology.

2




Infrastructure

The factory in the rich country is
teally the outward mauifestation of a
whole set of societal forces. It involves very
specialized education, highly specialized
transport systems—and the assumption
that they are always inexpensive—mass
markets, specialized fuels, and a very dis-
ciplined labor force.

Merely to take this factory and transfer
it to a developing country does not auto-
matically create the infrastructure on
which its success depends. Not surpris-
ingly, large-scale, capital-intensive in-
dustry in developing countries generally
needs a great deal of support, and even
then, usually runs well below capacity.

The challenge was this: How do we
interest penple in developing {and
developed) technologies that are
somewhere between %40 and $400 per
workplace? Then, how do we detarmine
what the characteristics of such
technologies would be?

Aan Approach far Appropriate Technologists

Pholo 1.5. An animal-drawn, tuo-bolcm moldboard plow
{Kenya}.

Photo 1.4. Intermediate technology—a
¥ seod planter.
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Photo 1.6, Brickmaking in China.

First of all, we can be certain that
intermediate technologies would be the
opposite of what we have now. They
would tend to be small, they would be rela-
tively cheap, they would be low in capital
cost, they would be relatively unscphisti-
cated, and importantly. they would be non-
violent, particularly in the sense thal they
would be largely based on indigenous
resources and used for local needs. This
last point distinguishes them from our so-
phisticared technologies which are based
on the principles of a robber-economy,
which strips resources from the face of the
earth at maximum speed, tarns them into
short-lived consumer goods and seils them
back at very high prices to the countries
from which we originally got the raw ma-
teriais.

Secondly, intermediate technologies
would tend to work with nature rather than
against it, It is a historical fact that medern
technologies and economics have
contributed to man's alienaiion from

1

.
]

himself, his work, and from nature in
general. However, intermediate
technologies, the hallmarks of which are
smallness, capital cheapness, and sim-
plicity, would assure that the great ma-
jority of people should be able to actively
participate in the conduct of their own
Kves.

Large-scale technologies encourage an
economic exclusion. The real decision
about how things are produced, where
they are produced, who produces them,
and who receives income from the produc-
tion, is concentrated in a relatively small
number of hands.

For these reasons we are asking
engineers, scientists, and economists to
look at technology through a new pair of
spectacles. “Instead of concentrating on
labor-saving devices, which has been the
whole trend of modern technology, can
vou turn your attention to capital-saving
devices, because it is capital that is lacking
in developing countries, not labor.” And




Photo 1.7. Advanced tschnglogy—
power-aperated threshar for small
tarms.

Photo 1.9, Tractar-maunted row pianter, with fertilizer at-
tachment (India).
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indeed, we may soon find this to be the
case in many industrialized countries.

Intermedia

MARRNSE & RAS

Teehnulog
Development Group

On the hasis of this perceived need the
Intermediate Technology Development
Group was formed in 1966, initially serv-
ing as a pressure group trying to change
people’s attitudes about what constituted
aid. Within the group are various panels,
each of which consists of the best technical
experts we can find in the respective areas.
The panel covers subjects such as agri-
cultural tools and equipment, water sup-
ply, rural hiealth, building ard building
- materials, food technology, cooperatives,
forestry, and chemistry and chemical

arnainanms o
LSRG,

Methodology

The first thing ITDG did was ta
conduct a survey of what aiready exists
within the categories of intermediate or ap-
propriate technologies. From this we tried

to idantife pavtain gane in nowladee
wr lucl][lly Lol i.l.l_l_ll EHPG i ELTTAY I‘VIBUEM

about {echnology which need filling.
Thirdly, we hope to mobilize technical
knowledge to fill in these gaps. Fourthly,
_we try to disseminate this knowledge in a
.- ‘practical form.

: Now while this might be very logical,
“. it is exiremely difficult to carry out.
Consider the type of knowledge that is
reaching developing countries. In practice
most institutional forces are directed
toward giving these countries only one
type of knowledge-—the knowledge of the
mast sophisticated technology that the rich
. countries have to offer. Such e process is
not .only built into our official aid pro-
. grams, it is also built into the aducational

P—— A-....'I
BNIE WILICI (e Aevcio l 5 bUU.l.ll.llUb

have inherited or copied from us and
which we continue to foster by means of
trainting scientisis, engineers, and adminis-
trators who return to their own countries
with “inappropriate” technologies.

So a1 both ends—both the giving and
the receiving—people’s minds ara chan-
nelled almost exclusively toward the
“boundaries of knowiedge” thai in-
dustrialized ~ountries trade in. If you lock
below that level, vou will realize that there
is mo institutional or political force that

makes Lpown thers are altornate
..................... are alternate

technologies available for developing or
developed countries. Thus 1TDG, as well as
other appropriate technology organiza-
tions in the world, is irying to fill this
knowledge gap.

Practical ARernatives

We have a good deal of experierce in
this. For example, we have been asked by
various African countries if we can provide
them with detaiied information about the
technology and the costs of small-scale
plants for sugar processing, glass manu-
facturing, brickworks, and cement sub-

ctitiiiee Tha nnly ane that wa wara ahlo ta
IFAEFRAWS PNy BN UALI)' WAL LARCEL VWL VVGLT UIRFLL. LF

answer effectively was with brickwerks,
because we actually had a hand in making
and running brickworks in Ghana. In the
other cases the knowledge is fragmentary
or dispersed and far away; you can in fact
only get information about small-scale
sugar plants in India. By the time the cor-
respondence has gone to and fro, the big
sugar companies are there breathing down
the neck of the administrator and saying,
“Sign here. A turnkey project. The whole
thing will be operating within a year.” The
administrator faced with the need to make
some decisicn quickly will opt for the high
technology because that is given him on a
plate No one is there sa_i,ring. “There are

[ Py . P
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and these are the costs, and here is the
operating experience of two or three coun-
tries where they have been tried out.” Or
“ilere is the tearmn of people who will come
and put it up and train your pecple in run-
ning it.” None of that happens, and 3a
country after country decides in favor of
large-scale prejects, although they know,
as in the case of Tanzania, that that is
precisely the wrong thing to do.

Levels of Need

The knowledge gap is a very wide one
and it ranges right down to the level that is
outside the market. This sector below the
market level is where knowledge of how to
do things “without any recourse to the
market” is most needed. I think this sector
is important and is one of the areas that
economists have totally nepglected. Over a
large area of the developing world the
problem people have is not how to spend
their money to best advantage. On the
other hand, the big problem in rich coun-
tries is how to get the best bargain; we are a
bargain-hunting society becanse we have
income, and our problem, and a great deul
of the problems of economics, is how to
distribute that income fo greatest ad-
vantage. But for the man who is unem-
ployed and has no income, his problem is
not how to distribute his money to greatest
advantage, because he has not got any. His
problem is how to turn his labor into
something useful and that is quite a dif-
ferent problem and not one, I suggest, that
can be studied within the context of eco-
nomics as we now know it. So there is first
of all the need to cater to nonmarket
econnmy by providing a technology which
enables people to turn their labor into
something useful with the minimum possi-
ble of imported materials.

Above this, of course, there is the next
level, which we might call the community
level, where a group of people can get

An Approach for Appropriate Tachnologists

together, to try to start their own small
production unit. And above this again is
the market town or regional center level,
which would utilize what is now
recognized as small industry.

Now al! of this is below the level of
high technology as we at present peddle it
to developing countries. So the gap which
we are trying to fill is a very wide one. This
also accounts for a lot of confusion about
what is meant by intermediate technology
or appropriate technology. Thus some
people have in their minds only the simple
hand-tools. the do-it-vourself type of tool;
ather people think only of sruall industry.
And of course we are concerning ourselves
with both. and the one in the middle as
well, because these constitute the gap. We
try to formalize this by saying there is no
such thing as the or an intermediate or ap-
propriate technology; there is a range of
them. And the great thing is to provide in-
formation over that range and give people
a choice. So at the first level the capital
cost might be on the order of $20 to $40 per
workplace, $40 to $400 at the next level,
and then from $400 to $800 or $1,000.

Identifying the Gaps

The problem of identifying these gaps
is of course a very real one, because you
need to begin with some knowledge of
what exists and a fair knowledge, at least,
of what could be done. Again I think it is
very easy to fall imto the trap that the of-
ficial aid-agencies have deliberately fallen
into and this is to say, “We cannot do
anything until we have received requests
from developing countries.” When we
started the group the Minister said, *‘Just
show us the demand for this simple level
of technology and we will respond im-
mediately.” But the fallacy lies in the first
part of the statement: “Show us the de-
mand,” because the only thing that the

7
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This skeich shows how a caichment tank
works. When rain falls, the water runs off the
sioping catchment apron. It collects on top of
the sand, which is piled a foot or so deep on
top of the domes, The water soaks through the

Pain

Water movement:

sand, and trickles down nto the cavifies under
the domes, To get water out, a bucket Is low-
erec' into the open well. Or a hand pump might
be used. Sand filters the water both as it enters
the tank, and again as it enters the well.

‘ |

Water out

Well shaft

Figure 1.1. Rainwater calchment tanks.

developing countries have knowledge of iz
the highest level of technology. Now since
they do not know that there are alterna-
tives, how can they be expected to ask for
them? And this is really one of the first and
most long-lived disputes that we have had
with the official aid-agencies. If a man in
cenfral Africa, India, or Latin America
wants an animal-drawn harrow, he had
first of all to invent it in his own mind
before he can esk for it. And if he can in-
veni it, he would probably not be asking in
any case. So the first tack is to make known
that there are alternatives and then a de-
mand might be forthcoming. But then of
course, ane encounters the familiar argu-
ment used by the official aid-agencies,
“We cannot do anything without a specific
demand or request, and that request must
come from the government. We only deal
on a government-to-government basis and
it must be a demand which is generated
within the country itself.”

Thus, there is a real task in making
known that information exists, and such a
process of mobilizing information cannot
wait for specific demands to arise from
developing countries. Fortunately, there is

B

a very wide range of activities which many
people thronghout the world are trying to
perform in oae way or another and these
activities relate broadly to the activities of
growing and consuming food, clothing,
shelter, health, culiure, and certain basic
community services. If you take these sub-
jects alone and spell them out in terms of
the manufacturing activit'ss they imply,
you get a very respeciable range of indus-
tries for which information is needed all
over the wosld.

Assembling and
Disseminating Information

Now, until such information is made
available, people will not be able to take
hoid of it and adapt it to their own circum-
stances. What the rich countries cannot do
is to adapt technology to suit precisely the
needs of particular areas, but they can at
least make known that these alternatives
exist and give some assistance in the
process of adapting them to meet
particular needs in particular areas.

There are different ways, of course, of
trying to get this knowledge together. We




have concentrated on bringing together
groups for this purpose. We are zlso tryving
to bring in the universities, technical
colleges, schools of art, desigu centers,
professional associations, and quite
recently, T am happy to say, a number of
government research institutions. A
number of such institutions which were

. . supposed to be dealing with developing

couniries have now shown signs of begin-
ning t¢ collaboraie with us in what we ars
trying to do.

Finally therc is the disseminaticn of
the information and this can take a number

af faorme ¥ thse information is not
oI Iorms. i e information 15 nol

published, nothing can happen at all be-
cause until the information is published, it
deces not 1eally exist. So how do you
publish it and te whom do you address
these publications? We are trying to do this
in various ways, particularly through a
journal, Appropriate Technology. We ara

- )

An Approach for Appropriate Technologists

trying to use it as a vehicle for bringing
together people who are working in this
field. But there are much more effective
ways of disseminating information and
one is actual field demonstration. I de not
mean carrying out enormous programs of
development, that is the job of govern-
ments, United Nations agencies, and some
of the very big agencies dealing with aid
and relief. [ mean demonstrating that these
technologies actuaily work in practice; this
means forming links with counbtries
overseas.

Qverseas Links

Each country has its own ways of mak-
ing links. The Netherlauds has obvious
historical }inks with Indonesia, and has a
particularly sreat advantage in dealing
with most other countries, in that it is not

Figure 1.2. Oll drum forge.
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seen as an ex-colonial power, for exampie
in India, or Ceylon, or Latin America.
Wherever these links can be formed they
should be, in order to carry out demonstra-
tions of the utility of particular
technologies. They can be formed in a
whole variety of ways. They may be in
universities, they may be with interested
government departments, they may be
with voluntary agencies or with missions.
In fact I would go so far as to say that the
actual publication of information should,
wherever possible, follow field testing.
One should not publish information that
has not been field-tested somewhere, not
necessarily by yourseives but by some-
body.

Overseas links, of course, are also
essential for identifying and understand-
ing local needs, attitudes, and conditions.
In the case of agricultural equipment, for
instance, virtually no work at all has been
done on the identification of needs in rural
areas for equipment, not even for tractors.
We were astonished to find, when we
started our work on agricultural equip-
ment, that in spite of something like 20
years’ work by British universities on agri-
culture in developing countries, nobody
had ever gone into a rural community and
said, “What are your problems?” We had
always gone in and said, “We know what
the answers are; the answer consists of a
tracior. Please sign here.” When they call it
aid, I wonder who aids whom. Certainly a
Iot of aid has gone to tractor manufacturers
in Britain.

Surveying Local Needs

The pattern of labor used in a typical
rural community may be represented by
the graph in figure 1.3. Although grossly
oversimplified it shows the demand far
laboi throughout the agriculiural year.
Frequently, of course, there may be double-
cropping which would bring two laber
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peaks close together; the second task may
not be started until the first is completed,
and naturally weather and the seasons will
not wait for man to sort out his labor bottle-
necks.

The problem of these communities
really is to find ways of breaking these bot-
tlenecks on increased production. At the
points A, B, and C the whole community is
involved, and with the existing level of
technology they cannot produce more than
they are daing. Duriug the periods D and E
they are grossly underemployed and this is
the period when new activities need ta be
introduced into the rural area. They may
not be farming activities but they will ob-
viously be linked with farming. Now in
order to discover what these bottlenecks
are and precisely what they consist of, you
will have to go into a rural area and
examine it in great detail for at least a year,
preferabiy two or three years, so that you
cover a couple of good seasons and bad
seasons. Not until you have done that can
you have a picture of what their problems
are. And onr work so far has very clearly
brought out this sort of pattern and the
need at peak labor times to introduce
improved mechanical equipment. This
must be cheap encugh to stand idle for
long pe::nde of the year, because it is only
going to be used for a short time, and
simple enough for people to make it during
the slack period. If they have to import
equipment, such as tractors, the develop-
ment process is far more restricted. Trac-
{ors of course are indiscriminate; they put
people out of work not only at A, B, and C
but also at D and E.

Yet none of this work has been done
for agriculture and it is likely that in al-
most every other field vou consider a good
deal of this kind of work would have to be
dane first. The alternative is to go in with
our ready-made solutions. Fur instance,
the classic argument about the tractor is
that the ground is so hard after the dry
season that only a tractor will break it
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A, B, and C are the barriers to increased production.
D and E are the areas of un- and underemployment which
require low-cost and small-scale locat manufacturing.

Figure 1.3

quickly enough to allow planting, the tim-
ing of which is absolutely critical to within
a few days. The obvious answer to this is to
change slightly the pattern of agriculture
s0 as to avoid the need for a tractor. Our ag-
ricultural people, who have worked in East
Africa for a long time, tell us that this has
been done and is being done on increasing
scale. You do not, in tact, turn under or
clear away the rubbish lying on the ground
immediately after the harvest. The answer
is to run duck’s-foot tines through the soil,
just breaking up ths first few inches of the
0il and leawing all the rubbish on top. You

leave it like that till the rains come, which
then don’t run off the soil. The rubbish be-
comes part of the humus and the ground is
already broken up. There is no need for
tractors provided one approaches the
system intelligently. In addition, the
equipment is very simple and can be made
locally. So in almost every case the argu-
ments that are used for high technology do
not stand up to any sori of investigation.
And yet this sort of approach has only
just begun. I think gur group was the first
to adopt it, but it is now being taken up by
other people and one hopes it is going to be
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done on a much larger scale. The chances
are that one needs to do the same sort of
careful investigation for other activities in
order to arrive at precisely what will suit
the community. And there is every reason
to suspect that similar questions are going
tc be raised more frequently in in-
dustrialized countries.

In order to arrive at precisely what will
suit the community you have to undertake
the type of investigation we have just been
corsidering. But in order to make availabie
the range of choices which will solve those
problems, you can begin work without
waiting for the demand. When our people
went out to Zambia for this agricultural
investigation, they took with them 40
designs af equipment which looked ap-
plicable to the local problems. These
designs were drawn from 50 different agri-

cultural research centers throughout the
warld. Not all the designs were of any nse
but some were, at least by giving people
ideas of how the equipment might be
adapted or developed further. Adaptation
is important. There are plows that have
been developed for use on the east coast of
India, where the bullocks weigh abhout a
ton and stand six feet at the shoulder. The
bullocks in drier parts of Zambia more re-
semble greyhounds. So the sori of equip-
ment they can draw has to be quite dif-
ferent from the sort that big animals can
draw. Then you have to take into account
soil conditions and climate, social condi-
tions and community obligations in adapt-
ing equipment precisely to local needs.
And you need people who speak the lan-
suage and understand the local com-
munity. But more gemerally one can

Photo 1.10. Concrele boatbuilding.
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Photo 1.11. Completed concrete boat.

identify dozens of technologies on which
people could be working now and for
which I can assure vou there would be an
enormous dem .nd in developing countries
if only it were known that there were such
choices.

Local Centers

We do not know nearly enough about
the dissemination of such information. We
do know, however, that publishing it is
one thing, but the only effective way of
making alternatives available on a large
scale is to set up in developing countries
themselves samething like the Technology
Consultancy Center which has been es-
tablished in Ghana. This is a receiving

point for information that can come from a
number of sources in the rich countries,
and is an essential link in the process.
Local adaptation can in fact only really ef-
fectively be done on a large scale by local
people. Certain trials and demonstrations
can be donre from outside, but the
widespread introduction of changes can
only come about from inside the country.
So over the past few years we have becn
trying to concentrate on setting up
aquivalent organizations overseas, with a
certain amcunt of success. They have
varied in type. In Kumasi in Ghana, there is
a university which has becorae a center of
technical development for its surrounding
area, Those of vou who know the
universities tn develeping countries will
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recognize the extent of the breakthrough
when 1 say that Kumasi is actually building
prototype small workshops on its
campus—the holy campus itself. It was
originally designed to look as much like a
campus in the United Kingdom as possi-
ble, but is now desecrated by actually hav-
ing things built on it, snch as small
workshops, looms, and brickworks. This is
a major break with tradition and we are
very proud of it. It might spread.

In other cases governments have taken
up the responsibility. Pakistan has set up
what promises to be a very large, perhaps
too large, center for the development of ap-
propriate technologies. Tanzania already
has something similar in the Smail Indus-
tries Development Organization, and I
gather that very soon the Eindhoven Tech-
nische Hogeschonl will be having links
with the Development Technology Center
at the Bandung Institute of Technology.
These overseas points are shbsolutely
essential, because without them to whom
are yceu addressing yourself? You can ad-
dress yourself piecemeal to administrators
and fieldworkers, but in order to work
within developing countries on mobilizing
their own rescurces for technological
development, this sort of center is, I think,
absolutely essential.

New Developments

[ want now to mention spme pnssi-
hilities for new work that needs to be done.
I mentioned earlier the basic needs: food,
clothing, sheiter, basic community
services, and so on. On the basis of our
experience I think if anyone said to us,
“You cannot make it small,” we would
now reply, “Prove it!” Although I do not
want to exaggerate how much has actually
been done, what experience we have had
indicates that anything can be made small
and still be afficient. I was delighted
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recently by our water engineer who has
been working on the hydraulic ram. You
can put this in any slow-maving bodv of
water and it uses the power of the water it-
self gradually to pump water up to a
distance of mavbs 40 meters. Very expen-
sive; the cheapest one made in Britain
costs $400 and by the time it reaches the
developing country vou can be quite sure it
costs $800. Simon Watt has now produced
one costing less than $20 which can be
made out of galvanized iron piping.

This is the sort of information we want
to assemble. We shouid try to produce in-
formation on a technological spectrum. to
have one of $8, one of $20, and one of $100.
That is what would fit into my range, Make
the range and then produce detailed
practical information and make it freely
available to developing countries. As
another example we have our agricultural
engineer who made a metal-bending ma-
chine. The nearest thing to it made in
Britain cost $1,400 and he produced one
for $14. Using principles that are perfectly
well known, wheels up to 1.2 meters in
diameter can now be made by any black-
smith with the assistance of this simple
equipment.

Another area of considerable interest
is the manufacture of cement. We are
interested in two things: one is the scaling
dawn of big cement plants and the other is
making cement substitutes. The scientists
employed by the cement industry are very
angry about this because they say that out-
siders have no business to meddle in the
making of cement. From what little [ know
about it, the process is so simple that I
don't know what they feel so worried
about. But of course it is not really quite so
simple. A remarkable man, M. K, Garg in
India has done a lot of work on this subject
and has produced a small-scale cement
plant that works, but does not quite
produce the right quality of cement. He has
prablems of temperature control and a0 nn.




His work needs to be continued until a
small-scale unit is perfected that is
perfectly possible. There may be such
cases, in which case the thing is to look for
an alternative to cement. We are irying to
pursue both approaches at the moment.
There are alternative cement substikutes
such as mortar mixes, which are perfectly
well known—thev = ed a bit more experi-
mental work deone on them—swhich can be
used on buildings up to two or thres stories
high. Just as good as cement, but such is
the power of the idea that you cannot do
anything until you have got a cement
plant, that developing countries all over
the world have sat crippled and helpless
because the big cement plant has not come
into production.

Limits to Large Scale

The day of the large-scale unit is
probably coming to an end because of
energy transport costs. We have developed
these huge technologies on the basis of
cheap transport. 1 cannot otherwise
explain the phenomenon that you can ob-
serve anywhere in Britain, and I am quite
sure in Holland too; you stand on a mo-
torway and you will see lorries from
London to Glasgow carrying biscuits and
lorries from Glasgow to London carrying
biscuits (or any other product you like to
think of). And the only conclusion you can
come to is that there is something in the
nature, the character, of biscuits that re-
quires them to travel 500 miles before they
are properly mature. There is no other
logical explanation for the phenomenon.
And such a system is only possible because
of large-scale production, the curious form
of competitive situation that we have
developed, with transport and energy costs
that were minimal. Until recently the costs
of energy in manufacturing industry all
over Europe was an almost insignificant
proportion of the total cost. For an average

An Approach for Appropriate Technologists

manufaciuring industry in Britain it was
about four percent, so they did not mind at
all if it went up by 10 percent or not. Now,
of course, energy costs are not insignificant
nor are transport costs. As a result one can
see that all sorts of ideas about large-scale
industry and about agricultur~ are going ‘o
change very rapidly.

Perhaps I should end off with the
cheerful thought that what we in the West
have really done is to create a society
which is based totally on the assumption of
cheap and almost nil-cost energy. That is
what gave rise to the growth of cities.
Cities can only become very large if it takes
only a very small proportion of the total
population, foed producers, to feed non-
food producers. If it takes 80 percent of
vour population 1o feed 20 percent, then
only 20 percent can live in the cities. But if
vou introduce a system of production, as
we have done, based on cheap oil, which
has a very high productivity par man
(which is not the same as productivity per
hectare), vou can then have four percent of
vour population feeding 96 percent, and
those 96 percent can live in cities. But the
system of agriculture on which this
process is based does not seem to me to be
a permanent one, because it depends
entirely on il for its operation. Some work
recently done in the United States shows
that for several food crops it takes roughly
one unit of oil energy to produce one unit
of food energy. Now whatever else that is,
it iz not a permanent system of agriculiure.
But it is what we were on the threshold of
exporting to developing countries on a
very big scale under the name of the
“Green Revolution” and other similar
schemes.

Fortunately those intelligent men of
the Organization of Petroleum Exporting
Countries have saved us from such a
course, and they may very well have saved
us in other ways as well, unless of course
they drive us to the even greater lunacy of
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atomic energy. We may be hooked on
energy-intensive technologies, but at least
developing countries have an option.
There is no need for them to follow
precisely the same path, and if there is
nothing else we can be doing, at least we
can be saying, “You may go in our direc-
tion; you may want to do as we have done,
but at least we can offer you options. We
can offer you a chaoice.” And [ think this is
basically the question we are trying to
answer—How do you actually set about the
job of offering choices which are nat
theories, which are tested out and are
practical as far as it is possible to make
them?
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But ihere is another dimension to ap-
propriate technology that many of us are
beginning to perceive. In the best sense ap-
propriate technology offers alternatives to
individuals and communities. Nonethe-
less, in the early vears of this “movement,”
the emphasis was on deriving alternatives
for developing nations. Recently, however,
particularly with the advent of a National
Center for Appropriate Technology in
America, there iz a budding awareness that
even highly industrialized communities
might well need some alternative
technologies, that even Americans might
be looking for alternatives to high-
technology living.




Chapter Two

The Social Context for Choosing

Water Technologies
by Simon B. Watit

At first sight it looks as though my
chapter should simply be concerned with
civil engineering from tbe point of view of
witter supply. But I hope you will ap-
preciate by the end that I really believe that
the actual technique or skill of engineering
is one of the least important considera-
tions. I want to concentrate much more on
the attitudes and motivations of the
engineer trying to implement an appro-
priate technology—in this case, a
technology for rural water supply. 1 also
want to examine ways in which the broad
objectives of the research or implementa-
tion can be better understood by the
engineers involved in it. This is particu-
larly important in relation to the ways in
which preconceived ideas of standards or
“efficiency” can limit the extent to which
the abjectives can be met.

Know Yourself

I am not going to give a systematic
description of appropriate techniques, nor
an evaluation of the available technology. I
think this would be misleading. Any
competent engineer, with the right
experience can locate and utilize com-
mercial hardware, or if this is not appro-
priate, he can design and build suitable
systems and equipment. Rather, [ want to
concentrate on his “education,” how he is
trained to conceive the problem, and how
far he is able to look beyond conventional
solutions,

The message of the children’s story
about the smail boy who was not afraid to
point out that the emperor wore no clothes
is important for us if we are to approach
the problems of development with a truly
open mind. | have changed the details but
the content is much the same.

The Small Boy and
the Emperor with No Clothes

—

. The best way to hel% the deveiop-
ing countries is not by aid, but by
changing the terms of trade in their
favor.

2. Developing countries would do
better if they went to Chairman
Mao’s China Eefore seeking help in
Europe.

3. The professionals have become co-
lonials in the sense that they have
taken possession of the knowledge
of technology-—-a knowledge that
all people should possess to be able
to change their own lives.

4. We should put our own backyards
in order before we look at other
people’s.

5. Mankind is a thermodynamic
species like all other animals on
this earth.

6. The purpase of economics is not to
maximize the flow of resources in
through our mouths and out
through our waste disposal
systems.

7. Small boys are not afraid of being
fired.
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The great mistake of engingsers

Thers |5 no litite person behind our eyes Iooking cut at the objecls of tachnology.

A more realistic picture

The objects of lechrology and I‘vas are ali parl of a social makhg
technology in this sense (s not neutral, but [s a soctal operator.

Figura 2.1.

What this little parable shows is that
the first requirement in the development
process is that you should discover who
you really are yourself, and what are the
assumptions and prejudices that influence
your position and suhsequent work, When
[ am asked what is the most important
qualification and training a person needs
before he is fit to work overseas, the only

18

answer | can ever give is that he should
simply be a human being. But the conven-
tional engineering approach views
technical problems much more in the
fashion of the first sketch in figure 2.1.
Engineers tend to see themselves as mas-
terminds having an “objective” picture of
the world and its problems. The second
sketch is in my view more realistic. It




depicts the objects of technology and
ourselves as being all part of one social ma-
trix. Technology in this sense is not neu-
tral; it is a social operator.

The analysis of the effects of
technology on society. and the reverse ef-
fects, has only just begun. Little change has
vet come to the way engineers are trained.
We do not yet see an interaction between
society and technology. Nor do we vet ap-
preciate the range of alternatives that are
open to us if we are prepared to change our
life-styies.

Now there is, of course, a range of
technologies from which it is possible,
though it is not often done. to choose the
most appropriate in any situation. Figure
2,2 compares the attributes of high-perfor-

Performance
Q
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=)
g

The Social Context for Choosing Water Technologies

mance and low-performance technology.
The difference between the two is the
quick fall-off in the benefits derived from
high technology when its operational
parareters are not favorable. This is only
another way of saying that high technology
is generally conceived in, and designed
for, a particular society and a particular set
of circumstances. One should, then, not be
surprised if it fails to produce the intended
results in different circumstances.

Figure 2.3 takes the notion a step
further and portravs a spectrum of
technology. And in evaluating the benefits
of a technology—performance, output, effi-
ciency—one should be continually mind-
ful of the second law of thermodynamics;
one cannol get something for nothing. Of

a——Natrow limits

=——Wide limita

Operational parameter
Figure 2.2,
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Spectrum

Traditional

'ntermediate

High perfatmance

—— Banetlt Perfarmancs, output, efficfency

——— Cosh: Cash, enetgy, skills, sufferng

These are separate relationships. Combining them is very
difficult. We have no quallty-of-living index.

Figure 2.3.

course I should nat give the impression
that all technological ‘‘progress’ is
universally acclaimed. People generally
are a little conservative and afraid in their
reaction to technology-—"“Are we actually
going to gain anything by this develop-
ment, how will it affect our level of
welfare?” Or, if people really talked in the
language of the economist, they might say
“What degree of disbensfit do we expeci?”

To be able to evaluate these costs and
benefits in quantitative terms is, of course,
extremely difSicult. And indeed the objec-
tive of this discussion is only to show some
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of the relatiouships that exist between the
various factors. Such an analysis is further
complicated by the fact that not every fac-
tor is capable of bring measured. In spite of
this the things that can be measured are not
alwavs accepted, or acceptable. For
example, some transport studies that have
been carried out in Britain show that 80
percent of the costs spent on improving
transport henefit only 15 percent of the
country’s population. This does not seem
very equitable, and one hopes that such a
result was not the original intention. There
are various devices that can be used to




ing dissimiler things, such as the
economists’ technique of shadow pricing.
Bnt techniques like this do not really seem
to face up to the reality of the problems
they are being used on. And the conse-
quences of this way of thinking simply in
numerical terms can be more ar less disas-
trous. Thers has been discussion recently
in Britain over the paolicy of “shooting
lame ducks,” which suggasts failing indus-
tries should receive no government sup-
port and shonld simply be allowed to go
bankrupt, on the basis that if they are inef-
ficient, they do not daserve to survive. Op-
ponents of this palicy, rightly in my view,
point to the casts of unemployment which
result from such a policy. To take ancther
example of this numerical neurosis, the
United Nations has tried to devise an index
by which the “quality of life” may be
measured. The result of this exercise was
te shaw that e life in the United States was
“worth” approximately flve times a life in
India. Not unnaturalfy this led to some-
thing of a conflict, and the discussion was
abruptly stopped.

Choosing Appropriately

It is now time to move on from these
general considerations fo see what impact
they have on the developing world and to
explore what possibilities they have for
making us look at development in a dif-
ferent, and perhaps more sympathetic,
way. One example that I have been in-
volved in is the scheme supported by the
World Bank for puinps to be used in Ban-
gladesh to sepply water in the dry season
through an average head of three meters.
The various alternatives that were
considered, together with their shadow
prices, are shown in figure 2.4. A shadow
price simply means that $X in couniry A
can be considered as equivalent to $Y in

owvercome some af the problems of compar- -

The Sucial Context for Chogsing Water Technologies

country B, and this can be used to dif-
ferentiate between *'real” and local costs.
The World Bank’s choice was for the
second of the alternatives shown in lhe
tigure, while I suggested that a cheaper so-
lution should be sought. Actual experience
of the implemented scheme has shown that
only about one in every one hundred in-
stallations has remained in use. This is be-
cause of various shortages in spares, co-
ruption, lack of maintenance, and so on. In
this scheme a lot of the money of the
origipal investment has effectively been
lost, but rather than become introspective
over past failures, we should ask what we
can do to prevent a similar type of situation
arising again. At the very least in this
example we should be studying how low-
skill maintenance in high-performance
technology will inevitably lead to a fast re-
duction in output.

Figure 2.5 shows tha sort of solutian
that [ would favar. This particular solution
illustrates a simply dug well and & cheap
and simple pump—perheps a chain pump
powerad by humans. Figure 2.6 illusirates
a similar sort of approach fur a well screen.
It was originated or *invented” by a
farmer, but the idea of such & primitive
bamhoo screen was rejected, almast out of
hand, by the “expsris.” Monstheless this
innovation works and has achieved
widespread acceptance. Sa much so that,
unlikely as it seems, it is a solution heing
recommended by the United Kingdom's
Atomic Energy Authority whose govern-
ment scientists now find their underem-
ployed skills being directed towards the
Third World.

Such a fundamentalist approach
should give us ideas about the way our
own development could proceed in the in-
dustriaiized countries. It is not a foregone
canclusion that a technical possibility
must lead to a particular form of imple-
mentafion. After all the Chinese knew all
about gunpowder long before it was used
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Comparison of cost of three tubewells of varying specifications in market end shadow prices in
Rupees; shadow prices {in the United States). Rs. 9.50 = $1. Doliar values in{ ).

drilfing — Erpercussion cantrachor: power contractorp nwer
SCIEEN — brass fiberglass fiberglass
pump — cantrifugal twrhing turbine
engine — Low-speed diesel high-speed diesel edectric finchading
gempralionlranc
mission cosl)
move io and oul kli'H {150] 4,500 (4.504] 4.500 (4.500)
driliing eost
164] el 7600 [13.300) 7.600 (13,300
1841 feet 1,440 {720)
pumphousing 10 dia. '
40 feet 4,800 19.600) +4.800 [9.600)
blind pipe 8" dia.
20 fuet a00 {1.600)
screen
80 faat 4,280 (13.482) 4.280 (§3.482)
140 feet 7,000 {11.900;
bail plug and reducse 500 {1,000) SUD [(2,000] 500 (1.000)
gravel pack
B0 fent 1.200 [v.200) 1.200 {1.200)
1430 feet 2,400 {2.400)
ingtall well hardware
160 feet 1.520 {1.920) 1.920 [1,870)
140 feat 2,160 (1,080)
develop and test well 1,500 (750! 1.500 {1.500) 1.500 (1.500)
puRap 750 {1.125) 5,500 (11,000] 5,500 {11.000)
engine 620 h.p. 4,500 (6,750) 6,000 (12,060} 125,000 {215,600)
right-angle gear drive 1,500 (3.000) 1,500 (3.000)
puraphouse 3,500 (3,500) 4,500 (4,500) 3.500 {3.500)
install pump and engine 750 (375) 750 (750) 750 [(750)
consultants 5,000 (10,000} 10.000 (20,000)
field distribution system 3,500 {1,750} 3.500 {1.750) 5,000 {5,000)
canfingency 2,560 {2.560) 4,955 [4,855) 17,255 |20.975)
TOTAL Rupees 31,660 [35,460] 58,005 194.467) 194.805 334,727}
ur
Dollars 3,300 (3.790) 6100 (%900} 20,500 (3.500)
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Prime mover plus
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Alternatives in well construction

pump at surface ﬁ:.'llir:xai-driven Pump and rney
-, chain pump e
=0 O
N \\ \._\‘ \\\ . S //_.’
- ' , Well lined with
. - bricks, timber,
N Artesian ele.
- = water
o level .
- \ . . . ] /
RN . \‘\ T - /J /
Aquifer ‘

Casad tuizewall 15 Inch % (round) down to
150 leel. Prime mover and pump on
surface,

Large diameter hand-dug well to nquifes
then 15 Inch % (reund) tubewell. Can use pump
and prime mover or simple local equipmem

powrared by animals, elc.

Figure 2.5. Alernatives in wall construction.

in warfare. And other countries can, and of
course do, evaluate their costs and benefits
in different ways. The Chinese, for
example, don't shoot lame ducks; instead
they “walk on two legs” which represents
the policy of encouraging Jevelopment
wherever it can take place, whether in the
urban or the rural areas. In other words
China encourages brpad-based, and
therefore decentralized, growth while
Europe tends, on political grounds, to cut
off the weaker parts.

Problem Definition

Another consequence of studying the
hidden implications of the problem is that

something that looks superficially like a
simple and conventional engineering pro-
blem may turn out to ba far more compli-
cated. Suppose, for example, that we are
trying o develop a cheaper pump
maximizing the use of local materials. This
may very well lead to the partial problem
of developing a suitable flywheel.
Generally in Europe we would approach
the design of a flywheel in terms of ma-
terials like iron or steel which have soffi-
cient strength to enable large-sized wheels
to be built. But if we translate our design
inio other materials which have less
weight and less strength, the design will
become more expensive because the size
and the weight will increase without the
strength being increased. This means that
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ganial hahite atn
QG N3RS, 6.

We should ask what are the effects of these methods of production on:
local employment and industry, {low of materials, quality and quantity of
beer, cost to imbiber, cost to community, loss to treasury, effect on

Relative Costs of Brewing {per 15p pint}
Home Brew Charles Wells
Raw materials 932 0.80
Brewing costs 2.50 write off 290
{labor, fransport, equipment at 1 pint
overhead, equipment) | per day for 1 year
&and 6 minutes/pint to
Brewer's profit 210
Licensee's profit 4.30
Tax: Vat 1.50
Ewciza v - oan
=RCISO UURY et
Cost — 2.8 pance — 15.0 pence I

i,
o

we would hLave to investigate new
constructions for flywheels. And to do this
it would be necessary to understand the
real purpose of a flywheel. So what locked
like a simple redesign of a pump has
resulted in our exploring the range of

possible energy accumulators.
Perha tha

ng

Perhaps the
example in figure 2.7 will help to darify
this general paint abeut the need to under-
stand not only the cbjectives of the
exercise but also the implications of the
chosen technology. To arrive at 4 compara-
ble state of inebriation the cost of home-

rathor

down.tn.gart
ainer 10-Gali

LML ]

i
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brewed beer is approximately six cenis
while commercial beer would cost thirty
cents. But one cannot simply make the
comparison in terms of the same “benefits”
for differing ““costs.'” We should also inves-
tigate the implicatiors of the chosen
method of production, and the effects it

will hovn an eurh fartare ac loeal amnlog.
Will 1avs O0 SUGa 1aCiors as 1008 sipoy

ment, industrialization. the flow of ma-
terials, transport, and many other such
things. One has to be able to have an
overview of the whole spectrum of
techinology that is available for solving the
problem and then to make a thorough

I




cost/beuefit analysis before one is in a posi-
tioa 1o be able Lo select the proper, or most
“apprapriate,” technology.

Standards

Some people maintain that an “appro-
priate” solution would be incompatible
with the idea of a piped water supply. But
if one studies these criteria, oue sees that
thig is not in fact the ease. The appropriate-
ness of different technologies will vary
with each situation. A range of some of the
alternatives is shown in fAgure 2.8. This
displays relalive cost: for various levels of
technique. There is a tendency for atten-
tion to be given to the most sophisticated
systemns. For instance the World Health Or-
ganization demands that certain standards
of water supply should be met in any new
scheme. Clearly to ensure that all those in
need of improvement in their water supply
and sanitation have a system which meets
these high standards would be prohibi-
tively expensive. At that level of
tachnology, and cost, it would be impossi-
ble to connect all houses to centralized
water supply, drainage, and sewage
systems. And there is no guarantee that do-
ing this would produce the benefits ex-
pected. As an ilustration I feel that the
social function that accrues to a village
well needs to be re-invastigated. Iri real life
many village women prefer to walk three
kilometers to a traditional water supply so
as 1o be able to continue their usual pattern
of meeting and chatting to other women
rather than use a newly built village well.

The important lessoa to learn is that
there is no uniquely applicable appropriate
technology, no one solution that will apply
in all circumstances. Appropriate
technology implies a step-wise develop-
ment, and mvestment will have to be made
over a wide range of levels. In this sense
the choice is a matter of the allocation of

The Social Coniext for Chooaing Water Technotopies

scarce resources. It is thus much mare a
pelilicel than a technological choice.

Criteria for an
Appropriate Technology

The water supply and sanitation
technalogy chosen lor developed by re-
search) for rural areas and small commu-
nities should:

1. Facililate significant imprave-
ment in guality and quanlity of
service withont necessarily seek-
ing to obtain the near-perfect

2, Be low in cost; as low as pussible
without jeopardizing the effec-
tiveness of the improvements
sought

3. Facilitate operation and
maintenance by local populations
and users without demanding a
high level of technical skill

4. Make as much use as possible of
locally available materials, and
rely as little as possible on im-
ported supplies, spare parts, and
equipment

5. Make use of locally available
labor, including unskilled labor
and not try to replace Iabor with
capilal eqgnipment unless it is
clearly imperative to do so, eg.,
when local labor is scarce

6. Encourage the growth of local
manufacture to supply the need
for equipment and parts under the
leadership of local entrepreneurs

7. Be compatible with local and user
values, attitudes, and preferences

B. Provide opportunity for incre-
mental adoption and step-by-step
improvement

9. Have a capacity for producing a
contagion effect and so diffusing
to other communities and indi-
viduals

10. Facililate community invoive-
ment and participation.
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Stages of Improvement

Introduction to Appropriate Technology
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Health

In the details cf safe water supply
shown in figure 2.9, we can see that in
1070, 88 percent of the population in
developing countries had no access to safe
water. The prediction for 1980 shows a
superficially spectacular increase in the
percentage expected to have such access.
but virtually no improvement in the num-
bers without a safe supply. This is a result
of population increasing faster than
improved supply can keep pace. The
sketches included in this figure show the
relations of health benefit to water supply.
We must consider about two liters per day
as the minimum requirement, whereas in
the West approximately sixty liters per
head per day is used. This is considerably
more than is actually needed. or at least we
can say that the improvement in health
benefit above a consumption of about 20
lhters per day is negligible. In the lace of
tha great disparity in consumption rates,
and the increasing cost and difficulty of
meoting the West's continually rising de-
mand, [t wauld be 8 major achievement to
change from a policy of supply increase to
one of flemand decrease. A reduction of
consumption would at least uvercome the
West’s water-supply problems, even if an
increase in consumption, so necessary for
the developing world, would be much
mare difficult to achieve.

It is reasonable to suppose that health
is a function at least of the volume and
quality of the water available. If only smail
improvements were rade in many existing
supplies much currerst iliness and disease
could be controlled. We must, therefore.
not look on water as being only for the pur-
poses of cooking and cleaning in the
house; it also has an imporiant role in
health care in the illness prevention sense.

Now the cost of water per liter per
head of population increases sharply as
one increases the proportion of time for

The Social Contexd for Choosing Water Technologies

which the supply is maintained. One ap-
proach ta safe water supply, then, might be
io admit that during certain periods of the
vear we could bear ninpleasant conditions
or a little bit of iliness. In olher words we
might think of increasing the periods of
health by increasing the periods in which
good water is available.

It seems clear, then, thal when one
examines the question of the standards that
one is going to adopt in new water-supply
schemes., one must choose an improve-
ment that will in reality enable the desired
benefits to be attained. and that will allow
the maximum number of people to enjoy
these benefits. Unless one adopts an appro-
priaie approach that can take these benefits
to the rural areas, it is inevitable that the
trends of urbanization will continue and
we will end up with one-half of the popu-
lation in overloaded cities and at least one-
third of the population without any jol or
income.

Hygiene vs. Medicine

Figure 2.10 shows the mortality trends
in Britain. For a good number of years the
importance of hygiene in this respect has
beer: well understaod. Of course water is
not the only requirement for good hy-
giene—education about the use of soap
and the washing of hands. or the control of
tuberculosis in milk are also significant. In
fact, we have to introduce a whole
system—water supply, user’s facilities,
disposal, soap, and so on. It achieves noth-
ing to set up just one small part of the
system as development aid.

But an examination of the system in
the United Kingdom shows Lhal thz invest-
ment has now become invaolved in what
might be called death prevention, rather
than what should be called health
improvement. In figure 2.11 we see the re-
duction in the morality rate among
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Prevantlve Maasures tar Water-Related Diseases

Disease Category

Preventive Stratagy

Water washed

Water bormne

Water based

Water related

Insect vector

children under 15 years as a function of
time. The introduction of antibiotics and
compulsory immunization is indicated,
but this has virtually no accelerating in-
fluence on the decline of the graph. The
dramatic downturn over the period shown
has largely to be accredited to improved
water supply and sanitation which led to
better hygiene. The effects of this are very
large in comparison to the very small
improvements resulting from immuniza-
tion. This point leads to the question of
whether, in development assistance, we
should strive after health systems based on
very expensive antibiotics and special
intensive medical care or after better water
supply and sanilation. Figure 2.12 shows
some of the measures that are needed to
prevent various water-related diseases.
The technology required for these
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Improve water quantity and accessibility
Imprave standards of hygiene

Improve water quality
Prevent use of contgminated source

Decrease waier contact
Control pest populations
Improve water quality

Improve surface water management

Destroy breeding sites
Decrease need fo visit sites

strategies is not a complex one, afthough
their implementation needs widespread
motivation and training.

My general conclusion is that in terms
of health care one has to make a choice for
investments aimed at activities which
come within the systems approach and can
make improvements in small steps. Such a
choice will lead one to questions like the
value of immunization crmpared to incre-
mental improvements of water supply.
And, of course, engineers should he aware
that public health engineering is very
closely related to preventive medicine.

Centralization

Three graphs are given in figure 2.13
that show economies of scale in central
service plants, economies of density in dis-
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Introduction to Appropriale Technology
Incremental improvement of water supplies

High managament I

High cost, High siill
capiial iniensive in conswuciion in operation
1 Tight | 5it

ost,
intensive

Simple
logse

A package of technigues with compatible 2osts and operation skills '3 presented 10 the users.
Flqure 2.14.

Lribution systems, and economies of loca-
tion in service transmission systems. Tl:.ey
indicate that a large concentration of popu-
lation is needed to make a cheap health
service possible if it is to comply with
Western standards. Indeed one might say
that large concentrations of population are
a consequence of the Western way of think-
ing, because if population is not evenly
distributed nor concentrated. Western
service systems will be very expensive and
would probably be impossible.

Investment strategy should be based
on a decision-making model which is not
just & rural/urban model; it should extend
much decper. Current developmen: aid
policies can and do resull in the situation
that, if an improvement is tade in the
cities following Western methods and us-
ing Western maney, then 80 percent of the
money that flows into the country ends up
by benefitling mainly the five percent of
the population that lives in the cities.
Many developing countries say that they
want low-cost development that will be ap-
plicable in the rural areas, but they seek to

az

achieve this through Western aid or
Western technology. And aid is a com-
mercial commodity; in the United
Kingdom the rale of return on our aid ex-
penditure is 150 percent per vear. One
might rightly feel that the staled objectives
of most development programs and the
means chosen for achieving them are in-
compatible. Present planning techniques,
however, make it difficult to do anything
ather than state that for objective “Y™ we
need an amount of money “X,” and hope
that next time we wi'l have learned from
our mistakes. We should also understand
that the improvement of living standards
can be a commercial asset for the poor. As
the experience of sium  improvement
schemes near developing cities shows, the
poor frequently prefer to seil out, to cash in
the physical benefits they have received, in
order to obtain a spendable income. So tha
improvement does not benefil the original
target group but finally ends up in the
hands of those already rich enough to buy
their wav into areas that have been
improved through government zssistance.
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Small Steps

To Telurn to Lhe perticular case of
water supply schemes, Ggure 2.14 shows a
schematic of incremental impravemsnts in
texms of capital, skil), and managemont,
We should by now be agreed that we are
looking for low-cost, labor-intensive
systems requiring low skill and simple
management, But it is so far only possible
to indicate the range of possible choices in
this theoretical way. One is not yet able to
Fll in the matrix and demonstrata that sof-
ficient alternatives are available. Many

The Sacial Context for Choosing Water Technologies

peaple thraughout the world recognize the
problem, but few know how to tackle it.
The failures of the old approach are heing
exposed in a general and analyticel way
but thare will need to be & congiderable
amount of detsiled and technical werk
done before satistactory solutions can be
implemented. The few people who are
working on bwilding up the body of
knowledge, however, will benefit from a
“multiplier” effect and one can alveady
begin Lo see some movement and progress
in ithe subject of water supply and sanifa-
tion for rural areas.
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Chapter Three

Tools for Agriculture
by John Boyd

My objective here is to describe the
wark of Lhe agricultural project of ITDG.

The way that the agriculiural project
has tried to make o practical contribution
can be divided inlo six separate types of
activitiss, First, we have published a
buyers’ guide to inform peaple in develop-
ing countries where they can buy simple
pieces of farmm machinery. Second, we
answer postal inquiries, and act as a sort of
clearinghouse for techmical information.
Third, we have published designs of ma-
chines so that people in developing coun-
tries may make them themselves. Fourth,
we have published details of a sysiem for
carrying out fleld surveys to determine
where the labor bottlenscks occur in a
farming system, to identify where thees is a
pegk labor demand so that one may be sure
that one is iuiroducing mechanization at
the most appropriale point. Fifth, we have
oiganized field projects, one in Zambia
and one in Nigeria, which have put into
practice some of the nbjectives and ideals
of intermediate lechnology. ‘These projects
have invelved developing simple farm ma-
chinery, encouraging farmers to use it, and
training and stimulating local ariisans to
manufacture i, Sixth, and last, we have a
targe number of contacts with people who
are very experienced in working in agricul-
ture in developing countries, and we have
on occasions supplied consultants for
small projects.

Buyers’ Guide
Having given a quick run-down of the
agricultural projects activities, I shall

explain in a litile more detail what each
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one involves, staring witb lbe buvers’
guide for simple machinery. In the early
days of ihe Intermediste Technology
Development Growp the main strategy was
to publish information (o tell peopde where
they could buy pieces of simpie equip-
ment, The first major publication was
valled Teols for Progress which was
followed by eone on agricultural equip-
ment, called Tools for Agriculture. This
contains details of about 150 implements
grouped in classes such as crop protection
or cultivation. There is a short description
of the characteristics of the tools in each
class and an explanation of where thev can
be bought. Most of the entries are from
Europe, in fact the wvast majority from
Britain, although there are one or two from
Alfricaand (ndia.

Technical Inguiries

Tha answering of technical inguiries
was another activity that started early in
the group's development. We have made
contacts with something like 90 develop-
ment institutions and individuals working
in agriculture in developing countries. We
have collected @ lot of information from
these people on simple farm equipment
and have systematically searched journals
for published information. We have
managed io assemble a fair collection of
photographs of implements, which has
been most useful; in many cases people
have sent them to us, in some cases our
own staff has traveled overseas to collect
them. Bob Mann, my predecessor, traveled
through East and West Africa making two
or three long trips a year collecting this in-
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farmation, makinz contacts. visiting
people working in universities or research
stations.

People constantly write to us for help
in solving their problems. There is quite a
wide. range of subjects and of countries
thay come fram. For instance, we have had
an inquiry from somebody in Malawi, who
wanis to make a water-powered mill for
grinding corn, Another inquirer from
Tunisia wants infermation on small-scale
slorage, that is, silos for less than tive tons
of grain. Another person wrote from India
wanting 1o know how he could make
simpls equipment for weighing cattle: he
cannot afford to buy a machine to weigh
them and has no metalworkiog equipment,
only woodworking equipment, so he asked
what possihilities are open {a him. We had
other inquiries about the *'snail” which is a
small tractor which has been recently
developed partly in England and partly
overseas. It usss the principle of pulling a
plow with a winch, in the same way that
steam-powered traction engines were used
in the early days of powered agricultural
equipment. One does not need to he an
engineer to know the problem with small
tractars generally is that if they have small
wheals and they are light in waight, as
soon as you try to pull anything the wheels
will just spin. The "*snail” can be anchored
firmly to the ground and its winch applies
the draft lo the plow. In this way a very
lightweight tractor can pull a heavy load.
[See discussion of Rodale Winch in "'Pedal
Poawer.")

Designs

The logical development from, dealiog
with individual technical inquiries was to
progress to the pubiication of designs of
simple farm machinery. The first problem,
of course, is the acquisition of these
designs. Some of them are collected on our
tours. bui more generally they come from

Tools for Agriculture

exchanging information. We find thet the
most profitable way to get designs from
experienced oierseas centers is to give
them two afl ov. designs, and ask for twa
that they have developed in exchange.

In many ather cases one can obtain the
design rights of a machine which was for.
merly produced in Eurnpe, but far which
there is no longer & demand and therefore
production bhas ceased. A particular
example of this appmoach in which wa
were involved was for & bending machina
to bend steel bars. This originated from an
African inquoirer who asked how to bend
slaui bars into circles to make a wheel fora
bullock cart. We looked at the various
pieces of equipment which might be
avallable from Eurape for this job, and the
cheapest ane that cur project officer could
find details about cost $1.400. Eut we
manaped to get the rights on a very simple
design which could be constructed for $14,
just one percent of the cost of the com-
wercially manufactured machine. 1t is not
as good in the sense that it does not work
as fast and that it requires a lot of effort, but
it cannot realiy go wrong. The design is
simple and the cost of materisls is very
low. It can be made eniirely fmm mild
steel-—no hear-treated alloy sieels, for
instance, are requirad. It is guite an
achievement, [ think, to produce a machine
that is only one percent of the cost of the
commercially available article. One or two
other items we have developed in the
workshops of the National College of Agri-
cultural Engineering where the project is
hased, but mosi of the designs that we have
published have come from the field
projects in Zambia, Tanzania, and Nigeria,

S0 far, the policy has been only to
publish designs which have already been
built and tested in developing countries. It
is still a matter of debate whether this isa
good policy; should we only publish what
has been proven to work in developing
couniries, or should we try and publish
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anything that we think might work, or that
might give ideas to a local designer? We
have really played for safety in publishing
what hus already been [fairly thorowghly
testéd. The way in whick we have
published thase designs has been
somewhat uncanventionai. Only in a few
cases have we used Llhe pormal sort of
engineering biueprint on very large shects.
This is sumething which is usually only in-
telligible to a trained engineering

tarhelnian
tecnhician,

What we did instead was to ask
ourselves who might use our designs. And
we thought there would he about four cate-
gories of people. It could be agricultural
machinery factories, of which there are a
few in developing countries: or it could be
englneering departments in universilies or
in quite large research stations, which
ought te be able to interpret manufacturing
instructions in almost any form; or the
designs might be used by much smaller
research and advisory centers, perhaps
government extension centers or mis-
sionary projects, which do not have any
specialist engineers although they may

weil huve experienced “amatears™; the lasi
category of people who mi ht use the
designe are the very small workshops.
village blacksmiths, and people who have
aradnated feom being 4 village blacksmith,
perhaps through learning a technigue such
as welding. Our experience hias shown that
this last category of people probably would
not be able lo interpret drawings in any
torm. let alone emgincering drawings.
Some of them are illilerate, at isasl ia any
cases they are not literate in Roman script,
although they may be literate in a language
written in Arabic or some other script.
Mast of them have very little idea of how to
read and interpret a drawing and make it
into a machine. although they can be very
good at copying an existing machine. So
our “targel” has become the smal! research
or advisory cenler which has no engineer-
ing staff—the place where there is just a
“handyman,” somebody with plenty of
common sense but not a trained engineer.
The drawing in figure 3.1 can be re-
produced on white standard-size paper.
An advantage of this is that in any city,
even in the middle of Africa, you can get

Fugire 3.1 Dx-dravm, tie-ridg,
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this photocepied and can print as many
copies as you want. If one sends out a large
engineering blueprint, the facilities for
copying it ara usually rather limited.
Anaother feature is that thera is no writing
on these pages of drawings: thers may be
just a letter, or an arraw poinling some-
where. All the written insiructions are on
pages at the front_The advantaga of his is
that yoo have no need to make new draw-
ings if you wan! to translete into a different
language. The drawings and the letars
written on them will remain the saome and
ont only has ta pet a translation of the writ-
izn page, which is normally falely easy to

Farm Surveys

ITDG surveys the “marketplace™ to de-
termine whet the resl problems facing the
local community are. This technique has
been particularly aimed at African agricul-
ture because most of our experience has
been pained in Africa. Now, it is well
known that agricultural research in
developing countries has very largely been
carried out by expatriate sclenlsts over the
pasi 50 years or 50. A great deal of this ve-

search has been done and most of It has

been very carsfully concelved by Euro-
pean standards. Ths work haz heen very
competenily executed and it hes clarified a
great many of the feetures affecting the ag-
ricultura in these couutries. Of course, in
theory, this research information is of great
vaiue to the African small-holder. But if
you visit a research slation in Africa and
then ook at the farms around it, you will
ootice fmmediately the conlrasts; the very
high erap yizlds in the research station,
and the relativeiy very low ones in the
farms eround. As an exemple, take the
faicly typical case of seed cotton produc-

Tanls far Agriculture

tion in Nigeria. A research station in Ni-
geria can easily obtain 3.000 kilograms per
hectars of sead cotton; the farmers’ praduc-
tion is nearer 300 kilograms. In the past it
has been the custom of the research
workers, if lhey bave in fac! bien gues-
tionad about i, to put the blame mostly oo
the agricultural extension service. The
explanation has been that the scientists
have produced the infermalion. but 1he ex-
tension worker has failed. He has not pun it
Biross ta the famners.

I think we are beginning lo ses now
that the real truth is that in very many
cases the sort of research resnlts thal are
prodaced are Jusi not capable of being ap-
plied to the conditions of jife and work on
an Alricen small-holding. They are inap-
propriate for some tesson ot another—
technological, economic, social.  Most
people by now are surely eware that there
has been very limited success in the preen
revolution, because the new crop varicties
need large amounts of fertilizer, they need
all sarts of pesticides and other inputs
which normally are just nat available to the
small-holders. And the same sort of thing
has applied ic much of the agricultural
devalopmeut effort in Afriea. S50 a5 & pre-
requisite for the successful application of
the resulls of agricultural research, you
musi find out a lot about the way of life of
lbe smail farmer. And you reslly do not
gain this knowledge by doing a very large,
macro-level, social or economic survey. A
lot of these surveys have been carried out
In recent years: they are valuable iu
themselves, cf course, but they don't throw
any light on the basic problem. There is a
need for surveys righl on the farms—the
miero-scale survey. If you am to introduse
the correct inmovations or  improved
monagement technigues, ihey have to be
introduced in the epproprizie order we
have seen that it is of no use giving people
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a rrop variety Lhat neads a lot of fertilizer if
one has oot got a system for isicibuting
the factilizer. Therefore. innovations musi
come in the sppropriste order and they
muost be consiztent with the actual needs of
the rural rommunity.

T find put these needs, really requires
a very comprehensive survey. The ITDG
publication on survey melheds covers lhe
sort of information one oseds: jusi kow
much labos is availsble on ibe frm, how
many people are there [iving in the
household, where is this labor used, how
much of it gaes into crop productlon, how
much into livestock enterprises. how much
in the household. Very many African
facmers spend part of their time trading o
doing some other sort of wark and yoo
therefore need to know whal is the labor
peHern in the target gromp. You need in
knnow whether the homestead |s
permanent, whether there s sorne so of a
shifting cultivation, or whether farmers
will move afier a few years to a paich of
soil which has regained iis fertility. You
must know which individual withln the
family makes the decisions relative loagri-
culture [thisg may oot be done by Lhe farmer
himsalf).

An examnple kos been found in several
countries where majze has been in-
Iroduced, ot when: the extenslon service
has tried to promate its use. Maize is a very
hard crop to prind by the tradivomal
method of pounding, and what happens is
that the women complain that it is too hard
waork and they dan't want to do il. So lhe
farmer stops grow!ng &, but it was his wife
who mede the dacialon.

You nead to know whet the land
tenure systern is. Generally speaking, in
Eurgpe a farmer hus a faitly stable sort of
position on his owe farm and he knows he
is going to live 1here for mayhe the resi of
his life, end perhaps hia children and
grandchiidren after him. So, if he makes
some improvements it is well worthwhile.
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Bui if the man has little security. if he may
be thrown owt next year. or if the land
ownership changes fruom ooe man
another every few vears, then nobhody wifl
put m any fixed investmenls on any large
scele. Yoo need to know whether ithere are
any social or communal activities or obli-
gations. It may be the custom in the srea
1hat all the farmars voek fogether, parhaps
for the harvesting of a particular crop,
Thete may he a religious festival which
means that if is no good inlroducing g new
crap which must he hervested at this time
because peaple will not want 10 he work-
ing then, It is very difficult to change this
sort of built-in socisl obligation. So you
need (o know quite a lot about the farmer,
Additionally, of course, yon need the
slandard agriculiural infacmation such as
how biy is the farm, how big ere the fields,
are the fialds all in one place or daes the
farmer have 13 trave) severs] miles batween
ficlds, the type of scil, the Eertility of the
soil, and the trend of the Fertility of the soil.
in many parts of the north of Nigeria you
cen meet farmers who soy, “My grand-
father used 1o fill six grain stores from this
land and pow T can anly fill two From the
same land."—which means thal the
Fertility ls decining. You need to know if
there is additional land available, 1 is not
much good introducing a new cultivation
technique which wiil allow a farmer to
cultivate larga areas of land, if there is very
little good land avsileble for him
cultivate anyway. You need to know
whether there are any soil conservation
works which are necessary. You need io
know, of course, what is the minfall pat-
tarn and how raliable is the rainfall. This is
the most Imporant determining facior in
agriculture. You need to know the crop-
ping pattern and to which gops the Farmer
gives priorily, There have been many years
of rasearch, again in the north of Nigeria, lo
help farmera grow more of their main cash
crop, which i eotton, and to encourage



them 4o plani it sarly. If a farmer plants cot-
ton in the monih of June, he will get sbout
twice the yvield 1hat he dees if it Is planted,
as the farmers do, towards the end of July.
Here again il was only realized very
recently thei the reason farmers don't plant
unti] the end of July is that they are busy
working on other crops; they are
concerned with their ataple food cropa.
The Farmer is going to make sure that he
gets enough to cat, even if he doesn't get
much spare cash, so he will always plant
and weed the laad for bis fond crops before
he will even consider planting cotton, This
cash crop is just a sort of bonus to him; his
ic only a partially monetized econemy.

You need to know, of courze. about the
marketing of crops, what is the markeling
system, how far do 1he crops have to traval,
are they perishable crops or nol. These
questions will reveel only pari of the in-
formartion that one reaily has to find out
thoreughly before even starting to do re-
search on inngvations like appropriate
equipmeni or technigues.

Certainly there has in the past been
quite a iot of vesearch which has besn
totally inappropricte to the sitnation of the
Alriran farmer. Buot if yan can do the typa
af survey 1 have just described, you should
find out where the labor peaks oecur, that
is, et what tinme of the agricultural year is
the demand for labar at its peak. This is
probuably the mnint at which the intmoduc-
tioo.of machinery will be inost effective. In
the past il has very often baen generally
assumed that it wes some particular task
that was imposing a 1mii to productivity,
and it hes frequently been said that the so-
|ution to the farmers’ problems is ox plow-
ing—what they need is ox plaws to help
with the hard work of preparing the land
for cropping. Hut it has been fuund that
even afler the ox plows bave been in-
traducad 1he Farmers still do nol grow any
mare, or any belter, craps, because ox
plowing has not helped them much. It may

Tools for Agricolture

have made life easier for the farmer, which
is good inits way, bl plowing is not really
the labor Lotleneck. The labor bottlensck
comes al the time of weeding the crops,
and it is no good planting Iwice as many
crops 4s he can keep fres of weads.

Demanstration Projects

I shall quickly mention 1he field
projects which we have run, The area in
Zambia in which we were involved was
one for which there was not very much ag-
ticultural information. The project staried
out with a swvey an the lines T have
described. They found out that ihe main
proulem was transport, but weed control
and the harvesiing of groundnuts—one of
the major crops—were also important,
Thesefore, once thase hotilenecks had been
identified. the engineers on the project
developed some hunllock caris for
transport—not Osed in the area before—
and various types of cultivators for killing
weeds together with an imptement for har-
vesting groundouls, Io this avea of Zambia
{here ware nut very many Macksmiths, oo
rural Graftsmen, capable of building such
designs. So it was necessacy lo lain the
rutal craftsmen, but chey didn’t have even
the basic hiacksmithing equipmem. So.
hefore the projest staff could begin train-
ing, they had 1o design a very simple
Macksmithing forge znd then show the
peropla first how to build it. This just goes
to underline how important it is to do the
righl things in the right order—until the
blacksmith kas got a forge he can't make
any implements, howevar they are
desighed.

In the Nigerian project a good deal of
the survey data had already been collected
by the economics department of the
urwversity, and weed control had been
idenitified as the labor bottleneck. The
project staff developed implements for ap-
plying herbicides, both as a spray and as
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granules. As a reaull of this, an interesting
technique was developed largely in the
university, but with some agsistance from
the 1TOG project. The university agro-
nomiets decided it might be an improve-
meni to try to mix the hechicide with the
fertilizer grenules and simply spread the
resulting mixture—in other wards, to ap-
ply the Fertilizer and the herbicide in one
aperation. A number of machines for the
mechanical control of weeds by tweing
were developed by the prject together
with equipment for hareesting proundnuts
and for processing kenaf which ix a fiber-
producing piant. It is a very tall plant with
a thin stenz, the fiber being oo the outside
whilst the [nner parl is sofl. The enginpers
desipned o machine to get rid of ihis sok
part and to saparste the fibers which can
then be used for making rope.

All the impfements, in both projects,
have heen designed far local construction
uging the sort of materials which are eastly
available and employving simple ogquip-
ment. Tt is important 1o stress the need to
use easily available materiais: as soon as
one gots away from {he cities in, say. Ni-
geria. there iz mo hepe of bnilding an im-
plement which is made oot of what we in
Europe would consider & stendard sort of
engineering material snch as Hat strips of
gteel or iron. These things are just nol
available outside the large cities. The only
sorl of stee] which is available iz that
which is used by builders—stes! waler
pipes and steel rods for reinfercing
concrete. So you have to design, or very
ofteu redesign, machines to be made out
of water pipe and reinforcing rod. In the
Nigeria project we made the protolypes in
the project warkshop and then com-
missioned from @ local craflamean hali-a-
dozan of each machive for testing by
farme:zs.

In this way the local craftsman learnad
how to make this sort of machine and got
paid formaking it. 1f at 1he end, the farmers
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decide they like the machine, three will be
a local manufacturer ali2ady trained. Whal
has happened in the past in some cases is
thal a man ha- developed a machine
perhaps at 1he loual university, it has bean
shown to the farmess who say, *Yes, a very
nice machine. where can wa buy lt, how
mugch will # cost us?™ Bul i wobody bas
raally looked hard a1 establishing proper
manuficturing capabiilly then the only
reply can he, “We don't know where you
cun bmy il, nor do we know how much it
will cost,” and of course the farmers lose
interest. Many schemes have tried pastially
to overcome this by bringing lbe black-
smiths inte & cenlral \raining establish-
meat, but very often a blacksmith doesn*
want to corne—who s going to keep hhin
alive, who is going to feed him and his
fomily when he stops work and goes away
for training? This was the reason we got
loca] craftsmen to build the machines in
their own workshops on the spot.

Consultation

Our iimolvement with agricoliural
conswltation is only jusl beginnlng, al-
though the other speakers in tiis sesies
mention many other fopirs in which
asslstance and advice hes Leen given lo
enable schemes appropriate to the local
situalion 10 be plannad and execured. We
have, however, undertaken a censullation
for a bauxile nrining company in Guyana,
which operates in & very underdeveloped
region. The compeny is already consider-
Ing its responathility to the local warkess at
the tlme when the bauxite supply runs out
in ahout five years' tima. There wil] then be
scmething like 5,000 people without jobs
in this isolated region. They are, howevar,
already well eslablished lhere. wiih theic
own homes and tiweir children growing up
in a living ecommunity. To move 5,000
people when the bauxite is exhausted is




not only expensive bot also, in the lipht of
other rehabililalion schemes. slands a very
high chance of being socialiy disastrons,

The company therefore is examining
what possibilities thera are for this com-
munity, and engaged us as consultants to
look al. smong other things, the feasibilily
of starting some sort of agro-based indus-
tries, They are thinking of prowing cassava
which is a crop with & very bigh starch
content. The mining industry uses a great
deal of starch in processing bauxite so the
agriculinre and the industry processing
cassava into starch can be combined and
then supply the mining industry. Another
apro-industry that is being considered is
based on goat mearing. The goats can
produce meat and milk and could give rise
to additional processing indnstries manu-
facturing fertilizer, stock feed, glue, and
other such products.

Tools for Agriculture

I hope that by now I have given a fairly
comprehensive account of the way that a
European-baeed group can assist in the
improvement of the apriculture of develnp-
ing countries. Although the problem is
vast we have identified for ourselves a few
highly specialized tasks. Perbaps the most
impertant aspect of the work is in the mo-
bilization of knowledge that is simply not
available at the grass roots where the inno-
vations must take place. 8o the iniormation
that we handle is of necessity both very
ganeralized, in the sense that it 1s collected
from widely divergent regions and types of
farming. and highly specialized, in the
sense that all the innovatlons must be care-
fully aelected ta be as appropriat: ag poesi-
ble to the saricultural paremeters and
social customs of the area where they are to
be introdnced. The process that connerts
these two aspectz and enazbles the spe-
cialized seiection to be made is, of course,
the farm-level survey.

Tools for Agriculture

But in order 10 give a clearer undsr-
standing of the type of equipment we ure
lalking abont, 1 want to give some exam-
ples. Mow there are two ways Lbat vou
might react to them. You might think that
technically the designs am extremely
simple and thal it is hardly woerth a highly
qualified enpineer's lime to ba bothered
with such seemingiy minor impravements
to crude traditional implements. Or you
might undarstand, particularly il you have
had field experience in a developing
conntry, that Lhe difficall part is nol the
design work bul it is identifying preclsely
what type of eqnipment will ba of use to
the farmers, ensuring that it can be manu-
factured lacally and., above all, seeing that
it is aclually used.

1 have grooped the illustrations that
follow roughly in the sequence of opera-
tions that must be performed on the Jand
and the crop. Clearly this is ne atiempt e
describe all the operations that are
necessary oF that might be dezlrable. Nor
does il mantion more ihen a tiny =ample of
equipment that might ke epprapriate in
different circumstances. Mareaver, the
examples are not necessarily develop-
ments by, or any work to do with, the Inter-
mediate Technology Development Group.
Thev are simply a random selection of
designs that have originated from a
number of countries.

Power

The availahility of suitably cheap and
reliable forms of power to apply to apri-
cultural operations is obvicusly important
and is the subject of much research. [ have
already mentioned one approach—the
“sngil” stabonmery power nnit. A slightly
muore traditicnal unit wes emploved hy the
university in Uganda—a small, very
simple, and low-cast tractor for African
farmers. It nses quite a lot of imported
parts, principaliy ihe engine, gearhox,
axles, and sieering year. But the main
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Phale 3.1 Indian bullock yoke,

frame was designed and built locally and
all the assembly was [ocal. A basic limita-
tion of small tractors seems to be Lheir light
weight and small wheels together with a
relatively high cost. This design did not
develop much power and has not really
been a great success.

Many more farmers in the waorld, of
course, use animals than use tractors, al-
though a calculation of the actual energy
consumed is not so easy. Quite consider-
able improvements in the animats' output
can be made through attention to breeding,
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animal management, and the design of the
equipment they are 1o use. Photo 3.1 gives
an idea of the sort of yoke commaonly fitted
in India to the necks of these bullocks. It is
not very comforlable and therefore not very
efficient, In many areas Lhere ate improved
lacal designs that, in the case of the cattle
shown here, would it round the hump and
enable more of the bady weight to be
utilized for tractive effort.

Furthermore, we have demanstrated to
tarmers 1n Nigeria how to work with just
one bull. As a matter of interest the bulls in
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Phaoie 3.2. Simple mokdboard piow.

Tools for Agriculture

that country are very tame and the use of
bullocks nr oxen in Nigeria is guite rare. Ad
present mos of the farmess io Nigeeia work
Ibeir caitle in pairs even for light opera-
tions. This, of course, is very wasteful, for
if the man can use one bull at a time he can
either let one of them rest while the other is
working or he can bny another implement
and use the two implements together, This
would be an example of a very simple,
though important, improvemant.

Cultivation
Ona of 1he chlef tasks for which power
is required in agriculture is cultivatlon, or
the preperation of the ground for plenting.
Fiinio 3.2 is an exampie of a very simpia
sort of maldbosrd plew that is being

PMow ki Crops grown
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demonstrated in India. Although it seems a
very basic implement. it is ilself a
congiderable improvement nn the type of
plow lhat is very widely used in India. Il
has been properly designed—yaou can see a
range of adjustmant holes lo vary the angle
of the plowshare—and well made. The ma-
terial that the main part of the plow. shown
in pholo 3.3, is made from is water pipe,
which is a very cheap and usefui material.
The plow is an improved type for use with
crops grown on ridges and is again made
in India.

There ure other iypes of cultivation
aguipment thun the plow. Mast people
associate disc hacrows with sophisticated
Weslern farming and large traclors but
they con he made even for use with
buliocks {photo 3.4). The performance of
this machine is nof as sffective as those
used with tractors, hut It does 4 good job in
the circumsiances. Phota 3.5 is just a very
simple cuitivator being exhibited at an ag-
ricultural show. It is made very largely
from womd with only a small amount of
steel used principally for the tines, but
again ii can do a gaod job.

Pholo 3.5. Simple cullivator.
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Tools for Agriculture

Photo 3.7, Simple planter,

Phota 3.6. Scoop tor earth moving.

Levelling

roil erosion can be a serious hazard to
agricu;:ure and to the morale and liveli-
hood of the people trying to support
themselves on it. | have seen many cases in
East Africa of raing washing away three or
four centimeters of soil complete with the
newly planted seeds. The only effective
remedy involves lots of hard work in dig-
ging a drainage system or in reshaping the
land’s contours. In many areas it is
necessary to move 2 lot of soil in order to
form fairly level ferraces. The Eurocpean
way to do this is to use a tractor or a pur-
pase-buiit grader. But these machines have
to be imported. are very expemsive, and
need very skillful operation. All 1oo
frequantly they are liable to break down
miles from a skilled mechanic and well-
equipped workshop. One way 1o overcome
this problem and simplify the operation is
shown in photo 3.6. It is just a simple im-
plement for scooping the soil that is pulled
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tehind a pair of bullocks. Again, it daesn't
perform as well as the latest sophisticated
machine, hut it is very easy ta make, re-
guires no foreign exchange to purchase ii,
anyhody can repair it, and an untrained
man can use it,

Planting

After the land has been cuitivaled and
levelled, one has to plant ibe crop and
phota 1.7 shows the very simplest sart of
mechanized planting urrangement. You
can see that il consists oniy of a sort of tine
which is pulled through the woil by a
bullock, The sesd is dropped down a tube
inia the ferrow opened up by the tine, This
simple machine represents a considerable
advance over hand-seeding: it is much
faster and much easier. This lype of fmple-
ment can be developed further by having a
similac device sowing four rows st a time,
although it takes quite a lol of skill to drop
the seeds down 3o 1hat just o few flow inta
each tube, With a bit more developmant
yau cup parially mechanize the system as
Is shown in photo 39.8. A happer for the
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Phats 3.8. Panly mechanized planer.
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Phote39. Seed-and-fertiizer drill.
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Phate 3.10L Animai-drewn hoe.
seads end the tubes that dirsct them into The sume rasearch station in India that
the ground have been stlached to what is developed the prewvions example is now
basicaily an indigenous traditional plow. moving towards a combined seed-and-
The additions are made oui of stesl; the fentilizer drill {phato 3.9). You can see ihat

plow is wood. it i& net guite as expensive 10 produce this

" Phatp 3,11, Wesding altachment fitled
* rdging plow.
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design as the Western type of seed drill,
which meters the seeds ont separately for
each row. In this case there is only one
expensive part 1o the maching—thp part al
the top which controls 1ha flow of the seed
into a fuunel and down through four tubes
into fonr rows in the ground.

Weed Control

‘The next operation is thal of wead con-
tral and photo 3.10 shows a conventional
type of implemen! to be pulled by caltle for
hoeing oul weeds. This particular example
was made on our Nigerian project and is
nearly all constructed of wood which cuts
the cost considerakbly. It can be made with
no moee tools than the average village
blacksmith already possesses.

In the north of Nigeria most farmers al-
ready have a ridging plow but photo 3.11
shows a weediug attachment fitted to one.
The plew consists of the handies. the
plowshare, and the drawbac which are

Photo 3.13. Ridga ciop weeder.,
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darker in the photograph. The lighter
shaded part is the weed control attachment
which simply docs some hoeing—remov-
ing weeds at the same time that the plow is
pulied along. Although very cheap, it is
quite effective in the right conditions.

A very simple specialized hoe is
shown in pholo 3.12. This requires nc
animal power—it is merely pushed along
by hand. But the wheels make it much
faster and less tiring to use than an bs-
dinary hoe that is just held in the hand.
And it is a lot cheaper to buy and use {han
one powered even by oxen, and certainly
very much cheaper than anything powered
by a tractor. Photo 3.13 is another attach-
ment, but it is specialized in the sense that
it is used fo- weeding crops grown on
ridges. The attachment is designed to be
used with the standard ox-drawn toolframe
shown. A very similar design of machine
made on the same principle, but for use
with a tractor, costs about $1,200 and wiil
weed three rows. For this one we managed
to reduce the price to about $20 to enable a
man and a pair of oxen to weed one row.
Further development produced a weeder
that could tackle two rows at a time and a
slightly different design capable of weed-
ing craps standing ahout ane meter high.

Pesticides and Fertilizers

In the current state of the agricultural
art it can be shown without doubt that
certain practices, which are derived from
the European approach to agriculture, lead
to increases in output. A classical example
is the benefits gained from sowing seeds in
rows rather than broadcasting them indis-
criminately. Similar benefits over tradi-
tional agriculture are attainable from the
use of chemical inputs, particnlarly
pesticides and fertilizers, and the small
farmer has generally recognized this and is
eager to use them. Without going into what
at the moment are the more theoretical
arguments about the wisdem of basing
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whole agriculiural systems on chemical, as
opposed perhaps to bivlogical. inputs or
into the argumenis aboul the continuing
availability of such inputs, one cannot
advise that the small farmer, should not
benefit from them. His margins of safety.
profii, and livelikood are too swall. But
with a clear awareness of the dangers af
energy-intensive farming and with a de-
termination to see that the small farmer has
access to pquipment he cean afford, one can,
and [ believe should, make available ko him
appropriate equipment for the application
of pesticides and fertilizers.

There has been a great deal of thought
given to machinery for pesticide applica-
tion. The knapsack type of sprayer, carried
on a man’s back, is very familiar. Two men
with hand-pumped equipment on their
backs can spray about half the width thata
tractor unit can. But the equipment cost is
approximately $50 whereas the tractor and
its sprayer would cost about 100 times that
amouni, Engine-driven knapsack dusters
are even more impressive; and they can be
designed as a two-man unit. One man car-
ries the reservoir, -mp, and a reel dusting
tube, the far end of which is taken by the
other man. Together they can cover a
width of abont nine meters which is as
wide as tractor-drawn dusters will cover.
And the egnipment is in many cases mnch
better suiled to use in small fields.

Threshing and Processing

After all the operations have been car-
ried out on tne land and the growing crop,
and it has been harvested, it needs furlher
processing before it can be used or sold.
Many crops require threshing. In many
countries the crop is laid out iu a big circle
and bullocks pnll a sledge round and
round in a circle while walking over the
crop. Eventually most of the grain will fall
ta the bottom of the circular heap; abont 60
percent of it will be recovered although the
remainder will be wasted. Photo 3.14
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pPhoto 3.14. Mechanical thresher with an
orkput of 100 atograms per nou

Phote 3.15. Large thresher used tor
contract work.
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shows an Indian improvement. This higher
level of technology is an engine-powered
thresher with an output of about 100
kilograms per hour. It is a fairly cheap ma-
chine—certainly much cheaper and more
appropriate to their conditions than a com-
bine harvesier. Photo 3.15 is another
thresher made in India. This one is
mounted on large wheels so that it can be
towed by a tractor over all sorts of ground
and it has an even larger output. It is very

suitahle for contract work, Dhats 2.158 is
suitable Ior contract work. Vooto 3.16 is

some simple equipment for the processing
of kenaf which I mentioned earlier—its
purpose is to strip the fibers from the plant.
You can see that many bicycle components
are used in its construction. because they
are cheap and easily available in Nigeria
where it was made. It gven utilizes a pair of
dlscarded wvalve springs from a iraclor
engine which are also essily available in
maost places in Africa.

Me ufacture

I referred sarlier to the importance of
lbe design thet we made of & very cheap

Tools for Agriculiure

Phole 2.18. Device for stipping kenaf
hibers.

metal-bending machine. This is a wital
piece of equipment for the local craftsman
to have if he is to be able to fabricate the
machinery designs we have just been
considering. At a slightly more advanced
level of technnlogy is a fly press that has
been developed and buiit by the owner of a
small metatworking factory in India. A fly
press is normally a fairly small piece of
equipment, but this is a very large one
requiring six men for its operation. They

have o run round in a circie, sorewine the
nave o run round in a circle, sgrewing the

stamping part down, in order to bend hot
pieces ot steel. The factory owner claims
that it is equivaleni o a 100-ton power
press and that for the occasional use he has
for it, it performs more than satisfactorily.

Conclusion

In this chapter [ have made no men-
tion of many of the wider issues such as
land reform or financing. This is not be-
cause they are not vital, but becavse thers
are many organizations and programs al-
ready committed to these aspects. One of
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the most difficult tasks that the agricultural
project has faced was to define a way in
which a very small amount of maney and
manpower based in Britain could do
something practical and useful. The most
imprriant pap that we could see. and that
we leli we could fill, lay in the provision of
knowledge shoul different levels of
technology. la order to fill this gap we
fiave had of necessity to hecome imvolved
in scongmic and soclal surveys. We feel
that the reazon that this was necessary was
berause neacly all the surveys that had
been done before had no techoological

componenl. That is to say that the people
carrying them out had insufficlent
experignce of technology and the possi-
bilities and limitations of agricultural
equlpment, to look at the prablem from the
farmer’s point of view. One might almost
say that one can’t ask the right questions
until one knows at least some of the
answers. But we don't think it strange that
we have had to become involved in
nonaengineering disciplines, since we don't
think that enaineers acling alone can make
much of a woithwhile contribution either.




Chapter Four

Intermediate Technology Building

by John P. Farry

Man was once a cave dweller. In the
Ice Age this provided a form of accommo-
dation which ensured the survival of the
species, Even today it s kard to improve
upar the four maln advantages of a good
dry caves

Moderale ambient temperatures

Low maintenance costd

Hygienic conditions

Security

Caves have excellent thermal insuiation
and can be made draft free. The tempera-
ture only changes over a narrow range
between day and night, winter and sum-
mer.

A good cave incurs almost no structural
demage in use, is therefore virtually
maintenance free and lasts far thousands of
years.

If looked after and swept out megularly, a
cave can be kept frec from most disease-
carcying varmin. It is important o throw
bones well clear of the entrance and also to
bury the dead as far away as possible.

Single-entrance caves are ideal for secur-
ing against thieves and wild animals.

Caves are, however, in very short sup-
ply and are badly situated in mountainous
areas pway from flat agricaltural kand. The
nearest existing eguivalent 1o a cave built
artificlally on fiat ground is the Scottish
“black-house,” a hollow mound of earth
and rock with a thick roof-covering of
natural vegetation.

As the earth’s temperature rose and
the ice receded, man was able to move out
of caves in the hills and change from a
hunting/gathering economy to farming.

Shelter was still needed, especially
during the winter and at night, aud people

became enormously resourcaful in bnild-
ing dwellings out of paturaily occurring
materials. By assembling malerials which
could be found around them into simple
bnildings, people were able to survive in
areas of semidesert, on grasslonds and
arctic tundra, in forests, river floodplains,
and even in river estuaries with houses
actually built on stilts in the water.

One of the most rudimentary of dwell-
ings still being built today is the *'sulap,” a
simple lean-to made out of bark from trees
and sticks, accommnodating one or two
persons, which the nomadic Punan people
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of Barnee use for avernight shelters. [T
have spent nights in sufaps on many occa-
sions and can describa tha experianca as
mast uncotnfortable. The simple structure
keeps out direct raiafal! but provides little
profection against leeches, mosquitoes, or
the damp night air of the rain foresl.)

Building Malerials

In different parts of the world all kinds
of materials have been used for buiiding,
most of them im permanent.

People living in rural areas ioitially
built with natural materials soch as mud,
bamboo, lags and sticks, tree bark, rocks,
leaves, grass. reads, coral, seashells, and
snpw. These materisls can be gathered and
put lo use with little furlher processing.

Taking development a stage further,
other building malerials are made by
converting naturally occurring resources;
planks cut out of wood, building hlocks
chipped from soft stane. and slate tiles cul
from hard layers of sedimentary rock. Even
animal skins are made up inlo tents by no-
madic herdsmen and 50 constitute a bnild-
ing material.

The ultimate stage in the evolution of
basic building waterials is the deliberate
manufacture of permanent building
components from soils and apgregates.
These new components are bricks, blocks,
tiles, pipes, and cements which require for
their manufacture a prior input of capital
and the exercise of special skills.

In recent years, the waste products of
civilization have also been used as build-
ing materials by shantytown dwellers:
kerosene tins, hammered Flat, are used for
roofing tiles; old packing cases, and sven
pieces of oid tires, make rough walls, In
Australia the walls of huts have been built
oul of empty beer bottles which occur in
large guantities in outlying townships.

The facility to fiud and adapt materials
to consiruct suitable shelters could well be
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an inhorn characrecistic of cur species—a
mechanism for survival just as it is swith
many species of mamenal. bird, reptile,
fish. and crustacean. Perhaps we can see
this inslincl in the behavior of children
wha all seem to take pleasure in boilding
“dens" or shelters.

Whal is apparenl is thal people af alt
races have always been incredibly
resourceful in their use of whatever ma-
terials they cap find 1o construct their
buildings. The results have been remark-
able for they have snabled life to go on.
children to be horu and raised. and men
and women lo rest. in conditions so
exireme that unprotected livestock and
even wild animals have died.

But there wre, however, grave draw-
backs ta building with materiats which are
pevishable and irregular in shape. some of
which are obvipus and cthers not so ob-
vigus.

Most dwellings bui't of natural me-
ferials have a limited expectaiion of life,
sometimes three years or less, Moreover,
there is a heavy burden of mainrenance
work to keep the structure habitable. In an
economy in periods of the vear when all a
family’s waking hours must be spent in
production of food, it is an unwelcome ad-
ditional burden to have to rebuild part of
the house after a heavy rainstorm. Houses
which depreciate in value in time produce
less stable economir attitudes than do
houses built of permanent materials which
tend to increase in value in time. If a man
has a valuable piece of pruperty he will
tend o persevere with his means of liveli-
oyt even afler a spell of bad {uck—a poor
cro):. a gambling loss, ete. But if the house
is worth virtually nothing it iz easier to
leave It behingd and seek better luck in the
city. Their lack of firm rural roots tends to
swell the numbers of people drifting to the
cities iu developing countries, causing the
dreadful probiem of urban overcrowding
and squaior.




There is a danger of infestation by
disease-carrying insecls in most fropical
structures which are built of bark, leaves,
or uopainted waead. Fleas and bedbugs
spread plague, stc. Irregular structures are
difflcult to screen apainst mesquiloes, car-
vigrs of malaria and elephantiasis. Il com-
monly accurs that people are forced to
abandon an infested dwelling even though
its structure is still sound.

Indigenous dwetlings are designed as
far as possible to overcome the worst envi-
ronmental problems of heat. cold, rain,
wind, dust, and harinful animals and
insects. Their shortcomings in these
respects are largely caused by the unsatis-
factory properties of the buiiding ma-
terials, not by the design of the dwelling.

Environment

There is in faci no universal solution
to a building design. In some places it is
desirable to keep the wind out, elsewhere
it is desirable to let it in; similarly with
sunlight. [n some places people may want
roofs to he flat providing a high place to
sleep during hat nights or an area to dry
foodstuffs: elsewhere the roof must be
steeply sloped and strong to prevent
damage from snowfall. Some cultures have
smalt farily units of four or five people of
two generations; others expect all living
family generations and close relatives to
live together in households of 20 or 30. In
Borneo where some people dwell in the
sulap as described earlier, other tribes go
to the opposite extreme and build huge
longhouses where several hundred people,
the whole population of a viilage, all live
under one roof. To try to standardize the
building systems even of a single country
could tamper with cultures. Community
life could be altered with unknown conse-
quences. Even in a single country, climates
can vary within a few miles. posing many
different problems. In these areas the
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seasonal palterns are also different and the
various tvpes of agriculture have different
associated meeds fur storage of food and
tools.

To a worrying degree the application
af modern building {schnology to the
developing world has resulted in a de-
terioration of standards of amenily. Many
low-cost housing schemes have resulted in
the establishmeni of dwellings which are
culturally and climabically inappropriate.
In contrast with the variety of designs of
indigenous dwellings which take into ac-
count night and day temperature dil-
ferentiais, prevailing winds, need f{or
storage of goods, family structure, and
number of wives, the European-inspired
house is usually a standard concrete box
with an asbestos-cemanl or corrugated iron
roof. 1t is not surprising that there have
been instances where villages bave been
moved as a result of road or irrigalion
schemes and rather than iive in the new
houses provided, they have built their
traditional structures alongsids them. H is
painful to contemplate what a tragic waste
of scarce resources such mistakes represent
in a poor country.

The apparent material superiority cf
European and American industrialization
has made their methods the obvious madel
for the undeveloped couutries. By a com-
bination of impositiou and unquestioning
acceptance, Western building technology
has already dominated the skylines of the
cities of the Third World—and even in
rural areas the architect from the
underdeveloped country, having been
trained in Britain, Germany. or the United
States, builds to fit his own countrymen
into honses conceived for another calture,
economy, and climate altogether.

The compromise is fairly obvious. Pro-
viding that the facilities to manufacture
permanenk basic building materials are
available, most of the '‘design” can be left
to the individuals who have already
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demonsirated incredible achievements in
their use of unsatisfactory building ma-
terials in the past. Surely they can be given
the discretion to use far better materials
once they are made available.
Skills

But how about the arlisan skills of
jolnery. bricklaying, tilehanging, and plas-
tering? The overseas work of TTDG is
concerned mainiy with rural areas and ihe
most important appreach here is that of en-
couraging self-sufficiency. While it takes
years of apprenticeship to learn artisan
skills 1o achieve the standard of bnilding

expected in European houging, how can
we expect to train 1he whole rural popula-
tlon to the same standards? We cennol nor
should we even fry 1o when ihe other skills
of anlmal husbandry, maintenance of im-
plements, planting. tending and bharvest-
ing crops are vital for survival. Therefore.
we should do no more than teach people a
few basic tricks-oi-the-trade which will
enable them to adapt their existing build-
ing skills to make use of the better ma-
terials. These {echniques shouid be
demonstrated at the plants where the ma-
terials are made; the building-to-survive
instinct should do the rest.

Whera government building prajects

are involved for housing, abhsﬁls. and

clinics in rural areas. it is of course
necessary to adopt a more systematic ap-
proach to the design and construction of
the buildings along appropriate lines. In
this case, instead of reaching for the text-
book, the professional architect should
reevaluate the indigenous system of build-
ing in that loca? area and develop ways of
upgrading it by substituling unsatisfactory
materials with permaneni ones. Only when
it is clear that the nature of the available
traditional material is the major influence
on the design of the indigenous structure,
should the building methods be radically
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altered to accept permanenl and better ma-
terials.

Technical Assistance

The role of the Intermediate
Technology Development Group is
therefore primarily to provide three forms
of assislance to developing countries’
Laullding activicy:

g he setting up of ap-
opriute manufaclurln" facilities
for rmanent building materials—
bri pipes, cements, tiles and
mohng sheels—and with simple
windows aud doors as a lower
pringity
2. To set up appropriate procedures
for training rural people in manu-
facturing methods to produce the
bu1ld1n=' materials and for
demoustratmg how they can be put
inio use in wparading traditional
building methods
3. Where government departments
are building in rural areas, to en-
courage the designers and contrac-
tors to take advantage of the cli-
matically aporonriate local de-

;l‘él"l‘;“‘l;.l'hll“ mc:m:];;i'alu:l;_ “where
possible, improved Toeally
produced buildiug materials.

The key word, therefore, is “appro-

priate” and this applies equally o the
method of manufacturing materials. A
good specialisttechnologist would have
little difficulty in designing a conventional
brick and tile factory to use the clays of
rural Africa and Asia. From his catalogs of
machinery would come a range of proprie-
tary excavators, conveyors. grinding mills,
brick presses, dryers, and kilns with a
capital investment of at least $2 million,
amounting to $40,000 per workpiace. Such
a prestigious project would be all very well
as a showpiece for visiting ambassadors
but even a country as smali as Ghana
would need a hundred such factories to




Fhoto 4.1, Asokwa brickworks {Ghana).

provide the bricks for its housing needs
and where would the capital be found for
such g buge investment program?

Small Brickworks

[ mention Ghana because this is where
fn 1973 two new brick factories started
operation having bzen built along the lines
advacated by ITDG. The project to design
and develop an appropriate solution to
small-scale brickmaking was financed
under British Technical Ald and the build-
ing of the works carried out by the Gha-
nalan Bullding and Road Research In-
stltute.

The first works was built at Asokwa, a
smal} viilage 60 kilometers south of
Komas]. It produees about 10,000 bricks a
wesk and employs 26 men from the
village, [t cost sbout $20.000 in total,
wiich repesents an investment of under
$800 per woskplace—one-fiftieth of the
capital per workplace of a conventional
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factory. the autput of whick would only
have been 30 iimas larger. But there ame
saveral other differsnces which are even
mors imporiant,

- o< L,
Phizta 4.2, Preparing siats and matding tha hisks,
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Phota 4.3_Tipping bricks out of mokis onto drying palliats.

Photo 4.4. Stacking wed bricks an drying racks.




-
Phaoto 4.5. Logally made clay mixer.

lotermediate Technology Building
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1. The capital cost to build the inter-

medizte-lechnolegy factory in-

valved under 10 percent imports.
The rest was obtained locally. By
comparison, 70 percent af the
capital cast of the conventional fac-
tory would have involved imporled
materials and squipment. The sig-
nificance of this for a country
starved by foreign exchange is pro-
fourd.

. The Asokwa factory uses natural sir

to dry the bricks after they have
been shaped and the kiln' burng
local firewood. The only imported
source of energy consumed is for a
small 10 h.p. diesel engine driving
the clay mixer. This uses 10 ions of
oil for a production of a miilion
bricks. In a conventianal modern
factory, however, 150 tons of o
would be required for the kiln
alone, 15 times as much, and a

Phida 4.5, Kiln opened afler firing

i

completed.

sabstantiai Il.l"l']]:illl of elertric power
is alse needed. The Asokwa factory
on the ather hand operates without

an electric power supply.

At Asokwa all the necessary skills
of brickmaking were gained by or-
dinary villagers after only eight
weeks” iraining. The technology
voncentruted on fairly simple skills
oi handmolding. stacking the
bricks in the kiln, and operating the
siwple motor-driven mixer. In the
event of mechanical breakdowo.
the i00ls and equipment were types
fam{iliar ta local car mechanics who
also service the smali maize-grind-
ing mills which aperate in the same
village. By confrasi, the madern
faclory wounld require at least four
highly skillad technicians, expat-
riale or locai people trained i
Europe. 10 operate the complicated



kiln, dryer, and the mixing and
pressing machinesy.

Based on the success of the first fac-
tory at Asokwa, the government of Ghana
instructed a second one to be built at Anka-
ful near Cape Coast. This one was snccess-
fully brought into production and a third
and fourth works are being built
elsewhere, now without any need io call
for help from myself or my colleagues. The
technology is now disseminating without
outside assistance, which is another im-
portant aspect of an intermediate
technology.

By employing an intermediate
technology it was possible to bring produc-
tion inte rural areas of Ghana and provide
work for unemployed people in these loca-
tions. A modern factory would have had to
be built in the city to have any chance of
obtaining the more sophisticated labor
force required——and would have further
added te the drain on the country’s
resources and to the extreme problem of
urban overcrowding.

Cement Substitutes

More recently, the advocates of appro-
priate technology have been giving great
attention to the possibilities of cement sub-
stitutes for developing countries.

Cement technology is high tech-
nology-—if for no other reason, the need
to attain a process temperature of 1,500°C.
requires the application of heat-resisting
linings and sophisticated conirol
procedures. Once the decision to apply
such a technology is made, it is the obvious
course to operate on a large scale to spread
the cost of the expensive instrumentation
and hardware, Rather than attempt to scale
down aad simplify tha manufacture of ce-
ment, the group considsred that it would
be bettor to explore ways of developlng the
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alternative technology of lime-pozzlana
maortars as a substitute for portland cerent.
Process temperatnres for lime production
are little over half that for cement and can
therefore be adapted ta simpler
technologies. There exists already an in-
digenous pozzolana technology which is
widespread. The combination of slaked
{ime and “surkhi” [(waste bumnt clay
prodncts gronnd dowe to a powder) is
used both as a mortar and to produce a
concrete. The Sri-Ram Institute in Delhi is
developing an improved technology for
the production of pozzolanas using a
fluidized bed. The best prospect for
development of an appropriale rurel
technology, however, is probably in the
improvement of the vertical shefi kiln
which exists in one form or another in Sri
Eanka, Colombia, Ethiopia, Somalia, and
no doubt, many other developing countries
as well.

These kilns need to be made more effi-
cient in their use of fuel, and simpie aids
need to be devised to ease the backbreak-
ing tabor of loading the limestone and ex-
tracting and slaking the lime. A Further
improvement is to help the limebnroers to
obtain better contro! of quality, by making
available a robust and simple means to
measure temperature. Control of the
Asokwa brick kiln is done by measuring
the shrinkage of the stack of bricks. The
extent of “heat work™ done by the fire to
complete the ceramic process can be ac-
curately monitored by the shrinkage of
most clays. For lime buming it is more
necessary to have some measure of the
actual temperature. By encouraging the
practice of combining the lime with a
suitable pozzolana—a technology which is
much less widespread—ITDG will be able
to assist rural areas to be more independent
of expensive proprietary cements which
rapresents a furiher siep towards self-suffi-
ciency.
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Domed Roefs

A further {echnology which the Buijld-
ing and Building Materials Panel is seek-

ine tn myive and imprave, ic that of the
ing 1o mvive and improve, i5 thal of the

dome and the barrel vanlt as an alternative
form of roofing. Great strides are being
made in dame building by Hassan Fathy in
Feypt who has the benefit of a traditional
village building method to start from.
Domes and vaults are alien to the people of
most other cultures, however, and it is
therefore our thinking that for these to be
used sponianeously, a special brick shape
needs to be evoived which can quickly and
with little skill be built up inte a curved
roof. The most promising shape is the
simple barrel vault which cen start from
ground leve! or be placed on a rectangular
roam. Our thinking so far is that the basic
brick shape should be a modified hexagon

62

wiich would {it together and also praduce
a self-lgtking tie wih a second skin of
bricks Jaid on top. There would be a thin
layer of mortar in between. The materiai
would therefore be halfwuay between a
hrick and z tile byt would have tho ad-

vantage af being a pood thermal insulator.
Mora imporlant thar this is the prospect of
overcoming the costly and time-consum-
ing work of building a permanent timber
frame which is 1he biggast obstruction 1o
the use of roofing tiles in developing coun-
tries.

When the people in the developing
world can build themselves good brick and
tile houses with the masonry bonded by
pozzolanic morars. al) of which materials
they have made themsejves, we will have
taken & mator step towards reattaining the
standards of maintenance, insulation, and
permanence of that excellent but scarce
dwelling, the ice Age cave.
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Chapter Five

Energy in Rural Areas:
An Intermediate Technology Approach

by Peter D. Dunn

World energy use.

T.C.E./Caplta/Annum. 1970

Uniied Stales Unliad |¢ Jagan

China India Warkd

Flgure 5.1.

Energy is a basic need with our
modern technological civilization and
perhaps a few statistics will be worth-
while, We currently use about 6.8 x 10?
tons of coal equivalent a year in the world.
I think this is the 1970 figure, but it is
much the same still. One t.c.e. represents
one ton of coal or its energy equivalent and
is a useful sort of unit because most of us
can visualize a ton of coal. If we divide this
figure by the number of people in the
world, the average comes out at about 1.9
t.c.e. per head per year. Thus we are all us-

ing something like two tons of ccal a year
each on average. A rather nseful conver-
sion factor is that a ton of coal is abont a
kilowatt, so that on average each of us re-
quires the equivalent of a two-bar electric
fire to support us. This, of course, is not a
triue picture; energy is not distributed
really very equitably. Figure 5.1 shows
how it is spread out. In the United States
they use something like 11 or 12 tons of
coal a year; we in Europe use something
like half that and in the developing world
it is much more like half-a-ton. In fact, we
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can say that of the 3.8 billion psaple in the
world, one billian of us use about five tons
each a year giving 5 % 10% Lc.e. enargy
consumption swhile the other 2.8 billion
people use only one-half each year giving
i.4 % 10*lce,

MNow you may well sav, 30 what; what
has that got to dv with development? But
there is a rather interesting correlation
between standard of livisz and energy vse.
This merely means that in @ technological
civilization we use a lot of equipmeni and
iaols which require energy to build them.
The graph of energy per head per year ploi-
ted as a function of gress natienal product
is roughly a straight line (figure 5.2).

The United States is at the top, most of
us in Europe are around about the middle,

but \he developing countries are clusterad
down at the boitom end. Su there is clearly
some relation betwean physical well-being
and energy, and therefore it is important
thal energy should receive attention.
Supposing we ali raiss oursehvcs t the
standard of the Uniled Stales, as averyona
is trying to, Immediately our per copita
energy consumption would 2o up oy a fac-
tor of six sinue the United States uses about
12 {.c.e. per Person per year and we now
average less than 2. Secondly. by the year
2000 the world’s population will perhaps
be doubled. That wauld aive us an overail
facter of 12. The drain on resources would
be enormaus; other problems would fallow
including the degradation of the environ-
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ment and problems of pollution. So Lthink
onr long-term energy solution should be to
develop & way of life which is energy
conserving, Looking at the situstion very
simply. we really do waste a lot of energy.
For example, a quarter of Amsrica’s energy
gaoes into (ransport, principaily cars taking
people to places they don™ really want to
go al something like 20 percent efficiency:
another quarter b burped in power stations
at 30 perceni afficiency: the rest heats up
the aimosphere and water—a great part of
which could be conserved by total energy
and other schemes. Although this argu-
ment is very generalized, [ am merely say-
ing that we should look more critically al

Energy/Capita

Developed nations

Enetgy in Rural Areas

our way of life and see how we can con-
serve encrgy. Even so, we have 1o develop
new forms of energy. that are preferably re-
newable, within the contest of a belter en-
virenment and a consideration of pelhtion
and safety. These conclvsions, although
vary obvious, do nat greatly help the
developing countries. Nevertheless, [1hink
one shouktd make these remarks because it
is misleading to consider 1hat the whole
population can be raised to current United
States energy standards; it just is not possi-
ble in an environmental or ecologicul
senge. And it should not be necesssary
either: we should be considering the type
of appreach depicted in tigre 5.3.

e ——

Developing nations

Time

Figure 5.3
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Energy Meeds in Aural Areas

Walsr Pumping

Domestic, 8.g., cooking

Transport, e.4., small vehicles and boats

Agricultural Machinery, e.g., two-wheeled tractors

Crop Processing, e.g., milling

Smail indushies, e.g., workshop equipment
Electricily Generatian, a.9., hospitals and schools

Figare 5.4,

Energy Requirements

Why do people in developiog eoun-
tries nead energy? Whal do they do with
it? ln developing countrigs most people
live in the rural areas. Thus it is the energ
raquirement in rural areas at which we
should be looking. The sorl of things that
they need energy for are transport, such s
small vehicles or boats: agricultural ma-
chinery, as an example, the two-whee!
tractor; processing of crops, milling, grind-
ing, winnowing, and similar aclivities,
pumping water for irrlgation: setting up of
small Industries, powering equipment,
lathes, circular saws, grindstones; gener-
tlon of elaciricity for things like hospitals
and schools; and the provision of heat for
domestic use, particularly cooking. These
energy requirements are summarized in
figure 5.4, What we engineers should da in
davaloping countries, then, is to look fora
suitable source of energy for these
activilies and an appropriate means of
conversion.
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As engineers we ought to Gonsider the
criteria against which owr solutions are go-
ing to be measured. The first thing we am
going to ask is: How much power do we
need? Then we are going to say: Should it
be continueus, doas it matter if the supply
stops occasionally? Obviously, if you are
grindlng com or pumping water it does
not; if you are watchiug your favorite tele-
vision program, it is quite imporant.

Cost is a very impartant second ques-
tion, and cosl, of course, has the usual
three companents: the initial cast and its
amortized valuz over life, the cost of fael,
and the cost of mainienance. The third
thing wa are going 1o ask is: How complex
is our spjution: can it be mede locally? if it
is made loeally it is particulerly suitable
for iocal repair which is a very impodant
aspect. Fourthly: What about maintenance
and availability of spares? As those of you
who have been in developing countries
will know, a tremendous amount of eguip-
ment stands idle because it cannot be
maintained when spares are not available.



Lastly: How long will it last? And this does
ot mean in a Ewropean laboratory but
under the actual couditions when people
might put sand in the ail by mistake and
make other human errors. lo practice there
will be a lat of boundary conditions that
one does not necessarily meet in Weslern
countries.

Energy in Roral Areas

Sources of Energy

Having describad what ws wani the
evnergy for. and having outlined our eri-
teria, let us’now iook at sources of energy
and socondly at means of conversion.
Figure 5.5 tabulates in a sintple way some
of tha energy sources that are gpsn to us.

Sources of Energy

Muscle Pocwer

Fossil Fuels

Gacthermal
Tidal

Dirgct
Indirect

Solar

Human and Animal

Coal
ol
Natural Gas

e
opower
Vegstgtian

Direct use

Ferrrgn_tatlon -

Animal ferrmantation
Cung

Fisslon
Fusion
Hadioactive Decay

a7
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A very convenient source of energy is
human musdle. In fact, a good galley slave
used to produce about a tenth of a horse-
power far an eight-hour day and mast of
us can do thal too. If you work 200 dayvs a
year, you can producs aboul 160 horse-
power-hours a year ar possibly 120 kilo-
wall bours, to use a more acceptable unil,
Tharefore, human and animal muscle
power are very important sources of
onRIgy,

Fowsi) fuels, coal. oil. and natural gas
are obviously veary unportant. [ have listed
geothermal energy for complei=ness, i is
ngt normally vecy important, vnless yvou
happen to live in New Zealand, Iceland, or
even porlbero ltaly, wherz the railway
system is run on electricity gonerated by
geothermal power. Bol there are certain
areas in the developing world like Mexico
whore there is peothermal power which we
should ose. Fer tidul encrgy we clearly
need to have a coastline which has ta be
tidal. But it can be used in certain special
circumslances.  Solar  emergy  can e
divided into direct solar and indirect solar
sources. By direct | mean straight sunlight:
indirect means the effects of the sun, that
is, wind, hydropower, and vegeiation.
Vegetation you can bum directly as in
burning wood, or you can ferment il or
feed it to animals, and collect the duny and
ferment that. So vegstation can give vou
various fuels, Nuclsar 1 put at the end—
fission, fusion, radiogactive decay—just to
show that [ have not forgetten them. Bul
really they ure nol applicable in this
particular context and, some might arguo.
in any other.

Conversion Alternatives

Consider metheds of energy conver-
gion. M is interesting that the in-
stalled capacity in American cacs is 20
hillion horsepnwer. In fact, if ail Ameri-

&8

can# get in their cars and simultaneously
aceelerate, the electricily szenerated by
their dynamos would be equal 1a 1he elec-
tricity geperaied by uli Amnerican pawer
slatipns,

Human power. as noied earlier. is not.
as many think, an insignificant source af
energy. Assuming Lhol there are ap-
proximately four billion (4 * 10% people
in the world and that two oul of four
people are capable af phyvsical work st a
rale of one-tenth horsepvwer. the human
“installed cepacity™ iz about 2 x 10%
horsepower. While this figure represents
only one-hundredth of the installed ca-
pacity of American imotorcars. it still rep-
resents considerable effort. Theeefore, from
a purely theoretical point of view, it ap-
pears desirable that we should find ways to
unleash this abundance of *'frea” energy in
both developing and developed countries.

Were we to makea little matrix formed
by multiplhying the sources of energy by the
methods of conversion. we would ciearly
gel quite a Jot of possibilities. Some of
these we would elimipate because their
power range is not suitable for our pur-
pose. It is rather interesting to look at
things from the paint of view of power
ranga. and this i have done in figure 5.7.
What 1 have plotted horizontally is pow--
range in kilowatts, from 0.01—that i= *
watts—up to about 1,000 megawai:s
man can work, as | have said, at. out a
tenth of a harsepawor—75 watls-- . . quits
along fime. A horse isshown as  _erating
sometbing less than a horsepower and a
bullock as generating a litile less than that.
Petrol engines go up to 100 kilowalts or so.
and the same limil is found with high-
speed diesel engines. Low-speed diesels of
course go up 1o very big powers. The
Humphrey pumnp goes up to about 10 kilo-
watts. The gas turbine starls in the maga-
watl range and goes up to the mulli-naega-
watt range: the reciprocating sleam engine
ranges from a few kilowatis up to a few
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Methods of Enengy Conversion

Muscle Power Man
Animals

Internal Combustion Engines

Aeciprocating Gasollne — spark ignition
Ciesel — compression ignition
Humphrey — water plston

Rotating Gas turbing

Heat Engines

Vapor {Rankine) reciprecating® — steam engine
rotating — steam turbine
Gias (Stiring) reciprocating*
{Brayton) rotating -- gas lurbine
Electron gas  Theamionic
Thermoeleclric

Blectromagnetic Radiation

Photo devices

Hydraulic Engines

Wheels, screws, buckets
Turbines

K

Wind Engines
Windmills Vertical axis

Horizontal axis

Electrical-Mechanical

Dynamo/alternatot
Motor

*Can be construsted using a waler plston

Figure 5.8, )
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Power Range of Energy Converters

001 041

Powet Range Kilowatts
10 10 100 10 10t 107 1P

Sustzined
Man —_

internal combustion
engine (gasclineg}

inlernal combustion
engine (high-speed
dlesel)

Internal combustion
engine (medium- to
low-speed diesel)

Humphr &y

Gas turbine

Reciprocaling steem
engine

Steam turbine

Stirting engine

Water wheels

Water turbines

Windmilis

Themlenic engines

Thenmosleciric

Horge —_—
Bullock -_—

Uncler devalonment

engines
Phwilo devices

der development

Fuel cells

Flgure 5.7

hundred kilowalls; the sleatn turbine goes
up to very high powers; and Siirling
engines are similar to the diesal. Wa-
terwhsels zo up to tens of kilowatts, water
turhines up to megawaits, windmills sould
po up to mepawatts, Thermionic engines,
and thermoelectric engines, are nat really
worth bothering about, but 1 pul them in
for completenass. Photo devices, although
they have been talked about in the multi-
megawaltt range, 1 assume would give 10
kilowalts, and fuel colls will give some-
thing like 100 kilowalts.

0

In ihe developing countries we are
concerned with 10 kilowatis and below.
which eliminates the steam turhine and the
gas turbine. S0 we have a fair number of
possibilities that we can look ati our
spectrum is quile large.

| think ] have probably said enough
now about the general piclure, What I have
tried to do is 1o indicate what the current
world enargy use s, kaw this migh! be af-
fected by increasing use in developing
countries, whal the sources of pawer are in
developing countries and the melhods of
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for use in rural areas of developing coun-
tries. ! should like, now, to become ralher
more specific and Inok at some things that
have ectually been developed. 1 will aut-
line one or lwo things that I happen to be
currently associated with 10 illusirale the
intermediate technology approach in this
enerpy tield,

Wind Energy

1 mentioned renewable eaergy sources
af which, of course, wind is one. Wind
power is & vary interesting pussibility. It is
free. Unfortunately, it is of very low
density, althiough this does oot malter
much if you do not want much power, and
we tend nof to in any one place. I is vari-
able, which can bs a disadvantage but not
if one is pumping waler or grinding corn.

For the last 1,000 vears the field has
keen dominated by the harizontal axis ma-
chine of the type pioneered in Holland.
High-speed hwo-hladed mills are suitable
for electricity generation, while the low-
speed multi-bladed types are wsed for
mechanical power--for grinding and
pumping. Our contribution, I feel. is
merely makiog available drawings of

conveniional designs and sending ihem
out to developing countries for manufac-
ture and erection.

There have. over the lust 100 years or
so, been developments in vertical axis ma-
chines—Flattner and Savonius roters.
However, for the design of the Savonius ro-
ior you just take an oil drurm and cut il in
half vertically; then you mouat the two
halves on a vertical axis and the thlng goes
nrouad I has 2 good starting torgue, low
speed, and is suitable for pumping (photo
5.1). The great advantage is that you do not
have to orientate it with the wind. We have
recently installed two of those liitie units
in Zambia for raising drinking water in a
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village community. Anyone can make it
we used wood when we were in Zambia.
There is need for much more work in
wind posver. One very interesting develop-
ment now being pursued in Canada is a
veulical axis machine with flexible blades.

The arant arahlem whith all winAdmills iz
L8 RIOST PIOTHNEnl WG &4 WINGDIS 5

their great weight, and hence their cost.
This ihing has 8 weight of something like
one-tenth of the weight of an equivalent
horizontel axis mill. There is plenty of
scope for pood idess, ss well ag conven-
tional ones, in a simple feld like wind
pawer.

Muscle Fower

For many applicalions muscle power
is often the best solution. It is cheap, it is
readily available, and it is often educa-
tional. For example, [ was approached by a
European space agency which is supplying
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televislon sets to rural parts of Africa.
These sels require 35 watts of power far
one hour a day. Now they have so far been
using solar cells, battery packs, and small
gasoline engines. Gasoline engines are
unrelisble and difficult to mainlain, bai-
tery packs are very eipensive, and solar
cells ara prohibitively expansive. Naw this
is @ good example of where pedal power is
what is required. A prrson can pedal very
easily on 4 bicycie for an hour and generate
35 watts. We have in fact developed a
generatar of this sort. Tt consists of @ smalf
wooden frame with a wheel-mounted dy-
namo. [ 5pid it is educalional, because if it
goes wrong the reason is obvious; the dy-
namu has fallen off. or semething similar,
The locail people do not regard it as a mys-
terivus bluck box. They see what is wrong
and ihey can repair it themselves and make
more Units of the some type.

Incidentally while talking aboul
muscle pewer. its efficiency Ls interesting.
I you assume that a man eats 2.500 to
3,000 caleries a day [these are kitocalries).
this is equivalent te about an eighth of a

Schematlc Methane Gas Genarator

Digester

Gﬂ-‘ihﬂldef—(

len of coal 4 year. If you take our earlier
assumplion of wnrking eight hours a dav
for 200 days a year at a tenth of a horse-
power, it means that a man treated as an
gngine is ahouwl 1010 15 percent efficient. [t
is really very good; it is almost as good asa
petrol engine and costs far less.

Methane

The anaerobic fermentation of animal
and vegetable waste is a pood way of mak-
ing fuel. Either cow dung or veyetation or
both cau be vsed as a starting materiat.
And the resulting biogas will contain
somsthing like 60 percent methane and 40
percent carbon diaxide and a combination
of hydrogen and other gases. This mixture
has & culorific value of about 550 to 650
Btu.’s per cubic fool (aboul 350 % 30joules
per cubic meter]. This is just abowl the
cadorific value of town gas. And it cao be
used for the same purposes. It can be used
for lighting. heatine, and for driving
engines. Figure 5.8 shows a schematic of

Figwe 5.8,
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the sor of thing thal we have hesn bnild-
ing. The main components are a digester
and a simple gasholder. This can he based
on the ubiquitous oil drum just upended
and floating in water from which you take
out your gas at a few lnches of pressure.
{One waraing: you will notice where the
illustration says: “flame trap.” Thia is
really vary important. It is most embarrass-
ing tg have your methane plant explode.
This happensd to one of my research
students recently and his friends would
not speak to him for a week; we work ex-
clusively with cow dung!)

Actually, cow dung is a source of
energy that we should be vonsidering in
the developed countrizs. For example, in
Graat Brilain we have 1he same number of
cows as cars, 50 1t ig easy to work out how
much dung you have. We have in fact,
1 = 10* tons of cow dung a year in ihis
country. If you ferment all that. it is
equivalent to about 3 mlllios tens of oil.
Therefore, cow dung is oot an insignificant
source of fuel even in the developed coun-
tries. We have recently developed a plant
for 120 cows for use in the United
Kingdom.

Liguid Piston Engines

Histarically. the first engine to have a
practical value, the Savery engine, and its
development the Pulsomster pump, em-
ployed liquid pistons. These devices were
superseded by the invention of the solid-
piston beam engine, which enahled
mechanical shaft power to he produced,
and subsequent piston engine develop-
ment has been almost entirely with solid
pistons,

The liquid piston engine has a number
of interesting characteristics, and. I
believe, could play an imporlant role,
perlicularly in irrigaton applications in
the developing countries. Liquid pision
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enginez are simple to construct. do not
have tight 1olerances. do not require lubri-
cation of the piston, and have long life and
low capilal cost. The efficiency of these
engines can be as high as that of their aolid
piston equivalent. Liguid piston engines
can be construcied to eperate with sither
exiernal combustion or internal combus-
tion. The simplicity of construction af
liquid piston engines enables them 10 be
manufactured an a small secale. This.
together with the ease of servicing, is an
important advantage when wvsed in
developing countries.
Liquid piston engines can be eithar—

1. external combustion {beat engines)
which may be operated from any
high temperature source, including
zolar heat, or

2. Ilnternal combustion, employing
either liquid or gaseous fuels.

External Combustion
{Heat Engines)

Solids, liguids, vapors, gases, and
elnctron gases have all been used as the
working substance in heat engines. and
any nondissipalive lemperature-de-
pendent property may, in principle, be
used. Most development work with liquid
piston devices has employed either vapors
or gases as the working fluid. These
engines operate either on a Rankine or
maodified Rankine cycle.

Figure 5.9 shows a number of engine
configurations; the solar-heated Savery
engine has been considered by J. R. Jennes.
The basic engine can be considerably
improved by reducing thermal] irmversi-
bilities: for example. the uss of the insulat-
ing free piston in figure 5.9(c) lo separate
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Vapor engines
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{a) Savery Reservoir’ {b) Kiaen

Insulating
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Thermal
Insutatlon
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tha vapor phase from the cooler liguid and
the addition of a separate boiler which also
considerably reduces the volume of cold
water added during the condensing stroke.
We have found that the Payne confipura-
tion is considerably improved both in ef-
ficiency and operation by the addition of
a thermal insutator as in figure 5.9(d)
and fe),

We have been investigating some of
these engines with a view lo assessing
their suitability for use with solar energy.
The sort of device we are considering is the
Kleen sngine shown in figure 5.9(b). The
pipe that goes down ta the water you want
1o puinp has a nonretum valve and another
pipe. again with a nonreturn valve, goes up
to the outlet. If the device is full of water,
as shown, you can apply heat to the boiler
section and raise steam. The steam pres-
sure will push down the water level in the
U-tube forcing water threugh the outlet, At
some point the steam will escape thraugh
the U-tube and become condensed. The
resulting suction will draw in more water
and the process can be repeated.

The thermodynamicists among you
will say that such a process is not very effi-
cient. It is not, but [ have not shown it with
all the regenerators und things: it would be
too complicoted, but we have not over-
loeked them. The engine is about one
percent efficient as 1 have shown it, but we
hope to raize the efficiency quile
considerably. For this engine we will
probebly have to use a solar concenlretor to
gei the temperalure up. So far we have only
builli a small laborutory model which
pumps a few cubic centimeters a minutes
we have not scaled it up yet. 1t is still a naw
development,

Mosl of the work on 1his class of heat
engine has been concentrated on the Stir-
ling engine, This 15 a gas-cycle engine, as
opposed to the vapur-cycle engines we
have just been considering, and is usually
used in conjunction with a solid pistan, al-
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though liquid pislon configurations, such
as those shown in figure 5.10. are balh
feasibie #nd attractive. li is a simple
engine—a heal engine with dieselqype
characteristics, lhough it will probably
cost o than the diesel. it appears to
have advantages for deweloping countries
because it is a sealed upil and has no
valves which should mean that it wouid re-
quire }iltke maintenance.

Free-pision Stirling engines are based
on the idea first supgested by Beale—figure
5.10{g). To operate on the Sticling cycle the
power piston must lag the displacer by
araund 90°C. This is achieved in the Beale
engine by arranging for a mass difference
of 101 between the power piston and the
displacer. The buffer space acts as an
energy store to return the displacer piston
at the end of the cycle. Figure 5.10(h)
shows the application of the Beale prin-
ciple to a liquid power piston. This con-
cept has heen extended by C. West in the
Fluidyne engine in which the solid dis-
placer piston is also replaced by a liquid.
Three different methods are used to
operate the displacer in the correct phase
relationship Lo the power piston. These are
o rocking beam, a pressure feedback, or a
jet stream, itlustrated in figure 5.10(i}.

Internal Combustion

The Humphrey engine hoa probahly
reached o more advanced stage of develop-
ment than other liquid piston engines. It
operates on the Atkinson cycle, and a
genera) diagram and details of the valve
operation are shown in figure 5.11. Al the
beginning of this century H. A. Humphrey
constructed several large pumping engines
fuelled by gas which operaled satisfac-
torily for many years, For various reasons,
hawever, interest was lost and develop-
ment discontinued. In 1670, however,
work was restarted on these pumps in my
laboratory by R J. Cangdon and continued
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The Humphrgy Pump e ‘

Pumplng head

Igniion Exhaust
followad by
pumping
shroke
A & B ¢losed Aop
C opens B, C closed
Bounce Infed [|1 Compression

:_j_— .

A, B, C cioged A, C closed A, B, C cinsed
B apen

Flgure 5.11.
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to the point where we now know quitea lot
about their principles and operation.

The layout of the Hurmphrey pump is
as showm in the illustration. If the device is
full of water as indicaied and all the valves
are closed, the gas in the cylinder will be
comprassed. If this is an explosive mixture
of gas which you ignite with a spark
plug as in a car, it blows a column of water
down the cylinder and up a 10-20 meter
bead. At the seme time tho water valve
opens and lakes in tnore waler; then the
column returns. The exhaust opens and the
spent gases pass through it. Since it is
lower than the rest of the cylinder head,
you are left with a closed pgas space which
is compressed. At this point the inlet valve
apens, takes in a new charge, the column
goes up, again comes down, compresses
the pew charge, and the process is
repeated.,

Photo 5.2 shows the latest six-inch-
diamater varsion which pumps water from
the tank in which it is immersed, Photo 5.3
gives a cluse-up of the cylinder head and
shows the rubber bag which is used as a
zas supply reservoir. the valve stems and
their springs, and on the right, a piston
device which produces a spark via a
conventional coil at maximum pressure.

The Humphrey pump is a most attrac-
tive solution for water pumping. First of all
it has a high efficiency, which is compara-
hle with thut of a diesel engine driving a
pump. Secondly, it is zlearly very cheap
because 1t is made o of plpe and has np
talerances and a very simple head. Thirdly,
il |s suvilable for local manufacture.

78

Faurlhly, mosi imporand, il is readily
maintained because if you make it locally.
yeu can maintain it locally. Low-head
pumping is a very important requirsment
in many developing countrias where one
wishes to move water out of irrigation
canals, inlo things like paddy fields. So
this pump, we {rel, is the sort of thing that
coult well be developed in Europe, but
made and introduced in developing coun-
tries,

The firgt four-inch pump we built only
had an efficiency of 1.5 percent, but we
have steadily improved this until our latest
pumps have an overall efficiency of about
25 percent and will pump about 3.000
gallons {13,500 liters) per hour. The next
phase of the j.rogram is the modification of
the desipa lo operate on liquid fuvels and to
develop an ignition system which does not
require a secondary battery,

Energy is the great common denomi-
nator of heih developed and developing
countries, a fact which has been under-
scored by the permanent energy shortage,
Therefore, we mnst explore all the avail-
able intermediate technologies in the
eneray field: windmills, water power, solar
stills, methane generators, unconventional
engines [Humphrey pumps, solar engines,
and Stirling engines), and coaventional
engines (including diesel). Furthermore,
we shonld give renewed consideration to
humaun power, which is adequate for scores
of everyday tasks. It is in ths inlerest af all
countries ta design, pecfect, and emplay
low-energy alternatives.
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Enesgy in Rursl Areas

Fivate S.2. Humphrey pump in supply tank

Pholo 5.2, Humphrey pump an cylinder head wvatvas, ignition, and gas

reEervoir.
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Chapter Six
Pedal Power

by Stuart S, Wilson

I consider the bicycle as the most im-
portant modern invention. it represents the
breakihrongh in modern technalegy. [ will
Jusi give a few ilustrations to show the
salient faatures of this remarkable achieve-
ment. It took about 5,000 years, of course,
from the wheel to the bicycle, and the
bicycle itself took amother 50 years to
evolve. Having evolved it has hawdly
changed, but it was a remarkable evolu-
tion,

Evolution of tha Bicycle

Phato 6.1 shows what 1 regard as the
first *' proper™ bicycle which was made ic
1839 by a blacksmith in Scotland. It is &
nice hit of Ironmaongery, but it is hardly
lightweight nor is il yet an efficient piece

of technology, Bul it worked. 1i was a
tachnical success and & commercial
failure.

The Ariel of 1870 [(photo 5.2)
represented a considerable technical ad-
vance, having a lishtweight spaked whael,
It was still crude in the sense of nseding
borque arms and tie bars io transmit the
targue from the bub o the rim. Bnt it was
very advanced in having a larg~ diameter
wheel, which is very efflciont in minimiz-
ing 12lling resistance on either rough or
soft ground. In England we call ita “Penny
Farthing™ or an “ordinary” to distinguish
it fram the later “gafely” design: in
Amnerica, they call ita “high wheeler.” We
stil specify the gesr ratlo of a bicycle as it
wag done for this sort of machine: it is still
expressed as an equivalenl diameter of a
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Photo 6.1, MacMilan's blcycle, 1839




dizectly pedsited wheel. Sa the normal
bicycle with a 26-inch (0.66 meler) wheel
end 46 teeth on the front sprocket and 18
testh on the back is equivalent to a wheel
of a 66.5-inch diameter—roughly 1.7
meters. The geariv: of the “ordinary™ is
clearly limitad by the length of the rider’s
logs. It was very efficient and light-eeight,
particularly the tubular conatruction. But
the structural engineers of ihat time just
dtd not realirze how good their construc-
tion was; they did not start using it for
bridges and other things for another 30
yaars,
The Rover safety bicycle of 1885
[photo 6.3] is the prototype of the medermn
bicycle. The year 1885 was a very crucial
year because i1 marked the definltive form
of the bicycle and the beginning of the mo-
torcar, Gottlleb Dalotler and Karl Benz
produced thei first vehicles ir. 1885 based,
of course, firmly on bicycle technology.
This design had chain drive to get the best
gear ratio and this led to the evolution of a
very efficient chain—the bush roller
chain—by Rerold, a Swiss who worked in

Pedal Powar

Photo B.2. The Asiel "QOrdinary,” “High Wiwealer,” or
“Penny Farhing.”

Manchester, which in lum led to the es-
tablishment of a large industry. Balf bear-
ings were developed for the wheels and
pedals and this led ta the foundation of the
ball bearing industry. The big wheel used

Phetas.d. Rover salety bicycle, 1865, -
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before this machine did not really need a
soft tire. But opre the wheel was redcced
to this size @ pneumaiic tire was needed
and was indeed reinvented tn 1888 furthis
purposa. By 183890 the tire had become a
technical and commercial succees that led
to the establishment ol Dunlop and all the
other tire firms. The lurge electrical tinm of
Lucas, again, pwes its lbupdation apd r.- a-
mercial success Fiest of afl to oil lamps and
later electric lamps for bicycles and then
for cars. And wnast of the maor car firms,
such as Rover, Hillman, and Singer in
Coventry, and then Morris in Osdord, were
all originally bicycts firms.

So you can sée why [ maintain that the
beycle is the hreakthrough in modern
technology. All these big industries started
with the technology and comme:cial suc-
cess of the bicycle. lodeed, production
engineering hed a lot to do with 1he
bicycle, and the bicycle had a lot to do with
production englineering. Bicycles were be-
ing mate by the miilion before Henry Ford
mede his first motorcar and certainly
before he made cers in quantily.

Mot surprisingly, we can follow ibe in-
fluences of the bicycle down to the yresent
dav, te an inslance where man hes used it
io fly ahout a kilometer in a siraipglst line.
Bul iong hefore that, the Wripht hrothars
were bitycle makers. If you look at their
Wright Flyer, you wifl see exactly hew
much it owes to the bicycle. In fact, alt
carly airplanes were full of bicycle
technology. Therefore, ithink the ciaim for
bicycles is justified.

Social Change

Technology, I believe, is the instro-
ment of social change, And one can sg2
this again with the bicycie. It was Inti-
mately connected with Women's Libora-
tion; education for women and the hicycle
were the great “freedom faclors of laje
nineteenih-century Europe. But perbaps

B2

Phaio 6.4 Fadal pover Lsad for flying.

the biggest social change that the hicycle
brought ahout was due te its sucuessor, the
matorcar. In the last 50 years the matorcar
has affecied Lifs in Eurnpe snd America be-
vond recognition. Sa technology is & great
instrument of change, nat necessarily
progress, of course; it rey not be a change
for the better, but ceripindy an insirament
of change.

Figure 6.1 shows the energy effictency
of various madas of transpart. It is diffical,
of colrse, even lo defing what we mean by
energy efficiency; one definition is energy
units required per unit of weight por unit
of distance travelied. The graph is ploited
as body weight in kilograms against ail-up
waight. nol weight per passenpger. Amony
the flyers, a heavy hird such as the pigeon
has the greatest encroy efficiency, which iz
why it can cover such long distances at
high speed. As the flyers get smalier, 1hey
pet less efficient to energy terms.
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Figure 8.1. Man on a bicycle ranks first in effi

y among traveling animals and ma-

chines in 1erms of energy consumed in moving a certain distance a3 2 function of

body weight. The rale of energy o

tor a bicyclist {about .15 calorie per

gram per klomstai) is approximataly a Fifth of that 1or 2n unaided walkiag man {about
75 calorie per oram per kilameler). With the ex¢eplion of the black point reprasent-
ing the bicyclist (jowsr right), this graph is based on daie ofiginally compiled by

Yance A, Tuchker of Duke University.

Similarly, larga jet transports are mast
energy officient and helicopters least. It ap-
pears to be a case of bigger is better; but of
course this is only one aspect—energy
consnmption. There are lots of disad-
vantages to large things. But the two ex-
ceptions to this general rule appear to be
young salmon, ard I suspect other fish end
dolphins 1on, and "he man on the bicycio as
compared to a man walking or running.
The high energy efficiency of the bicycle is
based partly on the efficiency of the large-
diameter wheel, i{he pneumatic tire, and
ball bearings and partly on the difference

between mechanical work and what one
might call physiclogical work. If 1 press
dowa hard on something and exert a force,
but there is no movement, | am clearly not
doing any mechanical work but | am using
up muscular energy in exerting lhe force. §f
1 am standing, | am using muscular energy
just to keep standing because the muscles,
in tension, and the bones, in compression,
must act together to keep me up. If you
imagine that the heap of hones of a
skeleton wus erected you would have 1o
provide 2 large number of tensile forces 1o
keep it in equilibrivm. So when [ stand !
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use more aneryy than swhen | sit. and that
uses more energy than when 1lie down. So
there is this isometric or isolonic wark
which is needed when one is walking. but
on the bicycle one is gilting down and less
of this work is needed.

MNow the other sort of work is what I
cali “shadowboxing” work—movemeni
but no force, where n¢ mechanical work is
done. For example, if you are walking
sverything is swinging and you are using
up this shadowboxing work. but on a
bicycle moct of your body is stationary.
Admittediy, the upper part of the legs are
moving, but even the feed are going around
at constant speed. so you minimize this
shadowboxing work. Pulting these variaus
things together [ think you can hegin to see

A4

Photo 8.5, Bicycle fitted with 2 dynamometer.

why the bivycle iz so efficient in energy
lerms.

Very simply. it is a malter of using the
right muscles (the leg muscles which are
the strongest in the body). in the right mo-
tion [the rotary pedalling motion), at the
right speed. then transmitting the mation
efficiently (throaugh ball bearings and the
roller chain) and then of using it efficiently
with a pneumatic tire. One must also mini-
mizn the weight and the wind resistance as
far as one can. although that is the mast
inefficient parl of a hicyele as vou well
realize n o head wind.

Phato £.5 shows a bicycie thal we fit-
tad with a dynamomeler so thal we could
actuaily measure the power needed lo
drive the machine. The crankshafl is
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Bicycle dynamometer
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separate from the sprockst and the torqus
ig transmitted through an arm which has
wira-resistance strain =anges. The sirain
registered by them is picked up by a zigzag
wire to give a signal proportional to speed.
A radie transmitier and batlery bransmit
the signals by telemetry to the frame whers
they are multipiied together. One can ride
along and read off the road speed, the
horsepower, and ihe torque on the instru-
ment panei in front of the handlebars, A
typical plot of power against speed is
shown in figura 6.2. The normal cyclist

would "ave an expenditure of abow 75
watts—rough’ - one-tenth of 2 horsapower.
I regard 75 waits as the fullest sustainable
output of the human bedy. using the right
muscles, right motions, and the right
speed. Of course, one can do more, than
that for shorter perinds, and in fact most
cyclists can do up to 750 watls far a few
seconds. If one is a weightlifter, or perhaps
a docker handling a large piece of cargo,
inctantaneouslty one may be working at
thre: times that amount. 1t is a very valu-
abla feature of the human body that one
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Fhota 6.6. Chinese pedal carl of slgery
design.

Photo 6.7, Taking the pigs 1o meuket (Vietnam).

Pheto 5.8. Rickshaw In Dacca, Bangladesh.
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Phote 8.70. The simple ditferential gear.
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maum wrnml weith 10 Heaeo Tha normsl oot
Cail WOTR Wil lar IiIG0S wil D07 Suipal
for short periods. There are not many en-

gines or motars that will do that.
Traditional Rickshaws

What other ways e there of using this
power trangmission system, apart from the
bicycla? The Chinese pedal cart is one way
of doing it. It has some rather pice Gothic
walding and doesn't hother with chain 12n-
sionetrs. it is very practical thaugh not, |
spmehow feel, optimized. Photo 6.7 shaws
ane way of gelting three pigs to market in
Vietnam. The layout with two wheels in
front has the digadvantage ihat the rider
has to be perched rather high up to see over
the haod when it is up. And also them is
nothing very subtle in the way of steering.
The whole bady is pivoted ahout the
central paint and is very heavy to control
if one of the wheels hits 8 bump or a
pothale, it will cause a terrible wrench on
the whole system, though it does mean that
ane can vse the norme! drive on the back
whesl.

Photo 6.8 is a cycle rickshaw as used
in Dacca, in Dangladesh; it is beautifully
painted but is very crude mechsnically.
This rickshaw has 2 solid sprockel with no
freewhsel. There are no bearings in the

malddla of fho sane choaft Anlay srhoss bha
HINGOEE o i JOOT Sudn, Uy Wicio s

whoels are—and [ don't think those are ball
bearlngs. 50 the rear shaft has to he very
heavy and solid to teke the pull of the
chain, which is roughly twice a man's
weaight, The cycle rickshaw uses the gear
raliv which has been optimized for normai
bicycles but which is guile wrong for
something that might weizh three fimes as
much with its passengers and load. This
degign originated about 1890 im Britain
and went to India and has just been copied
ever since. It has never evolved. [ think the
potenilal of pedal power is such that one
shatild try and evalve it for other purposes.
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For la = ricksl ithoat ing is
For example, g rickshaw without gearing (s
very difficult 1o start even on the flat; with
a load it is very difficult to get up anvthing

of a gradient.

My i ottempd in 1973 at making a
cycle rickshuw was desigrned in a-wesek and
made in another week. s only technical
virtue is in its back axle 3f most of the
weight is on the back whesls then, for good
traction, ane should atlempt to drive both
wheels. But if vou have a solid exle, it is
very difficult {urning corners. 8o oone
needs o differential, 4s on J rormal moioer
vehicle, but they are expensive, so [
avolved a very simple arrangement {phote
G.10]. There are two half-shafls using
bicycle-type bearings. On the left-hand

Pioto .11, Meo-Chingse salling wheslbarrow
onahaw at Guford, England.

,
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can work with 10 times the normal cutput
for short periods. There are not many en-
gines or mators that wiif do that

Traditional Rickshaws

What other ways e these of using this
pownr transmission system, apart from the
bicycle? The Chinese pedal rart is one way
of doing it. it has some rather nice Gothic
welding and doesn’t hather with chain ten-
sioners. It is very practical though not, |
somehow feel, nplimized. Photo 6.7 shows
ane way of getting thres pigs to merket in
Vietnam, The layont with two wheels in
frami has the disadvaniage that the rider
has tu be perched rather high up to see over
the hood when it is up. And also there is
nothing very subtls in the way of sleering.
The whole body iz pivoled aboul the
ceniral point and is very heavy 1o control;
if ane of the wheeis hiis a bump or a
pothole, # will cause a terrible wrench on
the whole system. though it does mean that
one can use the norme! drive on the hack
whesl,

Photo 5.8 is a eycle ricksh
in Dacca, in Bangladesh; it is heautifully
paintad but is very crude mechanically.
This rickshaw has a solid sprocket with ne
freewlieel, There are no bearings in the
mlddle af the rear shaft, only where the
wheals are—and 1don't think those are ball
bearings. So the rear shaft has w be very
heavy and solid to 1eke the pull of the
chain, which is roughly twice & man's
weight. The cycle rickshaw uses the gear
ratio which has been ¢ptimized for normal
bicycles but which is quite wrong for
something that might weigh threc times as
much with its passengers and load. This
deslgh originated about 1890 in Britain
and weni to India and has just been copied
ever sinca. Bt has never svolved. I think the
potential of pedal pawer is snch that one
shouild try and evolve it for olher pusposes.

38

For example. a rickshaw without gearing is
very difficult to statl even on the flat; wilh
a Ioad i is verv difficull to get up anvthing
of a gradient.

Improved Rickshaws

My fli-: cttempt in 1973 at making a
cycle rickshaw was designed in a2 week and
made in another week. Its only technical
victue is in its back axle. IF most of the
weight is ar the buck wheels then, for good
traction, one should sltempt 1o drive both
wheels. But if you have a sulid axle, it is
very difficult lurning corners. S0 one
neede a differential, as on a riormal motor
vehicle, but they are expensive, so I
evolyed a very simple arrangemaent {pholo
6.10). There are two halfshafis using
bicycle-type bearings. On the lefi-hand

Pholo &.11. Neo-Chingse saifing wheslbamow
on show at Osdard, Ergland.




Pedal Power

Phota £.12. Hand-powered maching far rolling channe! sectionsin making large wheets.

shaft there is a normal sprocket and
freawheel: on lbe right hand one thers is
anather sprocket and freewheel except thal
this has 24 testh instead of 18, tv give a
lower ratio, and the two are connected
with pins. Normally both wheels aro
driven, bul an a coroer the inoer wheel,
whichever ane it is. 1akes the drive and the
outer wheel, which is trying o go faster.
freewheels. and su it gets around the
corner—aot as well as the normal dif-
ferential, bui it gets around. In slippery
conditions, whether due to mud, loose
gravel, or even ice, this design achisves the
same effect as a limited-slip differential,
hecause if ona wheel slips then the other
wheel! takes the drive. So it is a simple so-
lution to the basic problem of traction.

Chinese Wheelbarrows

Therr are other uses for Dbicycle
technology such as the uplated version of
the traditional Chinese wheelharrow. The
Chinese inventad the wheelbarrow
thousands of vears ago and very sensihly
they. firstly, had a large-diameter wheel:
secondly. they put that wheel under the
load. ar neerty under the Inad because you
still nead some weight on the handles. Like
a trailer behind a car you need some
weight on the humper, hut not too much.
Thirdly. they sometimes used a sail when
the wind was favorable. This design is
updated merely by having a bicvcle whee)
with & pneumatic tire instead of the tradi-
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tional wheel. But it still retains the load
largely ovar the wheel.

o Oxford we mude a neo-Chinese sail-
ing wheelbarrow  (photo (.11 for 2
Manchester clergyman who wanled to
walk 2,000 miles across the Sahara'—with
the wind, in order to raise money for
charity, He wrote and asked if [ could make
him a two-wheelnd trelisy to carry a load
of 350 pounds. 1 thought two wheels was a
bad idea becauge on rough ground ane
wheel woula hit a bump, a hollow, or a soft
patch at a different lime from the other
whaal and would tend to slow Lhe whole
cart. It would do this continually, su he
would be fighling it for 2,000 miles acriss
the Szhara, I suggested ihe Chinese wheel-
barrow with the large-diameter whael
would be better.

The man from Pakistan whe
constsucted it iold me of 2 veey ingenious
technique for making a solid rubber tire for
woaden wheels, The inventor made & steel
channel which was “shrunk” onto the
wooden wuee] in the traditional way. Then
he cut strips of old motarcar tires which he
clamped in the chunnel.

To make o stee! channef. ta curve it
round inlo a wheel. and ta get il the ripht
length s quite a skilled piece of manufac-
ture. No doulst it can bo done easily in
Pakistan, but it is much oo difticult to do
in Oxford University,

S0 I designed and made a very simple
rolling machine with a ilanged roller
which can be woved up and down with a
screw and iwe plain rallers and a pedal
used as a bandle (phote 5.12). it can

Photo 6.1 QOrtrike chassis,




Photn 6,14, Rotary pump THed wilh pedala.

transform straight channel into cucved
channel. locidentally, even the bearings
are bicycle-type. bottom-bracket bearings,
and the whole machine could be made
anywhere and has, I think, a lot of uses. Far
the cansiruction of this big wheel [ sug-
~ pested a spoked whael, but it is difficult to

pet spokes of sufficient length, so in facl
we took pieces of foamed polystyrene,
used for insulation, about 25 millimeters
thick. Then we glued hardhoard 3
millimeters thick either side, which
formed a sandwich construction. This is a
very efficieut form of construction much
used in nature. OQur skulls are of sandwich
construction—a thin layer of bone either
side of a cellular construction [an almond
nut is difficuit to break because the shellis
a sandwich construction). Then we hed a
wooden rim, mude from 12 overlapped
pieces of wood. We protected this with a
steel channel which had the cpening on

Pedal Power

the outside Dy interchanging the rollers
we were able Lo rall it in and pul it on.

The platform alse i made from
sandwich constructizu en? the sail is
square-rigged about two meters by one.
which evidently was enouch to heip. The
wheel is about 1.2 meters diameter and it is
only 50 millimefers across the tire. bul i
seems lo perfonn quite well in sand. So 1
think this principle of the Chinese wheel-
barrow with the large central wheel is a
very good principle, and ! Lhink it could be
used moch more widely than it is. The En-
ropean wheelbatrow. for some reason, has
a small wheel sinck in the front instead of a
hig wheel in lhe middlc.

The Reverend Geoffrey Howard suc-
readed in crossing the Sakara oo foot,
2,000 miles from north to south. He
averaged over 20 miles per day, despite
manv difficulties. It wes a personal Iri-
umph, but shouid also serve io show the
potential of the Chinese typs of wheelbar-
row.

Cycle Production

Oxfam, the international charity based
in Oxford, is convinced of the whole
philosophy of intermediate technology
and in particuler is convinced of the
patential of pedal power and muscle
power, becanse 1his is one way by which
people can help themselves if they can be
motivated to do so. Thev have been .rovid-
ing financial aid for my work on improved
cycle rickshaws. As 1 have meniioned. the
first cycle rickshaw was made in a week,
and was fairly crude in design. Normally,
however, bicycies are sophisticatzd,
requiring, for instance. steel tubes of a spe-
cial alloy. I understand that India has to
import most of the steel tubes which she
uses to make her two miilion bicycles a
year. But on the other hand. India does
have sieel mills which can make sheet
steel. A design to use standard bicycle
parts and sheet stee! which we call the Ox-
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trike is shown in photo 6.13. It is almost
entirely made from sheet steel of 1.5-
millimeter thickness. because that is a
standard size throughout the world and
can he welded, brazed, riveited, or even
bonded with epoxy glues and self-irapping
surews. The basiz is a box-sectien girder
running aleng the tricycle’s langth. The
girder is made from sheet steel which is cui
wilh a fool-operated guillotine and Folded
with a hand-folding machine. Then
another channel section is put inside it 1o
form a syuare section 63 millimetsrs wide
and 75 millimisters deep. The tswo are then
welded or spotwelded or brazed or rivetted
or joined by any ather means, I think this
construclion could be mede anywhere in
ihe world,

The brakes on the tradltional rickshaw
design are very crude; the difficulty is that
with the wheels stuck out, t1hers is
nowhere to put conventlanal brakes. Thera
is no fork to mount them on and drum
brakes wauld be a little sophisticated. [n
answer to this design challenge we used
inboard band brakes, They are aperated by
a foot pedal and are very powerful, and

g2
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Flgura 6.3

there is a handbrake operating on the same
pnll rod. The gearing of traditional designs
is another wesk point; we wanted to in-
troduge these speeds, which may sound a
luxuary, but afier alt every vehicle with an
engine has at Jeas! a three-speed gearbox
and it will greatly extend the utility if you
cun have a very low gear for starting. The
normal bicycle has a gear of 66% inck, hal
this one bas a botlom gear of 31%: inck.
which is less than half: the middle gear is
12, and the top one is 56 inch. So even the
{op gear is iower than the normal one and
this is about righl: it makes 5 big difference
1o riding i to have this iow gear. We use a
stundard Sturmey-Archer, three-speed bub
gear as an intermediate gearbox., as is used
on & molorcycle. The primary chain drives
a detachabis sprocket that vou can change
(there i3 & choice of 18, 18, 20, or 22 teeth].
Then there is a sprocket rivetted to either
side of the gearhox, and two chains. Al-
though [ am not sure that it is an optimal
salution, it works.

.The machipe iz filted with & small
trutk body and the payload is ahout 150
kilr‘:-grams. The back af the body is short so
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(L Fat
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80 strokes/mlfiuba

that the vehicle cun be tipped np on end,
which is very useful for servicing or for
perking or for tipping out loads like sand
or gravel. The main frame weight is sbout
13 kilograms.

Staticnary Pedal Power

So fer we have discussed transport

usee of the bicycle, but cleurly there are a
5 The hicvcle has hoen

.y oo
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pipe
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Performanca of inertla Pump
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digmeter | Lift j grama horsepowsr
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€ as 75 .08

Flgue: 8.4,

opiimized for one purpose and [ doo't
think it is an eptimum for stationary pur-
poses (for one thiog you want to take the
drive forwards so you can see what you are
doing, rather than backwards). There are

thon Py e i 3
three approaches o adapting 1t to sta-

tionary use: you can modify a normal
bicyele. ar you can modify something that
is hand-driven by putting pedals on it, or
you can desipn an optimum stationary
pedal-power unit.

peaal.
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Pholy 6.15. Chinese square-paliet chain oump.

i’luoto 5.16. A one-man dynapod In Ugands.
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Phuoty £.17. A bvo-man dyunaood driving 2
Photn 8.7 A bwer-mae dynaned driving 2

com grindar. (A winnowing ing is in
the background.)

Photo 8.19. Aodale winch.

Photo 6.18. Roda e Energy Gycle—churning butter.
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The rotary pump shown in photo 6.14
with one end cover removed is normally
hand-driven but has been fitted with ped-
als. The pump itself is an eccentric-vane
type. It has plastic vanes, stiding in slats,
and there are springs on rods pushing each
pair af vanes apart. There {s only a small
vatiation of length as they o round. hisa
very simple design and | think i could be
produced cheaply in quantity, although it
isn’t at the moment. It is such a simple type
of pump and saitable for direct pedalling
for heads of say three to eight meters 1hat it
ig, 1 think, worth developing, perhaps by
altering the materials of construction.

Some fipures for the pesformance of
some traditional water-lifting devices in
India aie given in figure 6.3. They show
how four men only achieve 75 watts—one-
tenth of a horsepower between them, and
even two bullocks and bwo men at best
only achieve 225 watts—0.3 horsepower.
The figures mean that if one had some
other form of powes, perhaps electriciey or
diesel, one would only need a verv small
anount of power to replace such e device.
But that may not be the right thing to do; it
may well be better to improve the eHi-
ciency, 10 double or even treble il, and get
more water for a given iompul. This was
what really started me thioking on means
by which existing designs couid be
improved and increases in energy elfi-
ciency could be gttained.

Figure 6.4 shows one very simple form
of pump. it is just a harizontal handle like a
seagaw which suspends 2 pipe which has
no foot valve, only a flap valve at the top.
At first sight it looks teo simple o work,
bat fu fact it s due to the inertia of the
column af water, When the pipe comes
down, the water remains stationary and is
delivered through the spout, and as the
pipe goes up, the valve closes and the
whole column of water is raised. [t appears
to work quite well—around about a tenth
of a horsepower again. There is an even
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simpler version in which yoo have just a
pipe, end instead of a valve you have a
small boy with his hand over the lop of the
pipe. This method contrasts with the tradi-
tional Chinese method of raising water, a
squarp-pallet chain pump, which is shown
in pheto 6,15,

The third principle of adapting pedal
power to stalionary uses is to design an op-
timum statiouary pedal-power unil, which
1 call the “dynapod.” It employs a saddle,
pedal, a chain, but it takes the drive for-
ward. [ theorized 1hat you would be able to
gear it down for spmething like a winch or
gear it up for 8 winnowing fan.

Recently, a number of dypapod-like
pedal units have heen constructed. Alex
Weir of Edinborough University made a
version in Uganda. A more sophisticated
unit called the Rodale Energy Cycle, which
can perform numerous tasks around the
home and homestead, is also a very ver-
satile tool in the garden, wherts it has been
used o cultivate, plow, and weed. Infact, 2
separate winch assembly, which has a test
pull of 1400 pounds. has ziso been
developad by Rodale Resources. These
pedal devices suggest that human power,
particularly leg power, can be 9 genuine
force in the home or on the farm. And ;ig-
nificantly, these inventions indlcate that
developed and developing countries alike
have something 1o gain from practical ap-
plications of intermediate technologles.

I belisve that the more attention given
to pedal power possibilities, the more
practical applications will ke discovered.
In fact, it is fairly safe bo assune that many
machines with hand cranks could be easily
converted o pedal drive. For example, a
common winuowing machine (photo 6.22)
has a chain drive and a pedel as a handle—
but it would be much betier to pedal it.

Interestingly, our nineteenth-century
ancestors enjoyed a more saphisticated
winnowing machine (which actually had
its roots in fourteenth-century China). The




operation is simple: a crude, four-bladed
fan blows the gir acrogs the hopper; the
fine dust is blown awav, Then the sisves
ave ghaken and the husks are loosened and
blown off. To allow the grain to come
down, there is a fine sieve which will, in
turn, eatch the heavy particles.

The winngwer, then, is quite a so-
phisticated design thai cam be band-
driven. but wanld be much more efficient
if pedelled. Therefore, I think this design
needs fethinking for optimum effoctive-
ness. Similarly, the small motor-powered
rira thresher [pholo 6.23) would henefit by
snch a rethinking and adapting. There
bave been attemnpts to pedal it, but it really
needs two men and a Elywhsel to work
well,

Significantly, there iz no limit to
simple machines that could be Improved if
pedal adaptations are mada. For instance.
figure 6.6 represents a sketch of a peanut
thresher which originated in Malaysia. The
drum czn turn in only one direction, so
vou could not pedal it from the front; il
would be going the wrong way. Thal is

Padal Power

why the thresher has an elabiorate arrange-
ment with a crankshaft and a treadle. Be-
cause vhe man has to stand oo one leg in
fronl, treadling with the other, he could
oot beod down 1o pick up the peanuts to
feed the machine. He had to have an
assistant to pick up the peanuts for him.

To eliminate some of this complexiiy,
1 suggested thal it would be much better 1o
have the assistant on a saddle at the back
pedalling and driving the drum; then the
gther mar: could feed the machine from the
front.

Qccasionally, it is possible to ceplace a
motor drive with 2 pedal unit, although in-
dications are thal this procedure could
benefit Frorm some fundamental ressarch.

Pernaps the most encouraging news is
that pedal power inventions, such as the
cagsava grindar from Niperia, with
hackszw blades set in a bicycla wheel
{figure 6.7), are coming to the forsfront by
the day. These developments should not
only give all of us cheer but should suggest
that pedal power is a subject worthy of
serious scientific scruliny.

Photo 6.20, Rodale winch with cultivator.

a7




Intinduction o Appropriste Technology

ttm B b e

Phote 6.22. Hand-driven winnowing machine.




Pedal Power

Phato 6.23. & small meor-powared
sicg ihreshar.

Photo 8.29. RansomesiHunt pedal-driven maize sheller.
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Fgure B.7. Cassava grinder from Migeria,
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Fgure B.7. Cassava grinder from Migeria,




Chapter Seven
Intermediate Chemical Technology

by Georze T. Revnolds

The major conlrast beiween  high
leshnology and intermediate technology is
the complete reversai of the ganeca! frend
towards bigness, in other words the cm-
phasis s on lshor-inlensive rather than on
capital-intensive svstemys. [0 is wenerally
wucepled that the source and the venter of
world paverty are in the rural aress and =0
Lhe principle hope and oijectives of inter-
medivle chemical technolowy, as indeed of
all iniermediate technology. are to ho!p the
pouar in develeping couwntries to work
themselves nut of their puverty by provid-
ing ther with knowledge and training and
details of processes al a level that they can
understind. lopether with the rigit sort of
oquipnent, in the right place, aod ar the
right price. Il (5 a desirable fealure, oot al-
wuys casy to achisve. that the inler-
mediale-lechnology process plant. nnoe i
s been estublished, should e capable of
expanding in scale so that, onee Lhey have
gotten used to producing something on a
small scale, they can move {0 & samewhat
larger scale.

Al dhese general concepts apply to
chemival techooloyy and chemical
technology occupies an impariand place in
the generai framework of rural develop-
ment. Such lechnodogy offers particular
oppartunities for employing many more
local reaources 1o raise the staniards of lie-
ing and health, while i diminishes de-
pendence on oulzide sources. The
processes  themselves are aoften those
which have been discarded ar =rperseded
in more “developed” countrics on the
groupds thit they require too mueh labor,
or that they cunont be eperaled
conlinuwously., Those throe resscos why
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they bave been discarded in developed
pounities are thme very guod reasons why
they should he considered in develaping
couniries, Although in any particular area
available materials and local conditions
determine what can be dune. in veneral the
objective should tirst be to pecduce basic
materials or chemical compoends end then
either 1o use these in <imple manufaciar-
ing processes for lacal henetfit or in simple
processes o pruvide the commuonity with
saomething which it can sell in avder to ob-
tuio money.

Locally Added Value

A very imporland part of inlermediate
chemical lechoplogy in villuges and rural
communities is that the people should be
ahle to take local raw materials and panly
process them. In other words, they should
be able o produte 2 crude produer which
A then he sent somewhere tor further
refining. This is o very important part of
intermedise technology, There are so
many biologicel wmaterials, ocal products,
which ure af considerable value nol only 1o
the country at furge. bul also inlerna-
lionailv, thal are pever wxploited because
the transpurt situation is such that you can-
nal move many tans ef a nalural product.
such as a plani, over a virtually roadless
couniry for processing in the towns., For
ane thing. the material, if it is biological,
hay probably deteriorated by 1he time it
reaches the facicry in 1he town. But by us-
ing intermediastle-technology protesses in
the village, several sons of o plant can be
reduced 1o perhaps two or three liters of a
highly v Jushle essential oil, which can




then be Iransporled easiiy and sold for a
high price in the town. The oil is nat pure.
but it has become highlv valushle, A phar-
waceutical company in the town cin then
process it further and immedialely the
village community has # source of income
and the urban communities have a source
of raw materials which was tormerly
closed to them,

Baich Processes

A number of things have to be taken
inte  uecount, when considering what
process to start. First, the process should
be simple and it must imcolve & minimum
of equipmenl, Incally made, if possibic.
Power requirements should be labor inten-
give and it should be batch process:
continuous pracesses are far loo compli-
cated. Tt is much better to work in baiches
which should be operable on a scale which
runges from 20-liter oil drums sp to 4,000
or 5.000 liters. The large il drom, which
seems to be the major vessel in all develop-
ing counlries, is a very useful hasis for
process equipment and can be turned into
al) sorts of very useful pieces of process
plants. as we shall axplore later. All these
wriloria, of course. are completely opposed
to those of modern industry and it is
Iherefore ofteo very difficult to scaie down
the modern processes tor use in ioter-
mediate technology. Bat as | have already
mentioned. details of suituble processes do
exist, because they pacallel the processes
which were used before the industrializu-
tion of Wesiern countries, For inlermediste
technalogy, then one consults old books.
the histories of chemistry, and one lonks
up the historical background of modern in-
dustrial processes.

It is also surprising to find how many
small-scale batch processes are slill in
profitable operativn arund the world, cer-
tainly in Great Britain and also in various
parts of Europe. They remain a commercial

Intarmadiate Chemical Technolagy

proposilion. because they have o spe-
cialized product. which is nol required in
larue quariitics and nevertheless is expen-
sive and which has # limited murket. For
gxample, ! helped 1o operate a very soc-
cessful  provess for the extraction of
specilic drugs. including one Jor treating
Parkimson's disease ur palsy, Theso druss
were extracled from an African bean and
virtually all the work was done in baiches
with the extractions being carried out in
plustic dustbins, Then we simply had o
S00-iiler stainless sleel tank. a St-liter
homemade filtrition plant. and a 20-liter
glass distillution apparatus: this was the
entite equipment of the Lclocy. Al the
drug for all the initial clinical trials was
maude by this method. and al] the drug that
was necessary [or medical purposes in the
early stages waus supplied from this faclory.
Later on, the use of this drug became very
widespread and then big pharmaveuntical
companies ceme in with continueus svn-
thesis. The operation was no langer prefit-
able for this small company which
thevefore maoved on to do vet another new
drog for which there was not vet the de-
mand 1o attract the large pharmaceutical
companies. So there is a surprising number
of small processes slill guing on using vir-
tually all infermediate-technalogy equip-
ment.

The great altraction is in developing
processes which involve nataral products.
sach as this Abrican bean which we used.
because the materials are easily obtained
and are genarally available. There Is
generally something available locally.
pspecially in tropical areas. which is use-
ful, many are biclogically fossil materials
quech s fuel oils,

Energy

An important crilgrion for processes in
intermediate chemical technology is that
the power reruirements should be small.
You bave to assume thal eleciricity und
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fuel oil will net exist in the communities;
you have to think of other methads. The
combus;ion of wood is a commen sort of
anergy lhat cin easily be otilized with the
advantage, once again, thal waood is bio-
logically regenerated. If you do oot use i
tou fast, you can grow more irees, allthough
this is not always the patiern in developing
countries. But, alier all, the use of wood in
this way is really very inefficient and itisa
vary wasteful means of supplyving energy,
both in relution to lhe energy that is
produced lor a given waight of fuei and be-
cause imporiant chemical substances am
lost. Wood ik a very important and injerest-
ing chemiciat and vou shouldni just set
light tu it. You cun coovert your wiad 1o
charcoal which is done very often, and vau
will get a material which gives o much
greater intomsity of heat; hut in making
charcoal you lase the vaolatile products of
the wood, which are very wvaluable.
However. il iz possible to develap
processes far distilling wood in @ lype of
retort before fing} conversion to charcoal
and we will mention this a little later. It is
alss important ie remnember that charcoal
is not only an important fuel, but it is alse a
valuable redu.ing agenl when one is
smelting meta's from metal nres.

Another very imporiant fuel which
has not been adequatzly developed or ex-
oloited (s methane, which can  be
generated¢ from animal dung and frnm
other wasle products. You can get 8 high
vield of methane if it is allowed tu decax
under the right conditio:s. The important
feature of this is that the value of the raw
material, the dung, as a fertilizer is
enhanced rather than impaired, so that in
fact, lhe village farmer does not lose any-
thing in the process. [n practice many
developing eountries dry and burn animal
dung as a fuel whereupon its value as a
fartilizer is losl and thus thev are always
desperately shom of fertilizer. The dunyg
from three cattie is sufficient Io generate
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methave. which has a ralorific value
equivalent 10 obout jpur tc five liters of
diesel oil per day. Theretore. methane is
vhviously a very imporant source of fuel
and a very itoporlant saving in money. it
has also been realized that maoy other ma-
terials cun be used for fermeniing to
produce methane. providing there is some
dung present to supply an initial culture to
the bacteria. And so vou can feed into the
plant a mixture of dung and vegetable
waste and prodoce the necessary methane
without necessarily baving three cows per
Fammuly.

The equipment lor producing methane
is very simple. it can be made locallv. An
average family. ot its own domsstic uses.
requires aboul 2.5 to 3.0 cubic meters of
methane per day. Far this, one needs three
cows, or one or bwo cows and 1 mixiure of
dung and organic waste matvrial. One of
the problems with prioducing methane is
that the organism which carries out the
digestion really requires a temperature of
307 to 35°C. far an optimum vield. This is
ol teo sertous @ problem in hot countries
and since the fermentution does produce
some lzal, the process cun be made self-
operating and self-perpetuating if a certain
amounl of baat is put in. perbaps at the be-
ginning. This might mean burning some of
Lhe initial methane to heat up the generator
1o bring it up to efficiency.

Causlic Soda

Having set some sorl of scene. | would
like to discuss some typical chemical
processes. As ! have aiready meniioned
there are a large nwmber of simple labor-
intgnsive chemival processes available. ais
capable of development into a stale where
they can be used in rural communities.
Those which can be directly applied to any
losality depend on the local resources and
the loval needs. [t is poussible here only to




give a very randnm selaction of processes
to Muystrate the sort of methods which
might be chosen. They shoold not be 1aken
as the most useful or the most eco-
nomically valuable in all circumstances.

A promising infermediate chemical
technoicgy is the praduction of causlic
soda, which is o pood example of an inor-
ganic chemical which is of great value in
village indusiries. Caustiv soda is
necessary for the efficient prodaction of
snap and hes other valuable applications as
wel). OF vourse. in modern Western in.
dustey atl canstic soda is produced by elec-
trelytic provesses, using common salt [so.
dium chloride) us the raw material, which
is very convenient. and generating caustic
soda and chlorine—the chlorine is =+ vafu-
able by-product. This you can't readily
adapt for small-scale rural production, but
there is some demand for smal[ elecircivtic
plants in a few countries like Ghana, whers
cheap hydroelectrle power is available,
Ghana, in fact. was not at 2]l inierestied in
our chemicsl methods of making caustic
soda; they wanted small-scale electeolytic
caustic soda plants and we did in fact
design same for them. The result, 1 might
say. has been thet \hey are wondering
whether they should go back ta ibe
chemical process again, because it seemed
a [little difficult to get the communities
who have these plants 1o understand elec-
trolysis, whereas they wun understand
puuring chernicals into vessels and siirring
them,

Allhough you van wsa this electrolytic
process, it might be easier to ao back 1o the
aarlier progoss, which is basaed on the reac-
tion of slaked lime with sodium carbonate,
a very old reaction. We simply have a
slurry of slaked lime mixed with sodium
carbonate. If heated togeihar, you get a sa-
lution of sodium hydroxide and a precip-
itation of calcium carbonate or chalk—
Nax00x + Ca[OH): = GeCOx + 2NaOH.
So this is 4 very siiple reaction: you
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heat a strong selution of sedium carbonats
in an iron pot {which may be one of those
oil drums | mentioned earlier) either overa
wpod fire, or hy gas jets if local methane is
produced together with injection of steam.
ft van be very usefu! (o have a second oil
drum which has a lid on it and a pipe go-
ing into the first vessel; and this is filled
with water, which iz hoiled so that steam is
direcled inmtc the wessel, which provides
extra heating and what is more impaxtant,
pravides a method of stirring withaut hav-
iy io pat anything into a very highly
causlic soluiton (ligure 7.1].

When the reaction is complete a finely
dividrd sodium carbonate exists in the
vessel togethar with the solttion of sadium
bydroxide which can be flitered off. Tt can
be filtered once again by pouring it into
another oil drum which has had holes
punched in Lha bottam and in which {here
is some sort of tilter mat, ideally ashestos
or something like it which is not decom-
posad by sirong alkaline selutions. This fil-
ters the calcium carbonate off and legves a
solulion of sedium hydroside which can
then be evaporated in iron pans. The iron
pan can Y an ¢il drune which has been cut
in half. onve again with some sort of
burner, with a lid over the inp ta prevent
air getting i and converting the sedium
hydroxide back to sodium carbonate. You
tan eilber rake this evaporation down al-
most to dryness. when sodium hydroxide
will comne out as crystals, or very often tha
concentrated solulion is quite snitable for
the next stage in the process.

Soda Ask

One of the problems, of course, is that
we have only moved one stage back: we
have preduced sodium bydroxide from
calcium hydroxide, which is easy 1o get,
and sodium carbonate, which is nct
easy to get. because very [ittle sodium car-
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ready mentioned. tha ceustic sada produc-
tion and the soapmaking ure carried oud in
cenjunciion, you de not need to produce
solid caustic soda: the processcon-
centraled soluiion is perfectly satisfac-
tary. Quite 2 Jot of work has been dowe on
thiz aort of process: @ lot is guing on in
CGhana. a cettain amount in Nigeria. apd |
was surprised to find v Pakistan ligsw
widesprwad is domestic soapmaking. You
find families which are certainly om-
wardly quite wealthy but which by Leadi-
tion have always mude their own suap for
iwwaghing vlothes and s1il) continwe to do so.
1 pot some very good recipes from
Pakistani hoosewives on how ta make
soap; s3me of it is really very goad. ingiud-
ing cert- {n perfumes and oils they put in it

Inteemediate Chomicad Technalogy

which produce tipe soaps. | wonder why
they aver buy s sloall, exee ol course
that samue of it is luaded sl caustic soda
that takes your skin ol

Wood :

Wood is a very important sturce of
raw mialetiab. 11 vou read the chemica
iiterature of the nineteenth centitey wnd
earlier. vou find that wood was then a very
importani source of organic chamicals
|figure 721, Word gives us cellulose: we
cen get wood sugars, terpenes, perfume;
we can gat ligrin from which we get
chemicals and plastics: lannin exiracts.
wood gas; and valatile chemicals such as
methanol,  acetaldehyde,  acetone.  and

Tahle 1
Tannin Content of Some Plant Materals

Plant Materiais

Farcantage of Tannin

Chestnut wood
Hemlock bark
Tanbark tak

Chestnut oak

Black oak

Sumac lzaves
Quebrache heartwood
Mangrove bark

Wattle (acacia bark)

Myiobalan nuts

Sigilian sumac leaves

4-15
10-20
15-16
10-14

B-12
25-32
20-30
15-42
15-50
30-40
25-3G
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which produce fine svaps. 1 wouder why
they ever huy anv al all. except of coorse
that some of it is fvaded with caustiv suda
that takes your skin afl.

Wond

Wood is o very important source of
raw  malerial. 1 vouw read the chemical
fiturature of the ninetesnth coolury and
earter, vou find Lhal wood was then a very
important source of orgunic chemicals
{figure 7.2} Wood sives us cellulose: we
cen get wood supars, turpenes. perfome:
we can pgal lignin fram which we get
chemicals and oplastics: tannin extracts,
woond gas; and volalile chemivals such as
methanol.  acetaldehyde. acetone.  end

Tannin Content of Some Plam Malerials

Flant Materiais

Percentage of Tannin

Chastnut wood
Hemiock bark
Tanbark cak

Chestnut cak

Black pak

Sumac feaves
Quebracho heartwood
Mangrave bark

Watile (acacla bark)
WMyrobalan nuts

Slcilian sumac leaves

4-15
10-20
15-16
10-14

B-12
25-32
20-30
15-42
15-50
30-40
25-8G
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Rayon
LY

Chemicals

Paperboard
1

Lignin

Flastics

Creosote
Tar olls

Wood

Charcoal

Flgure 7.2,

Plastica
/!
Turpenes ———— Perfume
Furfural
Wood sugar
Tannin exiracts
Wood gas
ﬁ Methanol
Chemicals” —— Acetaldenyde
Aceione
Acetic acid




acelic acid, We can also get charcoil. So
wood as » source of raw material is highly
important in intermediate technology. The
sort of chemicals pnc can gel in addition 1n

those listed are mathyl mercaptan,
dimethylsulfoxide, vanolin, and axalic and
formic acid, und sevaral phenols,

The vaive of distiliation before the
produclian of charceal is therefore shuwn
10 be very imporlant and if vou Jook at a list
of materialza which you con obtain hy
distiiling one ton of hardwood. it requires
no furlher emphasis (table 2.

[ntermediate Chemical Techoology

If you do not distil, but you treal woad
chips or sawdust with dilute acid undec
pressure, you can get 40 1o 45 percent of
wooid sugars. Tha requirement for pressure
does tend to limit e value of this sort of
technigue in rural communities. but il cer-
tain!y does not in small lewnships. In the
[ndian subcontinent the local crafisman is
quite capable of making pressure vessels
out of reasonably thick sieel. These

processes are well wilhin the capability af
incal intermediate-technology industry of
a slightly more sophisticated sort. Onee

ry-Distillation of

Carbon dioxide (38%)
Garbon monexide (23%)
Wethane {17%}
Nitrogen (16%)
Methanol

Ethy! acetate

Ethyl formate
Acetone

Creosote ail

Soluble tar

Pitch

Tabla 2
Products Obtained by D
1 Ton of Hardwood Scrap
Charcaai
Gasss:

270 kilograms
150 cubic metars

15 liters

70 liters

6 liters

3 liters

150 litets

100 liters
30 kitograms
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voul Bave wiond siirs, vou vt produce o
very valualbe livestock feed and. beving
produced & wond sopar by treatmenl ol
wwood under pressure, you can then ler-
menl it to yietd both aleshol and veast

Charcoal

1 hve mentivned productiun of char-
ek, Charcnsl is genernlby nuade By b
ing woeed incovered pits which e so built
tharl Lhes eotry of e is restricled aned o 1bar-
[}i)i!] I]Ll]'lll'!]' ]Jl'l)[iLll.l'!h i U.'&irﬂlnl!l_\' HUU(L
guality charcoal. Hut the problem is that all
the valuable materials. mentioned above,
are fost, In places of high cintafl. or where
there is a prolonged wet season. charcoal
cin ondy he made daring a very roesiricted
part of the vear. This is & furiher wrgument
[or 1the use of distillation ol closed visseds.
L found that there is @ great reluctance un
the part of the populalion to wse charcoal,
oice you have produced it for them. in
cpite of its greater efficiency 1han womsl
This is bocausa, if you maoke charcoal
somebody has ta pay fur it, whereas,
generally, Lhere is an adeguate supply o
free woud in the forest, especially in
Afrira. S0 the dnmand far charceal is a
good deal smaller than mighi be expected.
But the facl that al! sugar production on
any scale requires activated charcoal for
cleaning up, which has 16 be imported, isa
very good indication for trying to make
acliveled charcoal by intermediate-
technology processes in rural commu-
nilies. This is not vary easy, bul it is one of
the things that we are in fact working cn.
Rice husks appear to be a promising start-
ing material,

Sugar

Sugar s i oniversal requirement,
universally soughl, nol only in the
anderdevidopesd  countries. Small-seale
medhods of producing stgar xist workd-
wide aod sugar is praduced with varying
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doarces ob etficieney in sl every
voeniry whers sogarcane wiil yrow . and it
s been spread oo widiely with e
spread ol sugar beets in the couniries
where sugarcane will nol grow. Sugar,
therefore. is un tmportant food. It is also a
ven useful source of many chemicals. and
the Tugasse swhich is left aller the estrac-
tiva of the sugar frow the sugarcane is a
very Weeful luel and a source ot vailding
material, In fact. its value for maxing paper
and  buitding materials 15 such  thar,
perhaps. sveoughi not 1o b b Dot ought
to think of some other method ol heating
the sugar oxtraclion process.

Whoether the crop s Cotwe ur heet sugar,
the sigar itself is the same. You purity at
sl gel suctose which is ihe cane susar
that wi know and is also o food: olher
sugars such s glucose and fructose are
produced in the refining process. [n fact
vie ol e big dilficuliies of iniermediate
technolosy  technigues  for prodocing
sugar, is that o cinveris”” In oller words
the moleoule of sugar whick 1s Ci2112200.
hraaks up into two other smaller sugars—
Col 1200, one is fractuse wud one is olu-
cose—and  these susars prevent  wood
crysiallization ol the sucrose and aiso have
{ess Tood vilue, Alse from sucrose van cin
nroduce polymers, drigs, and  plastics.
During {he sugar-crestaflization  proo
vou get malasses. which can he used for
cattle feed. for making silage. ar making or-
ganic chemicals, or for fermenting and
then diziilling as alcohol. As we know, fer-
menting molasses gives vou rum, which is
adalishiflthought. We also have the hard
parts of the cane's stalk giving us hagasse,
which is used as a fuel. in Fact in many
cases us a fuel io the sugar process itself,
and voo can make paper and wallboard
from it as well So sugamane i oreally a
viery important source of many sterials,
This is illustrated Jiagrammatically 1
ligure 7.5,

Liimy villages throughoutl the world
srovy susar and afler laevesting the canes.




Intermeiliate Chemical Technology

i Car= or beet sugar |
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Figure 7.3. Some producte of sugar.

the First thing that has to be done with
ihem is to crush them to ge. the sugar out.
In a typical village sugar factory there
will be a three-roller crusher. its 1hree
rollers will be mounlsd on some sort of
crude springs and driven by a pole which
is either walked round by the women of the
village or hy an ox; they do not seem really
to mind which, as long as the men den'tdo
it, The juire pours dowo into a hole in the
graund and is collected there in & pan. In
places such as Karachi and other parts of

Bagasze feed

India this sugarcane juicz is somelimes
sold mixed with water as a drink in street
stalls.

The first problem that needs tackling
is that this is a terribly inefficient way of
petting  the juice ow of sogarcane.
Sugarcane contains about i4 percent su-
crose and about 85 percent of the cane is
liguid. So it is important to get a very large
amouni of 1his liguid out. The three-roller
system, which is used because it is tradi-
tional and simple. especiatly the onc

Three-rolle: crusher

y ~— Dniveshaft

feed

L Julce
¥ rollection

Figure 7.4 Village augar factory.
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Pectin subsiancas

Inlroduction to Appropriate Technology

turned round by oxen, loses o very large
percentase of its sugar. Oae of the things
on which we have heetn working i to
produce much more satisfuctory types of
rollers, In fact you really have o go away
trom rollers aliogether and o use some
pxpression system with an Archimedean
serew—a sort nf mincing machine, so that
Lhe material is passed lheough o eiical

qou huve the sugarcane juice. it
is a very sticky, thick gray juice which has
to he purified. Firsl i Das fo be clarified
and it is desirable (o reduce its acidity. be-
cause it is quile an acid juice. I is liks
many biological syslems while they are
actually o living systemm: they cun tolerate
chemigal conditions which. the moment
the material s extricted from the systeo,
simply canl Dbe rolerated at all, Sugar
remains as sucrese in a highly acid condi-

Varicus chemicals

tion inside the sugarcane, hul as soon as
vau get the acid juice out of the cane il
promptly starts this process. known as
inversion, of braaking the molecule in half,
losing u meclecule of water and larning to
alugose and freciose which is very difficult
ta crystallize or which stops the sucrose
cryslullizing resulting v & miuch less
satisfuctory sugar. So one has to clarity
sugar. The usual wuy of doing this is to add
limg—we are back 1o calcium carbonale
again—and then for the best results suifur
dipxide which can be made un the spot by
hurning sulfur in air, is forced through the
mixiwre.

Having obtained « fuice which has
been clarified. next vou have te filler it.
And filtration is another problem in inter-
mediate technology. H is very gasy in the
large factory to filter etficiently. where one
has vacuum systems and good filter pads:

Wood ——— Sugar and starch
Dyes Cocoa I——‘—— Rope
Essertial oils —— Plants Sisal ——— Steroids
Insecticides —————— Peat I Teguila drink
Drugs Rubber
|
Yeast
Protein

Fiure 7.5. Plant products.
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Intermediale Chemical Technology

Lealy
[Water) gresns Moisture
|
- Heat
Pulp - Exiract - rsre. 1 Separator Liryer

Solids residue Fiitrate Leaf protein
concentrate
product

Figure 7.8, Laaf protein process.

il is inuch less easy in a village situation.
So a lot of attention is having to he paid ‘o
methods of filtering w ithoul losing a Ist o
sUgHL.

Then the sugar has to be concentrated
to a point whete it crystallizes. This bas to
be done guickly because, as the tempera-
ture is raised, the tendancy fur the sugar to
invert is vary much larger; the higher the
temperalure, the faster the reaction goes
Now this problem is overcome in modern
sugar making industries by using what is
koown as vacuum pans. The sugar is
contained in a vessel. the space over which
can be evacuated. Therefore, the boiling
process is speeded up. because the vapur
pressure is much Jower and therefore the
evaporation takes place in a fraction of the
time it does in an open pan. However. it
has oot vet heen possible to produce a
vacuum pan which is suitable for use in
rural villages and crystaliization remains a
major problen.

Traditional Processing

Rural villages produce a sugar known
as gur, where the juice s simply exlracled
from the cane with vne of the crude presses

discussed eaclier and then it is simpiy fil-
tered. clarified a litie. and evaporated.
You end up with a product which is a dack
brown, semicrysialline. raiber sticky ma-
terial. Unfortusately the sugar does nat
keep very well It is difficull 1o store be-
cause of its sticky nature; il really is not
very weil crystallized and it does contain
an enormous number of inpurities. The
other type af sugar available is kansari.
which is treated with the lime sulphite
processes and (hen fiitered and evaporated
under oplimum conditions. A good, semi-
white crystallized sugar is produced: this
is the purest sugar produced in village
communities.

[ have found that this process is a very
important part of indusiry o villages.
Many of the indigeneaus foods are based
on sugar, which is # good source of energy
hut contains no proiein, no minerals, and
no vitamins. The sugar has no food value
olher than being the cheapest known
source of calories. so it is useful a3 energy
food. Ancther imporant use of sugas, aparl
from bagasse and its value as a fuel, is the
wax within the cene. If you extract this
wax, afier removing the supar. by lreating
with benzine in a solvent-extraction plant,
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Flgure T.7- Leaf prolein products.

it can he a very useful way for walerprood-
ing or polishing. Sugarcane wax is some-
thing which we are trying lo iniroduce inlo
sugar-producing countries. bacause it is a
raw maleriu], which is, at the moment,
simply getling hurnt with the bagasse.

Plants as Raw Materials

Plants are a splendid source of raw
malariuls (figura 7.5, providing veast, pro-
lein, chemicals, sugar, anrl starch. Coeoa is
a very valuable malerial ohlained from a
plant. Sizal plants will give rope and
steroids aod also toquilla, wiich people
lend to forgel. You can also get pest and
rubher, insecticides, drugs, essenlial oils,
dyes, woed. und pectins, which all can be
produced frum local planls. S plants are
really extremely important sources of
chemicals for intermediate technology
processss,

Leaf Protein

One veory imporlant process. involving
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a tocal plant. or o very lurge range of local
plants. is the produciion of protein from
leaves. This is a simple process, which can
he very valuable. Mauy green leaves.
grasses, und herhage such as clover. can be
treated 0 praduce prutein concentrales.
All you need to do is tu cut the material
finely and then pulp it with some sort of
press water {figure 7.6}

Having obtained a pulp, you can run
off the liquid, which is fairly sticky. from
the pulp. Yo you make an extraction of the
liquid, which means that you ave left with
a residue of solid. The fibmous parl of the
plant can be used as cattle feed: it still bas
quite 2 iot al calurific value. altheugh ithas
lost a lot of its protein. Theo, f this ex-
tractad liquid is heated to 70 to 75°C.. the
pratein coagulates into o white lumpy ma-
terial, which can be separated {rom this by
filiration. The produact is a iilteate and a
solid material, which can be dried to give a
white powder, a very valuable souree of
pratein. Alihough nol ali the ewsential
aniino acids are contained io leaf protein,
il can b used as an additive to food in
high-protein breads and in soups. siews,
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There is no knowa human society in
the world which does not have # sysiam of
transmitting its skills, wisdom, and way of
life from one generation 1o annther. As one
African writer expresses it. “The claim that
education was introduced to Africy by Bu-
ropean colenial adminisirators and
missicnaries is mot only tersibly presump-
trous hut an indication of how contemp-
tuous some Westerners have been of any-
thing and everything non-European.™

Dr. Anza Lema, another Third World
educalionalist writes of iraditional educa-
tion: *1t might not have been as formally
siructured as tha Western system was, but
it was well organized and very successful
in achieving its objectives.” He states Lhat
there are three main educuiive agencies in
African traditional communities.

1. The first was the family which was
wilbout a doubt the most fupda-
mental.

3. The second was lhe informal
lessuns lasarned from cootaut with
playqups and the community as a
whale.

3. The third more formal and or-
oanized part of the educalive
process was given during the years
of adolescence in what Dr. Otio
Raum calls “developmental rites.”
These usually center around the at-
tainment of puberty and uzuaily in-
volved “circumeision rites.”

After this intensive period of cam-
munity education a persan bacame lagally

Chapter Eight

Education Systems:
Appropriate Education and

Technology for Development
by Charles R. Tett

free and qualified to inheril, 1o own, and to
dispose of property. Young preple were
then given the right to marry e well as
procreate and 1o raise a faniily. These rites
drew public recognition to the new slatus
of adultheod. This “schooling™™ pariod had
aducalional significance in several ways.

1. H was a process of toughening the
young initiales through wvarious
tests of physical endurance and
ordeals of manhoad or
womanhood.

2. It uniled all the injtiales together in
a strong Lrotherhood by emotional
and social bonds.

1. Social cusioms, religious beliefs.
tribal law. and uivie duties were
taught by which they learned their
obligations and dulies to their com-
munity.

4. Skills were imparted by which the
initiates were taught 1o build a
home. vare for the family, rear
domastic animals, produce craps,
fish. and hunt. The technica! skills
or making implements and
weapons uften came inte this train-
ing period. The special skills of
iron smelting. biacksmithing,
medicine. and other specialized
trades }arts] were usually passed on
from father 1o san hy life ap-
prenticeship.

This traditional system varies from
country to country and trihe to tribe ac-
cording to Ibe local environment, tribal
structure, an< cusioms. bul it cannot be
ignored as i1 was a valuable system.

117




Introduction to Approprlate Tochnology

Colonial Education

On this subject of cofonial education
let 1the Third Warld speak again. H. F.
Makulu wriles, *"U'he expunsion uf coionial
empires swepl Bway the rtemaining
strength of indigenous vivilizations and
planted in thelr place » new technological
civilizaling . . . . The edocation  pro-
vided by the Colonial Governments way
not designed 1o prepare vouns peopls for
the service of their country: {nstead. it was
a desire to inculcate the values of Colonial
soviety and to lrain individuals for the
service of the Cnlonial State.” This may
have bean dine in some cases wilh the
highest of motives for William Pitt in 1792
in a speech io 1he British House of Com-
mons siid, “Even Africa, thaugh last of all
the quarlers of the globe. sball enjoy at
length in lhe evening of her days, those
blessinys which huve descended upon us
so pleotifully.” Nol all culoniadists
hewsver, shared this high metivation, for
these engaged in commercy werg guick to
ser und exploit for tinancial gain the sup-
ply of cheup kabor and raw materials which
became available in the countries which
they calonized.

Syslems of education were skt up hy
the variops powers, the British, French,
Portugese, Gernen, and Dulch, ali ot
whom had different approaches, niot only
to education. bul also 1o politics and
adminisiration. i musi be recognized that
the colonial educators introduced the type
of eduration with which they were mast la-
milior and made litlle aticrmipt {0 adapt it 1a
the new environments in svhich it was
taught. In all these calonial approaches lo
cducadon  the expatriste teacher saw
himsell as (he source ol knowiledge and his
pupils as emply vessels waiting to be
filled. The role of the pupil was to be
possive, docile, and never lo challenge the
autharity ol the teacher. This type of
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ednctian is described in the Third World
45 Ceducation for  domestication.™ I
regards the world 45 a closed syslens.
which can only be known and undesstoad
in its totality by aw educated clite whose
responsibility it is Lo poss on these deposits
of information inlact, This knowledge is
divided into depactments called suliects.
which sre usidly kept in isolation. Teach-
ing is held to be o differeat function fram
learning. and the process of knowing is
kept separate from working. aad thinking
is quite distinct from doins. I prevents any
dialogue between man and the world,
Such a posilion eonsuces thst those In au-
thorily control knowledge for their own
ends and thus perpeivates “the domesiica-
tion'" uf the people under their wing.

L'rtil revently the colenized people
were never in @ position to challenge this
attitude. Indeed muny of them have ac-
cepted the syslem because thevy saw new
apportuniiies to avguire the secrets of Eu-
ropeart  power and  maleria]  benefils
through the volonial educativnal system.
From the beginning of lhe twentieth
century lpis Western system ol educalion
was agsumed o he the answer to economic
and palilical progress by boih the colo-
nizers and the colonized. This tyvpe of
education has benefitted the few wha bave
been fortunate or weaithy Lnoush 1o avail
themselves of it but it is by no means the
communily edecation  that they had
inherited from their traditional system, Al-
though quite often 1he 1wo systems have
continued fo function ingether in parallel
in the rural areas, in the fust growing urban
centers they have heen tou difficull to
continue.

The educational system. like all other
ilnposad sysiems, has boen challenued by
the poming of political independence to
the ex-calooial countries. Most countries,
however, have heen obliged to comtinue
the sam: educational system because ihe
alraady educaled olite have vested
interests in its conlinuance and are not pre-




pared 1o consider any alternatives.
Monetheless. some Liunt-ies have begun to
challenge this system because of thar
ideolpgical molivaiion and st putting o
great deaj of effort into research to tind a
svstern which will more suitably expeess
their national “seifhood™ rather than
continue to operate « system which is
farsign to their own culture. President
kenneth Kaanda of Zombia said, -~ The age
of the old unimaginative approach to
aducation is over and the time has cowme tor
all voung countries fo engage in serious
reappraisals of their existing educational
systems with a view lo overhauling them
antirely and gearing them to the necds of
their countries.”

Education Systems

Education and Culture

We bhave seen that when our own
Weslern svatems of education and training
are applied to developing countrics, alltea
pften the local culture i ignored. Wittingly
or unwittingly. ¢ monoculiore 5 produced.
There is a teodency for mudern life 1o all
countries to e overly commercial and to
overluok human values. In the cities o¥
most couniries it is hard to 1eil whether
ane is 10 Nairobi, Lagos. or London tar the
buildings are monotonwusly similsr.
Monoeducation and training is appiied to
the minds of people in most countries as
monearchitecture is applied to their ¢ities.

Phgta 6.1, Nambale Wiage Polytechric (Kenya).
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This is also true in the field of lechralogy
which does not take into scoount the local
needs and environmental factors.

The “educaled clite” usially have the
same lendency to “kesp up with the
Joneses™ as they ate “honked™ hy the same
advertisemenls to buy Western consumer
products and aceept Western standards
while cumnplaining. nat tea loudly, that
their culture is heing destroved. [niluence
from the Wost has succesdad ull too well
and Lhrough the process of imposing
Western education for mony years. has
produced people who have little relation-
ship ta their pwn cultural heritage. As a
result 1hey have been letl in their “inde-
pendent nations” as one African poet
describes himself, “hanging in the middie
way."” belonging to two worlds and 1o
none.

This  psewdo-Western  life-style.
howszver, is only possible ip the cibies
whers thete is money to support il for a
small ¢lite. It is nat true of sl] developing
countries, for oven in Africa thece are glo-
rinos exceptiovs |like Tanzanmia) where
people are fighting hard to find real inde-
pendence and to keep ihe African concepl
of living for the rommunity and not for
self-apzrandisement. There #re no ohvious
gigns yel that this Latte is being won. [n
mpst develaoping vountries the majority of
the population is sxcluded trom  this
process we call "developmeni.” Develop-
ment is sumetimes Lhe name we zive to Lhe
syndrome of cur own imbslanced society
by which the rich get richer at the expenge
of the pour. for everything is sacrificed to
econamic growth. True des elypment must
suraty be the devslopment of people: 4
process by which they are sble to fulfill
themselves us  persons  and  wake 4
contribulion to their community, This can-
not he measured in terms af gn.p. or by
computer, for il is qualilative rather than
quantitative.

Educalion Systems

Urban Unemployment

The pluns for development in masl
developing countries have heen based on
ralging the gross natioea) prodducy by the
introduction of modern industty which is
designed o save Libor The result is zrow-
ing unemplovment, csiecially inthe cities,
Uyemplovment denies the right of human
Tulfilimenl and ils debumanizing prosess
only produces frustration. poveriy. and
misery.

Anoiber facior which bas exacerbeted
the unemplnyment problem is the increis-
iny number of young people reaching em-
ployable sge. This “population explosion™
is taking place in the develnping countries
at three or four limes the pace of the
developed countries.  Africe with 234
million propie in 1983, will nomber 350
million by 1883, The male labor force will
have increased by S0 percent by the same
vear, un:l will probably mare thun double
by the end of 1he century.

Family planning is reloctantly  ac-
cepled by peaple who have little tamily se-
curity. Lerge families are welchmed, as
Lhildren <oon pravide exira working hands
for the poor vielding subsislence fanns.
They also we an insurance policy far the
survival of the fumily in vouwntries where
medical services are in short supply and
the death rate is consequenty hizh, It is
estimated that in India at least six children
have 10 be born in a family to ensure the
survival of a male heir. Bul even if family
planning rould be rigorously applied im-
medislely. ne effect in the Jabor force
would be feji for many years. for the labor
forre is alteady detecmined far the naxt 15
vears. The problemn of unemployment is
therelore a growing one. it is unlikely that
the creativn of new jobs will tuke place
faster than 1he growtb of the nopulstion
unless more rdical Measures arc faken o
enrourage 4 technelogy which is more ap-
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This is alsu true io the field of technology
which does not take into account the local
needs and environmenlul factors.

The “sducated elite” usually have the
same tendency to “keep up with the
joueses™ as they ure “hovked ™ by the same
advertisements to buy Western consumer
products and accept Western stundards
while complaining. not too loudiyv, Lhet
their culture is being destroyed. Influence
from the West has succeeded all wo well.
and through 1he process ol impasing
Western wducation for many vears, has
produced people who have little relation-
ship to their own cullural heritage. As a
resull they have been left in their “incte-
pendenl nations” as one African poet
describes himself, ““hanging in the middle
way,” belongirz o twe worlds and io
none,

This peeudo-Western  lile-siyle,
howsever, iz only possible in the cities
where there is money te support it for o
small clite. It is pot true of 8]l developing
countries, for sven in Africa there are glo-
ripus exceptions [like Tuanzaniaj where
people are fighting hard to find real inde-
pendence snd ta keep the Alrican concentl
of living for the communiiy and not for
self-aggrandisement. Then: are no obvious
sigins yet that this baitie is being wan. In
most developing countries the majority of
the population is excluded from this
process we catl “developmant.” Deveiop-
ment js sometimes the peme we give to the
syndrome of cur own imbalanced society
by which the rich get richer at the expense
of the poar, for everything is sacrificed to
gconomic growth, True development musi
surely be the develupment of people; #
process Ly which they are able ta fulfill
themselves us persons and tnuke a
¢ontribution to thelr community. This can-
nal he measured inlerms of .0 or by
tomputer, for it is gualitative ruther than
quantitative,
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Urban Unemployment

The plans for duvelopment in most
developing countries have heen based on
raising the gross nalivnal praduct by the
introductian of modern industey which is
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Unemploymenl denies the righi of hwman
fulfiflment and its dehumanizing process
anly produces frustration, poverty, and
misery.
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Family planning is relactantly ac-
vepted by people who have litlle family se-
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children snon provide extra working hands
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They also are an insurance policy for the
survival of the family in countries where
medical services are in shorl supply and
the death rate is conscguently high. It is
eslimated 1hat in India at 1east six chiidren
have te he born in a fumily to ensure the
survival of a male heir. But even if family
planning could be rigoronsly applied im-
mediately, no effect in the fahor force
wauld he felt far many vears, for the lahor
force is already determined for the newt 15
vears. The problem of unemployment is
therefore a growing une. It is unlikely that
the creation of opw jobs will lake place
faster thun the growth of the popululion
unless more radical measures are taken o
enraurag: d lechnology which iy more ap-
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and theogh Hie process of imposing
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praduced people wha have little relation-
ship to their own collural heritage. As a
restlit they have been left in their ~inde-
pendenl nuotions™ as one Afrivan post
describes himzelf, “hanging in the middle
way,” belongirg 1o two worlds and to
none.

This pseudo-Western  life-stvle,
however, is only possible in the cilivs
where there is money te suppart it for 4
small elite. [ is ool true of ail developing
coonlries, for even in Africa there are glo-
rious exceplions |like Tanzanis) where
people are fighting hard tu find real inde-
pendence and to keep the African concept
af living for tha community and not for
self-aggrandisement. There are no obvious
siang yet that this battle is bolog won. In
mest developing countriss the majurity of
the population is exciuded from this
process we call “development.” Tevelop-
ment js sometimes the name we give to the
syndrmme of cor own imbalanced society
by which the rich get richer at the expense
of the pour. for everything is sucrificed to
economic growlh. True developmant must
surely be the development of people; a
procass by which they are able te fulfill
themselves a5 persons amd  nake
cantribution to their community. This can-
ool be messurerd in terms of gonep. or by o
computar, for i is gualitative aiher than
quantitative,
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Urban Unemployment

The plans for development in most
developing countries have been bused on
raising the gmss nalivval product by the
introduction of modern industry which is
designed lo save labor The resuft s grow-
ing unemployment. especially in the tities,
Unemplovment denies the right of lluman
fulfillment and its dehumanizing process
only produces frusiration, poverty. and
NIEsKrY,

Another fuctor which has exacerbated
the unemplovment preblem is the ingreas-
ing number of youny peaple reaching em-
plovable sge. This * population explosion”
is laking place in the developing countries
at three or four times the pace of the
developed cowntries.  Africe with 21+
millinn people in 1955, will numhar 450
million by 1985, The male labat fome will
have increased by G0 percend by the same
veur, atd will prabably more than double
by the end of the century.

Family planning is reluctantly ac-
cepted by people who have Litde famiiy se-
curily. Large familivs are welcomed. as
children ¢oon provide extra working hands
for 1he poor vielding subsislence furms.
They also are an insurance policy for the
supvival uwf the Jamily in countries whemn
medical services are in shorl supply and
the desth rate is conseguently high. It is
nstimated that in India ai least six children
have to be burn in a family to ensure the
survival of 4 male heit. But even if family
planning could be rigorously spplied im-
mediately, oo effect in e labor force
would be felt for many vears, for Lbe labor
forco is already determined for the next 15
voars, The problem ol uremployment is
therefore 4 growing vne. It is unlikely that
the creation of new johs will take place
fuster than the growth of the populalion
usless more radical meqasures are tiken fo
encourape @ lechnolosy which is more ap-

121




Introductlui to Appropriate Technaolagy

propriate to the nesds ol The developing
cuuntries,

Choice of Technology

I is apparent that little lhought and
pleoning rent Into the chaive of
lechnoiogy that was ariginally adopled. or
that uny chnice was evor oftered. They
have beoen sobd 2 technology  which
matches the eduecation systeny which has
conditianed their thinking, rather than a
technology which is appropriate to iheir
needs.

This is a capital-intensive technology
which has heen designed for use in
developed countries where labor is an
expensive commodity and  capital s
readily available. Conversely. in develop-
ing vountries labor iz readily availahle and
coparalively cheap, whilo capital is in
shoet supply. It follows therefore, that il
lahor could be substiluted for capital by the
intreduction of o more appropriate
technoloey it woold help lo solve some
prabtems. The appropriate technology that
hos been propesed is called “inlermediste
technulogy™ for it lies between the tradi-
tional methods of the past. and the mosl
adv anced, expensive lechnologies nf the
presenl. It is @ dynamic {echnology thal
develops with the develnpment af the
countries which apply it and leads to a
fairer distribution 2f wealth and employ-
ment opperiuntties. [olermediale
technology is more likely to keep the con-
trol of their economies in the hands of in-
dependent countries, encourage the
muximum sell-develapment, and reduce
dependence upon the rich countries.

Lxperience gained in same developing
cuuntries shaws that the application of
modern ar advsnced technology in many
tases actually creates mare unemploymenl
rven when prardoction is increased. [n
Kenyo between 1954 and 1964 manufactur-
ing qutput rase hy 7.6 percent wlile sm-
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plovment nereased by only 1.1 percend.
This is typical of many olher countries
who have fallen for the same sales talk
These and many other faclars centtibute
towards the incresse in the numbers of
unemploved inthe cities and conseguenliy
result in increasing poverty and peri-urban
squalor.

Rural Unempioyment

The pruspect for the majority of the 90
percenl in rure! wreas s also one af unem-
ployment, and. as there is a growing
lendency to mechanize the laree tarms. the
number of job opporunities in the ayri-
cultural seclor is diminishing rather than
ingreasing. There are. of cours: a few
places in 1he developing connbies where
mechanization  produces more employ-
ment. hut theso are pititully few.

The majority of the people depend on
subsislence farming which belps them to
maintain a mere existence. In many areas
the smal] plots of land and poor marketing
facilities do not produce sufficient cash
crops 1o improve their slandards of Hving.
Usually their lov cash income is barely
sufficiant fort 1e pavmend of the obligatory
government taxes. [ is no wonder that
voung people flock to the cilies gven if
there is only a remote chance of getting
same cush-producing employment. The
primary school education which they may
have received in tue village school has
done little ta prepare them for life in the
city. A few of them have thetr expectations
raised bv being able to continue to secon-
dary educalion, but even this does nat
necessarily lead on to emplayment.

Is Education the Answer?

Formal education has all oo often
beun regarded by maoy vouny polilivians
in deveiopiny countries as the panaces for
their counlries” problems, and  young
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Phate B.5. Masat Chisf shows his cab-
page. Roral Training Canter, Kenyz.




Phate 8.6. Leaming rabbil rearing, Kenya
Vikzgr Palytenknic.

laber markst already cvecflowing with
20,0 unemploved gualified engineers.
Yet sanctinn has noe beeo given to train
72,000 mote avery Year.

Education by itsell cannot solve the
problems af unemployment unless it is ap-
propriately planned and applied to a
technology uppropriate ta the needs of the
country. We have to accepl however, that
modern rities exisl in Alrica, as do modein
industries. and that there is still a need for
furmal education and lraining b meet theic
special reguirements. The gquestion is.
what is “appropriate’ education and train-
ing to mesi these needs?

Formal
Education
and Training

The present pattern of formal educa-
tion fits the formal system of moders com-

Photo 8.7. Masai craft work on sala 1o
tourists in Kenya,

Education Systems

merce and industry [or which it was
designed. But this sector of the developing
world represents only s very small portion
of any couniry geosgraphically, and
tikewise employs oely a small perventage
of the population a1 present. Hoth the
acatdemic and iechoical educalion svsiems
adopted by these countries thercfore, apply
only 1o a small number of people and
produce  an intellectual and  technical
“elite.”” The majority of the population
remains unhelped by the wealth created by
the modern formal sector of industry and
commerce. There is a goud deal said by
some economists about the benelits of the
modern sectors being distribuled to the
paor rural areas, hut there is litlle evidence
of this. Academic education is averproduc-
ing arts sraduates in most of these coun-
tries who expecl 4 city joh, and 4 high stan-
dard of living, bul more of these young
people are finding thewr expeclations
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Intreduetion to Appropriate Technology

frustrated. insufficient emphasis has been
piaced upon expending lechnical educa-
tion [0 keep pace with the expansion of
modern industry and its increasing com-
plexily. Il developing couniries are to
maintain the modern capital-inlensive in-
dusiries they have already staried. &
technical education fo maintain their in-
dustries must of necessity be supported by
an increasing budget lo enshile it to keap
pace. If, and when, there is a change of
policy conrerning the adoptios of a more
upprapriate tachnology then the system of
technical education will peed 1o be
modified acenrdingly.

The formal sector of educastion at
present bas litlle relevance 1o the needs of
the rural areas except in the agriculturc
and veierinary services. There is still a
need for this type of specialist training to
expand, as the economies of most develop-
ing countries depeod upon the products of
the rural areas for fond and raw materials
for their industries and for expuort. At
presant the cost of educating und training a
minority absorhs most of the national
education budgets and litile Is left to ex-
periment wilh mors relevant types of
education especially for the rural areas.

Appropriate education and trainiog
for rural living could increase 1he produc-
tion of more foud and raw materials and
this alone shauld provide an incentive to
any povernment. The increased yield of
products and cash income would raise the
standards of rural iife and, thouah such
progress may be slow, itz contribution to
the developmant of ihe nation would be in-
vialuabie in the long term.

The Informal
Sector of Industry

n the "dowotawn™ areas and in the
marketplacex of rural arsas there is # great
number of informal small industries
operated by entrepreneurs, soine of whom
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have had no formal training. and same

whea afler learning an artisan skiil have

begun their own businesses. These

cntreprenears are more numercus than one

would think, In Nairobi. Kenya. it has heen

estimaied that more Ihan 10.000 workers
£,

operate in th ormal sector and sell their
products or services to support themselves
and their families. Training for selt-em-
ployad technically skitied men and women
is atmost nonexistent in many developing
countres. vet the opportuoities are great. [t
bas to be racegnized thal entreprzneurs.
like arlists. are usuaily born not made. but
both reed Iraining to maximize their
polential. This is a3 true in Birmingham as
in Bombay or Bungoma, for Britisbh in-
dustry still depends on small entre-
preneurs to a surprising degree. Peter Mar-
ris in his research published in African
Businessmen highlights the need for on-
the-job training services 1o make these men
mare efficient and effective.

The type of industry most suitahle for
the informal sector usually follows the
principles of “lntermediate Technology™
which can be defined as:

1. Subsgiituting labor for capital, thus
providing maore employment

2. Simple rather than sophisticaled
using the minimum amoant of ma-
chinery and tooling of an unau-
teenatord voadbosn
tomated pattern

3. Being inexpensive i makes
minimal demands upon national
importz and uses lacally available
materials as far as possible

4. Training for fhese industries is
comparatively inexpensive as
maximum vse is made of ap-
prenliceship and on-the-joh train-
ing for imparting skills.

This type of techoology applied 1o the
lnfarmal sector in developing cauntries
should receive every encouragement for it
is from these roots that the truly inde-
pendent and indigenous African industry
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frustrated. Jnsufficient emphasis hay heen
placed upon expanding technical educa-
tion to keep pace with the expansion of
modern industry and its increasing com-
plexity. 1t developing countries are to
maintain 1he maders capital-intensive in-
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technical education 10 maintain their in-
dustries musl of necessity be supparied by
an increasing budget to enable it 1o kecp
pace. [{. and when, thece is a change of
policy concerning the adoption of a mare
appropriate technology then the system of
technical education will need to be
modified accordingly.

The formal sector of education at
present has little relevance to the needs of
the rural arees except in the agriculiure
and vaterinary services. There is still a
aeed for this type of specielist iraining to
expand, as the economies of mosl develop-
ing couniries depend upon the praducts of
the rural aress for lood and rew maierials
for thelr industries and for export. At
present the cosl of educating and training a
minority absorbs most of the nationat
aducation budgets and litlle 15 Jeft to ex-
periment with more relevant fvpes of
aducation aspecially for the rucal areuas.

Appropriate education and training
for rural living could increase the produc-
tion of more food and raw materials and
lhis alone should provide an incentive lo
any government. The increased yield of
products and cash income would raise the
standards of rural life and, though such
progress may be slow, its contribution lo
the development of the nation would be in-
valuable in the long term.

The Informal
Sector of Industry

In the "downlown” arsas and in lhe
marketplaces of rura! areas there is & greal
number of informal small indostries
operaled by entrepreneurs, some of whom
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have had no farmal treining. and some
wha after learning an arfisan skill have
begun their own businesses. These
entreprenedrs are mare numerous than one
waould think. In Nairobi. kenya. it has been
estimated that more than 10.000 workers

anorats in the informal cacior and ol iheir
Gperdis 0 ing IRISTINW SeCior ang e inear

products ar services Lo suppart 1hemselves
and their families. Training for self-em-
ployed technlcally skilled men and wamen
is almost nonexistent in many develuping
countries, vel the opportunities ure greal. I
has to be rezognized that entrepraneurs,
like arlists, are usually born not made, but
both need training to maximize their
potential. This is as true in Birmingham as
in Bomhay or Bungoma, for British in-
dustry stili depends on smsll enire-
preneurs to a surprising degree. Peter Mar-
ris in hig resesrch pnblished in African
Businessmen highlights the need for on-
the-joh training services 1o meke these men

more effivient and effective,

The type of industry mos1 suilable for
the informal sector usually follows the
principles of “Intermedisie Technology™
which can be defined as:

1. Rubstituling labor for capital. thus
providing mare employment

2. Simple rather than sophisticated
using the minimum gmouni of ma-
chinery and tooling of an unau-

tomated natharn

tomated pattern

3. Being inexpensive it makes
minimal demands upon nalional
imporis and uses locatly available
materials as far as possible

4. Training for theze industries is

comparatively joexpensive as
maximum usé is made of ap-
prenticeship and on-the-job train-

ing for imparting skills.

This type of lechnnlogy applied 1o the
informal sector In developing countries
ghould receive overy encauragement for it
is from these ronls that ihe truly inde-
pendent und indigenous African industry




gan grow. This kind of industry using
similar technology was the foundation of
modsrn industry in tie develaped coun-
{ries and is still viahle today in many parts
af the world, ezpecially in the developing
countries, which are at the same fornative
stage in their national hislory.

The Inlermedizte Technology
Development Group has been sble io
demanstrate this approach o technol-
ogy in Zaria, at the reguest of the North
Central State of Nigeria with aid reccived
from the British Qverssaz Development
Adminisiration.

A workshop has been established in
which prototypes of hospital, schonl, agri-
cultural, and ather equipment have been
designed and lested, A trzining scheme for
unemployed youths has bezn establishad
for the production of this equipment, using
simple procedures and labor-intensive
methods. There is now an increasing de-
mand for the products for loca! copsump-
tion, alse for the services of the trainees
when they have completed their training.
Some of the ex-trainees have been able to
start their own small enlerprises, After
seeing the benefits of the stheme, other Ni-
gerian states have askec for similar help to
establish their own intermediate
technology warkshops and training
schemes.

Nonformal
Education
and Training

While it is necessary fo give help to
the informal sector of industry through
training programs, there is also a strong
naed for nonformal education and tralning
programs in the urban and rural argas.

It is not possible for wny African
couniry af present to give formal education
at primary school level to all of its
children, because they cannat affard it. Mot
only are the costs of formal school rising

Educatinn Systems

fasler than national budgets, bul the invest-
menl in schools has rot paid off in provid-
ing employment for all the pupila who
have completed their education.

“Nonformal” educstion and training
programsé are 1herefare needed to halp the
increasing number of unempioyed o be-
come productive. These cen he divided
into three main groups:

1. Those wha have net had the op-
porlunity of formal cducation.

2. School-deevers who have meed of
additional training to become em-
ployvable.

3. Employees who need upgrading lo
enhance their productivity.

1. The Unschooled

it cannot be accepted that those who
are illiterate are wecessarily uninielligent.
bul simply 1hat they lack the opportunity
or wealth Yo be eduvcsied. For those swhe
cannot be formally educated “learning by
doing” is more applicable to rural living
and mests the needs of a grea! proportion
of “nonsciiceled” young people and
adults.

This melhod caa be linked 10 ad-
vantage with functional literacy schemes,
or adult education courses where these are
available. For the purpose of upgrading ag-
ricolture in the rural areas from
subsistence level lo better standards of
food praduction and cash crop introduc-
tion, [earning by doing is quite adequate
and effective. Many other rurai craft skills
can be lsamed bo a high degree of
compeiency withoot the use of written ma-
terials or expensive modern teaching
facillties. There are many examples of
ronformsl aspreaticeship iTeining from
many patts of the world where a successful
farmer or masler craftsman commuonicatps
his expertise or skill. A trainee can be
taught 10 accomplish a skilled task by per-
sonal tuition and. through experience
gainad in subsequent practice, can become
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competent and efficiant and reach a high

training for employmenl needs aclive en-
couragement and where it is absent, every
allempt should be made to introduce it.

A valuable example of this “learning-

by-doing” melhod is provided in an
unosual apgricultural echeme in Nigeria
which for many years has provided ap-
prenticeship iraining for young farmoers.
Starting in a subsistence farming area 1he
initiatars of this scheme realized thal hand
hoes alone could not produce an agri-
cultural surplus which could substantially
increase the villagers’ income, The use of

tractors was out of the question for the’

cupitdl requiped would cost more than the
tolal income of the averapge agriculiural
worker tor 100 years. Thetefore, the people
decided that the scheme would he hased
on the use of an intermediale technology
using animul-drawn eguipment, impraved
seed, and better agricullural metheds.
Starting with a smull group of farmers,
training was given by learnicgz “on tbe
job.” Instructors introduced new methods
of training in the use of animal-drawn
equipment. When ihe trainees had reached
a sufficient level of competence. they were
given a loan of $20M 10 buy their equip-
ment. bullucks, seed. and fartilizers with
which to start their own new farms In
return they were asked to make two
contributions. The firsl was a promise to
help the surroundimp farmers hy
demonstratiog to them whal they had
learned, and secondly to train two young
apprantices for two years. When these ap-
prentices proved their worth. ihey were of-
fered simllar loans after making similar
promises. The tesult of this “each une,
teach two" has proved itself aver 10 vears.
and 80 pescenl of the farmers so lrainad are
still fnrmmn When visiting I was told that
all tha fdrmere had repaid their initial
Ioans except for & very few who had sul
fered some calamity.
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2. The Unempleoved Schaol-Leaver

One of ihe most urgent needs in
developing countries is for training the
unemployed schouol-leaver. Formal educa-
tion haa usvally been acquired by the
sacrilice of poor parenls and has raised the
pupils’ aspiratione towards employment in
the modern sgctor with the prospect of a
secure future. There is considerable frus-
tration when 1he majorily are eliminated
by compelitive examinations, or hy lack of
fees to complete their education to
university level. Pupils experience even
more frusiration ¢n completion of primary
or secondary education when they find out
their education does not necessarily ensure
for them a piace in ihe modern sector of
vommerce and industry, If they are to be
employed, further training is necessary
after completing their schooling.

Many types of nonformeal training pro-
grams, most of an experimental nature,
have heen established in Africa with vary-
ing degrees of success. Maay have been set
up by veiuniary agencies and bave de-
pended upan large inputs ol external aid to
initizte them and in many cases o
continue them. In the repert “Non-formal
Education in African Development™ James
Sheffield and Victor Digjornach describe a
great number of these schemes in some de-
tail. and show a wide variety of suilable ap-
proaches to the problem. One of the facts
noted in their repart is that these schemes
are less expensive per trainee than formai
education, but that in spite of this. there is
a reluctence hy mast African governments
to support them firancially to any greai
extent, even though a high percentage of
their national budgels is spent on format
education.

Sometimes 1 has been lefl to govern-
ment depariments other than the education
department to encourege nonformal educa-
tion. In Kenya 1he Minisiry of Co-gpera-
tives and Social Services is aiding lhe




development of the " Village Polylechnic”
scheme which was iniliated by the Na-
tional Christian Council of Kenya, follow-
ing thelr survey of s¢hool-leaver problems
published in the reporl “After School
What?™" in 1086. In this report urban and
rura] youth prok lems were examined and it
wag realizad that tural youth needed spe-
cial attei.!ion and training in skills other
than only agriculture, The term “Village
Polytechnic” was coined by the report
commitiee and the seed of a new lype of
training for village youth was sown. This
seed has iaken root and produced a
number of different training ideas, which
have grown as they have been fed to village
youth leaders. As a result two types of
Village Polytechnics are flourishing which
can be classifled as institutional and exten-
gion oriented.

The institutional type has drawn

together groups of young people of both
sexes and simple training has been given
in various crafts by employing artisans or
other gualified instructors. Shorl courses
in poultry and beekeeping have made
young people realize that there is an extra
income 1o be gained from using to the full
their loca! natural resousces.
The oiher type of Village Polytechnic
has become extension oriented and relies
upon experimenting with new cash crops
and the use of animal-drawn agricultural
equipment. Some V.P.'s have combinad
both the instilution and extentional ap-
proaches, The results have been encourag-
ing. One V.P. claims to have produced in
nne year:

89 beckeepers with an average extra
income of 1,200 Kenya shillings

/9 new poultry keepers

7 new fish ponds. and lo have been
responsibla for sinking B0 wells.

On a receni visit ta one of these Village
Polytechnics [ was encouraged to see that
the apathy that is often apparent in villages

Education Syslems

had been replaced by enthusiasm and a
willingness to absorb these new ideas.

In the urhan areas there are a growing
number of experimental iraining schemes
for unemployed urban youth, These pro-
grams usually offer training in ariisan
skills for wark in indusiry or commercial
training for office work. The demand for
such training always seems o cxceed the
possibilities ¢f suppiv.

3. Employee Upgrading Training

This type of training assumes that the
worker is already employed and therefore,
it is to the employer's advantage that his
performance is increased, as his should
lead to a higher productivity. There is an
understandable roluctance on the part of
ihe empioyer 1o pay for such training. as
the mare highly skilled an employee be-
comes. the more employment opportu-
nities are open lo him with rival em-
ployers, wha are prepared te offer higher
wages. [n a developing country where
technical skills are in short supply the risk
of losing a technically skilled w «ker is
great. The “levy” system adopted by
British industry and by a fow developing
countries ensures that the financial hurden
of upgrading training is burne by ail em-
ployers of skilled personmel. This scheme
offers an incentive to all employers 1o up-
grade the standard of their skilled workers
which is boih advantageous 1o them and
does not place a further burden wpon
government funds. Upgrading courses can
be orzanized by employers collectively ar
by attendance sl special training centers
funded from the money received from in-
dustrial levies.

There are of course muny olher
nonformat educlion and training schemes
hut these examples have been chosen he-
cause they would sesm lo be the arvas
where immediate heip is urgently required
to stem the continval rise of unemploy-
menl. But aithough these will make a
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Photo 8.8. Learning Ig builo avena from
paraifin tins in Uganda.




development of the *Villuge Palvtechuic™
scheme which was initiated by the Na-
tional Christian Council of Kenya, follove-
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training for village youth was sown. This
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have grown as they have been fed to village
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sian oriented.
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in various crafts by employing artisans or
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income to be gained from using to the full
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upon expecimenting with new cash crops
and the vse of animal-drawn agricultural
equipment. Some V.P.s have combined
both ihe institution and extentional ap-
proaches. The results have been encourag-
ing. One V.P. claims to have produced in
ORNE year:

89 beekeepers with an average extra
income of 1,200 Kenya shillings
79 new poultry keepers
7 new fish pords, and 1o have heen
responsible for sinking 80 wells.

On a recent visit to one of these Village
Polytechnics 1 was encouraged to see that
the apathy that is often apparent in villages
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had been replaced by enthusiasm and a
willingness 1o absorb these new ideas.

In the urban areus Lhere are g growing
number of experimentzl training schemes
for unemployed urban youth. Thesse pro-
srams usually offer training in artisan
skills for work in industry or vommercial
training for office work. The demand for
such lraining always seems to exceed the
possibilities cf supply.

3. Emploves Uppgrading Training

This type of training assumes that the
waorker is already employed and therefore.
it is to the emplover's advantage that his
performance is increased. as this should
lead to a higher productivity. There is an
understandable reluctance an the part of
the employer to pay for such training. as
the more highly skilled an employee be-
comes. the more employment opportu-
pities are open to him with rivel em-
ployers, who are prepared 1o offer higher
wages. In a developing country where
technical skilis are in shott supply the risk
of losing a technically skilled w .cker is
areat. The “levy” system adopted by
British industry and by a few developing
countries ensures that the financial burden
of vpgrading training is borne by all em-
plovers of skilled personnel. This scheme
offers an incentive to all employers to up-
grade the standard of their skilled workers
which is both advantageous to them and
does not place a further burden upon
government funds. Upgrading courses can
be organized by employers collectively or
by attendance at special training centers
funded from the money received from in-
dustrial levies.

There are of course many other
nonformal education and training schemes
but these examples have been chosen be-
cause they would seem to be the areas
where immediate help is urgently required
to stem the continual rise of unemploy-
meni. But aithough ihese will make a
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development of the **Village Polylechuic”
scheme which was initiaied by the Na-
tional Christian Council of Kenya, follow-
ing their survey af school-leaver problems
published in the repart “After School
What?" In 1966. In this report urban and
rurs) youth problems were examined and it
was realized that rural youth needed spe-
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than only agriculture. The term “Village
Polylechnic” was coined by the report
commiitee and the seed of 3 new type of
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Intraductian fo Apprapriate Technology

Fhoto 8.8. Learning lg builg gwens from
paralfin tins in Uganda.

Phote B.4. Removing \he baked bread
trom fhe ovens.




Photo 8.10. Water sicrage tanks abhwe &
boretwate in Kenya.

valuahie eontribution to developing coun-
tries they are not a substitute for formal
education, but supplementary to it- They
should however, influence formal educa-
tion 1o adopt a curticolum maore relevant to
the needs of nationat development, and
remove soma of the prejudice which seems
10 exist against manual wolk, however
skifled, and however essaniial it is to the
interests of national development.

If the developing countries are o find
a syslam of educalion which will satisfy
their social and economlc aspirations, they
will need to expand considecably their
educational experiments and research.
Each country must find iis own way to
fulfillment and this path will be neither
easy nor short for there are vested interests
at stake both internationally and within

Educalion Syslems

Fhoto 8.11. A church raining project in Nigeria.

their own nations. The present “efite.”
where established, wiil not flad it easv to
put national interests befare personal ones.
Imernational governments thyough their
trade and aid programs will bring
considerable presswe to bear when their
profits ara threatened.

Such attitudes of self-interest can only
he overcome by some other motivation.
For, however appropriale the choice of
tachnalagy. however good the sducatioual
system adopted, success depends upon Lhe
willingness of people and their lsaders to
accepl change, to adept new concepts, and
to face the cast, This will not he easy bul it
will help to establish the national “self-
hood"” which they all seek and give them a
confidence to plan their own Ffutura
development,

11




Photo 8.9, Removing the baked bread

Phato B.10. Water stovage tanks above a
borahole in Kenya.

valuable contribuiion 1o developing coun-
tries they are not a substitute for formal
education, but supplementary to it. They
shonld however, influpence formal educa-
tion to adopt a curriculum more relevant to
the needs of nationat development, and
remove same of the prejudice which seems
to exisl against manmal waik, however
skilled, snd however essential it is to the
interests of narional development.

If the developing couniriss are 1o find
a system of education which will satisfy
their social and economic aspirstions, they
will need to expand considerably their
educational experiments and research.
Each country must find its own way to
fulii}lmenl and this path will be neither
easy nor short for thers are vested insrests
at steks both Internationally and within

Education Systems

their own nations. The present “elite,”
where established, will not tind it easy ta
put national interests before persomal ones.
International governmenis through their
trade and aid programs will bring
considerable pressure to bear when their
profits are threatened.

Such wtitudes of self-interest can only
be avercome by some other motivation.
For, however appropriate the choice of
technology. however good the educational
system adopted, success depends upon the
willingness of people and their leaders lo
accept changa, b0 adopt new concepts, and
to face the cost. This will not be sasy but it
will help to establish the national “sel-
hood” which they all seek and give them a
confidence 1o plon their own future
development.
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Introduction to Appropriste Tachnology

Dr. Uga Onwuka writes, ' The African

eode »n AdAunomis advuead o
needs a dynamic educy

sobnwn dhoad
SYSiE migi

will foster zelf-realization. self-confidence,
and promote cooperalion and productiviry.
It should be a system in which all educa-
tional instilutions positively serve national
interests and thus offer the Africun the
identity that he now lacks.”

Summary

It is evidenl ihat the choice of an
education system 1o suit all the " learning™
needs of people living in the rural and
urhan areas of the Third World is not an
easy one and some ol the following factors
must be taken lnto account.

1. Education in the wides? sense muost
lead to “iiberation and humaniza-
tion" of all the people in Third
World countrias.

and culture should be retained and
built upon.

. Palicies must be adopted that pro-
mote a growih of employment that
will keep puace w&tlh the gmwiig

population. In this respect the
choice of technelogy is a crucial
issue if new employment opportu-
nities are 1o be generated.

. Education fo. employmenl seill

contain hoth nonformal and formal
systemis working in paralle! and
providing a com rehensive learn-
ing system, in wﬁ.ich the slemsnis
of “learning by doing” and “'sym-
bolic varbal encoding™ shoukd be
incorporated.

oo wan P YU g E T — L
There will be atension betwesn the

widely differing needs of the rural
and the ueban areas. but both areas
must have learning systems thal
will suit lacal needs and enghle all
the people to make a satisfactory
contribution to their pation and
raceive an equitiahle return

Photo 8,92, Cinva Ram block-making machine.
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Chapter Nine

Appropriate Production Systems:
A Conceptual Framework

by Ben van Bronckhorst

When confronted with the complex
phrase “socially appropriate tecbhnology,”
we might first ask ourselves what it means.
Very simply the phrase refers to a
technalogy that fits inta the social pattern,
a technology that, in contrast to tha one
we now know, hes no damaging effects
B Memn.

Perhaps this “perception™ appeals to
us because lately there has been consider-
able criticism of technology in the Wast,
Wo are daily confronted with warnings
sbout environmental poilution, we hear of
the denger thal threatens us from the large
chemical industries which are usually
located near living areas. We hear of the
extlaustion of resources, the oil crisis, the
food crisis, and so oo

I won't ga further into this, because
these subjects are already sv strongly aired
by the Western media. It is, however, im-
portant to mention this assoclation hecause
appropriate technology is one of the
answers that has came up lately, one of the
solutions which is being developed for
these very probiems. Mind you, in my
opinion, appropriate technology is not the
cnly solution; on the contrary, [ am con-
vinced that we could never tackle such a
complex problem as the development of
the world with one single sojution. I attach
such importance to appropriate technology
because 1 have asked myself what we as
technicians and dssigners of apparatus—ar
systams as they are cafled nowadays—can
confribula 10 alleviating the problems
mankind struggles with, Must we change
cur approach? And if the answer to these

questions is positive, what must we dg,
what must we learn, which approach
shauld we then follow?

[ think that the phrase “socially appro-
priale lechnology” itself indicates the di-
reciipn we should take. That is to say,
socially appropriate leclmology must not
ba sven as a kind of remedy against ali
evils; far from it, bul it may give us a
mezihod which enables us to salve at feast
some of the problems. This method,
nevertheless, leaves us with cerlain obliga-
tions. The realization of a socially appro-
priate technology depends in the first
place an our ability to make technical
designs and to make them such that they
mean & real improvemenl in a social
system.

Technology

From a somewhal vague notion of the
meaning of the word “social” and appre-
ciating a technology that is good for man-
kind, we have arrived at a method—a
design method—that can generate solu-
tions for part of the problems mankind
struggles with. it’s time now to get a better
understanding of what is meant by those
three words that together form the concept.
Actually, there are two main elements, so-
ciety and technology, and the relation
hewween the two must be appropriate,
We'll start with asking the quesiion: What
is lechnology ¥ When we consult the dic-
tionary we find that technology is: “The
spience of industrfal techniques, the study
of the developmen! of industey.”
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This definition is comparatively ald
and nowsdays, under the American in-
fluence. woe tead lo treal the concept of
technology differently. It now partly serves
lo indicate a certain field of cur applied
knowledge such as textile technelogy or
medical technology. Cenerally technology
is used with the meaning ol “The applica-
tion of scientific knowlsdge for the solu-
tion of practical problems." llence the
somewhat casual use of this concepl nowa-
doys. When we speak, for example, of
transport technology we mean o indicate
that praciicel problems in ihe tield of
tranapart are solved with the aid of cur
scientific knowledge.

But this oaturslly means that we are
gradually surrounded by the resulis of this
process; all the solutions that have in the
course of tims heen found for a whole
range of practical problems continue to
exist for a sharter ar longer period.
Therefare we have 16 take another step in
order lo make the concept of technology
completely clear: “Technolopy is ihe sum
of the solutions that bave in the course of
time been estahlished and that have heen
inlexraled into the existence ol men."

It is this last meaning which is by far
the most important to most people on earih
whao have had hardly any part in the es-
tablishment of the solulions, nor will they
have in future. Technology, in the sense of
finding solutions with the aid of scientific
knowledge is, certainly in the West, 2 mat-
ter for troined specialisls, those people
who have completed a scientific technical
tralning, such us engineers.

Social Aspects

i beliave il is impoMunt to be Fully
dware of these twa diffarent meanings aof
technology, for then it is clear why the
term socially appropriate technology has
heen devised. For the engineer it means
that he has to find solutions for practical
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prablemes. but far most people it means that
they will have ta live wilth his solution.
and all the eartier solutions, 1t is therefare
not surprising Lhat both groups of people
judge the solution differently. The main
reason why there is an inderest in. and de-
mand for. socially appropriate technology
is, in my opinion. the fact that the posing
aof the problem. the prartical problem the
engineer is going to exercise his scienlific
knowledrse un_is too narrow v defined.

Certainly. a {ol of aitention is paid ta
technical aspects and economic implica-
tions, but we have many examnles that
show os that the attention paid to the
social aspects has been very slishi. Many
experiments are done before a solution is
released, but as engineers we can't predici
very accurately what etfects the complete
workpiece will have on society. when
muany people hava to work with it. We are
frequently wnable to predict wha society
will do with the solution. whether to judge
this as favorable or unfavorable. whether
the end resutt will he useful or damaging.
Engineers do malize very well thai the
passibility exists that a iechnically and
economically sound solution may be
socially inadequate. But they haven't suffi-
cient means to test the designs according
to social criteria; in only a few cases is the
kncwledge of the social sciences adeguate
to pronounce upon this.

But it is a long-Fel wish in universities
of technology to subjecl designs to the test
of socia! effects. Socially appropriate
{achnolog,. if we may now nuse thig term,
has uuen at the top of the list of necessary
developments for a long lime.

[ mentioned before that the reason
why unexpected side effects aeeur in the
implementation of lechnicul solutions lies
with the problem being tec nemowly
defined. Undesirable phenomena oocur,
somelimes at the mosl inconvenienl mo-
ments and far removed from the nbject of
solution, because our lechnology is really a




system—=a whole of mutually related parts,
I have called this system a technological
netwaork, indicating that it is a special kind
of systern; transactions take place hetwean
the elements. Economists have already dis-
covered this network; they speak of
columns and branches in industries. And
more Tecently, thevy have input-oulput
analysis where money transactions
between all sectors of a country’s econpmy
are repregented in a matrix. Inpul-ouipgut
analysis makes it possible to caiculate
what affects on the whole economy (6.5, in
the develepment of the national revenuei

Aprropriate Production Systems

can be expecied from me=sures that are
executed in certain sectors.

Woe cen extend this analysis bevond [i-
nancial transactions to follow the move-
menis of capital goods. personnel. ma-
terials, energy. and information. But such
an analysis can't actually be carried out.
not because we lack the processing ap-
paratus, hut hecause we fack lhe necesssry
date. Hoavever, we can give an impression
of the technological network as shown in
figure 3.1.

From figuze 9.1 one can deduce that
the balance in Lhe whole is dislurbed when
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measurps are taken locally to increase 1he
inlensity of a particular stream. After a
shorter or longer period this has conse-
quences elsewhere in the network, cansing
a change in the relative scarcity of transnc-
tion objects, or causing o change in the
loading on the sectors, which influences
Lhe ufficiency. In most cases these dislur-
bhanges will propagate themselves
throuphout the whole network. and as ill
luck will have it, it is these disturbances
that give rise to the definilion of practical
problems, which in turn leads to scientific
design activities. [t may therefore be ex-
pected that these disturbances won't solve
anything, because the changes that are in-
duced elsewhere again lead tc new distur-
bances. Recause solutions usually only
result from partial considerations, side ef-
fects will continue to occur, In some cases
a number of these effects will be negative
at the same time and we then speak of a
crisis. When such a crisis occurs the
polilical conditions are often of such a na-
ture that it is possible to have coordinated
repair actioas; lhe balance of the network
is restored hy drastic measures 1hat affect
Lhe whole.

[ have gone into this in some detail be-
cause it is necessary to understand that
technology has at least two aspects: the
aspect of design that the engineer sees, and
the aspect of usage that most people are
conceraad with. And as stated before, boih
aspects are subjected to differemt judge-
ment criteria. Technelogy is. moreover., the
complex network ol sectors of the econamy
that muteally supply each other and 1hat
form the Lasis of burnan existence.

Pocple find theic jobs io the various
sectors of this network, and the continued
existence of the netwark assures (hem of
the availabillty of the necessities of life. A
socially appropeiste technoloay has three
meanjngs: design, usage, and the basis of
axistence. The emphasiz lies on the condl-
tion that no conflict may arise between
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fechaology and social values. Technology
must be subservient to life.

Technology and
the Third Waorld

[n the foregoing section we haven'l
guestioned thai there might &e differcnces
beiween different couniries, as o their
respective places in the technological net-
work. We ran think of this network as
spread out over the whole world. The ac-
cents differ, however, for ihe countries of
the Third World mostly aci as ~uppliers of
raw materials, food. materials, and energy,
and as such they are located at the begin-
ning of the network. These countries.
moreover, contribute only a small part of
the material output; buying finished goods
produced in the West. The larger part of
the network is situated in the West; the
developing countries accupy a peripheral
position.

Naturally, the developing countries
alan bave their own netwaorks, which are
traditional and dirscted at providing for
their own populations. ANMhough s similar
analysis could be made of these netwarks,
it would be even more ditficult. not only
because it would be hard to realize the
processing, but especially because the data
can't be acquired. Acquiring information is
very difficult in practicatly all developing
countries: only eccasicnally are there reli-
able data available.

In order 1o get an insight of the net-
works such as do exist in the developing
countries, we will have to make-do with
qualitative descriptions. And this is the
first ohsiruction to doing reseaich: one is
used to quantitative date and now there is
this sudden switch lo qualitelive dala, Yel
I'm afraid that we won't be able to escape
this dilemma for some lime, and we shail
have to get used to simultansously han.
dling statistical information on Western
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Technology network in
Third World couniries

Figure 9.2

networks and verbal descriptions of the
gituatlon in developing countries. Such
descripiions already exist, but it takes
practice to read them wall and especially
to be able to discern the data that are hid-
den e the text.

But [ have given an impression of this
point in figura 8.2,

There ars two kinds of networks—one
Western worldwide network, and a great
number of local networks. The Western
network has a comparatively uniform
logic, and is transparent, while tha net-
warks in the developing countries are hard
o see through, are complex, and appeer to
have been composed according to a dif.
ferent logic. The Western natwork is com-
paratively powerful—{or various reaspns—

and is able to expioit parts of the networks
in the developing couniries. Such an ax-
ploltation iuvariably means the destruc-
tion of the local network, for its balance is
completely disturbed and these rountries
lack the institutions that could resiore the
balance ageiu. 1o pul it even more
strongly, in many developing countries the
exisling instituticns have such a foreign
oultock that they tend to furiher the break-
down of the local netwerks, or to support
the exploitation by 1laking various
measures. Hence it is possible thal some
industries settle in developing countries
becauss the presence of cerlain conditions
is favorable. These indusiries are eagetly
taken up by the developing countries for,
from thsir standpoint, they also stand to
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gain by lheo. But in most cases the indus-
tries will remain on the periphery hecause
in the developing countries the infrastruc-
ture that is necessary to integrate the in-
dustry is nonexistent, and cannot be easily
devaeioped. Therefore there often arises 2
situation of the type which cam best he
iliusirated with data acquired from re-
search in Indonesie, shown io figure 5.2,

As a vansequence we find three harely
reluted types of activity in developing
couniries.

1. Primary induslries that exporl the
raw materials to the overseas net-
wark, next 1o commercial enter-
prises impoding expensive
Woeslern products ot lacal
markel.

2. Entecprises in Lhe secondary sector,
largely founded as joint veniures
anl‘ﬁI to he regacded az transferred
parts of the Weslern netwark.

3. Local supply systems. often very
pritnitive and in many cases al-
ready affected by the influence of
articles from afflient countries.

Each af these tbree types of activity
have their own rules, so that with some jus-
lification one could speak of three separate
economies. For the time being. however. [
would peeler to stick o @ twofold division.
laying the dividing line hetween the part
that is orientated towerds 1he West and the
part that is inberent to the country
cancerned. The fitst sector is rich. & lot of
money is involved, and goad jobs can be
found there, and in both orgenizationr and
workirg method it shows a sreat similarity
to the activilies we know in the in-
dustrialized waorld. The second is poor,
with raditional working methods. And the
larger part of the populution is dependent
opn it. Becausa of the existence of this

Data from Indonesia, in relative percentages
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separaie “poor economy” ihe people in the
Third World have been able to remain refa-
tively free from disturbances and crises in
the Western network.

This poor economy is an importamnt

lomant in tha svnianation of the naradox
sgment N in? sNpIanaion ol ine paradox

that. although the growth of the Western
network completely lags behind popola-
tion ingrease. still no major disasters have
nccurred. Na matter how poor., Lhis type of
activity is still the best guarantee for the
conlinued existence of the targec part of
the population of the Third Warld.

The Poor Economy

The existence of this poor economy
was noted long ago by a Dutchman.
Professor [, . Boeke, who first drese atten-
lion to 1he sxistence of two separate
suonomies in what we now call the Third
World, He was, however. pessimistic in his
conclusions: lhe Pualistic sconomy, the
existence of a rich superstrucitre and a
poor substructure, would not disappear so
easily. The principles of the economic
dealings of Western economles couldn't be
applied to the "“Eastern economy.” The
poor sconomy had ils ewn logic, which
seemed to resist every improvement. Since
World War 11 development economists
have devoied ihemselves io ihe economic
growth of poor countriss, and they under-
sland very well that the difference in con-
ditions compared with Weslem countries
demends a different approach. On the one

hand rhey saw the sich couririas with &
nand, they S4W e o coumiiies wilh §

large surplus of capital. relative scarcity of
labor, and a rising buying powar; on the
other hand, there were peor couniries with
a shortags of financial means and a large,
very poor, bopulation. The technplogies in
each proup of countries wauld have to dif-
fer according to Lhe relative scarcity of
Mmedns.

in the developing countries iow-cost,
Iabor-intensive solutions would bave to be

Approprials Production Systems

ipoked for and the point was i choose the
right technology. !t was assumud that the
wish to realize a large maierial output held
gogd for the whale world. so that the same
prodnct would bave o he manufactured

under differont rcircumotapnas In the
unner culeren! circumisianoes. oo ine

developing countries this would have to be
done labor intensively. Because of the ris-
ing huying power in the developing coun-
tries, eomparable gonds woutd have to be
manufactured in large guantitiss, and so
production would have to be enlarged.
This would need to be done partly in the
developing countries themselves. and the
designs of the preduction systems would
bave ta be such thal the special conditions
prevailing in those countries were laken
inio eccount: en appropriaie technology
needed to be developed.

It was undoublediy a reasonable as-
piration 1o hepe to close the gap, but thal
has not happened; everything changed,
and faster thar the development in the
poor countries ceuld progress,

»In ihe first place there was a strong
development in the automation of the
Western network, which led to a
strony increase in praductivity. And i
was all the more strong because the
infrastructure, too, underwent greal
improvernents: the supply of ma-
terials, the pravision af ranspor.
anergy supply, education, regulalion
of the financis! market, etc. This made
il possible 1o keep large parts of the

astwork at home: technological

development provided solutlons to all
practical problems that occusred.

= Secondly. the buying power in the
Waest increased beyond all experta-
tion, and the invesiments In 1he
developing countriez were used in the
first instance lo supply 1he foreign
markets. The need for raw materials
strongly increased too, and this led o
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an increase in sctivity in the rich sec-
tors of developing countries.

® Finully the produocit itself underwent
A stormy development, manv new
manufaciuring possibilities were
opetied up wi
thoe modern, largely automized
technology. The products were im-
ported by the developing countries,
the mechanically manufaclured
product parly replaced the locally
made one, but also new products ap-
peared on the market—electronic ap-
paratus, household articles, and espe-
cially motorized transport.

These predurts couldn't be manufac-
tired locally and no efforts were made
to lack for labor-intensive sniutions. It
is indeed doubtful whether, given the
previous arguments, such solutions
could have been found.

#lhin daezale
THR QEVEIrD

50 it was only possible to a very small
extent ta compete Flabar intensively™ with
the products from the West. A further im-
portani obstructian in estaplishing alterna-
tivae was the entrepreneurs lhemselves,
whe, when put to the choice of a tested,
capital-intensive technology and a still-to-
be-designed. labor-intensive method,
clearly preferred the former solution.
Labor-intensive methods are therefore only
found in a few cases in the rich sectors of
the davaloping couniries.

Production Functions

T will further elucidate 2hig with an
example, but first [ want to give a little
MOre Micraeconomic lhm:lry It is assumed
that Cﬁ]jildl acd laboe uTngmET determing
the gutpui. The output is a funciion of the
inputs or production factors of capital and
labor: 0 = §{C,L}~—at least for a certain state
of technigue,
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Technical development means that a
difterenl relation arises between capilal
und labor on the one band, and output on
the other hand: 0 =g[CL) where g # 1. In
the Weslt we limit the concept of 1echnical
development to those cases in which lhe
output is increased with the same o7 a
smaller inpui of capitai and labor. The rela-
tion between outpul and input is called the
“praduction function.” The production
functions [ and e specily a large number af
combinations of capital and labor that

. produce an equal output.

Tt is usual (o represent production
functions as continuous, or to put it dif-
ferently, all combinations which are
specified by production functions are
equally realizable. Which one will be
chosen then only depends on the price of
the production factors, One endeavors lo
realize 2 maximum outpul with a
minimnm of costs. the cost per unit is then
minimal. This produces a furiher resiric-
tion in what we in the West consider
technical progress; for not oniy is it a mat-
ter of increasing the gutput with an equal
ar a lesser quantity of input, but also the
price of the input has te remain the same or
be reduced. This means that the direction
of technical development is determined by
the price development of both production
factors. Of various suggested innovations
only those are realized that fulfill these
conditions: the output must remain at least
equal, but preferably be increased. The
inpud must al the most remain equal, if nol
be decreased: and the price per oulput unit
must at the imest remain equal. bul ideally
e decreased.

In the Wesi lechnical development
wag and is purused to increase output with
a decreasing amount of labor. [n the Third
World, how=ver, the situatlon is different;
capiial is expensive and labor is relalively
cheap. Hence tive preference in those coun-
triss [or labor-intensive solutions; a
preference that logically foliows from the
above theory.
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Production function
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Figura 8.4,

in the Third World, also, the issue is to
increase output with an input that remnains
equal or is decreased. Here again the
choice of technique is determined by the
costs of capital and lahor. Technical
progress is, in contrast to the West, aimed
at a labor-intensive development. We can
summarize Lhis in the diagram shown in
figure 9.4.

Traditional and
Conventional Technologies

I have said before that the realization
of this theoretical possibility is obstructed
by the absence of a labor-intensive
technology. But even if this technelogy
were present, ihe choice would he more
complex than the theory suggests. In [ndo-
nesia lime 1s barned in kilns of a classical

model, the so-called Roman kiln. A
maodern alternative is the forced-draft kiln,
such as they are used at present in Europe.
One would suppose that this is an example
of appropriate technology, for the former
technigue is typically labor intensive and
the latter is capital intensive. One could
therefore expect that in Indonesia the
former solution would be preferred. But in
comparing the two passibilities we have to
make more than one consideration:

We can see that the capital costs are
higher in the second case. Bul the dif-
farence dowsn’t stop at Lhis, for the owners
af the Roman kilns can't raise the large
sum of maney for 1he forced-drafl kiln; it
can only he obtained from the capital
market. And we see Lhat it is mare profit-
able to invest in the modern alternative for
the profit of this investment is 18 percent
higher. In the second cass, algo, the costs of
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labor are much fower, which is as we ex-
perted, and the laboear can earn mote, But
the unskilied laborers cannot do the new
work, which demands lechnical spe-
cialization, so employineot is reduced in
two ways. The lahor income of the region
where the kilns are situated—near the
limestone mountains—would fafl con-
siderably.

The old kilns burn woad, found
Iocally, resulling in heavy deforestation.
To change 1o oil would mean higher
energy costs. The modern kiln, however.
vges electricity in conjunction with oil. Be-
cause thers is nu electricity available at the
place of setllement itself, diesel generalors
are inslalled. Therefore Lhe energy costs of
the second solution are much higher.

For the consumer the second selution
is more attractive hecause the price of the
product is lawer. I'nr the time bring we Gao
leave out the further difference Lhat will
orise when the produclion is intensified,
such as the need for mechanical digging of
the limestone, mechanical transpori, the
greater burden on the rouds, und sv on.

From ibe example it is clear that the
modern solution will be preferred becovse
of the lower production costs. the higher
wages, and the higher profil. This
preference means that the production of
lime hecomes ruled by asconamic
purameters. prive competition will cause a
lowering of standards of maintenance and
wages of the traditional process, and there
will be an attempt to lowee the price of the
product by lowering its guality or adul-
terating il. But these measures will pnly
guicken the demolition process. As soon as
an alternative from the Western economy
becomes available, the labor-intensive so-
lution is doomed to disappear.

Althovgb, as Professor ]. ). Boeke has
already established. the poor economy is
often & well-knit struclure which cannel
easily be broken through, it can be affectad
by the growth of the rich econamy. Where
comparahle products are made, it is the
rich economy that establishes the narms
lor quality and price. This means that
wages can not increase bul rather tend 1o
decline.

Ore forced-draft kiln at
100-ton ouiput per day

Five Roman kilns at
20-ton ouiput per day

Capital 50,000,000 . ... Rupees .. 390,000,000
Capital costs 5000000 ... _. Rupees .. 46,000,000
Labor 50 men 8 men
Labor costs 108,000,000 Rupees .. 14,400,000
Labor wages per day 300..... .Rupees .. 1,000
Enargy wood, oil oil, eleclricity
Energy costs 28,655,000, . ... Rupees .. 52,470,000
Material limestone limestons
iaterlal coste 4,680,000, ..... fupees.. 4,680,000
Production 100 ton per day 100 tans per day
Price per ton 567C.. ... Rupees . . 4,500
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We will have to come 10 the conclu-
sion that it is time to investigate how much
the poor economy has weakened. and to
take steps to repair this. And with this.
socially appropriste technology acquires
iis mosl important meaning: al! aciivilies
which are necessary in the given circum-
stances to bring the technological netswork
of the poor economy to a praper level of
operation, Although socially appropriate
technology s o concept which doesn't
necessarily have 1o apply jusi to develop-
ing countries, it is the urgency of their pro-
blems which farces us to give thom highest
priority.

Conventienal and Socially
Appropriate Technologies

From the faregoing it is apparent that
we are dealing with differeni concepts that
can be brought back to distinctive theories.

& Convenlional technology can. in the
framework of development eco-
nomics, be seen as that design activity
which leads to selutions for produc-
tion systems which under1he circum-
stances are optimum. In short, where
there is surplus of Jabor and shortage
of capiial. labor-intansive solutions
must be looked for.

# Socially appropriate technology
concerns all  activities swhich are
directed at bringing the funciioning
in, and of, the poor economy's net-
work to the desired level, in terms of
quantity as well as quality, of the
production systems as well as the
people who musi live with, and o, it.

Sacially appropriate technology speci-
fically concerns the Third Waorld, lhe
existence of lhe poor people in the
developing countries. With conventlonal
technology we primarily think of solving
the practical problem within a Woeslern
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netwark of production and consumption:
How gan [ produce under circumstances
that diffec from those in the West? In shaort,
sonvenlional technology concerns a
production approach and socially appro-
priate technolugy concerns an existence
approech.

1 have said before thai it is unavoid-
able with this approach and with this
sithiject not ta switch from quantitative
o gualitative observations, 1 would em-
phasize the [mporfance of being fully
awara whal terms we are thinking in, what
it is we actually want to do. Both ap-
proaches have Lhe right to exist; bath are
important for the development ot 1he Third
World. The bigsest difference in my
opinion lies in the urgency they give o the
problems: those that concern paor
economies certainly deserve our closest at-
tention at the moment. And then there is
the difference in working methods. With
conventianal ochoology it is still possible
1o undertake # large part of the develop-
meni process in Western countries; with
soclully appropriate technalogy the actual
wark must be done on the spol. in coopera-
tion with the people that are primarily
concerned.

The important task for the West is to
propare elfernatives, e compile a catalog
of technologies that people in the feld can
work with., The West also has the fask of
rmaintaining contacts lo support ibose in-
slitutes in developing countries that are
engaged in the develupuent and dissemi-
nation of socislly appropriate technology.
Finally, there is ample opportunity for us
to provide training for thase who will go 1o
waork in developing countries. For it's nat
only lechnology—the hardware—that
counls; it's also a malier of acquiring
insight into the nature of social systems,
the ability to work with people of an
entirely different cuiture. and the ability to
live in circumstances that ditfer strongiy
from those of the Wesl.
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Need for Aliernatives

From the foregoing it must be ap-
parenl 1hal it iso’l possible to work out so-
lulions in the West for technicul problems
in the poor economy of tha developing
countries, To be able 1o do 1hal we would
need to know much more, and research in
that direction has scarcely begun. Bul we
will have to make a start for bve reasons.
First, we must prepare ourselves for & way
of thinking for which we have vet had na
lraiping. We musl Lry to think awrselves
into Lhe situation of the poor economy, and
starling rom there we must tcy o apply
our technical krowledge and creativity.
Secondly we inugt collect the data im-
portant for finding solutions which could
be of procticel use. These salutions could
be characierized us low-intensily opera-
tioms, on a smaller scale, demanding less
capital, being less one sided and demand-
ing of the work force, using less materiat
and energy.

When we look at poor economies, we
find that this iype of solution is quite
nermal there, in all aspects of existence
such as food, clothing, shelter. health care.
education, entertainment, transport, and
communication. The poor economy (oo
has iis design code and criteria for choos-
ing frow alternative solutions. Bul as we
stated bafore, it duesn’t kngw u systematic.
[nstitutionalized improvemenl process.

-And when disturbances are indroduced
from outside it can happen that working
mathads that originally were amply suffi-
cient for the subsistence of the people are
increasingly overtaxed and [linally
degenerute. The methads are adjusted. but
this adjustment always means a deteriong-
tion as has been shown in Lhe example of
the lime kilns. Traditional systems can
only react by reducing wuges, refraining
from mainlenance, and wying to keep
things poing by reducing the quality, The
paor economy doesn't show any sign of

144

evolulion; it invelutes. More and more
pecple have 1o live on this relatively nar-
row basis. having 1heir means of existence
even further reduced by this deterioration
in quatity. One could ask onesell whether
it is a sensible thing to stizngthen a poor
economy, and moreover, is it at all pogsible
ta help the poor? For in spita of overvthing
they ure greaily attached to their current
ways af living, and thev are righi hecause
now thev al least know wswhat thev have.
Thev have seen many esamples of
impravements that have failed. and they
have learned to trust in this structure of
exislence since few wet a chance lo henetit
permanently trom the richer economy:,

A general answer to these quesgtions
cannat be piven. China shows us that it can
Le done, for the first time in that nation’s
higtory Lhe rural people are able to lead a
carefree existente. What we don’t know is
whether the Chinese experiment could be
repeated elsewhere. And, if it is al all
possible. it can't be said with certainty that
the hest approach is Lhe one of socially ap-
propriate technology. It remains a matter of
choice. It is obvious, however. that there
can be no question of being for or against
any technology as fong as there is no al-
ternative. The efforts undertaken in the
West are therefore designed to give content
1o the wish of many to have an alternative
te modern conveniional fechnology. Apart
from this, these eiforts ure of the utpnost
impaertance for the existence of the peopie
in the paor economies of the world—
poojple who certalnly can't be helpad in the
short term by more complex approaches.
Sociaily appropriaie technology s then at
least an intermed iate phase. the bridging of
agap.

A Catalog
of Aliernatives

[n the search for technical solutions
our main concern is io find answers to the




questions: what, for whom, with what?
Maturally we can'l give seneral anawers,
hut it is possible ta divide each answer into
rerain categories.

For insianca, energy supply for the
provision of clothing for a village com-
muniiy can’t ba sepamated from the whole
of aciivities around the provision of cloth-
Ing for that community. The classification
only sarves to arrange a numher of specific
fieids over the whole specirum of
hardware in socially appropriate
technology. And it's important to note that
the nuinber of distingnishable fields is
very large; a lot of work will have 10 he
done before we can really complele a
catalog of malizable alternatives,

We must realize that it won't be easy to
fill in 1his catelog. For even if the special
problems that occur in the selection and
Implementation of the hardware are left
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pizt, i is stifl difficult to find suitable al-
ternatives. Suitable means: nossibly usable
in 3 poor economy. This type of selution
was characlerized earlier as operations of
Jow intensity. In ardere to find this kind of
solution we must establish a new connec-
tion belween theory and practice.

Consider the developmeni of small
water turbines in Indonesia. In the West
the small water engine ariginally played a
leading part in the energy supply of small
villages and craft Industries. Bui their
technical development practically came to
a sturdsiill in the last century when alf at-
ontion was drawn by the big turhines. At
the momeni mosi of our knowledge is
concentrated on the design and manufac-
ture of large hydroelectric umits, In a
couniry like Indonesia. however, there are
mapy minor streams that could be used to
supply nearhy villages. In order 1o realize
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this a small waler engine is necessary; so
the development that has been stagnant for
s0 many yeuars must be put in hand again.

A Research Method

To accomplish this an interesting
working method has been chasen, which
resembles the approach of industrial
development laboralories, and in which
both scientific knowledge and practical
experience are wsed. This experimental
development derives its theory from the
stare af scientific knowledge and tests this
theory in trial constructions thal are
derived from practice. In a diagram I
would loak like figure 9.6.

This theory is further modified by ex-
perimenl, and practical suggestions for try-
ing aut certain changes can be made based
on these experiments. Development work
thus ciearly intaracts with svience as well
as praxis, and thereby keeps its own
identity. The research may give rise to
questions that either concern science or
praxis; experimental development
therefore cannot stand on its own hut is al-
ways dependent on balh science wund
praxis. The project is a synthesis—a design
that can he understocd with scientific
knowledge and that at the same time
tulfills the conditions of peaxis. It is my
convictlun that & useful result cannot be
obtained unless one lakes up this inter-
mediate position. A development [ahora-
tory provides only sterile sclutions when
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the connections wilh praxis are missing.
Cuncrately, it means that sound funda-
mental knowledse must be ceupled to
wide pxperience in the field of research. tor
hothh are necessary to locus a crealive
inferaction process on suitahle solutions
And this cannol be done hy the isalated
scientist.

Conclusion

| have already suggested that there ure
onky limited tasks for universities of
technology in the development of sncially
appropriate technoloty. They include fill-
ing in al Jeast some of the details aof the
catalog, snd suppouting these whe play a
parl in implementation. These lasks
originate from the special naiure of institu-
tions of scientific and 1echnical educalian.
In general. howaver, [ think it reasonable 1o
ask ihat such institutions should show a
sense of responsibility for poor economies
in the Third World. They mav do this by
helping 1o stop aclivities that [urther im-
pair the poor economy, or at least hy show-
ing their students to whal exlent the
Western network is capable of interfering
with the existence of the people, without
necessariiy producing any change for Lhe
better. §o in addition to carrying out ditect
activities, these institulions must alse
work indirecily. Contributing to the es-
tablishment of socially appropriate
techonjogy therefore means omitting
certain things as much as doing athers.
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this a small waler engine is necessaty; 50
the develaopment that has been stagnant for
50 many yesrs must be put in band again.

A Research Method

To wsccomplish this an interesting
working method has been chosen, whirh
resembles the approach of industriad
development laboralories, and in which
both scientific knowledge and practical
experience are used. This experimenlal
development derives its theory fram the
siore of scientific knowledye and tests this
theary in trisl constructions that are
derlved from practice. In a diagram i
would fook like figure 9.6.

This theory is further modified by ex-
periment, and practical suguestions for try-
ing out cerlain changes can be made based
on these experiments. Development work
thus clearly interacts with science s well
as praxis, and thereby keaps its own
identity. The research may give rise to
questions that either concern science ar
praxis; experimenial development
therefore cannot stand on its own but is al-
ways dependent on both science and
praxis. The project is a syuthesiz—a design
that can ke understood with scientific
knowledge and that at the same time
fulfills the conditions of pruxis. It is my
conviction that a usefu! result cannat be
oMained unless one takes up this inter-
mediate posilion. A development labora-
tory provides only sterile solutions when
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the vonnections with prasis are missing.
Concrelely, it means that sound funda-
mentai knowledge must he ccupled 1o
wide experience in the field of research. far
both are necessary 1o focus a creative
interaction process on suitable soluiions.
And this cannot be dune hy the isolated
scieniist.

Conclusion

[ have already suggesied that there are
only limited tasks for universities of
technology in tie development of socially
appropriate technology. They include till-
ing in at least some of the details ol the
calalog, and supparting those who play a
parl in implementation. These tasks
originate from the special nature of institu-
tions of scientific #nd fechnical education.
In general, however, [hink it reasonable to
asgk that such institutions should show a
sense af responsibility for poor economies
in the Third World. They may dao this by
helping to stop activities that [arther jm-
pair the poor economy. ar at least by show-
ing their sludents to what exient the
Western network is capable of interfering
with the existeuce of tbe people, without
necessarily producing any change for the
better. 5o in addition to carrying out direct
activitles, these Institutions musl also
work indirectly. Contributing to the bs-
tablishmen! of socially appropriate
technology therefore means omitling
certain things as much as doing olhers.
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fhis a small water engine s necessary, so
the development Lhal has becn stognant for
50 many years must be put in hand again.

A Research Method

To accomplish this an inleresting
working method has heen chasen, which
resambles the approuch of industrial
development laborateries, and in which
hatl: scientific knowledge and practical
experience are used. This experimenlal
development derives its theary from Lhe
store of scientific knowledge and lests this
theory in trial comstructions that are
derived from practice. In a diegram it
would look like Figure 9.6.

This theary is furlher modified hy ex-
perimenti, and practical suggestians for try-
ing out certain changes can he made based
on these experiments. Development wark
thus clearly interacls wilh suience as well
as praxis, and thereby keeps its pwn
identily. The research may give rise 1o
guestions that either eoncern science or
praxis; experimental development
therefore cannot stand on its own but isal-
ways dependeul on both science aod
praxis. The pruject i a synthesis—a design
thal can he understood with scientific
knowledge and that at the zame time
fulfills the condilions of praxis. [t is my
conviction that a usefu! result cannol he
obtained unless one takes up this inter-
mediate pozition, A development labora-
tory pravides only sterile solutions when

the conneclions with prasis are missing.
Connretely, it means that sound funda-
mental knowledue must be ceupled to
wide experience in the field of research. for
hoth are necessary to focus a creative
interaction process oo suitable sclutions.
Aod this cannot be done hy the isolated
scientist,

Conclusion

1 have already suggested (hat there ore
only limited tasks for universities af
technology in the development of socially
appropriate techoology. They inctude fill-
ing in at least some of the delails of the
calalog, and suppoiting those who play 2
part in implementation. These tasks
originate from the spacial nature of institu-
tions of scleatific and technicai educatian,
In general, however, I think it reasonable to
ask thal such instilutions should show a
sense of responsibilily for pour economies
in the Third World. They may da Lhis by
helping to stop activities that furiher {m-
pair the poar economy, or at least by show-
ing their students to whal extent the
Western notwork is capable of interfering
with the existence of the people. without
necessarily producing any change far the
beiter. 50 in addition to carrying out direct
activities, these institulions must also
work indirectly. Contribuiing to the es-
tablishment of socisily appropriate
technology therefore means omitting
certain things as much as doing others.




Although my subject is production
systems {or use in developing countries. [
sant to start by saying that there is really
no soch thing. Every developing ceunlry
has different problems of its own and each
industry, or proposal for setiing up an in-
dustry, has 1o be dealt with according to
the market condltions and requirements in
the country concerncd. To explain this [
shall discuss 2 fairly wide runge of simple
cage studies, bringing out the sort of prob-
lems lhat we find nurmselves faced with
when we try bo help developing countries
to set up small industries.

First, let's take the setting up of a fac-
torv for the manufacture of meral windows.
Early in 1972 [TD(; was asked as a group to
help set up a smail-scale factory for Lhis
purpose in the Kaduna region of northern
Nigeria. The alternative of transperting
windows from Lagos, which is 600 miles
away, wis not favored because of the
transport conditions and the visk of lossen
roule. They fell it would be very much
easier if they wade their own, from their
own extruded materials, even though the
level of technology in Kaduna is not high.
Extrided aluminum sectlon seemed the
best maiarial since il obviates the necessity
for painting or other weather protection,
because once aluminum hay heew put upit
oxidizes and protects jtsell.

Window Manufactire

The Nigerians wangd o factary to
produce nbout $150,40 worth of windows
per annum. Thay were preparad to pay Tor
know-how, and they were prepared to pay
for peopie lo teach them how to doit. So -

Chapter Ten

Industrial Liaison
by Paul R. Lefthouse

when [ came back to England I contacted
all the window manufaclurers in En-
pland—there are 53 of them at the moment.
Ot of that 53, anly hvo were prepared 1o
cooperate, in spile of the fact that the
“know-how™ fee was going lo be $20,000.

The operation was organized so that,
in the first stage. Nigeria would send 1o
England a foreman. and possibly two men
fram the assembly shop. The English com-
pany would pravide the windows al first in
a disassemhled condition and would also
send lo Niseria a man to teach their
assembly. Subseguently. the next foreman
who would go over wauld be in charge of
the machine shop. and cventually. they
would have a cumplete factory.

Standardization

Unfortunately. or pnrhaps forlunately,
1 fell out with Nigeria, beravse in the
course of my research into English com-
panies. 1 had found that a fot of English
companies were Soing hankrupt becausr of
architects. Every architect wha designs a
bhuilding has a different idea of what a
window should look like, and « diffarent
idoa of the construction of the windows.
which meens, of course, ditferent extruded
seclions. And a lot of these comparalively
smalt companies were holding up to one
million extruded seclions In slock to lry
ond satisfy these architeuts, And i pointed
out to ths Nigerians that they simply could
not afford to do likewise. Bul bacause most
of the major buildings ure built by the
government's Ministry of Works, I sug-
gested that we shoull agree with the
Minister of Works thit all government
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hoildings should have a stundard 1vpe of
window, to be uzed on a moduiae principle
0 that one. lwu, three. four. or five of the
units could be employed as required. Any
variations woukd be based on this windaw.
g0 that you could use the same sort of ox-
truded sections. This seemed Lo be a fairly
rational idea.

[ also refused to give them any further
infortnation until they had done some
market research, because one pets the at-
titude very oflen in the develaping coun-
tries that *'1 know there is 4 market, a huge
market, for this.” Bul “huse” is never de-
fined, When they had done a proper
market survey and reached agreement with
the Minisiry of Works to accept a standard
madolar window, then | wouwld proceed
wilh finding # coliaborutor 1o make win-
dows in northern Nigeria,

That was in 1972. | had actually filed
the pupers in the dead file. but exactly hwo
vears later 1 had a Ietter from the Ministry
of Trades and Industries in Koduna: “Dear
Mr, Lofthouse, referring to our discussion
on windows. we have now dosia o market
survey; herewith the information. We have
agreed with the Ministry of Works, ete. We
should like to start up the window fac-
tory.” Unfortunalaly by Lhat lime the anly
two companies in England that had been
interested had been laken over by a large
group and were no longer prepared lo
cooperate, The eand of the tale, however, is
really quite satisfactory. By a coincidence.
Swiss  Aluminum is setting op an
alumiuum extrusion factacy in Lagos, and
it also owns Allamarco, which is a
window-manufacturing company in
Lagos. But it is interested in the Morth, end
Swiss Aluminum is now tleaching them
how to set up a tactory.

This factory will basically be very
labar intensive. The total equipmenl cost
of the faclory is in Lhe region of $30.000 to
540,000 and the outpul will be about
2,000,000 a year. Most of it is lahor inten-
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sive. It uses simple machines—circular
saws and a iiitle bit of walding equipment,
for example. The factory will peoduce suf-
ficient windows for 1he whole of northern
Nigeria. [ am satisfied in my own mind that
with the development of the North there is
a market for it, aithough [ felt market re-
search figures they gave me were overopti-
mistic.

Packaging Plant

Mow [wanl to 2o inlo a bit more detail
on 1he second exsmple because we feel
that 1his is a case 1bal has actually proved
in practive the concep* of intermediate
technoiogy. Some five ve .1s ago, Dr. E. F.
Schumacher, the ITRG L sicmun, and ane
of my codirectars Jufia Porter. were in
Zambia doing a general rural survey al the
invitatior of President Kenneth Kaunda.
They were asked whether it was possible to
make epg trays. By egg ir2ys | mean the
things about 30 centimeters square that
carry 30 eggs and are used for transporting
aggs from the praducer to the packer.

On ihe strengih of this interest from
Zambia the zoup became commitied 1o
finding a production process suiied to the
7ambian requirements. At thal time the
sm=llest eeg-lray machina b’ ¥ swas manu-
factured and commercially available cost
about $300,000 snd preduced 1,000,000
egg travs a month. Bul our researches indi-
cated that Aambia wanted only 1.000.000 &
year. So it became increasingly obwvious
that we would have to design a completely
new machine. ‘Thomas Kuby. a fully
qualified industrial designer. undertook
this task and bis firsl reaction was to visit
the astablished egg-tray industry. In facl.
there are just bwa firms that dominate the
world macket and the one thal we ap-
praached, said: “'l.aok, we know you want
a small machine for making egy trays, but
we have been making esg trays for 30
vears, and we con tell vou that our hest




Photo 10.1. Paper pulp packeging unit—
shredding rawspapsr inia the puler.

brains can't de it. It is impossible to
produte such a machire.” Well, being
something of en awkward type, and also
Laving a true flair for seeing engineering in
its proper coniext, Thomas thought that it
couldn't be that difficult. So he started
from scratch experimenting with making
pulp frem newspaper in Lhe kitchen. From
there he borrowed some facilitios al
Manchesier University to sea how best to
form the shapes and eventually decided
thal the only feasible way was with a
vacuum that drained the excess waler off
the pulp through a periorated mold.

And then of course we pol really in-
volved, Thomas's design lad to a machine
for making one-third million-—the annuai
production  indiceted by our market

Indusirial Liaison

survey. In Zambia there were lhree main
egg-producing areas, each with a forecast
requirement of about ane-third million egg
trays a year; this figure had become the
target ontput.

Pulp Forming

This Mark [ design incorporeted 1he
basic processes used in the conventional
planl, even if the size and complexity of
ihe component parls bad been critically
reexamined. Dasically the machlne
consisis of a pulper, 2 vacyum pump, and 2
compressor. together with mixing tanks.
ete. The raw malerial is newspaper which
is shown in phofa 1.1 being fad into the
pulper. The pulper produces a four percent
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Phote 10.2. Eqg trays are lifted from the mold ontorthe dryer.

Phote 10.]. Finished trays keaving the dryer.
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suspension of paper fiber in water through
the use of hydraulic pressure that breaks
the paper up bul damages the fibers nof
paper to the minimum amount. These
paper fibers sugpended in water are sup-
pied to a forming station. This was one of
the mast difficolt problems becouse. 1z
make a2 mold for an egg tray. is an
extremely difficult iechnological problem.
If you look at any egg tray you will see that
it has a number of planes aver which the
paper fibers have to sproad ever'y, The egy
tray is tormed by dipping a perforated
mald of the correct shape iata the pulp. ap-
plying a vacuum o build up a laver of
fibers over the mold's surface and
withdrawing the mold from the pulp so
that excess water will drain through the
perforations to he recycled. This gives you
a frapile egg tray that still containg about
70 percent water and thal has fo Dbe
removed from the mold for drying. Con-
sequently. the mold has to be sufficiently
stable to stand a vacuum of 500 millimeters
of mesrury, which means 1hat it has to be
fairly strong. It needs a backing plate and
ils surface has 1o be made of fine mesh.

The molds are made, or have been so
far, by hand in sections; they are literally
hammered on o a former with a little rub-
ber hemmer until they're the right shape.
The molds are then silver-soldered
together and put under a 5,000-1on press
for the final forming. You can't press toe
things 10 start with hecanse Yon must use
perfordted melal, and il you press
perforsted metal you just distart the holes,
and the pulp will go straight through.
Photo 10.2 shows s ganera) arrangemend ol
the wvarfons components. and shows
wholesale egg iraye a3 opposed {o the
damestic “six pack” being remaved from
the dryer in photo 10.3,

The eag tray plant in Niveria has now
hoen working for 16 months, 16 hours a
day, 6 days & week. It has so far produced

* 700,000 egg trays and they have nat hiad to

Industrial Liaison

replace anything except two bearing seals
that were beginning to leak waler.

Develapment

As a resull of his inslaliation. we
staried to get inquiries and it became ob-
vious that the very small planl was very
useful far the small counscy with small eag
productian. Bul we ware also getling in-
quiries for a larger plant. So we developed
the Murk [L The Mark [ plant produces 125
egg trays an hour which warks out to one-
third million a year. The Mark 0 plant is
basicaliy the same. except that it has twu
forming stationd which are linked together.
We have modified it slight!ly. Instead of
hand-operation of the forming station. we
are now wsing ap air cylinder to save the
physical effort on the par of ihe operator.
This doaes 250 epg lrays an hour. Then we
gol inquiries from places like Panama and
the Middie East who wanted a bigger one.
So again we did nol redesizn: we mul-
tiplied again. Four of the Mark Il units are
equivalent to 1,000 an hour. So we have
four sets of Mark Il forming stalions and
instead of using the original pulp-forming
statioh. we have two larger ones gnd bwo
larper dryars. And that is where we got a
certain amount of what the economists
persist in caifing the “sconomy of scaie.”
This then, is the Mark [[I machine which is
capable of & 1,000 an houe.

From the group’s point of view. the
interesting result of 1his is that we were ap-
proached by the sacond of the large egg
lray firms who said, “We are currently
turning down a ot of arders for plants
which are smaller than we can make. or
know how to make, but which are just the
right size for your Mark 1IL™ Now [TDG has
no money and is noncapitalized. The big
plant swill probably retall in the region af
$200.000, which is slil} econumically very
viahle, But we haven't got the sort of
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Specifications of the Paper-Pulp Packaging Unit

The uniis are designed to produce ilems of paper pulp formed for packaging—with a
maximum unit size of 360 millimelers square x 100 millimeters deap—using waste-
papert, printers' off-cuts, newspaper. atc.

EACH COMPLETE PLANT COMPRISES THE FOLLOWING ITEMS:

Mk 1a Plant” *Mk 11 Plant™
One Pulp Proparation Slalion O Pulp Preparation Station
One Yacuum-forming and Transler Slation Two Vacuum-forming and Transicr Stations

Mecharically Operated Mechanically Oparaled Topether
One Tunnel Oryer One Tonne] Drver

LABOR REGUIRED:
Thres Qperalors, Plus Supervisor
OUTPUT:
“Mk 1a Mant™ “Mk 11 Plant™

120-130 Llnits per Hour 200230 Lloils per Heur

OFERATIONAL MATERIAL AND FOWER REQUIREMENTS PER HOUR:

"Mk 12 Plant” “Mk 11 Plant™
100 grama Seluble Wax 200 grams Soluble Wax
100 grams Aluminum Sulfate zun grams Aluminum Sulfate
10 litars Watar 20 lilez Water
4 kllagtams Papet 14 kilograes Papur
Elertricity: Electricity:
9.5 kilowaits tor Malp Preparaticn and 19 kilinralts for Pulp Preparation and
Furming Station Forming Station
35 kiloweatts for Dryver 66 kilovealts for Drver

NOTE: Nrver can alse be heated by steam . ail. ar gas.
SITE REQUIREMENTS:

Covered Arga
Mk 1a 6 meters x 12 meters 1k 11 B meters ¥ 15 melers

PLANT SIZES AND WZIGH IS:
Pulp Prejraration Station  — matecs high x 2 nuters wide x 2 mele:s deep—\Veight 1000 kiloprams
Mk la Forming Statlon ~ —2.2 meters high x 1.4 meters wide x 1.2 melers deep—Weight 250 kilograms
Mk 11 Forming Station  —2.% towlers high x 3 moters wide x 1.2 meters deep—W'eight 1,500 kilograms
MK 1a Oryer —fi meters Tomg x 2 meters wide x 2 meters high—Waight 1,000 kilograms
Ml 11 Dryer —4 meters long x 3 meters wide 2 meters high—Weight 2,500 kilograms
ALSD AVAILABLE:

Mk 111 Plant Giving 1,000 Unils Mor Hour—Datails oo Requesd,

Tabde 1.




money 10 markel a plant like that and carry
the capital cost over until we get the
money back. S0 1 have signed an
agreement with this finno whereby they
will buy our Mark It plant ta fill the gap in
their product range that. after 30 years,
they havan't been able to dlscover a suc-
cessful solution for.

So the group now Feels that it has
intermediate technelogy in its true sense—
the smallest, the middle, and the lacper—
every step right up until the large mass-
productian plant takes over. We naturally
get something out of it. We make a profit
on ihe sale of the piants to thia company
which goes buck inlo the group to help its
main work. Consequently we feel that we
have proved withaut any rezsonable douln
that there is quite a lot of virtue in design-
ing a small plant. I & world monopolist
ends up by asking to buy it, there must be a
real need far this scale of production.

Technical Inquiries

1 propose now to ga from the sublime
1o ihe ridiculaus. In the course of the year,
any year, we answer many technical inqui-
ries. They ace of all types, from very sinall
to very large. [ waat to discuss what is
probably the smallest. [ had a defightful Iit-
Ha letier abowt 12 months aga from a man
living In the middie of Africa. The letter
said: “Dear Mr. Lofthouse, my business is
providlag sand for @ cemsnt works. My
mzn wulk down a slope 130 feet long to the
riverbed. They fill a baskst with sand and
they walk up and dump i1 an the top of ibe
slope.” And he seni iwa little tiny
photographs to aciuaily show me the
actual river. “1 have recentiy been able to
get hold of a five-horsepower diesel
englne. How can 1 use this to improve oy
preduction? [ have $20.”

I wrote to him and said: %20 is not
very much monosy, T would sugpest you go
io a dump, and find a Land Rover and buy

Industria] Liaison

the power-takeotf unil cheap. Put a belt un
thai and « pulley on your diesel. Beg. hor-
row, scrounge, or if necessary, buy about
140 feet of Y-inch wire rope. Gel a large
bucket and have twa wheels welded an it
and drill holes in the bucket. Your men
can carry the hucket down the slope, [ill it
with sand, and you can then tow if up us-
ing the Land Rover winch wiih your diesel
enpina.”

Well. | never expeuted to bear any-
mare, and so 1 was ralher delizhted about
six months laler when he sent a letter
which said: “Dear Mr. Lofthouse, I thank
you very much, I have doubled my praduc-
tion.” [ am perfectly sure thal in about
another 18 menths he will probably write
agatn, saying, “I now have $100, how can !
improve my praduoction further™ Then 1
will show him how to make a conveyor. Or
something of that nature,

Intermediate
Technology Workshop

Perhaps these interesling examples,
explaining the practical application of
Intermediate technology, show why !
maintain that one cannat talk about any
specific type of production. | now want ta
sa on to a [ittle facfory which actually
started this industrial liaison exercise in
the group. Qriginally this particular
oxercise was founded by the Ministry of
Overseas Development as 8 research
project. The original conception of the re-
search was 1o have a man in Africa to re-
search into whether Africans wanted
small-scale industry; and 1o have myself in
England to research whether the United
Kingdom, or the Western werid generally,
could provide suitable small-scale equip-
mpni.

Nol being an academic or a research
person, 1 went over 1o northern Nigeria to
see Will Eaves, the man there and [ said,
"We've pol a lhree-year research program
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and instead of walking round and askine
everyhody if they want a small-scale Fac-
tory, lot's set one up and see whelher it
warks.” So thet is precisely what we did.
We set up a factory and the Ministry put
in $2,000 and North Ceniral State put in
$3.000, and provicled us with ar old ex-co-
lonial bungalow. Thew also provided us
with 17 primary-school leavers, the sons of
subsistence-level farmers wha would, in
the normal ccurse of ovents, have had no
future ond who would probabiy  have

ended up as begpars, or something of that
najure. hecause they could set ne farther.

Hospital Equipment

The firsl ihing we taught these boys
was how o rersol the bungalow, wire it
and 50 on. and then we started into produc-
tion. Now at that stage. Nigeria was
desperately short of hospital equipment.
Will Eaves was trained al Universit
Culloge Hospilal in London as & hospital

Haamatacrit centrifuge
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Cross section of rotor showing groove and pit cut with
chcular saw or homemade scraper, Tha capillary tube
iles Inalde this groove. Depth of gmove — 1.5 millimeters,

Figure 10.1. Cenlrifuge made at the Intermediate Techniclogy Workshop, 2Zaria, Nigeria_




technician and is himsalf an innovator al-
most to the peint of being an inventor. The
only tesources he had available were
building materials, such as conduit, pipe,
angle, and what he could scrounge in the
way of trolley wheels and things of that na-
wire. So be designed the whole range of
hospital equipment, for example the cen-
trifuge shown in figure 10.1 to be madw
from these local raw materials and got
orders from the Ministry of Health to equip
at least three hospitals. And it was all made
by these primary-school leavers who came
straight into the works where they were
taught ta use the enly equipment that we
had—an oxyacetyleng welder and a hand-
operated hydraulic bending machins. Ex-
cept for an electric bench drill, all werk
was done by hand-ipals. This factory has
now been running for three years and the
original $5,000 that was put in to sel itup
is still turnipg over. The bovs only siay
there a year, bul tha factory is training 35
boys g year in basic enginsering principles
and 1t is costing nobedy enything. And the
students are filling a very important local
requirement,

The faciory produces more than hos-
pital equipment. For example. Christmas
came and the local children had no ioys, so
we started to praduce swings and racking
horses and things like that. They went like
& bomb because they were very cheap and
they really wera very well accepted, Then,
a logal firm there was doing some research
into tomato growing and wanted special
tages {0 protect the tomatoes, We built the
cages. It became a general engineering
waorkshop, with the accent on hospital
equipment, but capable of doing any smal
simple engineering work.

Entrepreneurs
The purpose of this venture was to

train these boys to stand on 1heir own feet.
New entreprensurs are born, nol made, at

Industrial Liaison

ieast that is my opinion. You can send
thera i0 a3 MANY MANAgEMEDt COUFSES as
you wish. bul vou cannot make a manager
unless he is born with the vighi instincts.
Our first 17 boxs immediately got jobs in
lecal Industry aad weat on to the next
stage. which was « proper apprentica train-
ing 1o get their qualifications go they could
get unian rates and all the oiber things.
After about six months Wwo of the m became
tired of this and got local athadfis 10 -
nance them. One of them went ta the oid
city of Zaria, got imself a wooden hut and
ix currently making s very nice living from
sheet-matal work. He makes all types of
sheet-metal work, parcticulacly oitice
equipment such as filing cabinets. The
other one set up in competition with the
main organi; *ions and is siso doing very
well.

Wheelchairs

One af the most stiocessful things thal
developed in the workshop was a wheel-
chair. There are in the nonh of Nigeria a lot
of disabled people, many of whom have
been crippled in catile stampedes. The
Muslim religion is such that if a men is
disabled. it is an act of God. and his fellow-
people are suppozed to look after him.
Nevarthaless, the invalids don'l feel very
happy about it. For Hds reason we
daveloped a very simple wheelchair,
basically constructed of building ma-
terlals, a bit of plywood and a couple of
bicycle wheels. The front wheel is one of
the heavy wheels that you find on a de-
livery bay's bicycle. [t is chain driven by &
hand crark.

Now the heggars haove a union, of
course, and the head of the heggars’ union
came to Will Eaves one day and said he
would like one of these wheelchairs. So
Will told bim that they normally seli tor
$30—1 costs us $24 (o make them—Dbut he
could have one for §24. But he didn't have
$24, and so he said, “We will save up. We
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will have one wheelchair between us so
that at leust one of us can be mabile.” As ha
was painfully drapging his smashed legs
down the drive, Will asked him why they
didn't do some work., “We'ne disabled.
Most of us have got na legs.” to which Will
replied. "You've got hends.” Acuordingls
ke houpbt a number of fretsaws and
scrounged {4 lot of our work is dono
through sciounging) off-culs of pivwond
from 1he local factories and taught the heg-
gars how to use a fretsaw, They started off
by cutting out and selling the letters of the
alphabed, then the emblem of the Northern
cross, which is very popular there, and
then they went on to jipsaw puzzles.

There are now 10 hegyars in 1he group.
They are complaiely self-supporting, and
huve now purchased for ibemseives five
whasichairs which they take in turms to
use, It is really frightening o see these
fellows. | hope the wheelchairs are as sta-
ble as Ihey look, because they go icaring
madly along the road at about 10 miles ao
hour and they have no idea of how to take a
carner, but they get muund somebaw!

Bul it is estraordinary to see the
chanpe in those beggars over the last
couple of years. They are completeiv
rehabilitated now. They are well dressed;
they ars heppy, and are complietely dif-
ferent people. I also has had a kind of 2
3pin-off ln that when I go up there now, no
begnar ever asks for alms. Tt jusi shows thal
if one hes the imagination, almast any-
thing can be done. 1 think the latal cost to
the group, which as a matiar of facl caine
out gf Will's and my pockets, was $10, and
there are now about 10 beggars earning
their livelihood. The thing that particu-
larly surprised me was 1hat the local leper
colony wanied to do work for itself. And
the disabled beggars welcomed the lepars
Into their clrcle and tauvght them how to do
it, For an African commuaity 1o welcome
lepars inlo their circle and teach them a
skl wes, we felt, quite a success.
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[ was talking aboul this abeont 12
moenths ago when | was al Siralhclyde
University and an economist said, = That's
all very well but that was ihe best they
could gei if only they hed had decem
wheelchairs, how much happier thes
would have beern.” Buil on that occasion,
fortunately, | bad the answer, because
while [ was there. one of the rich beggars
(there really zre some rich heggars wha do
make some money) came up with an im-
ported wheelchair of which the delivered
cost at Farfa was $100. And he asked Will
if he would take it in exchange for one of
his. Will refused because it was utterly use-
less, ubsolutely useless for the conditions
there. It wouid have been marvelous in this
couniry where you have smoath soefaces.
but to try and use a Western wheslchair on
thase roads would just not have worked.
The sume applied o the hospita! eyuip-
meot. which is swhy we redesigoed all that,
It just does nel work unless vou know 1he
conditions.

Small Industry in Mauritius

I think we will now lake a different
sort of problem. Mauritius has plenty of
educated people but few jobs for them. Be-
ing educated they can slso think rather
well, and there is a very explasive sitoation
developing. Mauritivs waaled to know
how to employ these pronle.

They have an aoresnizafion for the
lesser-trained people who work on govern-
ment schemes, such ag construction. Put it
is the sscondary schosl children lsaving
school who are becoming o problem, and
Mauritius would very much Jike 1o set up
industcies which can emplov them. Naw
the only really interesting industry that |
saw lhere was jewel drilling. The Swiss




watchmakers turn jewels to size and send
them to Mauritius whare the hois {s dritled
through them. This is a labor-intensive and
highly skilled job, and because there is
veyy high valoe and very low volume, you
can afford the transpoct, Unfortnately the
procedure waa changed. The jewels are
now drilled with fasers, and this is being
dope in Switzerland. However, most of the
jewels, ns well as being dritled. have to be
couniersunk. You can't countersink with
lasers so they have a'ierad il machinery
and are now countersink|ng the jewels in
Mauritius.

This example parallels a Iot of requests
that we are gelting in increaging numbers

Fromn ol poar the wasle  rneki i
from all ovar the world, pacticularly with

raference to electronic squipment and
other electrical equipment in general. A Iot
of peopla are saying ihat they have com-
paratively cheap labor and can they nat im-
prodw.2d stuff that is not mass-praduced,
build ihe electronic equipment, and ship it
back? New [ must ~dmit [ have not bad
much success with this so far. Also, | am
worried from the peeoaal poiot. 1 may be
unduy pessimistic bui one is watching
Hongkong and places like that rather care-
fully at the momant. For years these free-
porl areas kave had very good business be-
cauge lhey heve cheap labor and can
tompete becanse of their cheap labor, With
the coming of the maszs moediz and ihe
genarat growth of knowledge all acrass the
world, most af this labor is now becoming
organized, and I have a herrible thought in
the back 0f my mind ibai esch of these
places, probably starting with Hongkong.
is going to end up as a wilderness. Once
the labor farce gets whal we waould cali a
rensonable relurn for its {zbor, it will no
longer be an economis propasitian to send
the stuff over and rising transporl costs
will accelarate this trend. T can sse a lol of
lhese cheap labor areas being much worse
than they were when they slaried.

Industrial Liaison

Hand-Tools in Ghana

1 wanl now Lo take anuther example
that shows lLhat. where vou have a
farsighted management. there is quile a lot
ihal can be done. This was in Ghana, in
Kumasi University’s Technology Monsul-
taney Center which asked me if it vould
make hand-tcels, particularly chisets,
screwdtivers, and hammers. And 1 knew
perfectly well what the potential market
was. [ said thai they couidn't do this be-
tause they would need differeni metals far
chisels, and different metals for screw-
drivers. 1o addilion. by the time they had
gotten the metallurgical control, the heat

trmotvant  the d - F
treatmient, the drop-stamps and al! the

olher things they would nesed for manu-
facturing this sort of produst, it would net
have heen economical to do il using the
lacal hlacksmiths. The cupltal cost is such
that yau could produca encugh in a week
tg last Ghana for a year. But neveriheless 1
=sked them to leave il with me and T want
io the Smali Tool Trades Associution in
Sheffield and talked it over with them.
They suggesied that 1 o and see Footprint
Tools. the well-known tool manufaciurers
in England. 1 asked why ihey suggested
this particular firm and they replied it was
because it did not have an accountant an
the hoard! So I want to see them and the
result is that Footprint is exporting to
Ghana about 10,000 heat-ireatad. finished
blanks a year, The people in Ghana are
grinding them, edging them. polishing
ihem, putting handles on them and selling
them as Footprint tools. Footprint soid
lhem {wo kigh-speed wood-turning lathes
to make the handles. Footprind has nat
been entireiy without benefit from this be-
couse they ihemselves are desperately
shoit of hardwood handles whis
now impaorting from Ghana. The managing
director told me. “We will make no money
cut of this, bot once Ghana realizes that
Foolprint fools are good tools, when they
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Intraduetion to Appropriate Technology

wanl to jmport the more sophisticaled
tools which they cannat make themselves.
they will ask for Foatprint, and with any
luck, In 10 years' time we should have a
developing markel in CGhana.”

Exports

This attitude is something that 1 wel-
come very much in 2 large company—to
see that they are prepared to ook 10 yeurs
ahead, 1o huild the name of the company
up. to build the reputation up. so that in
the future they will have a developing
market. 1 lhink I should mention here that 2
do get criticism from time to time {rom
various orpanizations in England. whe say
that T am just “cutting their throats™ hy
leaching these people to make theit own
geods. 1 am fu ning their export market.
But this {s not ¢ sicily true. Becaose if ane
cin build up the standard of living of the
develaping countries, potentially one is
reaily buiiding up a complaiely new expart
market. When they have an increased stan-
dard of living and some free cash, they will
be importing things from us. it will ces-
fainly change oor cxpert market com-
pletely but, provided we ara prepared and
lively enough to change with it, we wiil be
able to import goods from them that they
can produce better or cheaper. In turmn they
will be a potenlial expart market for goods
that they cannot produce. There are a lot o1
items that we produce on which they could
nat possibly witempt lo compete with s
because of the small market potential that
they have, It is a completeiy changing pic-
ture, but I dan't think necezsarily that by
helping the developing countries to
develop we are cutting our own throats, In
fuct, 1 think myself that we are investing in
the future,

Glassmaking

I want now lo tooch on an intercating
possibility for the future which slarled
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from inquiries that we had from all over
the world concerning glass. [was horrified
to gel a letter from Chile. saving. “"Flease
can vou find us a supplierof glass jum jars.
For vears we have been importing jam jars
from he [nited Kingdom to put our jam
in."

The mind hoggles al the thought of
hoatloads of ompty .jam jars being
trensported there 1o be filled with jam and
then exported back again to the Western
world. [ thought this was ahsolutely crazy.
At the moment glass production, certainly
in England, is very limited. and the reason
they wrale i me was that thev could no
longer import the empiy jam jars. %o I
stacted looking inte this,

| talked 1o various peopla. all af them
very knowledgeable ahout plass; among
them was the Chairman of 1he Ciass Re-
search Asgociation. ! said, “’I have done a
titila hit of homework and as far as 1 know
glass is bosically silica sand, limeslone.
and soda asii with a few race elements |ike
srsenic o clear it. 50 what is the problem
in making aluss® He seid that the problem
is soda ash. which is enly produced hy ICEH
and without soda ash you cannol make
g0od glass. I was feeling jusi a litile bit
naughty that day, so I said, “How long has
IC1 been running, 50 years, 60 vears? Could
yau then telt me kow the Egyptians and the
Chiness made glas= beforz ICI was ever
heard of?" This caused a rather deadly
hush, I'm afraid. So I consulted a chemist
and found that soda ash is only nsed as a
flux and is easily gbtaipable from either
seaweed or wood ash. and in fact, if you
Just add seaweed to the mel! you get a
slightly green giass which is rather attrac-
tive—you don't have to use soda ash at all.

We now have a plant under designof a
simila; scale to the egg tray plant ! dis-
cussed earlier, which will probably be sold
a5 u package deal. The question of the
furnace is interesting. A furnace normally
costs about $40,000 because it needs
highly sophisticaled refractury materials.




The reason why you need to have highly
sophisticated refractory materials is 1hal a
Furnace is expactad to last 10 vears. But if
vou pose the question of what happens if
there is local refractory clav and the peaple
are prepared ta rebuild evary six months.
the experts will admit that such an ap-
proach s perfectly feasibie, They just don't
recognize that these people mighl not
mind labor; the fact that they have 1o
rebuild the furnace every six months does
not matter. They have got the labor; they
have got the clay; and if they can do i
themsalves, 1l is cheaper than importing
these highly sophistivated pieces of equip-
ment. Althotigh 1 am only doing the initial
costing at lhe moment. and we haven't yel
even buiit « pratotype plant. T am nearly
certain that one could bulld a factory using
what is called a*'day fank.” to make 1,000
jam jars an hour from local raw material.
far less than $30,000. A shipload of empty
jars going from England to Chile jusi does
nal cormpare economically.

Incidentaily, the glass this plant will
make will be slightly green and will have
litile tiny bubhbles in it, because it seems
pointless to import arsenic, and various
other trace elements. which are extremaly
expensive and are only used to clarify lhe
glass. [ was Interested 1o sea thal major
stores are actually selling as a curiosity,
bottles made of green alass with litile bub-
bles in them at $3.50 each.

Industrial Liaisan

Economic Viahility

[ fust want to end up with one small
example because it goss back to the other
exieme again, 1 received a letter from a
mon calied Father Mulligan in Grenada
which said: "Dear Mr. Lofthouse. | have a
circular sawbench. | have an electric mo-
ior. The shaftsize is such and such. the mo-
inr horsepower is so ahd so. Herewith a
check for $40. can vou plesse send me
some pulleys and belts?” Which of course
we did. Now 1 qualed this case when [ was
iaving something of an acrimonious argu-
meni with 15 economists who were saying
1o me. “Why do you answes ihese Jugui-
ries; how do you know that the answer you
give is evonomically viable?' My reply
was that if [ had writien o Father kMulligan
and asked if it was reaily economically via-
ble 1 set up a sawheneh in Grenada, what
good would it have dane for z.iybody?
However, we have had a lol of letters from
Father Mulligan since. I have helped him
¢btain a lo1 of information and equipyment
and at the moment we are actually supply-
ing two 45-harsepower electric motors be-
cause he has now set up his own sewmill.
But ! happened to meet the High Com-
missioner of Grepada about six montbs
agp, and I asked him if he had ever met
Father Mulligan. "Yes. he's a marvetlous
fellow. He's got the best workshop in the
istands. Where he gets his equipment from
1 don't know, but [ wish 1 did.” Se Iiold
hirn.
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Appropriate Technolo‘éy

by Ton de Wilde

In an article for the Gandhian Institute
of Studies in 1961, E. F. Schumacher
wrate: "It seems obvious that higher
produclivily is hetter than lower, and that
the highest is the best. Modern tec hnology,
as developed mainly in the West, appears,
therefore, as the most desirahie object tar
adoplion by poor countries. which are poor
\iecause their productivity is jow. 1 iz ofien
suggested that underdeveloped countries
have even a special advamtage in being
latecomers, as they can ‘jump’ over the
intermediate stayes of technological
development, which have disfigured life in
the rich countries during the nineteenth
century and can now—with aid From the
wealthy-—go straighl to the highest level of
technology to produce affluence without
exploitation.

“This idea of the great 'jump' —fmom
buliock cart to jel enging, so to speak—is
olten advanced to mollify those sho are
afraid of machine civilization as starting
the full development of individual man,
desiroying his dignity, and enslaving him
to mechanical forces. Modern technalogy,
it is supyested. Gao produce so much
wealth with so little effort that men will be
sel free for the first lime in human history:
even if their ‘work’ hecomes meaningless,
they c¢an “live’ during their feisure hours.
Industrializalion on the level of
nineteenth-century technology may have
heen u dark funnel: bul twentieth-century
technology laads straight into the light of
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Growth

[n the context of a socially appropriate
technolagy. 1 want to examine the way
technology is used io sotiety. and then
look at technologies as implemented Dy
several organizations other than [TIHG.
First then, the way technology is used in
developed couniries, such as the Nether-

lavidls, 1o Fart, I can onlv nosa susstiona—
fands. In lagt. 1 can oniy pese questions

gueations aboul 1he appropriateness of this
twentisth-century industrial technology
that should “set [peopls] free for the first
time in human history.” For example,
when I go to a car factory, ! would see thet
all iz modern transfer lines and auto-
malically controlled machines are nol
working for most of the week, and there are
people there for only half the week. Mass-
produciion technoiogzy is very sensitive 1o
market fluctuations; nevertheless, I might
understandably sel the imprassicn that we
are trying to produce thinas withou!
people. Or in the cases where it is not vet
possible 10 produce goods withoot hbuman
beings. that we are trving ta design our fac-
tories go that the worker anly has to move
his yight arm up and down and push his
lefl arm farward 1wo inches, twenty times a
minute, eight hours a day.

But [ want you to consider if e reaiiy
hues an enjovable or fuifilling time. For
when this man gels cider he might be unfit
lo work anymore. At the moment an em-
ployee of over 45 years has a 20 percent
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who are no longer fit to work. Or he might
be unemployed, and in our society this
may noi take long. With a 10 to 12 percent
unemployment rate he cun easily join the
ohe in ten peuple who hava no work, nat
aven the assembly-line work | have just
described.

Purpose

Bud hers we musi ask whot our aim is,
Is it to duvelop [actories along these lines.
to continue pursuing a lechnology that
sets the penple free from work? The
technologist can only aim for a society
where people are consumers and are no
longer producers. In our Weslern ra-
tionality, in our dialectic way of thinking,
we distinguish betwesn consumevs and
producers, between life and work, betweert
capital apd labor, between materialistic
things end spiritual things or feelings. But
what happens when the decision makers
base their decisions on models thal only
recognize & part of our human being? Now,
pn the one hand, we have our <ars—same-
times with steres—our color television,
our household padgets, our parties: on the
other hand, we have our psychietric has-
gitals. And there are simply not enough of
them Lo cape. We do not have enough psy-
chiatrists and psychalogists 10 help the
people who run their beads against the
wall—people who want to work bui who
can paly go each week to the social service
to be paid for doing nothing. [t most be
clear by now that to me, technology means
the labor situation and the whole
technological infrasiructure.

The technological network is
goncerned with a mass of information, the
speed of life, places vrowded with cars, 4
lot of parbape in nature, the spolling of our
ecological system, For some peuple in
some situstions this sysiem has its
benefits, bui we must realize that there is

Some Social Criteria for Approprials Techoology

also @ bad side tor other people in other
situations. This is true pot anly o1 a Ga-
tiopal, but also at a world level. Obe parl—
the 20 percenl in the developed coun-
tries—is well fad and has some kind of
work, while the 83 percent in the less-
developed countries are Dadly fed. und
thare is no work {or 30 ta 50 percont of
them.

What is the cause i all this? 1 don't
belipve that the so-called rapitalist factory
designer esally wanls to exploit his la-
borers, sendiny them to psychiatric clinics,
making them disturbed and unfit o work.
These crises are Ibe result of tha best hu-
manilarian  intenlions o rteplace hard
buman labor by mechanizalion. lo
decrease human suffering. and to increase
jife expectancy. But if this is our intention,
we must be conscious of whal our aspira-
tions are. what sot of society our children
will have 1o live in. This means that we
have to think about the use of lechnology
in our presenl society. And perhaps te
formulate it in the way that is done in the
second Club of Rome report: How can we
progress from an undifierentiated. un-
halanced growih 1o organic growth? 1n the
words of Professor Sagata Dasgopta, direc-
tor of the Gandhian Institute of Studies. we
thould move back frem our growth-
oriented technology o a society-orisnted
technolagy.

In fect this was lhe independsnt eon-
clugion of discussions that have taken
place in the Hrace Research Institute in
Canada, This institule, originally only
warking an lechnologicel solutions to
waler-sopply problems in arid areas,
learmed 1hroogh long experience that
techrology should be society ariented.

In coliecting material far = Hundbork
on Socially Appropricte Technofogy thers
were snme hard discussions uboui the rela-
fionship between society and technalogy.
Frede Hvelplund fron the School of Eco-
aamics amd Dusiness Administration in
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Introduction to Appropriate Technology

Aarbios,  Denmark, was  invelved  and
pointed out that appropriate technology
should be sean us a process. He suggested
that if it was possihle 1o take 2 photugraph
of apprepriale technalugy. the photo might
indicate 4 small-scala factary in action. A
static piclure will show us many of the
technival details which have hoen
characterized as labor intensive, simple.
local, ez, i insiead. we could lake a mov-
ing film. we would see a dynamic process.
and would notice the relationship between
peuple and technology. between groups of
peaple and lechuology, helween
technology and organizations in the Jocal
saciul-economic structure. In trying to
describe this process we can dislinguish
four main cumponents: the resources, the
people, the lechnologies, the evonomic
and palitical structure. Al of these
components have to he in hasic gond shape
in order nnd to gonstrain the process, The
technolopy can be very good and still the
structure cun hinder a process, or ihe
technolugy can he excellent and yet be
restrainad hy people who are culturally de-
prived.

Criteria

Any of these four cumpencnts can he
regarded as parts ol en  appropriate
technology provess and any of themn can in-
hibit such a process ar maka its pecfor-
mance extremely difficull. ar example, it
salf-oateem, ereativity, awareness. or ca-
pahilily are not present in the people, it
often makes no difference whether the
struclure 35 good and the lechnology is
adequaie. [f the slructures are binding ur
Nindering Ihe croativity of the people, it is
also of little use 1o intrndutie un appro-
priale technology, Therctore, Lvelpluined
has generated 15 criteria which should be
kept in mind wheno starling an appropriste-
technology process:
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10.

. The tanls and peoc

The tochnodsey orgunization must
be adapted 16 local cultural and
economic condifions,

ssey 1t lized
must he under the mainlandoue
and operational control of 1he
local workers.

. The lerhnology should, wherever

possible, use f’t‘:{:u]l_\' available ma-
Leriaks.

Ii imporied materials and
technolugics are uwsed. some con-
troi of them must he available to
the community.

An appropriate techonoloay
srixcess should. if possible, utilize
ovally available enerey resources.

. The lechnology should be flexibie

in weder that the community does
not get bound (0w wrons direg-
tion.

. Resesrch ond action should be in-

teurated and locally corried out.

. The process must tend to produce

ilems which lbe majority in a
country can currently afford.

. It musk crealw jobs for all people in

sociely and in this way be able ta
atilize local buman  resources.
(This point is necessuary to ensure
that the absence of formal
technical education does nol
hinder a person in gelling a job.
and that the work is transformed
to the cultural paderns of the local
workers. insiead of trying to
conform the lacal workers to the
technalogy. [n the long berm it
may alsu prevent the developing
country tending o approach the
sitpation of industrial countries,
where a consianily increasing
fractlon of the populatien—old
people, ynung peaple, women—is
defined as unable 1o participate in
the working and society-vrealing
process. )

It must be able ic compele or, if
that is nut possible. avoid the
competitive  sphere,  [In cuses
where it is impossible to gain any
control over the prive mechanism
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that the only feasible way was with a
vacuum that drained the excess water off
the pulp through a perforated mold.

And then of course we got teally in-
volved. Thomas's design led 1o a machine
for making one-third million—the annuai
production indicated by our market

the component parts nao veEl Linveuwy
reexamined. Basically the machlne
conslsts of a pulper, a vacuum pump, and a
compressor. together with mixing tunks,
slc. The raw material is newspaper which
is shown in phato 10.1 being fed into the
pulper. The pulper produces a four percent
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on the international market, or
where the local backing power is
oo low. it might be belter for the
majority to minimize trade. This
minimum trade allernative si-
muitaneously incredses the loca
harsaining power.)

11. Technalogy inust prevent exteraal
culiural domination.

12. An approprisle-lechnology
process should he ecologically
saund.

13. Anyappropriate-technology
project inat deats with primary
products ard raw material extrac-
fipn s, oso try 1o establish
munufaturing units for this
producs.

14. The appropriate-technolaogy
process shouid constantly be in-
novative in order ta inprove the
human and material conditions of
the lacal people through the use of
new aryan:zational types and new
technorc,l!,icai devirces.

15. A process should not 0“1{, be ap-
g:} rigte at a local level but alse

proned in such a way thav it
takes regional. natiomal. and
inlernational conditions into
consideration.

Bearing \hese criterla in mind, we
should realize that socially appropriate
technolsgy implies o choice for = certuin
way of fife. It is a politica) choice. Tt is &
choice jur each Indivldusl to make far
himsalf.

International Rice
Reszarch Instiinte

I want now ta describe some of the
ather organizations, apart from the lnter-
mediate Technelogy Development Group.
which @e working on ‘“Appropriate
Technology.” From ihe examples, you will
see thal eome pay nore. some less, atten-
tion to the social uspects of appropsiate
technology.

Some Social Criteria for Appropriate Technelogy

The first one 1 want 1o deseribe is the
hiternational Rice Research Instiiote. In
1067 the Agcicultural Engingering Depart-
ment of IRRl started @ praogram in ihe
Philippines to develop low-cost, small,
puwer-opuerated machines o be manufac-
tured it Asia. Amir Khan, the head of this
depatiment, analyvzed agricultucal
mechanization technologies and distin-
guished two approaches. " The Western ap-
praach emphasizes drvland farming with
large. high-posvered equipment, it em-
plovs capital-intensive technology and has
evolved from a primary emphasis of
replacing fuman fabur with machines, In-
troduction of such a technology in the
developing countries ‘ends ko create labor
surpluses. and is aot se desiroble in the
highly populsied tropicai Asian region.
Manv attempts have been made 1o in-
troduce this technelogy in the developing
warld. Nearly 30 vears of eftort. however,
has produced rather insignificant results.
1n Indin. where tractors of gver 35 h.p. have
been introduced since the end of World
War II. only one percent of the total urable
fand is worked with such tractors loday.
Mechanization in Japan has not followed
the Weslern approach. Rice is & major crop
in Japan and [s grown oo small farm hold-
ings under welland conditions. The high
suppor price for rice. coupled with the
conntry's tapid industrial growth sod a ris-
ing stundard of fiving. has resuited in the
mechanization of apriculture using relu-
tively law-powered. vel guile sophisti-
cated, Form machinery. This equipment
has been developed to meel tho reguire-
ments of the Japapese furmer but is still far
1pa omplex and uncconpmic for ihe rast of
\ropical Asia,™

In his analysis Amir Khan concludes
that rthe “Developmenls in the in-
dustrialized countsies are furiher widening
Ihe gap between the capabilities of thair
mechanization lechnolkogies and the needs
of the farmers in developing countries. In
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on the internationzl markel. ot
where the local backing power is
too low. it miglt he better for Lhe
majority to minimize trade. This
minimuim trade altercative  si-
niuitancousiy increases the focal
hargaining power.)

11. Technology st prevent externul
cultural domination.

t%. An appropriate-technoloay
process should be ecologically
sound.

13, ;\nyappropriate-technulog}-
project that deais with prioary
products #nd s material extroc.
tion mus’ alsa ey to establish
manufa:turing units for This
product.

14. Theappropriate-technology
process shouid constantly be in-
novative in order 1o improve the
human and material ennditions of
ihe local people through the use of
new oruaniZational 1ypes and nesw
technoleygival devices.

15. A process should not ouly be ap-
propriale al a tocal level bat also
be farmed in such a way thal it
takes regional. national. and
internaiional conditions into
considerslion,

Bearing these priteria 0 mind. we
should realize that socially appropriate
technology implies a choice fur o cerfain
way of life. 1L is a political choice. 1t is a
choice for each individuzl 1 make for
himsalf,

International Rice
Ressarch Insiilute

[ want now to describe seme of the
other organizeiions, apart from the Inter-
mediate Technology Development Group,
which are working on “Appropriate
Technalogy.” Fram the examples, you will
sea ihat some pay inore. some less, atlen-
tion 1o the sacial aspects of appropriate
technology.

Same Social Criteria for Appropriste Technology

The firsl one I want 1o desuribe i the
Inlernational Rice Research lostitute. In
1967 the Agricultural Engineering Depar!-
meot nf IRR] started a program in the
Philippines to develop low-cost, small,
power-aperaled machives to be manutac-
wred in Asia. Amic Khan. the head of this
departmend, analyzed agricoltural
mechunization technologies and distin-
guished two apprnaches. “The Weslern ap-
proach emphasizes dryland tarming with
large. high-powered equipment. It em-
ploys capital-intensive echnology andl has
peolved (rom a prinmey emphasis of
replacing human labor with machines. n-
troduction of such a technology in the
develaping vounlries tends to create labor
surpluses. and is oot sa desirable in the
highly popolated tropicei Asian region.
Mapy attemps have been made o in-
troduce this technalogy in the developing
world. Nearly 30 vears of effort. however.
has produced rather insignificant resulis.
In [ndia. where tractors of over 35 h.p. have
been introduced since the end of World
War L ooly bne peccent of the total arable
land is worked with such tractors taday.
Mechsnization in fapan has nel followed
the Western approsch Rica is s major crop
in fapan and is grown on small §arm bald-
ings under wetland conditions. The high
support price for rice. coupled with the
couniry's tapid industrial growth and a ris-
ina standard of living, has resulled in the
mechanization of agriculture using rels-
tively low-powered, vet quile sophisti-
cated. fann machinery. This equipment
has beep developed to meet the require-
memnts of the Japanese farmer b is still far
1oo complex and uncoananic for the rest af
tropiral Asia.”

In his analysis Amir Khan concludes
that the “Developmenis in lba in-
dustrialized countries are further widening
the gap between ihe capabilities of their
mechanization technoiogies and the necds
of the farmers in developing counuies. [n

163




on the international market. or
where the local backing power is
toa fow. it might be better for 1he
majority to minimize trade. This
minimum trade alteroalive  si-
multanzansly increases the local
hurguining power.}

11. Technology mnst prevent external
culleral domingtion.

12, An appropriane-[er_‘hnoluny
process should be ecolugicnr]_\'
sound.

13, Any approyriate-lechnology
praject tnal deals with primary
products ard raw material extrac-
lion mus. also vy 1o establish
maoufa.turine wunits for this
product.

¥4+, The appropriste-iechnology
process shauid constantly be in-
novalive in arder to improve the
homan and material conditions of
the local peopte through the use of
new organizational types and new
technalogicai devices.

15. A process should not only be ap-
roprinte al a local level ?Jlli also
ge farmed in such a way that it
tukes ragional. national. and
international conditions inio
consideratian.

Bearing these criteria in mind, we
should tealize that sovially appropriate
tochnalogy implies o choice for » centain
way of life. [ ia & polilicu] choice. 1t is a
cholee ior each individual lo moke for
himsalf,

International Rice
Rescarch Insiifute

1 wani now to describe seme af ihe
other organizations, aparl from the Inter-
mediate Technology Develapment Group,
which are working on ‘Appropriate
Technology.” From the exanples, you will
see that some pay more, some less, atten-
tion to the social aspects of appropriate
technalogy.

Some Social Criteria for Apprapriate Technology

The firs! one L want la describe is the
Internatiopal Rice Hesearch lnstilute. ln
1967 the Agricultural Engineering Depart-
ment of IRRl sturted a program in the
Fhilippines lo develop low-cost. smakl,
power-operated machines to be munufac-
tured in Asiz. Amir Khaa. the head uf this
department. analyzed wyrirulinral
mechenization techaologies and distine
auished two approaches, ~“The Western ap-
proach emphasizes drviand farming with
tarse. high-powersd equipment. W etw-
plovs cupital-intensive technoiogy and has
evolved from o primary emphosis of
replacing humun labor with machines. {n-
troduction of such o lechnojogy in the
developing countries tends 1o create labor
surpluses, and is no! su desirable in the
highly populsted tropicai Asian region.
Many altempts have been mude to in-
troduce this technology in the develaping
world. Nearly 30 years of effort. however.
has produced rather insignificant results.
In India. where leactors of over 35 h.p, have
been introduced since the end of World
War I, only ane percent of the total arable
land is worked with such tractars voday.
Mechanization in Jaban bas not followed
the Western approach. Rice is 3 major crop
in Japan and is grown on smali farm hold-
ings under wetland condilions. The high
suppart price for rice. coupled with the
countey's rapid industrial growih and a ris-
ing standard of living. has resulled in the
mechanization of agriculture using rela-
tively low-powered, vel gquite sophisti-
cated, farm machinery. This equipment
has heen developed o meet the require-
ments ol the Japunese farmer but is stidl far
ton complex and saeconomic & the rest of
tropical Asia.”

In his analvsis Amit khan conciudes
that the ‘'Developments in the in-
dustrialized countries are further widening
the gap between the capabilities of their
mechanization technokogies and the needs
af the larmers in developing countiies. In
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Photo 11.2. Seven-harsapovest 1ler
o c al the ionai Rice
Research inglitute.

equipmenl to mechanize trapical agricol-
ture is net possible. because of forcign ex-
change shortages. This dilemma can he
sulved through the development of appro-
priate agricultursl mdachines in (ine wilh
the needs of ‘buth the farmers and the
manufaciurers in the deveioping coun-
tries.” :

W can be seen in tuble 1. which lists
some agriculiura! mechanization indica-
tars for 11 Asizn rice-producing couniries,
that in Japan a good combindstion of
mechanization and labor is possible. in
Jepan. mechanization, messured by the
power availahle per hectam. is 2.664 h.p.
per hectare which makes it by far the mesl
mechagized country in Asia while it is
second in labor intensily. The agricelioral
mechinization departroent of IRRL has
tried over the fast vears le develop appro-
priate agriculural mechinery to meat the
need of other Asin countries wnd lo

Photo 11.3. Cretan-iype sail windmll imiga-
fing plets of land adjacent 'c Gmo River.
Ethiopia.
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campeie with imported macbinery. The
designs are developed jointly sith local
manufactorers and tested for sevaral vears
before industrialized production is started.

in 1971 they began with the produc-
tion of o powec-tiller. On balance, they feel
thal this scheme was a success, aol only for
the farmer but also tor the industry where
it created an exirs W0 workplaces. while
the ipvestment cost for each workplace
wis 399 compared with the normal $1.000.
The design of the power-tiller requires
only simple manufacturing operations
such as cutting, welding, and drilling. For
the more complicated components stan-
dard designs, already available in the
Philippines, were used: for example.
notmal gear ransmission was replaced by
a transmission from available molorbikes.
Table 2 gives details not only of the pawer-
tiller but also of other saricultural ma-
chinery projecis.

It is imporlani to note that although
IHRY works within some of the criteria I
ocutlined earlier, its projects stil) Jie within
the framewnrk of a Weslern economy. lis
main crileria are that all the designs should
be commercially viable, and thel thev
should be able io campete with imporled
machinery. So [RRI does not pav much at-
tention to improvements in the use ol
anitnal-drawn aguipment.

I have doubis whether only
mechanical mechanization should be em-
phasized in Asian agricalture; I bave
counted the percentage ol human, animal.
and mechynical horsepower used per
tectare in e 11 countries mentioned in
table 1. These show that animal-drawn
equipment still provides more ihan half
the total power used poer hectire.

Planning Research
and Action Division

The Planning Research and Action Di-
vision of the Uttay Pradesh State Planning

Some Sacial Criteria for Appropriate Tachaology

Institule in tndia works along similar lines
1o IRRI in developing designs in collabora-
tion with local manufacturers. M. K.
Garg. Lhe head of the Rural lodustrializa-
lion Depadment. has introduced what he
calls the “technalogy package.” which -
cludes boith the bardware, actual ma-
chinery. #nd the software. the truining »f
the laborers and management, the market-
ing. and 1he form of swnership. PRAD has
been iovolved in rural indestriatization
sine 1959 and one of ity best-known
projects has been small-scale sugar luc-
tarigs. The need far crvstal sugarin India is
guite lurge: the Intal consumption o vear is
about 5 kilograms per head of the popuala-
ticn (compared 16 the Western countries
50 kilograms per heuad per yearl. Compared
with instalied refining capacily there is
alzo overproduction of sugarcane, which is
a crop that is easyv to grow. Each produc-
tion unit af the large-scile vacuum-pan
pracess needs an investment of aboul
%5 million. which is far too high for
Indian villages. Over the pasi seversl vears
there has been o deccease in ibe Khandsaci
industry, the (lraditional industry that
processed sugaccang to a kind of hrown
candy. 1 1910 this indusity processed
ahpwt 25 perceni of lhe grown sugarcave,
while in 1955 it processed oul mora than 2
percent. The percentage of sugar extracted
from the cone when processed inlo cryvstal
sugur through the vacuum-pan technique
is 75 to 80 perd ent. while the indigenous
Khandsuri process can only recover 42 10
45 percent of tho available sugar. These
ware just two of the measous why PRAD
staried to search for a simple, vet efficient.
process. Thelr first desipgn was produced in
1958 and, after 15 vears, more than 80D
small-scate sugar plants had been in-
stalled.

‘Table 3 provides stalistics in respect of
fa] a modern mill of the type now being
bnilt with 1,250 tons per day cane-crush-
ing capacity and (7] a slandard open-pan
sulfitation plont of BO-tons-a-day erushing

167




‘T aeL

09'0 § ouidinyd — L $ SO
lemjzgynuew Aq pejadal jou — JHN

8 o00g 000 | 8L ] ¥SL  |OSE'L HN | 881 {4 Sn) Joniom 1ad
JuakLisaalf Bydeo [suOIPPY
008'c | 00S') | QOO'ZY [ OOP'L | DOE'® | 0DC'OL | OGD'OZE ’N | 000'9L (g sn)
jusunsaAu [endes [euolippy
St g 4} gl 44 ca 06 4 B6E pafojdwa
SIEI0M MBU JO saqWINN
[+ N e Dé oe s oe Y] aBuey? jo sbeuasiayg
05 BN 72 ] 14 06 0z HN | OL SSlLTEL |HHI 10 18)s 310)99
56 HN 003 14 =73 =11 o8 «HN | 58 Waung
:abejuasiad
ucneziRn
Aroedea uoponpoid
= = — = - - = = - BPEIM JaMOd
- - - - - eI - — - 1spess jeddoy-ajbuig
— - - — - gz - - - 1epass Jaddoy-ny
- - - - - ool - -~ - duind smojjeg
- - - - - oe - - - JAUES|T UIBIE)
— = = = 18 - - - - _8ysaly] 8|qeL
- & B a3 o2 g -1 - 0z Rysalyl mojf jeixy
v - ¥ — - g - - - JahIp yoieg
- - - - 5% L vee'L kL O06'E Jalin-emod
P61 ‘08 sunr [
paInoRNuEBL
S3UIL IBL JO JaquinN

1B} L Ol B a I 2] g L4 € 4 5

loday siaroeNuUeR UBSY

‘261 '0¢ aunp '19afodd Juawdojassp Aauyosuwr [sinynapbe [y

[ KRNI




Some Sociel Criteria for Appropriate Technology

Capacity {maximum crushing in
fons/day)

Quipul in an average season
(tons of sugar)

Investment required {land,
buildings, piant and machinery
in millions of Rupees)

Total employment [peqmanent
and seasonal) -
Investment per ton sugar of
oulput (average season}
Investment par worker

-
{b) Open-pan
{a) Modern mill suifitation plant
1250 89
12,150 &40
28 0.6
800 171
Aupees 2,205 Aupees 940
Rupees 31,100 Aupees 3,530
R TSI,

Tablo 3.

capscily. From Lhe table we can see that the,

investment per worker is ning kimes
sraatar for the modern mill than for the
low-cost mill. In table*d & comparison of
the cost of processing 10U quintals of cane
ig given. A quintsl iz about 30 kilograms.

Cost of processing 100 quintals of cane {based on 1971/72)

Tahle 5 gives the outpit aitd employment
resulling fram the sime investment. and
chows clearly how the same investment in
the low-cost unit gives rise tc twn-and-ong-
half times the output and eleven times the
employmeni of one modern mitl. The cost

Large-scale

vacuum-pan Small-scale

factory. technology
1. Salaries and wages Rupees 164.35
2. Fuel and power Rupess 57.70
3. Stores and lubricant Rupees 10323
4. Repairs and renewals Fupaes 4877
5. Deprecialion Rupeas 200.00
6. Overheads 3923
7. Taxea—a) excise duty 12350
b) purchage tax 30.00
8. Cratof cane 1,200.00
9. Transport charges on cane 47 50
10. Capital cost 10 percent 200.00
223427

Table 4.
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Sonie Social Criteria fur Appropriale Technulogy

= -
({b) Open-pan
{a) Modern mill sulfitation plant

Capagity (maximum crushing in

tons/day) 1,250 - 69

Oulput in an average season

(tons of sugar) 12,350 640

Investment required (land,

buildings, plant and machinery

in millions of Rupees) 28 06

Total employment [parmanant

and seasonal) - an0 1M

invesiment per tan sugar of

output (average ssason) Rupess 2,308 Rupees 940

Invastment per watker Rupee_s 81100 Hupees 35830

Tabis 3.

capacily. From the tahle we can see that 1he
invesimeni per woikér is nine times
greater for the modern mill than for the
low-cosl mill. [n 1abie < u comparison of
the cost of processing 100 guintals of cane
is given. A quintol is aboul 50 kilograms.

"
W TS

Table 5 gives the output aod &m

shows cleacly how the same invesiment in
the low-cost unit gives rise tc bwvo-wnd-one-
ltalf 1imes the outpui and eleven times the
employment of one modern nill, The cost

Cosl of processing 100 quinials of cane (based on 1971/72)

Large-scale i

vacuum-pan Small-scale

factory, technology
1, Salaries and wages Rupees 1864.35 151.00
2. Fuel and power Aupees  57.70 66.50
3. Siores and lubricant Rupees 103.23 €280
4, Repairs and rencwals Rupess  48.77 12.00
5, Depreciation Hupees  200.00 80.00
6, Overhaads 239.23 10.00
7. Taxas--a) excise duty 122,50 59.70
b) purchase tax 50.00 50,00
8. Crst of cane 1.200.00 1.200.00
9. Tianspart charaas on cane 47,650 —
10. Capilal cost 10 percent 200.00 9000
2,234.27 1,792.00

Tahle 4.
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[ntroductiou lo Appropriale Technology

Quiput and amployment, same investment

Initial investmen! {millicns of Rupees)
Numker of units

Total resulting output {tons of sugar)
Empioymen! (permanent and seasonal}

Investment per unit {millions of Rupees)

{b)

{a) Qpen-pan
Modern mill sulfilation plant
28 28
1 47
2.8 06

12,150 30.280
o900 9,937
ks

Table 8.

of production per quintal of sugar is given
in dahle 6 for hoth iechnologies. The
percentnge recovery is shown herause of
the differeonce in recovery rales of Lhe supsr
[or the small-scule lechnalogy. From this
tabile we can see that there is not much dif-
ferance in selling price, and in this respent
wa have to keep in mind that lhe susar
produced by the large-seale process has to
be sold in both near and Jdistaat markets,
thus adding transpart charoes and local
tuxes, Furthermore. 1here is alwnys o delay

Cast of production per quintal of sugar

and lime lag in (he disposal of suzar from
larye-scale factories because it has tu vuver
a muct bigger recion for markeling pur-
poses. At the moment onty 218 vacuum-
pan mills supply sugar throughout India.
These faciors add five te seven percent lo
ihe costs, ralsing it to 250 rupees per
quintal. No such expenses are incurred by
mini-sumir mills because thoy are located
near the farmers” fields wod tho cene is
received in the farmers' hollock carts.
while the sugur is sold on the local market.

basis of 9.5 percent recovery
B percent recovery

7.5 percent recovary

1. Large-scale vacuum-pan technology on the
2. Small-scale technology on the basis of

3. Small-scale technology on the basis of

Rupees 235.16
Rupees 222.00

Rupees 236.30

Table &
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[ntroductiou lo Appropriale Technology

Quiput and amployment, same investment

Initial investmen! {millicns of Rupees)
Numker of units

Total resulting output {tons of sugar)
Empioymen! (permanent and seasonal}

Investment per unit {millions of Rupees)

{b)

{a) Qpen-pan
Modern mill sulfilation plant
28 28
1 47
2.8 06

12,150 30.280
o900 9,937
ks

Table 8.

of production per quintal of sugar is given
in dahle 6 for hoth iechnologies. The
percentnge recovery is shown herause of
the differeonce in recovery rales of Lhe supsr
[or the small-scule lechnalogy. From this
tabile we can see that there is not much dif-
ferance in selling price, and in this respent
wa have to keep in mind that lhe susar
produced by the large-seale process has to
be sold in both near and Jdistaat markets,
thus adding transpart charoes and local
tuxes, Furthermore. 1here is alwnys o delay

Cast of production per quintal of sugar

and lime lag in (he disposal of suzar from
larye-scale factories because it has tu vuver
a muct bigger recion for markeling pur-
poses. At the moment onty 218 vacuum-
pan mills supply sugar throughout India.
These faciors add five te seven percent lo
ihe costs, ralsing it to 250 rupees per
quintal. No such expenses are incurred by
mini-sumir mills because thoy are located
near the farmers” fields wod tho cene is
received in the farmers' hollock carts.
while the sugur is sold on the local market.

basis of 9.5 percent recovery
B percent recovery

7.5 percent recovary

1. Large-scale vacuum-pan technology on the
2. Small-scale technology on the basis of

3. Small-scale technology on the basis of

Rupees 235.16
Rupees 222.00

Rupees 236.30

Table &
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Some of the advaniages which have
directly occurred and have been listed by
Garg are—

1.

The unils now crush nine percent
of the tatal cane grown in indid
snd produce Lhree million tons of
sugar. that is eight percent of the
much-needed commodiiv  of
crystal sugar.

. Capital investment of more than

%48 million has been invested in
aral areas.

. Emplovment gotenlial far 100,000

persons has been created in the
agriculiural secior in the slack
seasons—the time when this labor
used to nigrate to cities to supple-
ment its meager agricultural in-
come.

. Tax revenues have bheen added 1o

the central and siale governments
amounting 1o 52 mitlien.

. Machine manufacturing industey

has been set up of which the an-
nua! turnover is in the cegion of
8§10 million.

. The raqfuirements of iron and steel

for the fabricalion of machinery to
produce the same quaniities of
crystal sugar are only about 60
percent that of large-scale in-
dusiry. Thus 40 percent of raw
material is saved.

. More than G0 percent of the cane

fnr the large-scale units is
transparied by trucks and railway
wagons, Practically neo such
trgnsporl is utilized by the small
units, since they are within easy
reach of the cane-growing areas
and cading is done by buliock
power,

Thasa units act as centers that can
extend and make available
mechanized facilities to the rural
areas and can provide repair
services for the new types of agri-
cultural implements that are being
introduced.

. Large-scale technology sets up a

trend for the movement of capial
away from the rural arsas. This
creates a weak capital base in
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which improvement of agri-
cultural technology finds it dif-
ticull ta take root. Promotion of
this unit huas helped ta build up
vapital respurces and has many
times served to provide agri-
cultural inputs 1o the farmers.

The machinery design is of o na-
lure that does nol require any
foreign components, thus saving
foreign exchange.

. This unit employs aboul thres

times as many laborers for the
sams capacity as daes the large-
seale technalogy,

2. The capital equirements ta manu-

facture equivalest quantities of
crystal sigar ai this level are 40
pervent of those of the vacuum-
pan factaries.

The price paid by these mills for
the cane is gimilar to that paid by
large-scale {echnology, and is at
least 25 percent higher than can
be obtained for other mesns of
disposal of cane. At a rough esti-
mate it can be said that an income
of about %20 million has been
added to the agricultural sector.

Several of the technological ideas
of the smatl-scale lechnology have
filtered through to the indigengus
Gur and Khandsari {ndustry;: for
example, the introduction of
power crushers. the crystalliza-
tion techniques. and improved
boiling furnaces bave been
adapted wilb the result that
quantity and efficiency of this old
industrty  have also  improved.
resukling in economic benefits.

Other intaresting work has been done
by PRAD on whiteware pottery (for which
a snitable kiln bas besn dasigped). spin-
ning, and latrines for rura) areas. Currently
resaarch is in hand on the feasibility of
small-scale cement factaries and improve-
men! to the hio-gas digesting system, while
in conjunction with ather institutes, re-
search is heing carried ol on the improve-
meni of village spioning units and hand-
loom weaving.
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Rrace Institute

The Brace Research Institle o
Uueben, Canada, is tocated at McDanasld
Coilage of MuGill Universiiv. Toe
particular reason for mentioning it is thai it
is a specific engineering institute that
works in the [ield of appropriate
technology. it has much direct experience.
and it las evaluated much work that has
heon done in developing rountries. The in-
atitute was set up hy a beguest from Major
[ames Brace. who was primarily interested
in making deserl ar arid lands available
and econamically useful for agricullural
purposes. [ was his desire that the results
of this resenrch would be made [reely
avuilable to ali the peopie of the world. The
inslitute was to concentrate on the pmb-
lems of water und power scarity affecling
individual persons and sinall communities
in avid developing areas.

A paper presenterd to the 1974 OECD
conference of practitioners on low-vos!
technology stated that it concentrates pri-
marily on the technological aspects of
these problems. It is [ully recoghized 1that o
tool or syslem developed is only vne fucet
of the prohlem. "ull appreciation must he
made of the cultural. social. and political
context in which the equipment is 1o fune.
tion. in order Lo establish ils appropriate-
ness to the community it will serve. The
basit philosophy of the instilute has Leen
to develop saline waler treatmeni. I has
devaloped other energy-consuming equip-
ment that maximizes local emergy, ma-
terial, and human resources so 1hat the
technology can find identily within the
infrastructure of the local community. This
policy was adopted in arder to secure par-
ticipaticn of the indigenous population in

Photo 11.4. Brage Hesearch Inzliute alescrew
windrmill { Bar bados)
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all  phases  of the vonstruction  and
assembly of the equipment. This ensures
conlinoily by develeping their ability 1o
handle its operation and mainienance.”

Ln 1BR0iGB: 4 cesearch facility was boilt
on the istand of Barbados, West Indies,
where abundant quantities of seawater,
salar und wind enersy combined to
provide an excellent proving ground for
pquipment developmenl. This overseas
icsting place, which lasted until 1967, and
which is essentiadly  being cantinued
theough expanded activities 1hroughout
the world. did more than just provide a
convenient physical enviranment inwhich
experiments could be underiaken: it pro-
vided an insight into the reai necds of the
rural populaiion of the Third World. In
zurveving the needs of these raral areas it
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Phota 11.5. Brace satar siil for praducing drinking waler from sakwater in Haiti.

was evident that in maximizing utilizatlion
of local resources, considerable atiention
had to be paid to 1he development of ul-

ternative,

indigenous energy resouTees

such as solar and wind energy. As a result,
development in the following areas has
been studied—

1. Small-scale desalination equip-

ment, solar desalination units,
vapor compression, and reverse
msmasis Emcassas using wind
power as the motive force

Direct application of solar energy
for heaiing water, heating air, and
drying crops
Solar-energy
starage
Salar-powered organic fluids,
Rankins-cycle engines

collection and

10.

. The development

. Storage of thermal energy
8. The

development of enviran-
mentally adapted greenhouses for
arid areas (o reduce healing re-
guiremenls through a more effi-
clent use of solar energy

. Low-cost housing and the integra-

tion of solar and wind energy
sources directy into the siructure
for the provision of services

. Low-cost sanitary technology

with a view to reducing water
consumption

Y of a large
windmili for water pumping, irri-
gation, or electrical generalion
PUFpOLSEs

The developmen!t of small-scale
windinills using the Savonivs ro-
tor and sail wing princéples.
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Besides their resesrch and develop-
ment activities the institute has under-
taken Lhe field applicalion of these tech-
nplagies, for example, solar dryvers to
procass corn for a feedmill io Barbadaos, a
solar distillation plant in Haiti, and some
solar cookers also in Haili. It was in un-
dertaking these applications in the real
warld that a need for a more comprehen-
sive approach became evident. Enthusiasm
accompanied by pood engineering designs
was not alwayvs sufficient. As described in
the previously mentioned OECD paper.
they reached a critical crossroad in moving
fram research and experimeniation to im-
plementation of technoiogy in developing
areas.

Through trial and erroc the institule
hus beon able 1o set same basic objeciives
for their vperalions:

1. Wherever possihle, local

Inehnnalaonine chanld  bairma 3
WOONGMZI0E  SGNoliL oludme n

volved in the development process
o ull ils phases: research, dovelop-
ment, and applicalion. Hence, lhe
institute has tried to help tocal
lechnulagists la  appreciale  1he
validity of studying the funils-
mental problems facing their own
rural population. This iz essenlial
as they can communicate in the
same lanpuage as the targel com-
munities :nd generally they under-
stand the cultural and value limita-
lions.

2. Local social workers are very im-
portant collaborators in gelting the
indigencus population to ap-
preciate and accept technalogical
innovalion. For exampie, thz in-
stallation of freshwater facilities
decreases 1he infant morality rale,
leading lu problems of birth con-
tral. Solution uf this latier problem
is oflen beyond the soope and ca-
pability of the woll-meuning
technoloyist.

4. Economists must also be brought in
lo pravide a moee comprehensive
enwneralinn  of the costs and
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benefits as they apply to given ap-
propriate tcchnologies in a local
context. In view ol past develop-
ment experiences it is abvious that
hoth the long- and shor-run conse-
quences of specific techoologes
need o be considered. These

to ey baveFa il el fxu
Lo

Srnnn
s 4 WpEILaY spactiy

i
SLONGm

more vomprehensively the social
welfure Iunutiuns as they appiv ta
given regions of a developing area.

Technalagy
Consultancy
Center in Ghana

The last organization that [ wani to
mentivn is the Technology Ceasultancy
Center of the University of Seience and
Techonlogy. Kumasi, Ghane. [ 1hink ir is
especislly worthy of study since 1 sec it asa
good example of what & university can.
#nd should. do with respeci to the develop-
ment of technalogy for the greater pan of
society. The example sel by the University
of Science and Technolowy @1 Kumasi
could profitably  be followed hy ths
universities of technology in the Nether-
fands and the rest of Burope. At the mo-
menl  in the so.called “industrialized™
world 1here is scarcely any effiort in the
universities to suppor the small- and me-
dium-sized indusiries wherein the greater
proportion of the working population
earmns s living. The TCC was started as a
department through which the university
could make available ils sxperlise and
resplirces to government departments, es-
tablished industries, and individual
enireprencurs, buk it has become more and
more an apency for the stimulation of
grasgs-rant: deveiopment along the lines of
the apprapriate technolegy process.

A veod example is the case of the

entreprenetr -vho requested the assistanu

4]

of the center in the development ol a
papar-glue frum locally available matecial,
such us cassava starch and the alkali from

!
I
I
I
I
|
|
|
|
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Phatp 11.8. Six-hamass loom developed at the Tachnolngy Conguktancy Center at lne Universily of Science
and Tochnology. Kumasi, Ghana,

the skin of 1he plantain. The center pro-
vided 1he teehnical knos-how as well as
building the production plant. It also gave
advice and help Lo the enirepreusur in ab-
taining a financlal loaw. The result is that
within a year of Lhe start of this project the
entreprenear is supplying the besi part of
the country's requiroments of paner-glue,
thereby saving a substantial ampunt of
forelgn exchange. Additionally, this newly
developed industry ia providing em-
ployment o sboul 20 rural dwellers
who otherwise would be unemployed. A
planned expansion is expected to make
Ghana selfsufflcient In paper-glue and
thus bring to an end importation of it into

the country; indeed, prospecis foy expori-
ing it are very bright. The success of this
small industry is likely to lead to the
development and adoption of other tech-
noloegies. For example, the glue containers
that are used at the moment are imported
plastic cans which often run short on the
lpcal market. The TCC is investigating the
establishment of anather industry to sup-
ply suilable contalners made from a ma-
jerigl of which there is a dependable Jocal
supply.

Although this is a goed example of
harnessing o university’s technical
expertise, it is naleworthy 1hal afier the
devalopment of the glue formula, mast af
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Photo ¥1.7. Soap plant developad and built by the Techaotugy Consultaigy Canter. Itis capabh: o producing
1,000 2¥z-pau.d soap bars per day andis operated hy a cooperative.

the remaining work of establishing
production  was  caried oot by the
entrepreneur. wha kept in close contact
however, they have lezvned twt not every-
hody keeps in touch and provides them
with feodback, and that their iechnical ad-
vice is Ly no means necessarily ocled
upun, Tt appears that entrepreneurs can he
unable or unwilling 1o translate the nral
and written technical advice into concrete
results; in this sense at leasl. the paper-
slue praject may well have been excep-
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tiomal. It became abvious Lhat in some
cases lhere was & need for 1he center 1o be-
corme actively engaged. not only in the
drawing vp of plans and in feasihility
studies, but also in wndertaking piiot
projects. This aciive role has two objec-
tives, Firstly. il can demonstrale the via-
bility of such pmojects in technical. eco-
ramie, and ather terms. Secondly. it can
provide facilities for involving ar training
interested parties.

Examples of the indusiries that have
becn initiated hy the center acting in this




way include soap and caustic soda, steel
bolts, school equipment, cloth weaviog
lpoms, and others, The following list
further illustrates the range of technical
prablems brought to Ihe center by smell in-
dustries:

1. Search for a substitute for linsced
oil in publy
z. Improvements in the local manu-
facture of ganpowder
3. Testing of powdered and liquid
s0ap3
4. Tesung and manufacture of a
bleaching fluid
5. Production of jams and fruit
Ppreserves
6. Installation of s cold store
7. Wig matufaciure from vegetable
fiber
8. Refining honey
9. Search for a substituie for cork for
gaskets
1D. Inspection of a Jathe damaged in
transii
11. Elecirification of a flour mill in a
rural area
12. Production of egg boxes
13. Analyses of & brewery's spent
grain
14. Scftening of lead for making fish-
ing weights.

Sorme Social Criteria lor Appropriate Technology

Canclusion

1 have attempted to focus our minds on
the way that technolugy is emploved in our
own. industrialized. societies. Cleacly a
vigoraus analysis is right outside the scope
of a lecture like this. and all | could do was
ta show that a very high human price ix he-
ing paid 10 sustain our life-ityic. However
inadequaie such a view of “sophisticaled™
anciety may he, it is imporland to bear in
mind that this way of life is very
pracarions. Quite apasl fiom the siresses
Ihal resouice shortages are subjecting it ta.
there is a ground swell of dissatisfaciion
and alienation from people who feel
themselves trapped by \be inherenl com-
petitiveness of the system. This gigund
swell iz, | iudge. sathering mr.mertum
daily.

1 said that T could only ask guestions
aboui our society and our hopes for . Foan
provide no answors, But [ think that if we
jook to some of the organizetions in the
underdeveloped world that 1 mentioned
parlicr. we may begin ko se€ some answers
for our own society. The crileria for a
socially appropriate technology surely
have universal application. And the philo-
sophies and methodolagles that hava hean
evolved 1o combatl material poverty in ane
setling are certainly capahle of adaptation
and improvemenl to combat societal
poverly in another.
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Chapter Twelve

The Transfer of Knowledge and
the Adoption of Technologies

by Harry Dickinson

"“4 gtudent who can weave his
technology into the fabric of society can
claim to have hod a lberal education. A
studeni who cannoi wesve his technolozy
into the fabric of society cannot even claim
te be a good lechnolugist.”

These are the words of a British
colleague of mine. Sir Eric Ashby. and |
think they set very quickly to the heart of
the problem. It we as technologists and
englneers lose sight of the human end that
is the purpose of aur work. we would be re-
verting to something like a medieval
theology rather than practicing
technalogy.

[ shall s1a.t by looking at Lhe relation-
ship hetween rich and poer in a rather
genaral way—with what I hope may he
called an inquiring mind, for an inquiring
mind is tha hest, and prohahly the onoly,
asset that one can take to the problems of
developmeni. Much of this view will be
focusged on technical education and is seen
fromn the perspective of an  slectrical
engineer. [ shall try to describe a little of
life in the Chinese couniryiide and the
communes which ace, [ think, the maost
axciting experimenis in social organize-
tion which the world has seen for a long
time. And finally I shall try to make some
reflections on developments in other parts
of the world in light of the Chinese
experience.
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Price of Education

The developing countries. even
though ihey are much paorer than we and
cannot support our institutions, want to
obtain: for themselves the apparenl results
of our institutions. Conseguently they
build up universities, and other
lechnological institutions, which are
copies principakly of European, sometimes
American, ones. They finish upwith an in-
stitution which is well geared to educate
their pragple for empioyment in Europe and
America, and is absolulaly irralavant lo the
countries they are actually workiog and
living in. Then they come to join our
prafessions which we den’ vet crificize
much, although [ think that a harsher lock
gt the melative remuneration, the refative
importance, of professionals is about 1o
take place in Britain.

Professions

Let us look closely ai the role of the
professions and what they da. To take just
ane extreme example, consider the dental
profession in Brilain, which deals with
teeth that are faulty. that are decayed, that
need replacement. It never deals with the
maore fundamental aspects concerning
teeth. It is a “theology” concerned with
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bad teeth; it has nothing to do with healthy
teelh. It seerns thal we are invapable of us-
ing the products of the sugarcane ra-
tionally for producing a lot of useful ma-
terials: we arrange things so that it rots the
teeth of our children. Then we "invent” a
profession. which we pay highly. to put
them right amain. Now. this is ap extreme
case. but if yiy look at our medicine, or at
much of our engineering. we have in-
vented the sreblems so that we can solve
them with a capital-imengive solution.
They bave little relevance ta reality. Now.,
subject 1o our influence and our own lack
of self-criticism, Lhe poor countries of the
world are building up institutions on this
sort of pattern 1o tuen out their own
professionals and othet highly educated
people. I find this worrisome, because even
we are finding It increasingly difficult to
support this unnecessary superstructurs.
As an Inhabitant of one of the poorer
countries in Britain {Scotland!) T am sure
we are zoing to learn how ta deal with the
professions befare you: you will learn the
lesson from us. We find. for instance, that
people’s moljvation in Britaio is no longer
for well-paid jobs, nor do lhey want im-
portance. Students don't want to join the
establishment in the regular sense. Over
the last few years they have revolted
against this violenilv—pot quite as
viglently as in other countries, but violent
by British standards. We have now passed
that stage and students are seeking a new
motivation which none of the professions
can give them because they can’t under-
stand it. Students deonbt if they can be of
much use to the world, but they would like
ta earn their living in a way that doesa’t
harm anybody. Young people in Britain
and elsewhere are looking at the prablems
of the world in quite 2 new way. Il is now
perfectly logical end reasonable for any-
body who is young to say, “Right, if we are
shart of fuel, why don't we just use less? If
we can plan for all sorts of other things,

why can’t we plan for the use of [ess fuel?
it the conclusion is that we must promote
pubtic lrarzport and have fewer cars, then
what are the lechniques of achieving this
simation?"" Argumenis about the advig-
ability of this sort of conclusion seem to
have disappesred. it is becoming a
necessity. 1 think pur students are so far
ahead of us that they are now teaching s
in our classes. They have evolved a world
view, which [ find coincides wiith the one I
gol by working in developing countries.
and nat by seeing the reflection of these
countrigs in the British scene.

Get Off Their Bacls

Assuming that we sge we must ghange
aur values, we must also realize that fora
long time we have looked upon the fact
that resources are badly distributed and
badly used in the industrislized world as
an “act of God.”” There is nothing we can
do 10 benefit the poorer countries of the
wotld. We cover our cons—ietices by saying
that the reason the paor counrries can't get
anywhere iz not ihat we wse all the
resplurces; it is that they have ton maay
people. And this, we fiod, (s a self-satisfy-
ing argument.

The conclusian to draw from this posi-
fion is that the easiesl way ip help the
developing countries is to get off their
backs—nol to use their resources, or, when
this is unavoidable, to use them more in-
telligently, to buy processed goods from
them so that they. rather than we, benefit
from the added value. We should make
sure that we get poorer so that. with the
fimited wealth of the world, they can get
richer, This, you will agree, would not
make me popular with any peliticians. But
it is the logic of the situation. If we cannot
face these problems among ourselves, we
have no hope of doing anything for the
developing worla. We can no longer think
af charity, nor can we belisve that we are

178




Inirpduction to Apprapriale Technology

dloing anylhing 1o ba!p anybody olher than
to salve aur own censcienves, So my first
message is, [ think. fairly negative.

Now presuming 1hat yau survive the
shouk of this conclusion—aund the human
riuce is very resiliend snd has sv far been
shie to beat all Lhe systems that have been
devised to ensnare il—and assuming that
we are politically able 10 put aur swn
house in order, is there really a useful role
for us lo play? Is it possible that our abun-
dance of professional, technical, and
administrative skills and talents can be
useful ta societies Lhat haven't yet been
able to establish education and iraining to
meel their own needs and aspirations?

Prestige

To illusirate my views I'll look a liltle
more closcly at the field of techniral
education, but | believe the argument can
be generalized foitly well inta other areas.
The desire for technical universities and
colleges arises frem both 1he ebvious utili-
tarian needs for technologists and
technicians and from the prestizious na-
ture of such institutions. A developing
country iz apparently driven to baving a
spacious campus.  nuclear reactor. and a1l
international jet airline. They fecl
undressed netil lhey have such organiza-
tions and are withoul any aepparert
cancern that tho benefits are in no way ve-
lated to the costs of such things. We could
make exaclly the sime analysis of a lot of
hardwara, from Cleopatra’s needle through
to the Concorde. Nobody in his right
mind would ever build a Concorde if it
were not for prestige purposes. because
who would proudly say [ have invented a
method of gelting across ihe Atlaniic
which needs two-and-a-hall times sz much
fuel per person as hus ever heen used
before,” in the face of u world of diminish-
ing fuel resgurces? Yet the British and
French governments are commitled fo
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their own financial disaster: ! think that
luny after e bave 'ost a few universities in
Hritain we will stil) have Concordes.

On the pther hand. vocational instita-
tions cuffer from a lack ol prestige. hui in
peneral they can be more readily planned
ta meel osuertained needs. They suifer,
however, from the problem ol retaining
staff, because even though a lower-oider
inslitution may be much more useful and
appropriate. its staff can see the chance of
promotion to one of the other institutions. [
think there is no couniry in ihe world
which has solved this problem, swith the
possible exception of Ching and | don’t
think it has been fully successtul, We hiave
lo accept this siluation s a continuing and
inev':uble festure of al! but the most prag-
malic states. And by pragmatic states I
would include China, although both Al
geria and Cuha wouid fit the pattern to
some extent, but the state manopoly (capi-
talism?) of our BEast European coileagues
strikes me as displuving exactly the same
feitures in ils institutions and capacity 1@
transfer useful informiation as does private
menopaly capitalism.

We find thal when we wanl 10 be of
ase la developing ecuntries. the ones that
wre pragmatically concerned with develop-
iny Ibeir own resources sav. “Thank you
very much. we don’t really need voor help:
we will sland on our own feel and do it by
ourselves.” Omnge they have established
their competence. as China has done. they
say, "We know we can do i, but now
mavbe we can reach an arrangement with
¥ou to make our lives easier and bring us
closer together in the waorld community.”
Put they have ta prove that they are inde-
pendent 1o start with.

Honest Intentions

But what can we do for the less de-
termined independent stwles? Assoming
tha! we accept all the limitations ot our
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we mvlde lo 1nqt1|u[1o eDfle(,hm(.al .md
figher education ta make them useful in
the national sense? For vou musl re-
member that the American university cri-
teria—monay donated by hig husiness and
the number of Ph.I).’s graduated—holdy ail
lou often in the nest of the world. 4 we wish
to persuade those in power in developing
countries thai we are invulved for rhe
henefit of their people, and nol to serve
undisclosed matives aof our own, we have
to et on aur own beliefs. | have 1o say Lhis,
because most of the poar and the ap-
pareatly unsophisticaled of the world
krow that Enropesns are rich, clever. aad
cunning. And lhsl we have manazed to
stay that way for a long time st the expense
of the poor. The Mexican peasant or the
Andean indian knows that 1his is true, and
his analysis strikes me as moch more fun-
damentai than that of the kexicaa or
Columbian intellectuals with whom | have
worked.

Or again, the people of West Africa
have seen thelr social organization
disrupted in the early days of celonialism
by an irresistably powerful mixture of the
repeating rifle, Christianity, and gin. And
the combinaticn of these three was so
basically sacially disruptive that it took a
very lonn time to gel pver the comhined ef-
fect. The sxplmtu'e aspecis of colonialism
in West Africs were as 1:0thing compared
lo the social discuplion of those days. No
sooner had they got over this than we in-
vented DDT, and gave them a population
rise with which their culture could net
cope. Finally, as they are coming 10 terms
with population. we have invented hisher
education, and this again is maintaining
the socisl distoption.

So they have i lot of resson to be sus-
piciops when we say, "] have a nice cheap
way of doing something: we wouidn't
touch it gurselves at home but it might be
Lhe right 1biny for you.” We ave the ones

who have to demonstrate o
woo oave [0 Quponsirale g

we should naot be afiended -vhen they don’t
believe a word we tell Lhem. Indeed, [
would say that if we ure working in 1 com-
munily that doesn't believe what we Lell
them. then they ure pretty bright and will
be excellent people to work with. We niwst
try to sliow lhal we arc Jdoing something
thal maiters to them and thal ws really
have something to otfer.

Three Principles

IF we can get over this. there are 1hree
piinciples we have to accept, which are
hard 1o come to terms with. since 1t is pur
own culture that is threatened by them.

Firstly, while acknowledging the
universality of the iaws of stcience. we
must extend consideration of the applica-
ticn of our scieniific knawiedge g 4 widser
rauge of situations than is encompassed by
the experience limited to our own zociety.
This principle is difficult to accept he-
cause, having high vapital intensity and

hoing snmahowar sonnamically in tho bgad
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we presume that we must be inteilectually
superipr to those who aren’t. We have 10
show thal we top are ignorant and wish to
learn, if we want 10 operate in the develop-
menl sill_l:_allon When we laok # soriekies
oulside pur own we say thal other people
have no technology, ar that it is a crude, ar
primitive, techoology or !hat 3 technclogy
that did nat salve pur preblems will mayvhe
solve theira. This is the vsoal sophistica-
tion of pur arguments énd I can produce
endless United Nations documents show-
ing esgentially these views: it is something
we aurgelves have to chenge.

Secondly, we have to specily in some
form that the problems of poor couniries
are a5 important and as {nteliectually 1ax-
ing as the probisms of the developed
world, Apain we have to do this by
oorselves. It is very important to recopnize
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that these so<alied poor techinclogies Lave
enabled socialies to survive until mogern
times far one, two, three, four, or five
millenia. and they will -ontioue to de so
without the need far ontside inputs. We
have bad cur own techoological base for
101k years, end lnow it can't sustsin as
unmodified for anolher 100 years. 4o
someone from an undeveloped socicly
wauld have cause if he wished ta be arro-
gant in this situation. We have to come o
terms with that.

Thiredly, the solution of lechnical and

acpnomic problems in underdeveloped
countries should be mide ip the context of
the gptimumn use of material and human
resources in sueh countries, and not by the
irnplantution of processes oplimized to the
resourco pattern of & differsnt society.
Huving gotten his for, we find that we
are lafi with @ vary broad knowledge ofthe
laws of science, a few tricks of the irade
which are oi fairly universal applicalion,
anil a lot of igrorance. We could overcame
the iznorance obstacls by saying 1hal we
van't be [gnorant—after all, we've been to
the university and have degzress and certifi-
cales saying that we aren't. But looking at
it more closaly we have to udmit that we
are ignorant. Take, for example, the scien-
tific and technical research and industrial
development carrfed out in towns like
Eindhoven throughout 1the developed
warld., It has been estimated that certainly
895 perent, more likaly 98 percent, of all
sclentitlc and technical research and
development is comcerned with the proh-
lems of the developed world and not with
the poor world; this leaves something like
2 percent concerned with the poor world,
and of that only a part is carried out in the
countries concerned. So, al a rough esti-
mate only t% percent of the world’s re-
search is dome in lhat two-thirds of the
world where the population has eeal proh-
lems. The ather 90+ percent is done as a
cultural exercize hy people like us whe in-
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tept problems so that we can prove we are
intellactual siends in tucking theow

Generale New Technologies

To mest the needs of thess people [
think there must he ditferent technoloagies.
because their problems are different from
ours. Thiey also want 1o survive and o not
find survival difficult as we shall, Now. [
cannot define & sociallv  apprapriate
technoloay. All I could do is write down a
lot of characleristics  ahoul meeting
technical, sorial. and economit needs in
terms of indigenous resources. inuigenous
gualiiies, and lodigenoos social stroctores,
rather than in terms of any reflection of nur
own social arrangements.

Cerainly we do not want ta be acting
as experts, or advisers, or the people whao
manage projecis. Rather, we should he
working 1o extend the [reedom of
iechoplogical choice. Most people in poor
countries know their own practices very
well, and thev kmow ours. Bul they are
unsware of crileria and have little informa-
lion on any ather aiternative. So if we want
1o be involved honestly, we have to rmove
in this no-man‘s-land, looking for alterna-
tive technigues which fit the soriaé and
cullural background we're working in and
which meet the factors of production in the
widesl economic sense.

Modify

There are broadly three ways to
generate such eppropriate technologies.
The first is by modifying the existing
practice already used in these countries. If
we find they have design limitations be-
cause of lack of knowledge of materials, if
the pracessing techniques, tocls. or tradi-
tional ways of doing things can be
improved by small modifications which
we can understand because of our superiar
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knowledge of scientific pracesses, then we
can produce fairly quick improvements.
They will nat be spectacular; people will
not grow vich cvernight on the basis of
technslogy of this sort.

Maybe people shonid never wani to
grow rich overnight; [was looking recently
inio the social and political bistary of
Britain. The whole idea of growth is sucha
curious notion, rather like a disease on a

ahls gizartiiss thot ande anmoare rate ansd
staoie structite tnal Ohiy appears oW dnd

then. We had a period of about 400 vears
when the g.op if anything declined
slightly, rather than rose. It was only at the
end of that period that we had the eco-
nomic changes which led to changes of
econcmic standards, changes of wealth,
and changes in peaple's expectations. [
think thal growth will be fairly e phemeral
in the history ofthe world. Although scien-
tific understanding may enable a betier
guality of life for more people. continuous
ar sustained growth. er verr high energy
consumptions, it is ssimply not possible in
the long term. Many centuries before our
economists talked abmit growth, we had in
Britain the Black Death plugue, which
hatved the working populatlon and 30 dou-
bled the g.n.p. per capita. This method is
still available to us today but ig not locked
upon as socially acceplable—thers are
social restraints even in the fasiest growing
economies.

Long stretches o0 history can also be
seen in this fashion. There are areas of
China where the stz dard of living and the
poputation have been stat.z for about five
millenia. This is based on vary small
changes of technigue but with a grasp of
certain  fundamental aspects «f sclence,
such as coping with plant dlseases, with
changing varieties of plants, with changes
cfchmate over time, There was quite a I'ut
of Indigenous technology, but because it
wis nat recorded and becouse Vhere are nol
courses on the technolegies of the Imperial
dynasties of over two centuriss ago, we

tend 1o bhelieve innovation never hap-
pened. But Ibeic lechnologies s us read as
ours, and there is no reason why they cim-
nol 20 an for another five millenia—ours
can last anoiher 100 vears if we're lucky.
S0. i we genemaie an sppropriate
technology by medifyving  existing
praclices, we must do i in such a way thal
the lotal peaple make lfle decisions, ibal
we really do give options, and that the in-

divenane strnctures of snecial onlitieal and
Qlgencus siruciurpgs Of 0Cial, POl aba

wconomic control are real and can prevent
too much vnoregulated change stemming
from any innovation. Small increases of
praductivily or changes in minor parts of
the economic activity are guite dangerous.
One of ihe panaceas we hﬂ\'e sugﬂeo.led to
the Third World in general is mechaniza-
tion. "'Mechanization is good far you,” was
roughly the massage of the first develop-
menl decade. As a result more people are
alarving, and there are many rusling trac-
tors which fortunately broke down before
they had completely destroved jhe com-
munity 1hal received them.

We have seen this same immense op-
timism in the Green Revolution which
produced more rice in India at the same
time as it produced mare poverty and
made the rich a {ot richer. The [asting ef-
fect has heen that the concemration of
fand, wealih, and power has increased in
india. and so has the number of peaple
who cannot ¢fford rice. This has nothing to
do with our usual reservations—that the
technical inngvation was not a good one.

that it wrma meyt esanoihle that 38 coaan™ aeee
il J WES NUT SCHOELIE, Indi v WaSsH © 804

logically saund—but it was quite unsuited
ko the spcial and political structure inte
which it was introduced. When we in-
troduce ore-shot pieces of magic we must
expect (o find zocial illa. Even the unso-
phisticated Andean peasants know a lot
more about the meaning of failure lo sur-
vive than we do. In th last resod they are
the experts of their own social and rultural
conditions, and we ignare such wisdom al
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our pecil. So. any alternatives we offer
musgt have inhuilt sufeguards for the social
struuiure.

Modernize

The second way we can Felp is ta 20
back 10 our own industrial history and
reexamine what would now be called
labor-intensive. coelegically saund.
sitnpler, small-scale processes which were
develeped in our own lechnical revolu-
lions. We could possibly refurhish them
and Find that their factor proportions were
more  realistic for African or  Latin
American pedasant socigtlies than the other
alternatives we can offer at the moment.

This approach is an interasting source
of passible alternatives, and we will find
that these technologies were ubandoned
not because they were uneconomic, not be-
cause they were suclally disruptive, not be-
cause they were ecologically unsound, but
because we bad a sudden beliet in the
economies of scale (if things were bigger
somehow they must be better), The 1851
exhibition in Britain was the great mono-
ment to “progressive thought” —Lo change
things to be bigger and better and more
energy-inlense as o virfue, quite irrespec-
tive of the actual production demands of
the siluation. The optimism of the Eu-
topean bourgeoisie, in particular the
British Victorians, foilowed quickly by the
French, very much influenced the inven-
tion of economic theories to account for
what had actuasily happened. You will
guther 1hat [ am a firm disbeliever in the
supew- ¢ 1science of economics. £ think it iz
atv.ays snvented in retrospeci and is then
used .o predict from inadequate data,
explaining ils almos! universal lack « £ suc-
CESS.

Invent

The third way of proceeding is .o in-
vent a new iechnology, or 1o change the
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scule of a modern technolugy in some way
we have perhaps never hefore experienced.
This means trving to use our own inge-
nuity and our modern knowledge so 1ha
people can otilize their own raw materials
withaut generating mass unemplovment
and without producing sucial disruption. 1
recagnize that any society will change its
sorial structures in 1ime and 1 am not adve-
cating that we try te invent things that lurn
people into museums. Bul we should in-
vent things that give people control ovec
{heir awn capacity ta change. and the way
lhey do H. Therz is no universal victee in
reverting 1o the primitive savage. having
no sanitation. and dying at the age of 33,
I'm only soggesting that we pass the
freedom of technological choice back to
the people concerned.

Perbaps | can show how this
viewpoint is reflected in the educational
field, since these cansiderations must have
a hearing on education at all levels. If in
West Africa [ want to describe the elastic
pruperlies of materials. or the concepts of
stress, struin, elongation, and modulus of
elaslicity. I can explain them as general
concepts of universal application. which
people with a little familiarity of the
analytical way of looking at things van
understand wherever they come from. But
for students who are not tatally Tamiliar
with these concapis 1 would have 1o draw
on materials they know.

iIn developed couniries | would
naturally talk about steel, aluminum
alloys, plastics, and I might include wood
somewhere at the end. In West Africa [
found thal T had to stact off with the elastic
properlies of bamhoo—a wvery Jamiliar
elaslic material. But. even though I could
find in ail the textbooks the elasiic
properties of a rod of ursnium. should 1
happen ta own one, I could find nothing
however crudo. of the elastic properties of
bamboo, 1o termns of its wse as a stouctucal
aaterial. And after all, half the buildings
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in 1he world arc probably built with
bambaos: it has caughl on better than steel
and glass with most people. Whan 1 looked
at domeslic Fuels | found thal wood, char-
coal, or rice sleaw are the most widely
used, but again there are no calorific values
in my lexthoaks. Coal is vifually unknown
to most people in tropical couniries, vet
most of ihe textbooks are full of it.

On another occasion | was trying to
teach in West Africa ahout overhead trans-
mission lines following a syllabus that had
been begueathed to them by Londen
University. Tarrived to find ail the students
busily trying to calculate the effect of ice-
loading on a transmission line, and dis-
covered thal the only ice that they bad ever
seen in their lives was what came out of a
refrigerator. The concept of having a tube
of ice on a transmission line was very dif-
ficult far them to imagioa. They wondered
how we got it there! These were students
who were going to gel British-style honors
degrees. As 1 have said, we were going to
give them certificates saying, *'You are use-
legs to your own country, but we'll find
you a job in purs.” This attitude, [ think, is
very dangerous.

Technology
Consultancy Center

| want now to turn to ways in which
existing institutlons, perticulariy educa-
tional ones. cem 5 practice adapt
themselves to embrace some of these
considerations. In the University of
Science and Technology at Kumasi,
GChana, [ was Invalved in this type of
svaluation and we began by asking, “*What
are the resounces of the university in terms
of the needs of indigencus forms of
production-—village industries, small in-
dustries in the tawns, siate corporatinig, or
even the hig expatriate firms? What do
they do and why? Can we adjust our train-
ing to meet these needs? ln 1his training

cdn we, at the same time, ity dnd selve
some of the probiems lor the poor of the
country?" The reaction seemed fairly
hopeful, and we persnicled somebady to
put some money into an organization
which we called the “Technulogy Gonsul-
tancy Center.”

The center operafes in villages, in
small Hrms and big corporations; it alsa
charges kees which we think are socially
realistic fees for the enterprise. Veoy
roughly, any big firm, expalriate company,
or governmeant body is charged the same
consultancy fee it would pay a European
firm, un the grounds thal they'd bave Lo get
them in anyway and it would prohabiy cost
them more for all the incidental expenses.
The small firm er businessman in the
money economy, is asked to pay a small
percentage of the increinent of his profits
for the next few years, or a lump sum: the
choice is his. And the villagers, who are
largely ouwisids the money eronomy, are
asked to pay something. So two yams
mighi be a realistic social fee for actually
designing and building a pump which cast
a 'ot more in man-hours. This system is
fairly acceplable and peopls now travel
perhaps 50 or 80 miles on bicycles from the
middle of the bush with a bil of broken
equipment saying, ‘*Can you mend this for
us?" This [ think is a reasupable show of
SUCCESS.

The center has also managed to start
oae or iwa smatl indusiriss. For exemple.
traditional spapmaking has been revived in
the wvillapes to compete with Lever
Brothers and others. It has been possible to
make Ghana self-supporting in glue and
theraby ta save il having to import glue:
not that I think it is an enticely good idea,
because the main users of glre are bu-
reauctats of which there are already toa
many. Some of the center's work has had
same influence on the university cur-
riculum. and some association of Lhe
siydznts with o oumber of these litila
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projecis has bean possible. [t is hoped there
will be a continuing spin-nil from such
activilies into keaching,

School Equipment

Ore of the activities might give ideas
to any electrical engineer who is looking
for things 1o do. Une of the local teachers
pointedt out thal the biggest trouble with
teaching any form aof science there was the
exorbitant price and the ridiculous design
of mast teaching apparatus for schools. 50
a unit has been set up which bas given it-
self the splendid title of the “Schools
Science Equipment (mports Substitoiion
Organization.” The teachers used local
woads lo make things Jike meter sticks, re-
tort stands, and worked their way up to
producing resistance hoxes, poten-
ticnmeters, and various sliding wire
devices. 1a order lo make coils on @ former
they had to find 1he cheapest piece of wooit
that was “tropicalized" and reasonably di-
mensignally stabla. The a#nswer was
Chinese pencils; they sell at aboul a cent
each and have flooded West Africa. So they
were &)l bought up 1o be used as formers
tor the electrical deviges.

The imporl suhstijution group has
gone on to make simple amplifiers for
teaching purposes and has workad oul a
number of simple instrumentation rigs. 1t
cooperales with other active people,
particularly pharmacologists who are look-
ing closely al indigenous piants, and have
iried to produce simple ovens and dryers,
pH meters, incubators, constant temoera-
ture baths—s whole range of apparatus
which can be boilt using local material,
minimizing the import components as far
as possible.

The TCC hes started a manufacturing
unlt on the university campus. The use of
steel couch balts for huilding vehicles in
Chana is relalively limiled and the center
devised a labor-intemsive, rather crazy,
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method of making them, which is cheaper
than importation and can be done with
local skills. [ is 0ot an optimizad method
in any wuv. but it turas ou! bolts having
two-thirds 1be strength of the imported
ones—and the streaglhs reguired are very
much less than that. Production was
sturted on the university campus. and two
technicians have taken it over and run a
smaull business emploving aboui 17 men.

[ find it very cheering that if vou se= a
Masal tribesman in East Africa these days.
vou will know that the tip of his spaar was
made ifrom the loafspring of a Ford car.
Word has gotten round the conlinent that
springs have the best stee] for weapons and
there seems 1o be a premium on Ford
springs. Indigenous blacksmiths found
this out and modified their forging and
treating methods, using vervy crude kradi-
tivoal designs, to use a material of which
they had ns previous knowledge. They
handle it fairly well: obviously we could
improve the ischniques if the use was
serions engugh to need the full praperties
af the material. But as it stands at the mo-
ment the fact they are daing it at all [s very
eNCOUraging.

Tanzania

Before moving on to talk sbowt Chinal
just want to menticn some aspecls of
Chinese aid schemes in Tanzania. The
Friendship Cotton Mill is well known but
nevertheless is a really good example
worth studying. 1 was told that the ma-
chinery presently used in the Friendship
Mili certainly came from China, but its his-
lory goes back a loi further than that. This
equipment was being run during the war
in Germany; it was fuken as reparations to
the Soviet Union and was refurhished and
passed on to the Chinese, who used it for
many years. They, in turn refurbishod and
passed it to the Tanzanians to start thelr in-
dustry, before they go on ta slighlly
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impraved Chinese modsls: and il is already
earmarked to go 6 the Somali Repubilic to
start a cation industry there. The mill dates
back at leas) 30 years and yet wirl fairly
clever use and concern for repairs and
maintsnance. patrticularly in China, it stiil
performs well.

Perhaps Lhis siory exemplifies Lhe
strengths of appropriate technology. And
aven it the miil will not ba the ultimate of
their cotton industry—they wil! choose for
themselves from the range of equipment
available—in terms of starting a new in-
dustry, the older techealoy,i9s sre nol a bad
introduction that can give people some
freedom of movement,

1didn't in fact get inte this factosy but
nexi door was an agricultural toel factory
which I visited wilh a dozen studsats from
the university. I was one of the few pale-
faces in the party, and mouch ta the amaze-
ment of the African stalf. the Chinese all
rushed over ta shake hands with the
strange vigitors., After we'd all stopped
laughing wa discovered that the Chinese
had imported ibe equipment and had
actually trmined Africans to use it without
any af the Africans knowing a word of
Chinese, nar any of the Chinese knowing a
word of Swabili or English. [t had all been
done by example, includ.ng the spectra-
scopic amalysis of steels. 1t had been
demaonstrated entirely by sizn language
and chaking hands and patting each ckther
on the back, or pulling faces when it didn't
work. It bad been slow but there was a
complete rapport. and the plant worked
very well, And it was the firat Afvican fac-
tory [ had been to whers, when the plant
fatled or broke down, the ordinary opera-
tives downed tools, picked up the repair
tools, and started repairing entirely on
their own initlative and entirely under
their own conirol,

They only had two complaints in this
factory; one was that the Chinese were
puliing oul after five years, and the African

workers had never discovered which one
wus really the boss. beciuse they all
worked together. But within two days of
1he African bass heing appointed, he batd o
large car. a fancy shirt, ond an air-condi-
tiooed office. I am sure you know where he
ool thase habits from; they are not in-
digenous fo Adrica. ¥t is ohvious 1hat he
had copied what goes on in Buropean-tun
factories in East Abica and thought his
staius demanded these 1hings. We had ob-
vivusly educated him into these cultural
values which we think are laugheble and
which look compietely ridiculous there,
This poor man had been conditioned by us,
in the guise of educalion. to react in this
fashion.

The secund compleini was that the
Chinese srupulously collected all the
scrap from this factary and staciked it in
various grades. Once every \wo or three
months it was shipped beck to China,
when these was an empty boat. At the end
of the ysar they said, Yoo sec all that
scrap, in fact it is an input for another
process and is valuable. We have taken it
back to China to use, but it is now up 1a
yau i sort it and invent your own sideline
indosiry to milize it.”" Now, unforiunately,
outzide this factory is a splendid pyramid
of mixed scrap, rotting gently in the Af-
rican rain. Nobody there was able to take
that sort of decision, to do the expari-
menialion or to attempt to utilize it. This
contrast between the confidence of the
Chipese and the lack of confidence of the
inhabitants of the former colonies is, 1
believe, one of the most marked faatures
vou can see in almost any part of the world.

China

I think perhaps that many of the points
I have been wying to make will brcome
clearer as 1 describe a few examples of the
wiy that technology is valued and utilized
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in China In nn way does this prelend to be
an account ot technology policy or practice
in China, still less an evalustion of the
Chinese "system,” but [ hape it will show
technology in » diffeent light—that it is
pertectly pussible fortochnology to harmo-
nize with the social. cultural. and ecu-
nemic situation of pessanl communities.

China’s urban cenders appear 1o suffer
the samec sort of problems as cities
everywhers, 'The Chinese admit that il is
daplorable but suy they can do nothing
with il excepl wear it out and. when il is re-
huilt, try to make it a more rational and
sensible place to live amd wock in. They are
noi rich enoagh to serap it and start again
with “ecolopical” indusiries, bul they are
aware of the problem end hope to learn
frum pasi mistakes.

By conlrast the counireside appears
much mure like one oxpecls China te be.
The ooly motive power used, apart from
man, is the witer buffalo. Evervbody in-
volved in agriculture works in a highly
lubor-iutensive wav, as vou can see fram
the number of people in the fields. This
sart of scene is exactly whal ono would ex-
pect to see, umil one realizes that
everywhere one also sees concrele posts for
electricity distribution.

There are three inpuls that the Chinese
government sees that it musl give to the
communes to make them aulonomous and,
as one example of thiz iutonomy. to make
them free to select Lheir own technologies.
The first is national and regional coutrol
over flooding snd irrigation. A controlled
and ensured water supply is considored
vilal. The second is 1he provision of rele-
tively modest amounts of fertilizer, Scme
chemical fertilizers are needed in China to
top up total amounts available or meet de-
ficiencies In areas where mosl that is used
is oryanic. The third inpat is the provision
of electricily. This is seen as the key that
can give the communes flexibility jo what
they wunt to do. Eleclricity nat only makes
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lite easier, but it is o simple means of
allowing diversity in a whole range af
mechanical and other processes 1hal the
communes cai uoderbake.

Electricity

The Chinese manufacture o wide
range of electrical apparates. from small
molors 1hal are made on the commuaes
right through 10 100-megawatt hydrogen-
couled generalors which vou can huy off
the shelf in Shanghai. We visiled one com-
mune nol far from where large senerating
sels were being made. Some of the people
in the commuos became inspired by this
ne{ghboring indusiry to do something
elecirical.  Afier moch arsomemt  and
uersinasion that they were capahle of learn-
ing 1he skills and could acluully manofsc-
lare equipment, they were allowed 1o bring
in the raw matsrials and equipment thev
peeded. They have a diverse range of
second. third. and fourth-hand machines
Lhat have been sold by varigus tactories lo
those communes lhal can use them
productively. The communes are now
building four-kilowatt motors, of which
they produce something like 3,000 a year.
This is done eotirely with peasant labor—
none of them actually had a fermal training
in mechapical ov electrical engineering.
They simply 1cok their enthusiasm and
loarned enoush 1o do the job.

Although they have such a wide moge
of electrical industry, the Chinese see noth-
ing strange in having old and new. large-
scale and small-scale technolouies which
ure integrated into the whole economy.
Elsewhera | have descrilied the situation as
contrast, not coaflict, betwsen old and
new. This sums up very well ihe attitude
towards innovation and pragmatism. Such
dn attitude can be seen in many conlests.
For example, a buffalo caa plow much less
land in the course af & day than can s trsc-




tor, But in a commune the man who drives
tha buffalo would be paid stightly mons
than the tractor driver. because the man
warking with the tractor has an easier time
physicaliy. The temuneration has nathing
to do with production; it is based on the ef-
tart believed to have heen expended for the
common good.

Electricity has been distributed almost
in the form of mania throughout China,
The bulk of the generation iz done by local
hydrastations of about 2 megawatts ca-
pacity. Commupes run their own generat-
ing stations—anything from 50 kilowatis
up fa 2 megawaits. This is the basis of the
couniry’s electrification, apart from the
coastal cities which use coal, a small
number of stations fired with oil, of which
China has found a fair amount, and some
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large hydroelsctric plants whick are ap-
pearing on the great rivers,

A prid system is spreading fairly
rapidly all over the country and trans-
mission lines for the lower vollages are
made and erecied by the jocsl communes.
Somelimes they use concrote posts, some-
times any handy hits of wood. Quite ofien
the porcelain insulatars are made locally
tac. High-voitupe insufators ame rather
long-run insulatoss which they seem to be
able ta fire by relatively primitive method:
batter than 1 have seen done anywhetre else
in the world. You even find such sophisti-
cation as suree diverters put oo the eads of
the liaes where they come inlo ihe
transformers.

One aspect of their iransinission lines
which is instructive is that they use guy

Pholo 12,1, Chiluren in Shanghai leaming beasit elechrical work.
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wires to suppoert the posts much mon than
we do. The reasen that we don’t use guys is
that we have privale ownership of land,
and you have to pay mare way leaves when
tuking & line through a dense agricubloral
area if you use guyed posts than yorr do if
you use towers. 3o we use ahout ihree
Umes as much slezl as the Chinese do, just
hecuuse we have invented a social situ-
tian called "way leaves.” This is another
example of the inapproprioteness of much
cfaurtechnolony.

Village Elecirification

‘O sees many boses that have been
or are baing connected to the efectrical
system. [ndividually the first prioeity for
using ihe supply is, naturally encugh, for
lighting; perhaps an electric fan might be
hought later when it can be afforded. Com-
munally, however, the priorities are more
utilitarian—irrigation pumps as the first
thing, followed by grain huskers, maize
grindwrs, and so on. One village we visited
had just gatten electricity and they had
literally taken as their priorities: first came
the pump, second the grain miller, and
third the television set.

In China it iz guite appropriate for
lradilional and modern techoologies, such
as the dragon's spine pump und the
electric pump, to exist side by sids.

The dragon's spine pump lifis water
through a baad of about one meter, through
the action of flat paddles pushing waterun
a trough as the handles are turned. Two
men can operate such a pump for about 20
minules at a time, then anothe- swi~ (rhes
over. A team of our men wouls -ovs in
this fashion for a six-hour working day.
Between them they might be generating
the equivalent of as much as 200 watis over
1his period. But when & commune gets
eleciricity and can afford a pump, which
is fairly ci:cop in Chinoa, it might buy an
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electric putap. Nol only is this more effi-
cient bul il is powered by a four-kilowatt
mulor. In other words, it can do the work of
20 dJrugon’s spine pumps 4and 80 men.

Where a village cannot afford or does
not give priarity to electric pumps, vau
will slill see 1the landscape tuli of people.
But the scene where electric pumps are in
use iz quite different. They are easily in-
stalled—hamboo poles e erected to carry
ihe three pbases in. Areas like this will
have & skyline with nobody at all.

The contrast in the Chinese scene.
cuused hy sueh minor innovations as
eleciric pumps. is really quite remarkable:
the real power of mechanization or in-
dustrialization in terms of whal it can do
lor good ar far sociul evil becomes ap-
parent very rapidly. This is exactly the sorl
of thing that must have happened in
Europe when we staried to mechanize. Al-
though we have seen the disasters that
have ocourred elsewhers when mechaniza-
tion cauged mass unemployment, we were
lucky that a reasorable balance was kept
I3y the demands of industry absorbing aue
pi:puiation. All Europe’s problems whilst
it was industrizlizing 5r.» as nothing
compared with the jroblenms of countries
that weni thoougk this process more
recently, or that are still going through it.
This is becatse our big population growih
didn't take place until our industrial ex-
pansion was subatantially nnderway, by
which tims i was capable of mopping up
surplus labur =3 it went diong. We are, of
course, now gzetting inte second-arder dif-
ficullies because we have 100 many people
for ke lypes of industry we run.

As [ ave explained, China is feeling
the effects of mechanization. If you ask ihe
peopie in a village what happens when
they gel a pump, they say that they ail
waork less hard. Bot that is only their im-
mediate reactico tu the innovation: after a
while thev say ihat they start wup new
"sideline” industiies. Thess may give
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Phcto 12.2. Snow removal in Peking.

them the added value from processing
their own raw materiale. They may
produce goods thal the comsnunity itself
needs, or they may produce goods for sale
and thus enable the community to
purchase products it bad net used befora,
Whatever the objective of the new
aclivities, thare is no idea that anything to
do wiln increased productivity could lead
1o any sort of unemployment. Such a resuit
is inconcei vable.

Local Industries

Onn “sideline” industiy, which has
been established (¢ ahsorb unemployment
resulting from mechanization, is the shoe
factory, Women who own their own sevw-
ing machines come together far four hours
a day to tun a factory for making shoes.
Perhaps another group might come

together for embroidery. This is a collec-
tive activity so thal voung women wilh
chijdeen can make a coniribution towards
village produciivity when they cannot par-
ticipate in the normal fuli-lime activities.

Many of these little factories have been
established. Moreover, Lhese are social or-
ganizations; the peaple involved are ofien
related Lo one another. And in these indus-
tries, there s no sign of any management.
People simply work together and chat
together, trving 1o De productive at Lhe
same time,

Another aspect of Chinese industry in-
volves the sensible use of mesources. The
threshing of rice provides a good example
of 1his practice. Cuslomarily. rice is
threshed by a stope in the shape of a \run-
cated cone which rolls around a eircular
path pulled by an ox or pushed by haif-a-
dozen men. The winnowing is then donc
by hand. But the straw that is leflover is
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collected and is aither used as a domwestic
fuel or it is taken 1o the brickworks and
used for firing bricks,

As all of ys trained Wesiern
technologists know, rice is one of those
plants that collects sdica from thu soil
And when rice straw is burnl, its ush is
very rich in silica. Tne Chinese peasant
knows this too, and koows Lhai il is
therefore s pozzolanic material. %o when
rive straw has beeo used for firing hricks,
its ash is added Iu cement o produee @ bet-
ter quality or to extand tha cemenl in some
way.

Ferrocement
A lot of the ash is used in ferrocement,

which the Chiness utilize more than most
people in the world for a lat of different

purpuses, Ferrocenent strctures are made
fram a8 wire-roesh shape that haso very fine
comuen! mortar mis spreud over it the ma-
terial has very elastic propedics. In the
Wesl we know it as a material lhat rather
way-out urchitects, builders. and designers
are proud of. It s mostly ussd for prestige
buildings of which the Sydney Opem
liouse is a guad example.

Inn the Wusih ares of China it was de-
cided many years apa thal reinferced
ronuiete was not of very gresl interest 1o
them, so the principal building mulerial
canlinued 1o be Lthe traditiomal brick. Bnt
this is one of China’s canal aveas end when
it was realized that tirnber for making hoats
was becoming very scarce. they starrad 10
seatch for alterpatives. The factory that we
visited had been a building materials foc-
tory. Even thaugh none of them had built a
boat before, they ware asked to have u tey at

Phott 12.5. Bran curd shop—Shanghai army base.
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Afterword

The 12 lectures coatained in this publica-
tion were originalby given at the Technological
Universities of Eindheven and Twente at Lhe
end of 1974 Financed by the Netherlands
Universities Foundation for Intecnalional
Cooperation, the course was organized fa
provide a tochnicaily delsiled introduction lo
socially appropriate technology for the growing
number of interested people in the Netherlands.
It was apparent that in Rritain, particularly in
the Intermediaste Technology Development
Group, was to he found the most practical
experience in wmobilizing scieatific and
technical knowiedge for the developing world.
And so il was from there that most of the
speakers were drawn.

In each of the two universilies the interest
and inpvolvement in development uffaire Falls
under the segis of a Commiltee for Tniernational
Cooperation Activities [CICA). These commit-
tees were responsible for organizing the course
of lectores, and the administration was pro-
vided by Ltie Bureau Ontwikkelingssamenwerk-
ing (Dffice of Developmenl Cooperation] at
Eindhoven in cenjunclivn with the CICA Secre-
{ariaat at Twente. Since beth are technological
universities, it is natural thai » good part of the
activities of their CICA committees should be
concerned with the relalionship of technology
to developnent. Qver the past years in the
Metherlands thare has heen arowing interes! in
intermediate technology, and the phrase
“'socially appropriate technology”™ has been
coined to describe the Dutch approach. At the
national level, the aclivilies of university and
other groups are coordinated by the newly
formed TOOL Feundation {Technische Oniwik-
keling Ontwikkenlings Landen—ar Technical
Development for Developing Countrias). The
sudience for these lectures, then, was drawn
not only from the twe universities, bul also
from the membership of TOOL.

As the title implies. esch cantrlbutlon
presanlad hera is & lecture; the publication
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17ally consists ol an ediled version of a range of
fairly informal talks. Although each contributoe
Lias obviously carefully prepared his presenta-
tion, he has approached his task very differently
than he would if he had been asked to submii a
written paper for 2 collection of essays. [ think
thal the results printed here probably maks
casier and mare enjoyable ceading than a series
of romprehensive written papers.

Again, because ha was talking informaliv.
each speaker gives us an insight into the way he
personally views socially appropriate
technology-—and it iz apparent that there are
several viewpoints, Although many of the
speakers are associaled with [TDG, what they
have la say does not, ol course. represent all of
thut group's activities. or those of the panels
they work with. or of Lheir own personal ce-
search of professional interests. So  each
speaker’s contribution is merely an account of
the work he is associated with or intevested in.
1t is a general introduction lo the more spe-
cislized subject, and will hopetully fwriher en-
courage ather technical specialists to expand
the potential uf technolegy for the developing
world,

Clearly within the lime available, each
speaker could only outline a small amounl of
the polendial of his own discipline. 1t would
have been impossibie to place socially appro-
priate technology. even less the specialized
sobject, within a framework of the develspment
“proem” or of currenl developmeni stzalegies
and institutions. There is a wealth of literature
on wha! hes been called “duvelopmerteology™;
it is hoped, rather, thot th' - hlication wiil
provide: boih an indication : potential of
small-icale technology and 2 chalienge o
technologists 1o realize that potential.

Ine Manni and Hanne Goossen did all tha
transceipiion, Kalhleen Rutien trsnslated inte
English the lectures of Fen van Bronckhorst and
Ton de Wilde, and the secretaries of BOS typed
and relyped the transcripts as they were edited:
all of them were working in & forsion language.
Bryony Lae typed tha finsl manuscript. To all of
them and 1n the stafl of the Reproduction De-
partment go my thanks.
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