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Written largely by experts who have worked with the
Intermediate Technology Development Group in London and
based on experiencas in developing countries, this book is
of interest to all Americans who are inierested in pursuing a
simpler iife-sty'e, ’

This comprehensive work features specific ways in
which both developed and deveioping countries can
introduce people-oriented technologies to all aspects of
sceiety. 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
appiicability of the book: “An Approac:: for Appropriate
Technologists,” “The Social Context for Choosing Water

Technologies,” “Teools 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 first 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-
panized jointly with the CICA at the Technical
University of Twente, in the Netherlands. The
lectures were given at both universities at the
end of 1974, and were part of the growth of
activities in the field of sncially appropriate
technology in the Netherlands which the two
CICA’s have done much to stimulate.

The first edition of this book was published
by the TOOL Feuandation, a nonprofit agency
that coordinates the research and development
activities of volunteer groups of staff and
students in Dutch higher education institu-
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 promaoted
the concept and the practice of a socially appro-
priate technology both to the general public and
to current policzmakers. Engaged in providing
snpport 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 heas been
encouraged by similar agencies elsewhere to
take a lead is in the establishment of a
comprehensive documentation bank for the
practitioners in SAT; SATIS, the socially appro-
priate technology information system, is an in-
formal and practical network of development
workers spread throughout the world.

Neither the Technical University of
Eindhoven, nor the TOOL Foundation, can ac-
cept any liability for damage claims arising
from the use of any advice or descriptions of
any instruments or apparatus contained within
Introduction io Appropriate Technology.

R.J. Congdon

“u
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Introduction

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
technology” 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
persen 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-help technology or democratic or
people’s technology—a technology to which
everyone can gain admittance and which is nct
reserved to those slready rirh and powerful.”

Xii

In a specific sense intermediate technology
represents a practical alternative to those
caught in the grips of ‘“inappropriate”
technology. In his contribution to this book
Peter . Dunn refers to the inappropriateness of
a Furopean space agency supplving 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-
liable and difficult to maintain, hattery 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
wonden frame with a wheel-mounted dynamo.
if it goes wrong, the reason is obvious; the dy-
namo has fallen off or something similar. The
local people do not regard it as a mysterious
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-cperated 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 Jéquier 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 adeqguately be represented by the
small two-wheel tractors of the type 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.”
' 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 technology” belongs 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
technology 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
“techaoclogy is especially atiractive because it
~:“seems lo solve a number of problems at once.
~ ' Because it involves self-reliance and local
" production for local needs, on a 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 countries. At the same time,
the lack of well-developed infrastructure #ad
the shortage of highly trained manpower to run
large industrial 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 secialism, 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 to 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 opportunity for all citizens of the world to
participate in new styles of architecturs, 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

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

6. Can 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 made by groups rather than

“by individuals

8. Involve decentralized renewable
resources, such as wind power, solar
energy, wafter 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
further innovaiions

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

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,

»iv
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Intioduction to Appropriaie Technology,
first published by the Committee for Interna-
tional Cooperation Activities of the Technical
University of Eindhoven in the Netherlands as a
result of a series of lectures organized joinily
with the CICA in the Technical Uaiversity of
Twente in the Netherlands, is a comprehensive
collection of essays by eminent econemists, so-

ciologists, engineers, and others on appropriate
technology.

Very simply, this is a revolutionary work
by “techmical revolutionaries,” many of whom
have been asceciated with the Intermediate
Technology Development Group, who believe
that appropriate technology offers genuine al-
ternatives for both developaed 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
life 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 have our cars—
sometimes with stereo—our color television,
our household gadgets, our parties; on the other
hand we have our psychiatric hospitals. And
there are simply not enough of them to cope.
We do not have enough psychiatrists and




psychologists to help the people who run their
heads against the wall—people who want to
work but can only go each week to the social
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 cohcerned
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
gsome people in some situations this sort of
systern has its benefits, but we must realize that
there is also a bad side for other people in other
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 fed
and has some kind of work, while the 80
percent in the less developed countries is badly
fed, and there is no work for 30 to 50 percent of
them.”

Introduction to 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 themselves good brick and tile 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, and permanence of
that excellent but scarce dwelling, the Ice Ape
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cave.” And such a hope is also applicable to
residents of the American Southwest who, for
these reasons, are rediscovering a traditional
and worthy building material: adobe.

To those critics whe suggest that appro-
priate technology is a loose collection of ideas
and inventions, Intreduction gives lie. Appro-
priate technology, as the following chapter
titles indicate, is applicable in a multitude of
situations: “The Social Context for Choosing
Water Technoiogies,” “Tools for Agriculture,”
“Intermediate Techneology 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 exploring the hardware of
appropriate technology, Infroduction explo.es
the spirit of this movement with examples from
revalutionary sccieties, such as Cuba, China,
and North Vietnam, where people-oriented
technologies are a way of life. In chapter 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 waork 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 own 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
hrontharhand Thig thinkineg ie raflartad in the

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 environmeuial
renewal. In the worldwide context, appropriate
technology could provide a basis for coopera-
‘tion between 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
I’\ll' stru gg e io enter Iﬂe lﬂﬂuslrlﬂl dga par[b
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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
contribute greatly to food production and who
have mastered many of the techniques of rural
development. Of particular interest are the in-
stitutions which protect small farmers in these
countries, keeping them involved in highly
productive agriculture, and the relationship
between those ins:itutiorls, 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
T ently formed a National Center for Appro-
priate Technology to develop and implement
technologies appropriate for low-incems com-
munities. From a historical peint 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 people on u local level.”




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 dampers)

2. Low-energy cooling and ventilation

3. Reducing the cost of insulation through
manufactyring 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 ioilets 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, including New Alchemy

Institute, Zo1aeworks, 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 & century ago. As
Nicolas Jéquier notes “virtually all the indus-
tries which grew up in the United States in the
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nineteenth century started on a verv small
scale, 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 Nelaware farm; Eli Whiltray,
who was to play a crucial part in the develop-
ment o7 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-
niunity of the nineteenth century was very dif-
farent from the peasant societies of any other
countries: 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-
nemic level of the agriculture sector is
generally a good indicator of a country’s overall
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 obvious to anyone who
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takes the trouble to lock for its actual applica-
tions today. Examples can be found in every
developmg country and, indeed. in the ad-
Vd”.L-Bu LUullule as \"\.’Ull \’Vlldl, Ulb‘ll‘ lb !Ellbb'
ing? It is simply 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

not know how to get started.”

It is hoped that Introduction to Appropriate
Te(,hnology will be of great help to both those
W uu H uu noi KﬂGW uum io Bt:l bm_lu:u " and all
those who are interested in the fullest applica-
tion of appropriate technology at homrs and
abroad.

James C. McCullagh




Chapter One

An Approach for
Appropriate Technologists

by George McRobie

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

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

an ecouomist’s concept reflecting an al-
ternative to the very costly technologies of
Europe and America. On the average, in
Western Furope 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 litle difficulty in regenerating
workplaces at a high level of cost. For
example. a skilled workman who saves one
month’s salary each vear can buy his own
workplace in 18 years. But if his average
income is only $40, he would be saving for
his workshop for nearly 200 years.

Considered from this point of view,
Western technology can spread only to a
very smail section of the population. And
this is precisely what has happened.
Development has been concentrated in
cities; it has bypassed the great majority of
people in the rural areas, and it has caused
divisions in a society which are far greater
than those which might have occurred
without the advent of such a technology.

Photo 1.2. Trimming white potatoes for starch in Taiwan.




Infrastructure

The factory in the rich country is
really the outward manifestation 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 thal are
somewhere between $40 and $400 per
workplace? Then, how do we determine
what the characteristics of such
technologies would be?
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Phote 1.5. An animal-drawn, fwo-bottom moldboard plow
(Kenya}.

j Phote 1.4. Intermediate technology—a
| seed planter.




Photo 1.6. Brickmaking in China.

Jntroduction to Appropriate Technelogy

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 unscophisti-
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, turns 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 modern
technologies and economics have
contributed to man's alienaiion from

4

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 ina-
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 produoc-
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
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Photo 1.7. Advanced technology—
power-operated threstier for smal
farms.

Photo 1.9, Tractor-mounted row pianter, with fertilizer at-
tachment (India).

Photo 1.8. Rototilling in China.
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indeed, we may soon find this to be the
case in many industrialized countries.

Intermediate

Technology
Development Group

On the basis 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 health, building and building
materials, food technology, cooperatives,
forestry, and chemistry and chemical

anainannineg
Chgineering.

Methodology

The first thing ITDG did was to
conduct 2 survey of what aiready exists
within the categories of intermediate or ap-
propriate technologies. From this we tried

ta identify partain oanc in knowladee
o 1Geniily Cerialn gaps in Knowiedge

about technology 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 exlremely 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
most sophisticated techpology that the rich
countries have to offer. Such a process is
not only built into our official aid pro-
~ grams, it is alsc built into the educational

auctarae ki ol e ra bt e

e wwrhirk thoa daee : .
DyoLloillsy WIIILID ULG UGVEIULILIE LULLILLIES

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

3o at both ends—both the giving and
the receiving—people’s minds are chan-
nelled almost exclusively toward the
“boundaries of knowiedge’ thai in-
dustrialized ~ountries trade in. If you look
below that level, vou will realize that there
is no institutional or political force that
makes known there 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 Alternatives

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

ctitiitee. Tha nnly one that wa wars ahls ta
SUITUISS. ine Oy ONe al wo were anie o

answer effectively was with brickworks,
because we actually had a hand in making
and running brickworks in Ghana, In the
ather 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 hig
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 saying: “There are

P T ST I B v T o= I 1 thner mwe
pPrenary Ul dilelidilvies dilu Uclo Uicy dio,




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 team of people who will come
and put it up and train your people in run-
ning it.” None of that happens, and so
country after country decides in favor of
large-scale projects, although tney 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 neglected. 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; weare a
bargain-hunting society because we have
income, and our problem, and a great deal
of the problems of economics, is how to
distribute that income to 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
advaniage, because he kas 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 studiad within the context of eco-
nomics as we now know it. So there is first
of all the need to cater to nonmarket
econinmy by providing a technology which
enables people to turn their labor into
something nseful 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
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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;
other 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. S0 at the first level the capital
cost might be on the order of $20 to $20 per
workplace, $40 to $200 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 into 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 sketch 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 plied a foot or so deep on
top of the domes, The water soaks through the

Rain

Water movement—aa—

sand, and trickles down Into the cavitles under
the dames, To get water out, a bucket Is low~
eret' into the open well. Or a hand pump mighi
be used. Sand filters the watar both as it enters
the tank, and again as it enters the well.

| |
Run-off,
Water out A A

Sand filter
Well shaft

Figure 1.1. Rainwater catchment tanks.

developing countries have knowledge of is
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
tirst of all to invent it in his own mind
before he can ask for it. And if he can in-
veni it, he would probably not be asking in
any case. So the first task is to make known
that there are alternatives and then a de-
mand might be forthcoming. But then of
course, one 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 1s a real task in making
known that informalion exists, and such a
process of mobilizing information cannot
wait for specific demands to arise from
developing countries. Fortunately, there is

8

a very wide range of activities which many
peonle 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, culture, and certain basic
community services. If you take these sub-
jects alone and speil them out in terms of
the manufacturing activit'es thev imply,
vou get a very respectable range of indus-
tries for which information is needed ail
over the world.

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 pive 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 also trying
to bring in the universities, technical
colleges, schools of art, design centers,
professional associations, and quite
recently, T am happy to say, & number of
government research Institutions. A
number of such institutions which were
. supposed to be dealing with developing
countries have now shown signs of begin-
ning ic collaborate with us in what we are
trying to do.

Finally thers is the dissemination of
the information and this can take a number

of forms If the information i nnt
O ROTMs. i e nigrmatian 15 not

published, nothing can happen at all be-
cause unti! the information is published, it
does not really exist. So how do you
publish it and to whom do you address
these publications? We are trying to do this
in various ways, particularly through a
journal, Appropriate Technology. We are
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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 do 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 actually work in practice; this
means forming links with countries
overseas.

Qverseas Links

Each country has its own ways of mak-
ing links. The Netherlands has cbvicus
historical links with Indonesia, and has a
particularly great advantage in dealing
with most other countries, in that it is not

Figure 1.2. Qil drum forge.
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seen as an ex-colonial power, for exampie
in Tndia, or Ceylon, or Latin America.
Wherever these links can be formed they
should be, in order to carry out demonstra-
tions of the wutility 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 211 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 agriculturel equip-
ment, that in spite of something like 20
years’ work by British universities on agri-
culture in developing countries, noboedy
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 laber used in a typical
rural community may be represented by
the graph in figure 1.3. Although grossly
oversimplified it shows the demand for
laboi throughout the agriculiural year.
Frequently, of course, there may be double-
cropping which would bring two labor
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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 doing. During the periods Dand E
they are grossly underemployed and this is
the period when new activities need to 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
vou have a picture of what their problems
are. And our 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 enough to stand idle for
long pe::dse of the year, because it is only
going to be used for a short time, and
simple encugh 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 restricied. Trac-
tors 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
done first. The alternative is to go in with
our ready-made solutions. For 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 smali-scale local 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 isto
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 the first few inches of the
80il and leaving all the rubbish cn 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 our 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

11
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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 of equipment which looked ap-
plicable to the local problems. These
designs were drawn from 50 different agri-
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cultural research centers throughout the
warld. Not all the designs were of any use
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 about a
ton and stand six feet at the shoulder. The
bullocks in drier parts of Zambia more re-
semble greyvhounds. So the sort 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 cbligations in adapt-
ing equipment precisely to local needs.
And you need people who speak the lan-
guage and understand the local com-
munity. But more generally one can

Photo 1.18. 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 you there would be an
enormous dem .ad 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 something like the Technology
Consultancy Center which has been es-
tablished in Ghana. This is a receiving

point for infermation 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 done from outside, but the
widespread introduction of changes can
only come about from inside the country.
So over the past few years we have been
trying to concentrate on setting up
equivalent arganizations 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 surrcunding
area, Those of you who know the
universities in develcping countries will
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recognize the extent of the breakthrough
when I 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, such as small
workshops, looms, and brickwaorks. 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 largs, center for the development of ap-
propriate technologies. Tanzania already
has semething 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 sbsolutely
essential, because without them to whom
are yeu addressing yourself? You can ad-
dress yourself piecemeal to administrators
and fieldwarkers, but in order to work
within developing countries on mobilizing
their own resources for technological
development, this sort of center is, I think,
absolutely essential.

New Developments

[ want now to mention some possi-
bilities for new work that needs to be done.
I mentioned earlier the basic needs: food,
clothing, shelter, 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 exagperate how much has actually
been done, what experience we have had
indicates that anything can be made small
and still be efficient. 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-moving 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 he
developing countev 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 $24, 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
Britsin 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
down 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 I 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
procuce the right quality of cement. He has
problems of temperature control and so on.




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 substitutes
such as mortar mixes, which are perfectly
well known—thev & ed a bit more experi-
mental work done on them—swhich can be
used on buildings up to two or three 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 lomries 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
propartion of the total cost. For an average
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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 agriculiure are going io
change very rapidly.

Perhaps ! 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, food producers, to feed non-
food producers. If it takes 80 percent of
your population fo 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 oil 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 is not a permanent system of agriculture.
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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atemic energy. We may be hogked 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 choice.” And I 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 there 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,
perticularly with the advent of a National
Center for Appropriate Technology in
America, there is 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. Watt

At first sight it looks as though my
chapter should simply be voncerned with
civil engineering from the point of view of
wiuter 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. I also
want to examine ways in which the broad
objectives of the research or implementa-
tion can be better understoed 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.
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

1. The best way to help the develop-
ing countries is not %y 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 before seeking help in
Europe.

3. The professionals have become co-
lonials in the sense that they have
taken possession of the knowledge
of tecEno}ogy—-a knowledge that
all people should possess ta 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 engineers

There Is no litile person behind our eyes looking out at the objects of technology.
—

A more realistic picture

The objects of techniology and ourselves are all part of a social matrix;
technology in this sense [s nol neuiral, but is a social operator.

Figure 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 subsequent work. When
[ am asked what is the most important
qualification and training a person needs
before he is fit to work overseas, the only
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answer | can ever give is that he should
simply be a human being. But the conven-
tional ecngineering 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 thers 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
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mance and low-performance technology.
The difference between the two is the
quick fatl-off in the benefits derived from
high technology when its operational
parameters 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

=t——Wide limits

Low
petformance

High
performance

Operatlonal parameter

Figure 2.2.
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Spectrum

Traditional

Intermediate

High performance

————» Benefit: Performance, output, efficlency

———m=— Cosk: Cash, eneray, skills, suffering

These are separate relationships. Combining them is very
difficult. We have no quality-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 disbenefit do we expect?”

To be able to evaluate these costs and
benefits in quantitative terms is, of course,
extremely difficult. And indeed the objec-
tive of this discussion is only to show some
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of the relationships that exist between the
various factors. Such an analysis is further
complicated by the fact that not every fac-
tor is capable of being measured. In spite of
this the things that can be measured are not
always 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 cne 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.
But techniques like this do not really seem
fo 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 or less disas-
trous. There has been discussion recently
in Britain over the policy of “shooting
lame ducks,” which suggasts failing indus-
tries should receive no government sup-
port and should simply be allowed to go
bankrupt, on the basis that if they are inef-
ficient, they do not deserve to survive. Op-
ponents of this policy, rightly in my view,
point to the costs of unemployment which
result from such a policy. To take another
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
to show that a life in the United States was
“worth” approximately five times a life in
India. Not unnaturally 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 to 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 pumps to be used in Ban-
gladesh to supply 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 country A
can be considered as equivalent to $Y in

overcome some of the problems of compar- -

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 the
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, cor-
ruption, lack of maintenance, and so on. In
this scheme a lot of the money of the
ariginal investment has effeciively been
lost, but rather than become intraspective
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 the sort of solution
that I weould favor. This particnlar solulion
illustrates a simply dug well and a cheap
and simple pump—perhaps a chain pump
powered by humans. Figure 2.6 illustrates
a similar sort of approach for a well screen.
It was originated or “invented” by a
farmer, but the idea of such a primitive
bamboo screen was rejected, almost out of
hand, by the “experts.” Nonetheless this
innovation works and has achieved
widespread acreptance. So much so that,
unlikely as it seems, it i5 a solution being
recommended by the United Kingdom’s
Atomit: Energy Autherity 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
conclusion that a technical possibility
must lead to a particular form of imple-
mentation. After ail 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 and shadow prices in
Rupees; shadow prices {in the United States). Rs. 9.50 = $1. Dollar values in { ).

drilling — jetpercussion contracter power contractor pewer
SCreen — brass fiberglass fiberglass
pump  — centrifugal turhine turhine
engine — low-speed diesel high-speed diesel electric (including
generationtrans-
mission cost)
move in and out 300 (150) 4,500 {4.50% 4.300 (#.5300}
drilling cost
164 feet 7.600 [13.300} 7.600 {13.300)
180 feet 1,440 {720)
pumphousing 10 dia.
40 feet 4,800 (9.600) 4,800 (9.600}
blind pipe 8" dia.
20 feet aoo {1.600)
sareen
80 feet 4,280 (13.482) 4,280 (13.482)
140 feat 7,000 {11.900;
bail plug and reducer 500 {1,000} 500 (1,000) 500 (1.000)
pravel pack
50 feet 1,200 (1.200) 1.200 {1,200}
144) feet 2,400 {2.400)
install well hardware
160 feet 1.520 {1.920) 1.920 (1,920)
180 feet 2,160 (1.080)
develop and test well 1,500 {750 1,500 {1.500) 1.500 {1.500)
pump 750 {1.125) 5,500 {11.,000) 5,500 {11.000)
engine 820 h.p. 4,500 {6,750) 6.000 (12,000} 125,000 {215,600)
right-angle gear drive 1,500 (3.000) 1,500 (3.000)
pumphouse 3.500 (3.500) 4,500 (4.500) 3.500 {3.500)
install pump and engine 750 (375) 750 (750) 750G (750)
coensultants 5,000 (10,000} 10.000 (20,000)
field distribution system 3,500 {1,750} 3,500 {1.750) 5,000 {5,000)
confingency 2,560 (2.56G} 4,955 {4.455] 17.255 (26,975)
TOTAL Rupees 31,650 (35.660) 58,005 194.457) 194.805 (334,727}
or
Dollars 3,300 (3.700] 6,100 (9.900} 20,500 (3.500)
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Prime mover plus Alternatives in well

construction

pump at surface

Animal-driven
chain pump
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Pump and motor
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Cased tubowell 15 Inch % (round) down to
150 feet. Prime mover and pumip on
surace,

P : .
Large diameter hand-dug well to aquifer .
then 15inch % (round) tubewell. Can use pump
and prime mover or simple local equipment

powered by animals, etc.

Figure 2.5. Alternatives in well 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 grotnds, to cut
off the weaker parts.

Problem Gefinition

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

i
Ui

i TREI
TR
e———=

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
irying to 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 Eurcpe we would approach
the design of a flywheel in terms of ma-
terials like iron or steel which have suifi-
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 withont the
strength being increased. This means that

Figwe 2.6.
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1

Relative Costs of Brewing (per 15p pint)

Home Brew Charles Wells
Raw materiais 0.32 0.80
Brewing costs 2.50 write off 2.90

(iabor, transport,
overhead, equipment)

Brewer's profit
Licensee's profit
Tax: vat

Exciga duty
—XCise guly

equipment at 1 pint
per cay for 1 year
and & minutes/nint to
make beer

Cost — 2.8 pence

210
4.30
1.50

=Dt

— 15,0 pence

soclal habits, ete,

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 imblber, cost to community, loss to trezsury, effect on

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

Perhaps  the
example in figure 2.7 will help to clarify
this general point about the need to under-
stand not only the chjectives of the
exercise but also the impiications of the
chosen techaology. To arrive at & compara-
ble state of inebriation the cost of home-
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rather

dgliq_rn-in-nnrth

brewed beer is approximately six cents
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 implications of the chosen
method of production, and the effects it

will have on such fartors as local emnlov.
wiil iave on such 1aciors as 110Gl employ

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
techniology that is availabie for solving the
problem and then to make a thorough

I




costibenefit analysis before one is in a posi-
tioa to be able to select the proper, or most
“appropriate,” technology.

Standards

Some people maintain that an “appro-
priate” sohution would be incompatible
with the idea of a piped water supply. But
if one studies these criteria, one sees that
this is not in fact the case. The appropriate-
ness of different technologies will vary
with each situation. A range of some of the
alternatives is shown in figure 2.8. This
displays relative cost: for various levels of
technique. There is a tendency for atten-
tion to be given to the most sophisticated
systems. 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
systemns. And there is no guarantee that do-
ing this would produce the benefits ex-
pected. As an illustration 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 mvestrent will have to be made
over a wids range of levels. In this sense
the choice is a matter of the allocation of

The Social Coniext for Choosing Water Technologies

scarce resources. It is thus much more a
political than a technolegical choice.

Criteria for an
Appropriate Technology

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

1. Facilitate significant imprave-
ment in quafity and quanlity of
service without necessarily seek-
ing 1o obtain the near-perfect

2, Be low in cost; as low as possible
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
capital equipment 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

8. 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

Type of Supply Technique | Quality |Management| Lc?\n?sigecd?;rllt?-l?gl
No improvement None No Individual 0 0 0
[y TR i
I Se— — ____ﬂ protection
&t ® g
Individual improvement Spring, Curb Individual 1 6 30
[ [ "ﬁ‘ ‘ﬁh well. pond, | major
rain . potlution
ol — _@ @g collection
Group improvemant Spring, well,| Curb Group 1 3 | 14
ST pond, rain major untrained,
é T T collection, | poliution maintenance
Lé]\\'\ ety _@ pipeline unreliable
Rural pipsline Piped to Moderate | Unskiiled 3 5 | 10
— r@ taps and protection | but regular
. L— | standpipes operator

EJ_T ® &

Municipal standpipa Pipedto | Good Skilled 3 7 | 20
taps and protection | trained

T \ standpipes | by operators
iH @ disinfection

Single tap y | Piped to Good Skilled 5 | 12} 20
individual protection | trained

heuseholds | by operators
@ disinfection

Mullipie tap Piped to Good Skilled 8 25 | 300
households, | protection | trained
multiple by operators
taps disinfection

{After White, Bradley, White, 1972)

Pipeline Cistern |__| House ﬁ
. Protected .
Cartiod wator ——. - — source Watsr Standpipe §

Unprotect =
u agﬁrgg =7 Flushtoilet [ treatment plant [W1s—
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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 npopulation 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
lters per day is negligible. In the face of
the great disparity in consumption rates,
and the increasing cost and difficulty of
meeting the West’s continually rising de-
mand, it would be a major achievement to
change from a policy of supply increase to
one of demand decrease. A reduction of
consumption would at least uverceme the
West’s water-supply problems, even if an
increase in consumption, so necessary for
the developing world, would be much
more 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 frade in many existing
supplies much current illness and disease
could be controlled. We must, therefore.
nat 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
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which the supply is maintoined. One ap-
proach ta safe wa*er supply, Hien, might be
to admit that during certain periods of the
vear we could bear ninpleasant conditions
or a little bit of iliness. In other words we
might think of increasing the periods of
health by increasing the periods in which
good water is available.

It seems clear, then, that 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 job» 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 understood. Of course water is
noi 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 thal tha invest-
ment has now become involved 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 mortality rate among
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Program for rural water supply in 9 developing countries  1970/80

{poputatior: bn milkons)

Type of 1970 1980 Increase 1970/80
supply

No. % No. % No. %
Access to 120 12 257 25 217 155
safe water
Without
access to 1,026 88 1,081 75 35 5
safe supply
Total 72
population 1,166 100 1,438 100 2 23
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Preventive Measures for Water-Related Diseases

Disease Category

Preventive Strategy

Watar washed

Water borne

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 an
very expensive antibiotics and special
intensive medical care or afier better water
supply and sanitation. Figure 2.12 shows
some of the measures that are needed to
prevent varicus water-related diseases.
The technology required for these
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Improve water quantity and accessibility
Improve standards of hygiene

Improve water quality
Prevent use of contaminated source

Decrease water contact
Control pest populations
Improve water quality

Improve surface water management

Destroy breeding sites
Decrease need fo visit sites

Figure 2.12.

strategies is not a complex one, atthough
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 be 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 piants, economies of density in dis-
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Incremental Improvement of water supplies
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A package of techniques with compatible costs and operation skills 's presented to the users.

Flgure 214,

tribution 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
Waestern 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 impaossible.

Investment strategy should be based
on a decision-makiig model which is not
just & rural/urban model; it should extend
much deeper. Current developmer: aid
policies can and do resull in the situation
that, if an improvement is made in the
cities following Western methods and us-
ing Western money, 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
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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 stated 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 slum 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 originai
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 essistance.
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Small Steps

To return to the particular case of
water supply schemes, figure 2.14 shows a
schematic of incremental improvements in
terms of capital, skill, and management.
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
fill in the matrix and demonstrate that suf-
ficient alternatives are available. Many

‘The Social Context for Choosing Water Technologies

peaple thraughout the warld recognize the
problem, but few know how to tackle it.
The failures of the old approach are being
exposed in a general and analytical way
but there will need to be a considerable
amount of detailed and technical work
done before satisfactory solutions can be
implemented. The few people who are
working on bvilding up the body of
knowledge. however, will henefit from a
“multiplier" effect and one can already
begin to see some movement and progress
in the subject of water supply and sanita-
tion for ruval areas.
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Chapter Three

Tools for Agriculture
by John Boyd

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

The way that the agricultural project
has iried to make a practical contribution
can be divided into six separate types of
activilies. First, we have published a
buyers’ guide to inform people in develop-
ing countries where they can buy simple
pieces of farmn machinery. Second, we
answer posta! inquiries, and act as a sort of
clearinghouse for technical 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 system for
carrying out field surveys to determine
where the labor bottlenecks occur in a
farming system, to identify where there is a
peak labor demand so that one may be sure
that one is iutroducing mechanization at
the most appropriate point. Fifth, we have
organized field projects, one in Zambiu
and one in Nigeria, which have put into
practice some of the objectives and ideals
of intermediate technology. These projects
have involved developing simple farm ma-
chinery, encouraging farmers to use it, and
training and stimulating local artisans 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, starling with ihe buyers’
guide for simple machinery. In the early
days of ihe Intermediate Technology
Development Group the main strategy was
to publish information to tell people where
they could buy pieces of simpie equip-
ment. The first major publication was
called Toouls for Progress which was
followed by one on agricultural egquip-
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 vast majority from
Britain, although there are one or two from
Africa and India.

Technical Inquiries

The answering of techrical inquiries
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 a lot of information from
these people on simple farm equipment
and have systematically searched journals
for published information. We have
managed o 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-




formation, making contacts, visiting
people working in universities or research
statians.

People constantly write to us for help
in solving their problems. There is quite a
wide. range of subjects and of countries
they come from. For instance, we have had
an inquiry from somebody in Malawi, who
wants to make a water-powered mill for
grinding corn. Another inquirer from
Tunisia wants information on small-scale
storage, that is, silos for less than five tons
of grain. Another person wrote from India
wanting to know how he could make
simple equipment for weighing cattle; he
cannot afford to buy a machine to weigh
them and has no metalwaorking equipment,
only woodworking equipment, so ke asked
what possibilities are open to him. We had
other inguiries about the “'snail” which isa
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 be an
engineer to know the problem with small
tractors generally is that if they have small
wheels and they are light in weight, 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 1o the plow. In this way a very
lightweight tractor can pull a heavy load.
[See discussion of Rodale Winch in "'Pedal
Power.”)

Designs

The logical development from, dealing
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, but more generally they come from
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exchanging information, We find thet the
most profitable way to get designs from
experienced overseas centers is to give
them two of ov. designs, and ask for twao
that they have developed in exchange.

In many other cases one can obtain the
design rights of a machine which was for.
merly produced in Europe. hut for which
there is no lenger a demand and therefore
production has ceased. A particular
example of this approach in which we
were involved was for a bending machine
to bend steel bars. This originated from an
African inquirer who asked how to bend
steel bars into circles to make a wheel fora
bullock cart. We looked at the various
pieces of equipment which might be
available from Europe far this job. and the
cheapest one that our project officer could
find details about cost $1.400. Eut we
managed 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. It 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 wiong. The design is
simple and the cost of materials is very
low. It can be made entirely from mild
stee’—no hear-treated alloy sieels, for
instance, are reguired. It is quite 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 whare the project is
based, but most of the designs that we have
published have come from the field
projects in Zambia, Tanzania, and Nigeria.

Yo 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 thisisa
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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ar.ything that we think might work, or that
might give ideas to a local designer? We
have really played for safety in publishing
what has already been fairly thorougbly
testéd. The way in which we have
published these designs has been
somewhat unconventional. Only in a few
cases have we used the narmal sort of
engineering blueprint on very large sheets.
This is something which is usually only in-
telligible to a trained engineering

technician
tecnhician.

What we did instead was to ask
ourselves who might use our designs. And
we thought there would be about four cate-
gories of people. It could be agricultural
machinery factories, of which there are a
few in developing countries; ¢r it could be
engineering departments in universities or
in quite large research stations, which
ought to 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

weill have experienced “amateurs™; the last
category of peaple who miht use the
designs are the very smail workshops,
viliage blacksmiths, and people who have
araduated from being ¢ village blacksmith,
perhaps through learning a technique such
as welding. Our experience has shown that
this last category of people prabably would
not be able to interpret drawings in any
form. let alone engineering drawings.
Some of them are ifliterate, at least in many
cages they are not literate in Roman script,
although they may be literate in a language
written in Arabic or some other script.
Maost 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
ouE “target” has become the small research
or advisory center which has no engineer-
ing staff—the place where there is just a
“handyman.” somebody with plenty of
comman 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

Figtre 3.1. Ox-drawn, tie-ridger/weeder implement,
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this photocopied and can print as many
copies as you want. If one sends out a large
engineering blueprint, the facilities for
copying it are usually rather limited.
Anotber feature is that there is no writing
on these pages of drawings: there may be
just a letter, or an arrow peinting some-
where. All the written instructions are on
pages at ihe front. - The advantage of this is
that you have no need to make new draw-
ings if you want to translete into a different
language. The drawings and the letters
written on them will remain the same and
one only has e get a transiation of the writ-
ten page, which is normally faisly easy to
do.

Farm Surveys

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

search has been done and most of it has

been very carefully conceived by Euro-
pean standards. The work has been very
competently executed and it has clarified a
great many of the features alfecting the ag-
riculture in these countries. Of course, in
theory, this research information is of great
value {o the African smell-holder. But if
you visit a research slation in Africa and
then look at the farms around it, you will
notice immediately the contrasts; the very
high crop yields in the research station,
and the relatively very low ones in the
farms around. As an example, take the
fairly typical case of seed cotton produc-
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tion in Nigeria. A research station in Ni-
geria can easilv obtain 3.000 kilograms per
hectars of seed cotton; the farmers’ pradue-
tion is nearer 300 kilograms. In the past it
has been the custom of the research
waorkers, if they have in fact been ques-
tioned about it, to put the blame mostly on
the agricultural extension service. The
explanation has been that the scieatists
have praduced the information, but the ex-
tension worker has failed. He has not pu it
across to the fanmers.

[ think we are beginning to see now
that the real truth is that in very many
cases the sort of research results that are
produced are just not capable of being ap-
plied to the conditions of Jife and work on
an Alrican small-holding. They are inap-
propriate for some reason or another—
technological, economirc, social. Most
people by now dre surely aware that there
kas been very limited success in the green
revolution, because the new crop varieties
need large amounts of fertilizer, they need
all sorts of pesticides and other inputs
which normally are just not available to the
small-holders. And the same sort of thing
has applied o much of the agricultural
development effart in Africa. So as a pre-
requisite for the successful application of
the results of agricultural research, you
must find out a lot about the way of life of
the small farmer. And you really do not
gain this knowledge by doing a veiy large,
macro-level, sccial or economic survey. A
iot of these surveys have been carried out
in recent years; they are valuable in
themselves, cf course, but they don’t throw
any light on the basic problem. There is a
need for surveys right on the farms—the
micro-scale survey. If you are to introduce
the correct innovations or improved
management technigues, they have 1o be
introduced in the appropriate order; we
have seen that it is of no use giving peaple
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a rrop variety that nesds z lot of fertilizer if
one has not got a system for disiributing
the fertilizer. Therefore, innovations must
come in the appropriate order and they
must be consistent with the actual needs of
the rural community.

To find out these needs, really requires
a very comprehensive survey. The ITDG
publication on survey metheds covers the
sort of information one needs: jusi how
much labor is available on ihe farm, how
many people are there living in the
household, where is this labor used, how
much of it goes into crop production, how
much inte livestock enterprizes, how much
in the household. Very many African
farriers spend part of their time trading or
doing some other sort of wark and yon
therefore need to know whal is the labor
pattern in the iarget group. You need to
know whether the homestead is
permanent, whether there is some sort of a
shifting cultivation, or whether farmers
will move after a few years to a patch of
soil which has regained its fertility. You
must know which individual within the
family makes the decisions relative to agri-
culture [this may not be done by the farmer
himself}.

An example has begn found in several
countries where maize has been 1n-
troduced, or where the extension service
has tried to promote its use. Maize is a very
hard crop to grind by the tradisional
method of pounding, and what happens is
that the women complain that it is too hard
work and they don't want to do it. So the
farmer stops growing it, but it was his wife
who made the decision.

You need to know what the land
tenure system is. Generally speaking, in
Europe a farmer has a fairly stabls sort of
position on his swa farm and he kncws he
is going to live there for maybe the rest of
his jife. and perhaps his children and
grandchildren after him. Se, if he makes
some improvements it is weli warthwhile.
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But if the man has little security, if he may
be thrown out next year, or if the land
ownership changes from one man to
another every few years, then nobody will
put in any fixed investments on any large
scale. You need to know whether there are
any social or communal activities or obli-
gations. It may be the ¢ustom in the area
that all she farmers work together, perhaps
for the harvesting of a particular crog,
Thete may be a religious festival which
means that it is no geod introducing a new
crop which must be harvested at this time
because pecple will not want 1o he work-
ing then. It is very difficuit to change this
sort of built-in social obligation. 50 you
need ta know quite a lot about the farmer,
Additionally, of course, you need the
standard agricultural information such as
how big is the facm, how big are the fields,
are the fields all in one place or dues the
farmer have to trave) several miles between
fields, the type of soil, the fertility of the
soil, and the trend of the fertility of the soil.
In many parts of the north of Nigeria you
can tmeet farmers who say, “My grand-
father used to fill six grain stores from this
land and now I can only fill two from the
same land."—which means that the
fertility is declining. You need to know if
there is additional land available. It is not
much pood introducing a new cultivation
technique which will allow a farmer o
cultivate large areas of land, if there is very
litile good land available for him 1o
cultivate anyway. You need to know
whether there are any soi! conservation
works which are necessary. You need ta
know, of course, what is the rainfall pat-
tern and how reliable is the rainfall. This is
the most important determining factor in
agriculture. You need to know the crop-
ping paitern and to which crops the farmer
gives priority. There have been many years
of vesearch, again in the north of Nigeria, to
help farmers grow more of their main cash
crop, which is cotton, and to encourage




them io plant it early, Ifa farmer plants cot-
ton in the month of June, he will get about
twice the vield that he does if it is planted,
as the farmers do, towards the end of July.
Here again it was only realized very
recently that the reason farmers don't plant
until the end of July is that they are busy
working on other crops; they are
concerned with their staple food crops.
The farmer is going to make sure that he
gets enough to eat, even if he doesn't get
much spare cash, so he will always plant
and weed the land for bis fond crops hefora
he will even consider planting cotton. This
cash crop is just a sort of bonus to him; his
is only a partially monetized economy.

You need to know, of course, about the
marketing of crops, what is the marketing
system, how far do the creps have to travel,
are they perishable crops or not. These
questions will reveal only part of the in-
formation that one really has to find out
thoroughly before even starting to do re-
search on innovations like apprapriate
equipmeni or technigues.

Certainly there has in the past been
quite a lot of research which has been
totally inappropriate to the situation of the
Alfrican farmer, But if you can do the type
of survey I have just described, you showld
find put where the labor peaks occur, that
is, at what time of the agricultural year is
the demand for labor at its peak. This is
probably the point at which the introduc-
tion.of machinery will be inost effective. In
the past it has very often been generally
assumed that it was some particular task
that was imposing a limii to productivity,
and it has frequently been suid that the so-
lution to the farmers' problems is ox plow-
ing—what they need is ox plows to help
with the hard work of preparing the land
for cropping. But it has been found that
even after the ox plows have been in-
troduced the farmers stili do not grow any
more, or any better, Crops, because ox
plowing has not helped them much. 1t may
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have made life easier for the farmer, which
is good in its way. but plowing is not really
the labor bottleneck. The labor bottleneck
comes at the time of weeding the trops,
and it is no good planting twice as many
cTops 48 he can keep free of weeds.

Demonstration Projects

[ shall quickly mention the field
projects which we have run, The area in
Zambia in which we were involved was
ons for which there was not very much ag-
ricultural information. The project started
out with a survey on the lines [ have
described. They found out that the main
pronlem was transport, but weed control
and the harvesting of groundnuts—one of
the major crops—were also important.
Therefore, once these bottlenecks had been
identified. the engineers on the project
developed some hullock carts for
transport—not used in the area before—
and various types of cultivators for killing
weeds together with an implement for har-
vesting groundnuts. In this area of Zambia
ihere were aot very many blacksmiths, os
rural craftsmen, capable of building such
designs. So it was necessary to train the
rural craftzmen, but they didn’t have even
the hasic blacksmithing eguipment. So,
before the projent staff could begin train-
ing, they had 1o design a very simple
blacksmithing forge and thea show the
people first how to build it. This just goes
to underline how importani it is to do the
right things in the right order—until the
blacksmith has got a forge he can't make
any implemenis, however they are
designed.

In the Nigerian project a good deal of
the survey data had already been collected
by the economiics department of the
umnwversity, and weed control had been
identified 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 result of this, an interesting
technique was developed largely in the
university, but with some assistance from
the ITDG project. The university agro-
nomists decided it might be an improve-
ment to try to mix the herbicide with the
fertilizer granules and simply spread the
resulting mixture—in other words, te ap-
ply the fertilizer and the herbicide in one
operation. A pumber of machines for the
mechanical control of weeds by hoeing
were developed by the project together
with equipment for harvesting groundnuts
and for processing kenaf which is a fiber-
producing plant. It is a very tall plant with
a thin sien, the fiber being on the outside
whilst the inner part is soft. The engineers
designed a machine to get rid of this soft
part and to seperats the fibers which can
then be used for making rope.

All the implements, in both projects,
have been designed for local construction
using the sort of materials which are easily
available and employing simple equip-
ment, It is important to stress the need to
use easily available materials: as soon as
one gets away from the cities in, say, Ni-
geria. there is no hepe of bunilding an im-
piement which is made out of what we in
Eurepe would consider a standard sort of
engineering material such as flat strips of
stee! or iron. These things are just not
available outside the large cities. The only
sort of steel which is available iz that
which is used by builders—steel water
pipes and steel rods for reinforcing
concrete. So you have to design, or very
oiten redesign, machines o be made out
of water pipe and reinforcing rod. In the
Nigeria project we made the grototypes in
the project workshop and then com-
missioned from a local craftsman half-a-
dozen of each machine for testing by
farmers.

In this way the loczl craftsman learned
bow to make this sort of machine and got
paid for making it. if at the end. the farmers
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decide they like the machine, theee will be
a local manufacturer alizady trained. What
has happened in the past in some cases is
that a man ha- developed a machine
perhaps at the lecal university, it has been
shown to the farmers who say, “Yes, a very
nice machine, where can we buy it, how
much will it cost us?" But if nohody has
really looked hard at establishing proper
manufacturing capabilily then the only
reply can be, “We don’t know where you
can buy it. nor do we know how much it
will cost,” and of course the farmers lose
interest. Many schemes have tried partially
to overcome this by bringing the black-
smiths into a central training establish-
meat, but very often a blacksmith doesn't
want to come—vhao is going to keep him
alive, who is going to feed him and his
family when he stops work and goes away
for training? This was the reason we got
local craftsmen to build the machines in
their cwn workshops on the spot.

Consultation

Qur involvement with agricultural
consuitation is only just beginning. al-
though the other speakers in tids series
meniion many other fopits in which
assistance and advice has been given to
enable schemes appropriate to the local
situation to be planned and executed. We
have, however, undertaken a consultation
for a bauxite mining compzny in Guyaha,
which operates in a very underdeveloped
region. The compeny is already consider-
Ing its responsibility to the local workers at
the tima when the bauxite supply runs aut
in about five years' time. There will then be
semething like 5,000 people without jobs
in this isolated region. They are, however,
already well established there, with their
own homes and their children growing up
in a living community. To move 5,000
people when the bauxite is exhausted is




not only expensive but ailso, in the light of
other rehabilitation schemes, stands a very
high chance of being socially disastrous.

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

Tools fer Agriculture

1 hope that by now Lhave given a faicly
comprehensive account of the way that a
European-based group cen assist in the
improvement of the agriculture of develop-
ing countries. Although the problem is
vast we have identified for ourselves a few
highly specialized tasks. Perbaps the most
important 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. So the iniormation
that we handle is of necessity both very
generalized, in the sense that it is collected
from widely divergent regions and types of
farming, and highly specialized, in the
sense that all the innovations must be care-
fully selected to be as appropriate as possi-
ble to the agricultural parameters and
social customs of the area where they are to
be introduced. The process that connects
these two aspects and ensbles the spe-
cialized selection to be made is, of course,
the farm-leved survey.
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But in order o give a clearer under-
standing of the type of equipment we are
talking about, I want to give some exam-
pies. Now there are two ways thal you
might react to them. You might think that
technically the designs are extremely
simple and that it is hardly worth a highly
qualified engineer's time to be bothered
with such seemingly minor improvements
to crude traditional implements. Or you
might understand, particularly if you have
had field experience in a developing
country, that the difficuit part is not the
design work but it is identifying precisely
what type of equipment will be of use to
the farmers, ensuring that it can be manu-
factured locally and, above all, seeing that
itis actuaily used.

1 have grouped the illustrations that
follow roughly in the sequence of opera-
tions that must be performed ou the land
and the crap. Clearly this is no attempt to
describe all the operations that are
necessary or that might be desirable. Nor
dees it mention more than a tiny sample of
equipment that might be appropriate in
different circumstances. Moreover, the
examples are not necessarily develop-
ments by, or any work to do with, the Inter-
mediate Technology Development Grouwp.
Thev are simply a random selection of
designs thar have originated from a
number of countries.

Power

The availability of suitably cheap and
reliable forms of power to apply to agri-
culturel operations is obviously important
and is the subject of much research. I have
already mentioned one approach—the
“'snpil” stationary power unit. A slightly
more traditicnal unit was employed hy the
university in Uganda—a ruall, very
simple, and low-cosi tractor {or African
farmers. It uses quite a lot of imported
parts, principally the engine, gearbox,
axles, and steering gear. But the main
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Photo 2.1. 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 their 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 world, 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 commonly fitted
in India to the necks of these bullocks. Tt is
not very comfortable and therefore not very
efficient, In many areas there ate improved
lacal designs that, in the case of the cattle
shown here, would fit round the hump and
enable more of the body weight to be
utilized for tractive effort.

Furthermore, we have demonstrated to
tarmers 1n Nigeria how to work with just
one bull. As a matter of interest the bulls in
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that country are very tame and the use of
bullocks or oxen in Nigeria is quite rare. At
present most of the farmers in Nigeria work
their caltle 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 buy another implement
and use the two implements together, This
would be an example of a very simple,
though important, improvement.

1 sy

Cultivation

One of the chief tasks for which power
is required in agriculture is cultivation, or
the preparation of the ground for ptanting.
Photo 3.2 is an example of a very simple
Photo 3.2, Simple mokdboard plow. sort of moldboard plow that is being

Photo 3.3. Improved plow for crops grown on ridgss.
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demonstrated in India. Although it seems a
very besic implement, it is itself a
vonsiderahle improvement on the type of
plow that is very widely used in India. It
has been properly designed—you can see a
sange of adjustment holes to 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 are other types of cultivation
equipment then the plaw. Most people
associate disc harrows with sophisticated
Western farming and large traclors but
they can be made even for use with
bullecks {photo 3.4). The performance of
this machine is not as effective as those
used with tractors, but it does a good job in
the circumstances. Photo 3.5 is just a very
simple cultivator being exhibited at an ag-
ricultural show. It is made very largely
from wood with only a small amount of
steel used principally for the tines, but
again it can do a good job.

Ty, —
B .

Photo 3.5. Simple cultivator.
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Photo 3.7, Simple planter,
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Photo 3.6. Scoop for earth moving.

Levelling

“oil erosion can be a serious hazard to
agricwiure 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 io 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 European
way to do this is to use a tractor or a pur-
pose-built grader, But these machines have
to be imported, are very expensive, and
need very skillful operation. Al too
frequently they are liable to break down
miles from a skilled mechanic and well-
equipped workshop. One way to 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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i T L B

x o
Phote 3.8. Partly mechanized planter.

behind a pair of bullocks. Again, it doesn't
perform as well as the lakest sophisticated
machine, but it is very easy to make, re-
guires no foreign exchange to purchase it,
anybody can repair it, and an untrained
ma can use it,

Planting

After the land has been cultivated and
levelled, one has to plant the crop and
photo 3.7 shows the very simplest sort of
mechanized planting arrangement. You
can see that it consists only of a sort of tine
which is pulled through the soil by a
buHack. The seed is dropped down a tube
into the furrow opened up by the tine, This
simple macitine represents a considerable
advance over hand-seeding; it is much
faster and much easier. This type of imple-
ment can be developed further by having a
similar device sowing four rows at a time,
although it takes quite a lot of skill to drop
the seeds down so that just a few flow inta
each tube, With a bit mare development
yau can partially mechanize the system as
is shown in photo 3.8. A hepper for the
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Phate 3.9. Sead-and-fertilizer drill.
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Photo 3,10, Animal-drawn hoe.

seeds and the tubes that direct them into The sume research station in India that
the ground have been attached to what is developed the previous example is now
basicady an indigenous traditional plow. moving towards a combined seed-and-
The additions are made out of steel; the fertilizer drill {photo 3.9). You can see that
plow is wood. it is nct quite as expensive to produce this

Photo 3.11. Weeding attachment fitted to
ridging plow.
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design as the Western type of seed drill,
which meters the seeds out separately for
each row. In this case there is only one
expensive part lo {the machine—the par! at
the top which controls the flow of the seed
into a funnel and down through four tubes
inta four rows in the ground.

Weed Control

The next operation is that of weed con-
trol and photo 3.10 shows a conventional
type of implement to be pulled by cattle for
hoeing out weeds. This particular example
was made on our Nigerian project and is
nearly all constructed of wood which cuts
the cost considerably. It can be made with
no more 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 weeding attachment fitted to one.
The plow consists of the handles, the
plowshare, and the drawbar which are

Photo 3.12. Hand-operated hoa.

Photo 2.43. Ridge crop weader.
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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 photo 3.12. This requires no
animal power—it is merely pushed along
by hand. But the wheels make it much
faster and less tiring to use than an o:-
dinary hoe that is just held in the hand.
And it is a lot cheaper to buy and use than
one powered even by oxen, and certainly
very much cheaperthan anything powered
by a tractor. Photo 3.13 is another attach-
ment, but it is specialized in the sense that
it is used fc- 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
ta 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 crops standing about one 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, particularly
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 agricultural systems on chemical, as
opposed perhaps to bivlogical. inputs or
into the arguments about the continuing
availability of such inputs, one cannot
advise that the small farmer, should not
benefit from them. His margins of safety.
profit, and livelikood are too small. But
with a clear awareness of the dangers of
energy-intensive farming and with a de-
termination to see that the smatl farmer has
access to equipment he can afford. one can,
and I believe should, make available to 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 omr 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, z-mp, and a reel dusting
tube, the far end of which is taken by the
other man. Together they can cover a
width of about nine meters which is as
wide as tractor-drawn dusters will cover.
And the equipment is in many cases much
better suited to use in small fields.

Threshing and Processing

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

Photo 3.15. large thresher used for
contract work.
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shows an Indian improvement. This higher
level of technology is an engine-powered
thresher with an output of abhout 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 3.13 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, Bhats 2.158 is
suitable Ior contract work. Photo 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 tised in its construction. because they
are cheap and easily available in Nigeria
where it was made. It even utilizes a pair of
discarded valve springs from a iractor
engine which are also easily available in
most places in Africa.

Ma ufacture

1 referred earlier to the importance of
the design that we made of a very cheap

)
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}/ Photo 3.16. Device for stipping kenaf
fivers.

metal-bending machina. This is a wvital
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 ownerof a
small metalworking 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

hava o run round in a circie, sorewine the
nave o run roungd in a circle, sgrewling the

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

Conclesion

In this chapter I 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 because there
are many organizations and programs al-
ready committed to these aspects. One of
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the most ditficult tasks that the agricultural
praject has faced was to define a way in
which a very small amount of money and
manpower based in Britain could do
something practical and useful. The most
imporiant gap that we could see, and that
we feli we could fill, lay in the provision of
knowledge about different levels of
technology. In order to fill this gap we
have had of necessity to become involved
in economic and social surveys. We feel
that the reason that this was necessary was
berause nearly all the surveys that had
been done before had no technological

component, That is to say that the people
carrying them out had insufficient
experience of technology and the possi-
bilities and limitations of agricultural
equipment, to look at the problem from the
farmer's point of view. One might almost
sdy that one can't ask the right questions
unlil one knows at least some of the
answers, But we don't think it strange that
we have had to become involved in
nonengineering disciplines, since we don't
think that engineers acting alone can make
much of a worthwhile contribution either.




Chapter Four

Intermediate Technology Building

by john P. Parry

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 is hard to improve
upon the four main advantages of a good
dry cave:

Moderate ambient temperatures

Low maintenance costs

Hygienic conditions

Security

Caves have excellent thermal insulation
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
dumage in use, is therefore virtually
maintenance free and lasts for thousands of
years.

If iooked after and swept out regularly, a
cave can be kept frec from most disease-
carrying vermin. 1t 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 away from flat agricaltural land. The
nearest existing eguivalent to a cave built
artificially on flat 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 nighl, and people

became enormously resourceful in build-
ing dweilings out of naturally occurring
materials. By assembling materials which
could be found around them into simple
buildings, 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, accommeodating one or two
persons, which the nomadic Punan people
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of Borneo use for overnight shelters. (I
have spent nights in sulaps on many occa-
sions and can describe the experience as
rost uncornfortable. The simple structure
keeps out direct rainfall but provides little
protection against leeches, mosquitoes, or
the damp night air of the rain forest.)

Building Materials

In different parts of the world ail kinds
of materials have beenr used for building,
most of them impermanent.

People living in rural areas initially
built with natural materials such as mud,
bamboo, logs and sticks, tree bark, rocks,
leaves, grass, reeds, coral, seashells, and
snow. These materials can be gathered and
put to use with little further processing.

Taking development a stage further,
other buiiding materials are made by
converting naturally occurring resources;
planks cut out of wood, building blocks
chipped from soft stone, and slate tiles cut
from hard layers of sedimentary rack. Even
animal skins are made up into tents by no-
madic herdsmen and so constitute a buikd-
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.

[n eecent 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 even
pieces of old tires, make rough wails. 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 find and adapt materials
to conslrict suitable shelters could well he
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an inhorn characieristic of our species—a
mechanism for survival just as it is with
many species of mammal. bird, teptile,
tish, and crustacean. Perhaps we can see
this inslinct in the behavior of children
who all seem to take pleasure in building
“dens™ or shelters.

What is appareat is that people af ali
races have always been incredibly
resourceful in their use of whatever ma-
terials they can find 1o construct their
buildings. The resnits have been remark-
able for they have enabled life to go on,
children to be bora and raised. und men
and women to rest, in conditions so
extreme that unprotected livestock and
even wild animals have died.

But there ure, however, grave draw-
backs te building with matertais which are
perishable and irregular in shape, some of
which are cbvious and others not so ob-
vious.

Most dwellings bui't of natural ma-
terials have a limited expectation of life,
sometimes three years or less, Moreover,
there is a heavy burden of maintenance
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
praduction 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 property he will
tend o persevere with his means of liveli-
hou even after a spell of bad luck—a poor
crop. a gambling loss, etc. But if the house
is worth virtually nothing it is easier to
feave it behind and seek hetter luck in the
city. Their lac: of firm rural roots iends to
swell the numbers of people drifting to the
cities in developing countries, causing the
dreadful probiem of urban overcrowding
and squaior.




There is a danger of infestation by
disease-carrying insects in most tropical
structures which are built of bark, leaves.
or unpainted wood. Fleas and bedbugs
spread plague, etc, Trregular structures are
difficult to screen against mosquitoes, car-
riers of malaria and elephantiasis. It com-
monly occurs that people are forced to
abandon an infested dwelling even though
its structure is still sound.

Indigenous dwellings 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 fact 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
rocfs to he flat providing a high place to
sleep during hot 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 family 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
Barneo 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-
guences. 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 patterns are also different and the
various types of agriculture have different
associated needs for storage of food and
tools.

Te a worrying degree the application
of modern building technology to the
developing world has resulted in a de-
terioration of standards of amenity. Many
low-cost housing schemes have resulted in
the establishment of dwellings which are
culturally and climatically 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 nsually a standard concrete box
with an asbestos-cement or corrugated iron
roof. 1t is not surprising that there have
been instances where villages have been
moved as a result of road or irrigation
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 & poor country.

The apparent material superiority of
European and American industrialization
has made their methads the obvious model
for the undeveloped countries. By a com-
bination of imposition 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 houses conceived for another calture,
economy, and climate altogether.

The compromise is fairly obvious. Pro-
viding that the facilities to manuofacture
permanent basie building materials are
available, most of the '‘design™ can be left
to the individuals whoe have already
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demaonstrated incredible achievementis 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 artisan skills of
joinery, bricklaying, tilehanging, and pias-
tering? The overseas work of ITDG is
concerned mainly with rural areas and the
most impertant epproach here is that of en-
couraging self-sufficiency. While it takes
years of apprenticesiiip to learn artisan
skills to achieve the standard of building
expected in European housing, how can
we expect to train the whole rural popula-
tion to the same standards? We cannot nor
should we even tey to when the other skills
of animal hushandry, maintenance of im-
plements, planting, tending and harvest-
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 techniques should be
demonstrated at the plants where the ma-
terials are made; the building-to-survive
instinct should do the rest.

Where government building projects
are involved for housing, schsn!s. 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 permanent and better ma-
terials.

Technical Assistance

The role of the Intermediate
Technology Development Group is
therefore primarily to pravide three forms
of assistance to developing countries’
building activity:

1T
i

the sattine af an
1.

o encourage the setting up of ap-
propriate manufacturing facilities
for permanent building materials—
bricks, pipes, cements, tiles and
roclfmg sheets—and with simple
windows and doors as a lower
priarity

2. To set up appropriate prmedures
for training rural people in manu-
facturing methods to produce the
buiiding materials and for
demonstrating how they can be put
into use in unﬂradmﬂ 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 appropriate local de-

signs, whils mcorporatmn. where
possible, improved locally
produced building materials.

The key word. therefore, is “appro-

priate” and this applies equally to the

method of manufacturing materials. A
good specialistitechnologist 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
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Photo 4.1. Asckwa brickworks {Ghana).

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

Small Brickworks

[ mention Ghana because this is where
in 1973 two new brick factories started
operation having been buili along the lines
advocated by ITDG. The project to design
and develop an appropriate solution to
small-scale brickmaking was financed
under British Technical Aid and the build-
ing of the works carried out by the Gha-
naian Building and Road Research In-
stitute.

The first works was built at Asokwa, a
small village 60 kilometers south of
Kumasi. It produces about 10,008 bricks a
week and employs 26 men from the
village. It cost about $20,000 in total,
wiich represeats an investmen! of under
$800 per woskplace—one-fiftieth of the
capital per workplace of a coanventional

factory, the ouiput of whick would only
have been 30 iimes larger. But there are
several other differences which are even
more important,

NN
Phito 4.2, Praparing clots and molding the bricks.
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Photo 4.4, Stacking wet bricks on drying racks.



Photo 4.5. Locally made clay mixer.
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1. The capital cost to build the inter-

te-technelegy factory in-

volved under 10 percent imports.
The rest was obtained locally. By
comparison, 70 percent of the
capital cost of the conventional fac-
tory would have involved imported
materials and equipment. The sig-
nificance of this for a country
starved by foreign exchange is pro-
found.

. The Asokwa factory uses natural air

to dry the bricks after they have
been shaped and the kiln" burns
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 million
bricks. In a cenventional modera
factory, however, 150 tons of oil
would be required for the kiln
alone, 15 times as much, and a

Photo 4.6, Kiin opened after firing completed.

"

substantial input of electric power
is also needed. The Asokwa factory
on the other hand operates without
an electric power supply,

. At Asokwa all the necessary skills

of brickmaking were gained by or-
dinary viflagers afier only eigit
weeks' training. The technology
concentrated on fairly simple skills
of handmolding. stacking the
bricks in the kiln. and operating the
simple motor-driven mixer. In the
event of mechanical breakdown,
the 1nols and equipment were types
familiar to local car mechanics who
also service the smeli maize-grind-
ing mills which operate in the same
village. By contrast, the modern
factory would require at least four
highly skilled technicians, expai-
riate or local peaple trained ia
Europe, 1o operate the complicated



kiln, dryer, and the mixing and
pressing machinery.

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 success-
fully brought into production and a third
and fourth works are being built
elsewhere, now without any need 1o 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 hkave 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 and simplify ths manufacture of ce-
ment, the group considered that it would
be better to explore ways of developing the

Intermediate Technology Building

alternative technology of lime-pozzolana
mgrtars as a substitote for portland cement.
Process temperatures for lime production
are little over half that for cement and can
therefore be adapted to simpler
technologies. There exists already an in-
digenous pozzolana technology which is
widespread. The combination of slaked
{ime and *“surkhi” [(waste bumnt clay
products ground dowr 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 shafi kiln
which exists in one form or another in Sri
Lanka, 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 limeburners to
obtain better control 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 burning it is more
necessary to have some measure of the
actual temperature. By encouraging ihe
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
represents a further step towards self-suffi-
ciency,
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Domed Roefs

A further technology which the Build-
ing and Bailding Materials Panel is seek-
ing to revive and improve, is that of the
dome and the barrel vault as ar alternative
form of roofing. Great strides are heing
made in dome building by Hassan Fathy in
Fgypt 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 i is
therefore our thinking that for these to be
used sponiareously, a special brick shape
needs to be evolved which can guickly and
with little skill be built up into a curved
roof. The most promising shape is the
simple harrel vault which can start from
ground leve! or be placed on a rectangular
room. Qur thinking so far is that the hasic
brick shape should be a modified hexagon
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which would fit together and aiso produce
a self-locking tie with a second skin of
bricks laid on top. There would be a thin
layer of mortar in between. The material

would therefore be halfwuy between a
brick and =z tile but wonld have the ad-

vantage of being a good thermal insulator.
More important than this is the prospect of
overcoming the costly and time-consum-
ing work of building a permanent timber
frame which is the higgest 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
pezzolanic moertars, all of which materials
they have made themselves, we will have
taken a major 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./Capita/Annum. 1970

1.9
e . S 0.5 0.2 -
United States United Kingdom  Japan China india World
Figure 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 useful conver-
sion factor is that a ton of coal is about a
kilowatt, so that on average each of us re-
quires the equivalent of a iwo-bar electric
fire to support us. This, of course, is not a
true 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 maore like half-a-ton. In fact, we
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can say that of the 3.8 billion people in the
world, one billion of us use about five tons
each a vear giving 5 % i0® t.c.e. energy
consumption while the other 2.8 billion
peaple use only pne-half each year giving
1.4 x 10°t.c.e.

Now you may well say. so what; what
has that got to do with development? But
there is a rather interesting correlation
between standard of living and energy use.
This merely means that in a technological
civilization we use a lot of equipment and
topls which require ensrgy to build them.
‘The graph of energy per head per year plot-
tad as a functien 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,

6

Urited Kingdom @

Equivalent steady power/Capita (kilowatts)
[~]
]

but the developing countries are clustered
down at the bottom end. So there is clearly
some relation between physical well-being
and energy, and thesefore it is important
that energy should receive attention.
Supposing we alf raise ourselves to the
standard of the United States, as everyone
is trying to. Immediately our per capita
energy consumption would go up oy afac-
tor of six since the United States uses about
12 t.c.e. per person per year and we now
average less than 2. Secondly, by the year
2000 the world’< population will perhaps
be doubled. That wauld give us an overall
factor of 12. The drain on respurces would
be enormous; other problems would follow
including the degradation of the environ-

Uniled States

Germany

aUnion of Soviet Socialist Republics

2= ®France
™
Brazil gy Colombla
India &’ ®Gihana, 1 1 1
250 500 750 1000

GNP/Capita {£)
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ment ard problems of pollution. So [ think
our long-term energy solution should be to
develop a way of life which is eneray
conserving. Looking at the situation very
simply. we really do waste a lot of energy.
For example, a quarter of America's energy
goes info fransport, principally cars taking
people to places ihey don't really want to
¢o at something like 20 percent efficiency;
another quarter Is burned in power slations
at 30 percent efficiency: the rest heats up
the atmosphere 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 lock more critically at

Energy/Capita

Developed nations

Energy in Rural Areas

our way of life and see how we can con-
serve energy. Even so, we have to develop
new forms of energy, that are preferably re-
newable, within the context of a better en-
vironment and a consideration of potlution
and safety. These conclusions, although
very obvious, do not greatly help the
developing countries. Nevertheless, | think
one should make these remarks because it
is misleading to consider that the whole
population can be raised to current United
States energy standards; it just is not possi-
ble in an environmental or ecological
sense. And it should not be necesssary
aither; we should be considering the tvpe
of appreach depicted in figure 5.3.

Developing nations

Time

Figure 5.3
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Energy Me=ds in Rural Areas

Water Pumping

Domestic, e.g., cooking

Transport, e.g., small vehicles and boals
Agricultural Machinery, e.g., two-wheeled tractors

Crop Processing, s.G., milling

Small industries, e.g., workshop equipment

Eleciricity Generation, e.g., hospitals and schools

Figure 5.4,

Energy Requirements

Why do peopie in developing coun-
tries need energy? What do they do with
it? In developing countries most people
live in the rural areas. Thus it is the energy
requirement in rural areas at which we
should be looking. The sort of things that
they need energy for are transport, such 4s
small vehicles or boats; agricultural ma-
chinery, as an example, the two-wheel
tractor; processing of crops, milling, grind-
ing, winnowing, and similar activities;
pumping waler for irrigation: setting up of
small industries, powering equipment,
lathes, circular saws, grindstones; genera-
tion of electricity 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 do in
developing countries, then, is to look for a
suitable source of energy for these
activilies and an appropriate means of
conversion.
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As engineers we ought to consider the
criteria against which our solutions are go-
ing to be measured. The first thing we are
going to ask is: How much power do we
need? Then we are going to say: Should it
be continuous, deoes it matter if the supply
stops occasionally? Obvicusly, if you are
grinding corn or pumping water it does
not; if you are watching your favorite tele-
vision program, it is quite important.

Cost is a very important second ques-
tion, and cost, of course, has the usual
three components: the initial cost and its
amortized value over life, the cost of fuel,
and the cost of maintenance. The third
thing we are going to ask is: How complex
is our solution; can it be made locally® If it
is made lacally it is particularly suitable
for local repair which is a very important
aspect. Fourthly: What abou! maintenance
and availability of spares? As those of you
who have been in developing countries
will know, a tremendous amount of equip-
ment stands idle because it cannot be
maintained when spares are not available.



Lastiy: How long will it last? And this does
not mean in a Ewropean laboratory but
under the actual conditions when people
might put sand in the oil by mistake and
rnake other human errors. In practice there
will be a lot of boundary conditions that
one does not necessarily mest in Western
countries.

Energy in Rural Areas

Sources of Energy

Having described what we wan! the
energy for, and having outlined our cri-
teria, let usmow look at sources of energy
and secondly at means of conversion.
Figure 5.5 tabulates in a simple way some
of the energy sources that are open to us.

Sources of Energy

Muscle Power

Fossil Fuels

(Geothermal
Tidal

Direct
Indirect

Solar

Nuclear

Human and Animal
Coal

il

Natural Gas

Wind
Hydropower
Vegetation

Direct use

Fermentation

Animal fermentation
Dung

Fission

Fusion

Radioactive Decay

Figure 5.5.
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A very convenient source of energy is
human muscle. I fact, a good galley slave
used to produce about a tenth of a harse-
power for an eight-hour day and most of
us can do that teo. If you work 200 days a
year, you can produce aboul 160 horse-
power-hours a year or possibly 120 kilo-
walt hours, to use a more acceptable unit.
Therefore, human and animal muscle
power are very important sources of
energy.

Fousil fuels, coual, oil, and natural gas
are obviously very important. [ have listed
geothermal energy for complei=ness. Il is
not normally very important, unless you
happen to live in New Zealand, Iceland, or
even northern [taly, where the railway
system is run on electricity generated by
geothermal power. But there are certain
areas in the developing world like Mexico
where there is geothermal power which we
should use. For tidal energy we clearly
need to have a coastline which has to be
tidal. But it can be used in certain special
circumstances.  Solar  energy can  be
divided into direct solar and indirect solar
sources. By direct { mean straight sunlight;
indirect means the effects of the sun, that
is. wind, hvdropower, and vegetation.
Vegelation you can burn directly as in
burning wood, or you can ferment it or
feed it to animals, and collect the dung and
ferment that, So vegetation can give vou
various fuels, Nuclear I put at the end—
fission, fusion, radicactive decay—just to
show that | have not forgotien them. But
really they are not applicable in this
particular context and. some might argue,
in any other,

Conversion Alternatives

Consider methods of energy conver-
sion. It is interesting that the in-
stalled capacity in American cars is 20
billion horsepower. In fact, if all Ameri-
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cans gel in iheir cars and simultaneously
accelerate, the electricity generated by
their dvnamos would be equal to the elec-
tricity generated by all American power
stations.

Human power, as ooted earlier, is not,
as many think. an insignificanrt source of
energy. Assuming thot there are ap-
proximately four billion {4 x 10% people
in the world and that two out of four
people are capable of physical work at a
rate of one-tenth horsepower, the human
“installed capacity” is about 2 x 10%
horsepower. While this tigure represents
only one-hundredth of the installed ca-
pacity of American motorcars. it still rep-
resents considerable effort. Therefore, from
a purely theoretical poini of view, it ap-
pears desirable that we should find wavs to
unleash this abundance of “"free” energy in
both developing and developed countries.

Were we to make a little matrix formed
by multiplving the sources of energy by the
methods of conversion. we would clearly
gel quite a ot of possibilities. Some of
these we would eliminate because their
power range is not suitable for our pur-
pose. It is rather interesting to look at
things from the point of view of power
range. and this 1 have done in figure 5.7.
What T have plotted horizontally is pow--
range in kilowatts, from 0.01—that is *
watts—up to about 1,000 megawals
man can work. as [ have said, at . oura
tenth of a horsepower—-75 watls-- . . guite
along lime. A horse is shownas  _eraling
something less than a horsepower and a
bullock as generating a little less than that.
Petrol engines go up to 100 kilowalts or so,
and the same limit is found with high-
speed diesel engines. Low-speed diesels of
course go tip 1o very bhig powers. The
Humphrey pump goes up to about 10 kilo-
watls. The gas turbine slarls in the mega-
watt range and goes up o the multi-mega-
watl range: the reciprocating steam engine
ranges from a few kilowatls up to a few
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Methads of Energy Conversion

Muscle Power Man
Animals

Internal Combustion Engines

Reciprocating Gasoline — spark ignition
Diesel — compression ignilion
Humphrey — wate: piston

Rotating Gas turbine

Heat Engines

Vapor (Rankine) reciprecating® - steam engine
rotating — steam turbine
Gas (Stirling) reciprocating®
{Brayton) rotating — gas turbine
Electron gas Themmionic
Thermoglectric

Electromagnetic Radiation

Photo devices

Hydraulic Engines
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Figure 5.6.
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Power Range of Energy Converters

Power Range Kilowatls

Internal combustion
engine (gascline}

Internal combustion
engine (high-speed
diesel)

internal combustion
engine {medium- to
tow-speed diesel)

Humphrey

Gas turbine

Reciprocating steam
engine

Steam turbine

Stiriing engine

Water wheels

Water turbines

Windmills

Thermionic engihes

Thermoelectric
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0.01 0.1 1.0 10 100 108 104 108 10°
Sustz'uned
Man —
Horse _—
Bullock —

Under develonment

Photo devices

Under development

Fuel cells

Figure 5.7.

hundred kilowatits; the sleam turbine goas
up to very high powers; and Stirling
engines are similar to the diesel. Wa-
terwheels go up to lens of kilowatts, water
turbines up to megawatts, windmills could
go up to megawatts. Thermionic engines,
and thermaelectric engines, are nat really
worth bothering about, but 1 put them in
for completeness. Photo devices, although
they have heen talked about in the multi-
megawatt range, | assume would give 10
kilowatts, and fuel cells will give some-
thing like 100 kilowatts.
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In the developing countries we are
concerned with 10 kilowatts and below,
which eliminates the steam turbine and the
gus turbine. So we have a fair number of
possibilities that we can look ali our
spectrum is quite large.

[ think | have probably said enough
now about the general picture, What [ have
tried to do is to indicate what the current
world energy use is, how this might be ef-
fected by increasing use in developing
countries, what the sources of power are in
developing countries and the methods of




ic guitahla
for use in rural aress of developing coun-
tries. ! should like, now, to become rather
more specific and look at same thinas that
have actually been develpped. 1 will aut-
line one or lwo things that [ happen to be
currently associated with to illustrale the
intermediate technology approach in this
energy field,

Wind Energy

I mentioned renegwable energy sources
of which, of course, wind is one. Wind
power Is & very interesting possibility. It is
free. Unfortunately, it is of verv low
density, although this does not matter
much if you do not want much power. and
we tend not to in any one place. 1l is vari-
able, which can be a disadvantage but not
if one is pumping water or grinding corn.

For the last 1,000 vears the field has
been dominated by the horizontal axis mia-
chine of the type pioneered in Holland.
High-speed two-bladed mills are suitable
for electricity generation, while the low-
speed multi-bladed tvpes are used for
mechanical power-—for grinding and
pumping. Our contribution, I feel, is
merely making available drawings of
conventional designs and sending them
out to developing countries for manufac-
ture and evection.

There have, over the last 100 years or
so, been developments in vertical axis ma-

i _ I nd Savaniug rolors
chines—Flottner and Savonius rolors.

However, for the design of the Savonius ro-
ior you just take an oii tirum and cut it in
half vertically; then you mouat the two
halves on a vertical axis and the thing goes
round. It has 2 good starting tarque, 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 havs
recently installed two of those liitle 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 power. One very interesting develop-
ment now being pursued in Canada is a
vestical axis machine with flexible blades.
The great problem with all windmills is
their great weight, and hence their cost.
This thing has a2 weight of something like
one-tenth of the weight of an equivalent
horizontal axis mill. There is plenty of
scope for good ideas, as well as conven-
ticnal ones, in a simple field like wind
power.

Muscle Power

For many applicalions muscle power
is often the best solution. It is cheap, it is
readily available, and it i often educa-
tional. For example, [ was approached by a
European space agency which is supplying
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television sets to rural parts of Africa.
These sets require 35 watts of power for
one hour a day. Now they have so far been
using solar cells, battery packs, and small
gasoline engines. Gasoline engines are
unreiiable and difficult to maintain, bat-
tery packs are very expensive, and solar
cells are prohibitively expensive. Now this
is a good example of where pedal power is
what is required. A person can pedal very
easily on a bicycle for an hour and senerate
15 watts. We have in fact developed a
generator of this sort. It consists of a smalk
wooden frame with a wheel-mounted dy-
namo. [ said it is educational, because if it
goes wrong the reason is obvious; the dy-
namo has fallen off. or something similar.
The local people de not regard it as a mys-
terious black box. They see what is wrong
and they can repair it themselves and make
more units of the same type.

Incidentally while talking about
muscle power, iis efficiency is interesting.
If you assume that a man eats 2.500 to
3,000 calories a day (these are kilocalories).
this is equivalent to about an eighth of &

Schematic Methane Gas Generator

Digester

ton of coal a yvear. If you take our earlier
assumption of working eight hours a day
for 200 days a vear at a tenth of a horse-
power, it means that a man treated as an
engine is aboul 10 10 15 percent efficient. It
is really very good; it is almost as good as a
petrol engine and costs far less.

Methane

The anaershic fermentation of animal
and vegetable waste is a good way of mak-
ing fuel. Either cow dung or vegetation or
both can be used as a starting material.
And the resulting biogas will contain
something like 60 percent methane and 40
percent carbon dioxide and a combination
of hydrogen and other gases. This mixture
has a calorific value of about 550 to 650
Btu.’s per cubic foot {about 550 % 30 joules
per cubic meter]. This is just about the
calorific value of town gas. And it can be
used for the same purposes. It can be used
for lighting, heating. and for driving
engines. Figure 5.8 shows a schematic of

Gasholder—

Water seal

Figure 5.8.
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the sort of thing that we have been build-
ing. The main components are a digester
and a simple gasholder. This can be based
on the ubiquitous oil drum just upended
and floating in water from which you take
out your gas at a few inches of pressure.
{One warning: vou will notice where the
illustration says: “flame trap.” This is
really very important. It is most embarrass-
ing to have vour methane plant explode.
This happened 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 considering in
the developed countries. For example, in
Great Britain we have the same numnber of
COWS 45 Cars, 50 it is easy to work out how
much dung you have. We have ia fact,
1 x 10® tons of cow dung a vear in this
country. If you ferment all that, it is
equivalent to about 3 million tons of ail.
Therefore, cow dung is not 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

Historically, the first engine to have a
practical value, the Savery engine, and its
development the Pulsometer pump, em-
ploved liquid pistons. These devices were
superseded hy the invention of the solid-
piston beam engine, which enabled
mechanical shaft power to be 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 important role,
perticularly in irrigation applications in
the developing countries. Liquid pision
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engines are simple to construct, do not
have tight tolerances, do not require lubri-
cation of the piston, and have long life and
fow capital cost. The efficiency of these
engines can be as high as that of their solid
piston equivalent. Liquid piston engines
can be constructed to operate with either
external combustion or internal combus-
tion. The simplicity of construction of
liquid piston engines enables them to be
manufactured on a smal scale. This.
together with the ease of servicing, is an
important advantage when used in
developing countries.
Liquid piston engines can be either-—

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

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

External Combustion
{Heat Engines)

Solids, liquids, vapors, gases, and
electron gases have all been used as the
warking substance in heat engines. and
any nondissipative tewmperature-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
cenfigurations; the solar-heated Savery
engine has been considered by J. R. Jennes.
The basic engine can be considerably
improved by reducing thermal irreversi-
bilities; for example, the use of the insulat-
ing free piston in figure 5.9(c) to separate
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Figure 5.9.
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the vapor phase from the cooler liguid and
the addition of a separate beiler which also
considerably reduces the volume of cold
water added during the condensing stroke.
We have found that the Payne configura-
tion is considerably improved both in ef-
ficiency and operation by the addition of
a thermal insulator as in figure 5.9(d)
and [e),

We have been investigating some of
these engines with a view ta assessing
their suitability for use with solar energy.
The sort of device we are considering is the
Kleen engine shown in figure 5.9(b). The
pipe that goes down to the water you want
to pumnp has a nonreturn 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 applv heat to the boiler
section and raise steam. The steam pres-
sure will push down the water level in the
U-tube forcing water through 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 wou
will say that such a process is not very effi-
cient. It is not, but I have not shown it with
all the regenerators and things; it would be
too complicated, but we have not over-
locked them. The engine is about one
percent efficient as [ have shown it, but we
hope to raise the efficiency quite
considerably. For this engine we will
probahly have to use a solar concentrator io
get the temperature up. So far we have only
built a small laboratory model which
pumps a few cubic centimeters a minute;
we have not scaled it up yet. I¢ is still a new
development.

Most of the work on this class of heat
engine has been concentrated on the Stir-
ling engine. This is a gas-cycle engine, as
opposed to the vapor-cycle engines we
have just been considering, and is usually
used in conjunction with a solid piston, al-
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though liquid piston configurations, such
as those shown in figure 53.10. are beth
feasible and attractive. It is a simple
engine—a heat engine with diesel-type
characteristics. though it will prebably
cost mare than the diesel. It appears to
have advantages for developing countiries
because it is a sealed unil and has no
valves which should mean that it would re-
guire tittle maintenance.

Free-piston Stirling engines are bhased
on the idea first suggested by Beale—figure
5.10(g). To operate on the Stirling cycle the
power piston must lag the displacer by
around 90°C. Thiz is achieved in the Beale
engine by arranging for a mass differance
of 10:1 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 liguid power piston. This con-
cept has been extended by C. West in the
Fluidvne engine in which the solid dis-
placer piston is alse replaced by a liquid.
Three different methods are used to
operate the displacer in the correct phase
relationshin lo the power piston. These are
a rocking beam, a pressure feedback, or a
jet stream, (lfustrated in figure 5.10(i].

Internal Combustion

The Humphrey engine has probably
reached a more advanced stage of develop-
ment than other liquid piston engines. It
operates on the Atkinson cycle, and a
general 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 operated satisfac-
torily for many years, For various reasons,
however, interest was lost and develop-
ment discontinued. [n 1970, however,
work was restarted on these pumps in my
laboratory by R. J. Congdon and continued
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The Humphrey Pump -
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ﬁ
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Figure 5.11.
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to the point where we now know quite a lot
about their principles and operation.

The layout of the Humphrey pump is
as shown in the illustration. If the device is
full of water as indicaled 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 columin of water
down the cylinder and up a 10-20 meter
head. At the seme time the water valve
opens and lakes in more water; 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 gas space which
is compressed. At this point the inlet valve
opens, takes in a new charge, the column
goes up, again comes down, compresses
the new charge, and the process is
repeated.

Phote 5.2 shows the latest six-inch-
diameter version which pumps water from
the tank in which it is immersed. Photo 5.3
gives a ¢lose-up of the cylinder head and
shows the rubber bag which is used as a
gas supply reservoir, the valve stems and
their springs, and on the right, a piston
device which produces a spark via a
conventional coil al 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-
ble with that of a diesel engine driving a
pump. Secondly, it is clearly very cheap
because it is made out of pipe and has no
tolerances and a very simple head. Thirdly,
it is suitable for local manufacture.

78

Fourthly. most important, it is readily
maintained because if vou make it localty,
you can maintain it locally. Low-head
pumpingy is a very important requirement
in many developing countries where one
wishes to move water out of irrigation
canals, into things like paddy fieids. So
this pump, we feel. is the sort of thing that
could well be developed in Europe, but
made and introduced in developing coun-
tries.

The first 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 abhout
25 percent and will pump about 3,000
gallons {13,500 liters) per hour. The next
phase of the program is the modification of
the design to operaie on liquid fuels and to
develop an ignition system which does not
require a secondary battery.

Energy is the great common denorni-
nator of both developed and developing
countries, a fact which has been under-
scored by the permanent energy shortage.
Therefore, we must explore all the avail-
able intermediate technologies in the
energy tieid: windmills, water power, solar
stills, methane generators, unconventional
engines [Humphrey pumps, solar engines,
and Stirling engines), and coaventional
engines (including diesel). Furthermore,
we should give renewed consideration to
human power, which is adequate for scores
of everyday tasks. It is in the interest of all
countries to design, perfect. and employ
low-energy alternatives.
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Photo 5.2. Humphrey
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Chapter Six
Pedal Power

by Stuart S. Wilsen

I consider the bicycle as the 1nost im-
portant modern inveantion. It represents the
breakthrough in modern technology. T will
just give a few illustrations to show the
salient features of this remarkable achieve-
ment. It took about 5.000 years, of course,
[rom the wheel o the bicycle, and the
bicycle itself took another 50 years to
evolve. Having evolved it has hardly
changed, but it was a remarkable evolu-
tion.

Evolution of the Bicycle

Photo 8.1 shows what I regard as the
first “proper” bicycle which was made in
1839 by a blacksmith in Scotland. It is a
nice bit of ironmongery, but it is hardly
lightweight nor is it yet an efficient piece

of technology. Bui it worked. Ti was a
technical success and a commercial
failure.

The Ariel of 1870 (photo 6.2)
represenied a considerable technical ad-
vance, having a lightweight spoked wheel,
It was still crude in the sense of needing
torque arms and tie bars te transmit the
torque from the hub io the rim. But it was
very advanced in having a larg~ diameter
wheel, which is very efficiant in minimiz-
ing rolling resistance on either rough or
soft ground. In England we call ita “Penny
Farthing™ or an “ordinary™ o distinguish
it from the later *“safety" design; in
America, they call it a “high wheeler.” We
still specify the gear ratio of a bicycle as it
was done for this sort of machine: it is still
expressed as an enuivalent diameter of a
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Photo 6.1. MacMillan's bicycle, 1839.




directly pedailed wheel. So the normal
bicycle with a 26-inch {0.66 meter) wheel
and 46 teeth on the front sprocket and 18
teeth on the back is eguivalent to a wheel
of a 66.5-inch diameter—roughly 1.7
meters. The gearinz of the “ordinary” is
clearly limitad by the length of the rider’s
legs. It was very efficient and lightweight,
particularly the tubular construction. But
the structural engineers of that time just
did not realize how good their construc-
tion was; they did not start using it for
bridges and other things for another 30
years.

The Rover safety bicycle of 1885
(photo 6.3) is the prototype of the medern
bicycle. The year 1885 was a very crucial
year because it marked the definitive form
of the bicycle and the beginning of the mo-
torcar. Gottliesb Daimler and Karl Benz
produced their 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 fo the evolution of a
very efficient chain—the bush roller
chain—by Rerold, a Swiss who worked in

Pedal Power

Photo 6.2. The Ariel “Ordinary,” “High Wieeler,” or
“Penny Farthing.”

Manchester, which in turn led to the es-
tablishment of a large indusiry. Bali bear-
ings were developed for the wheals and
pedals and this led to the foundation of the
ball bearing industry. The big wheel used

Phota6.3. Rover safety bicyela, 1885, -
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before this machine did not really need a
soft tire. But ance the wheel was reduced
to this size a pneumaiic tire was needed
and was indeed reinvented in 1888 for this
purpose. By 1688/90 thie tire had become a
technical and commercial success that led
to the establishment of Dunlap and all the
other tire firms. The large electrical firm of
Lucas, again, owes its feundation and «..n-
mercial success first of all ta oil lamps and
later electric lamps for bicycles and then
for cars. And mast of the major car firms,
such as Rover, Hillman, and Singer in
Coventry, and then Morris in Oxford, were
all originally bicycle firms.

So you can see why [ maintain that the
bicycle is the breakthrough in modern
technology. All these big industries started
with the technology and commercial suc-
cess of the bicycle. Indeed. production
engineering had a lot to do with the
bicycle, and the bicycle had a lot to do with
production engineering. Bicycles were be-
ing made by the million before Henry Ford
made his first motorcar and certainly
before he made cars in quantity.

Not surprisingly, we can follow the in-
fluences of the bicycle down to the present
day, to an instance wiere man hes used it
to fly about a kilometer in a straight line.
But fong before that, the Wright brothers
ware bitycls makers. If you look at their
Wright Fiyer, you will see exactly how
much it owes to the bicycle. In fact, all
early airplanes were full of bicycle
technology. Therefore, ithink the ciaim for
bicycles is justified.

Sccial Change

Technology, 1 believe, is the instre-
ment of social change, And one can sez
this again with the bicycle. It was inti-
mately connected with Women'’s Libora-
tion; education for women and the bicycle
were the great “freedom factors’ of late
nineteenth-century Europe. But perhaps
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Phoio 6.4. Pedal power used for fiying.

the biggest social change that the bicvcle
brought ahout was due 1o its successor, the
motorcar. In the last 50 years the motorcar
has affected life in Europe and America be.
vond recognition. So technology is a great
instrument of change. not necessarily
progress, of course; it ray not be a change
for the better, but ceriainly an instrumens
of change.

Figure 6.1 shows the energy efficiency
of various modes of transport. It is difficult,
of course, even to define what we mean by
energy efficiency; one definition is energy
units reguired per unit of weight per unit
of distance travelled. The graph is plotted
as body weight in kilograms against all-up
weight, not weight per passenger. Among
the flyers, a heavy bird such as the pigeon
has the greatest energy efficiency, which is
why it can cover such long distances at
high speed. As the ilyers get smalier, they
get less efficient to energy terms.
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Similarty, large jet transports are most between mechanical work and what one
energy cfficient and helicopters least. It ap- might call physiological work, If I press
pears to be & case of bigger is hetter; but of dowan hard on something and exert a force,
course this is only one aspect—energy but there is no movement, I am clearly not
consumption. There are lots of disad- doing any mechanical work bui I am using
vaniages to large things. But the two ex- up muscular energy in exerting the force. if
reptions to this general rule appear to be I am standing, | am using muscular energy
young salmon, ard [ suspect ather fish and just to keep standing because the muscles,
dolphins too, and the man on the bicycle as in tension, and the bones, in compression,
compared to a man walking or running. must act together to kesp me up. If you
The high energy efficiency of the bicycle is imagine that the heap of bones of a
based partly on the efficiencv of the large- skeleton was erected you would have to
diameter wheel, the pneumatic tire, and provide a large number of tensile forces to
ball bearings and partly on the difference keep it in equilibrium. So when T stand 1
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Photo 6.5, Bicycle fitted with 2 dynamometer.

use more energy than when | sit. and that
uses more energy than when i lie down. So
there is this isomelric or isotonic work
which is needed when one is walking, but
on the bicycle one is silting down and less
of this work is needed.

Now the ather sott of work is what I
call “shadowboxing” work—movement
but no force, where no mechanical work is
done. For example, if you are walking
averything is swinging and you are using
up this shadowboxing work, but on a
bicycle most of your body is siationary.
Admittedly, the upper part of the legs are
moving, but even the feet are going around
at constant speed, so you minimize this
shadowboxing work. Putting these various
things together I think you can begin to see
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why the bicycle is so efficient in energy
terms.

Very simply. it is a matter 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 motion
efficiently (through ball bearings and the
roller chain) and then of using it efficiently
with a pneumatic tire. One must also mini-
mize the weight and the wind resistance as
far as one can, although that is the maost
inefficient part of a bicycle as vou well
realize in a head wind.

Photo 6.5 shows a bicycie that we fit-
ted with a dynamometer so thal we could
actually measuwre the power needed to
drive the machine. The crankshail is
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Bicycle dynamometer
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I
10

Speed: meters/secand
Figure 6.2,

separate from the sprocket and the torque
is transmitied through an arm which has
wire-resistance strain gauges. The strain
registered by them is picked up by a zigzag
wire to give a signal proportional 1o speed.
A radioc transmitter and battery transmit
the signals by telemstry to the frame where
they are multipiied together. Gne can ride
along and read off the road speed, the
horsepewer, and ihe torque on the instru-
ment panei in front of the handlebars, A
typical plot of power against speed is
shown im figure 6.2, The normal cyclist

would Mave an expenditure of about 75
watts—rough’ - one-tenth of a horsepower.
I regard 75 watts as the fullest sustainable
output of the human body, using the right
muscles, right motions, and the right
speed. Of course, one can do more than
that for shorter perieds, and in fact most
cyclists can do up to 750 watts for a few
seconds. If one is a weightlifter, or perhaps
a docker handling a large piece of carga,
inetantaneously one may be working at
thres times that amount. 1t is a very valu-
able feature of the human body that one
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Photo 6.6. Chirese pedal cart of elderly
design.

Photo 6.7. Taking the pigs 1o market {Vietnam).

Photo 6.8. Rickshaw in Dacca, Bangladesh.
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Photo 6.10. The simple differential gear.
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o woork with 10 Hmes the norma ]
i re witn 10 fimes the normal guip
=)
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for short periods. There are not man;
gines or motors that will do that.

Tradifional Rickshaws

What other ways «re there of using this
power Lransmission system, apart from the
bicycle? The Chinese pedal cart is one way
of doing it. It has some rather nice Gothic
welding and doesn't bother with chain ten-
sioners. It is very practical though not, |
somehow feel, optimized. Photo 6.7 shows
one way of gelting three pigs to mearket in
Vietnam. The layout with two wheels in
front has the disadvantage that the rider
has fo be perched rather high up to see over
the hood when it is up. And also there is
nothing very subtle in the way of steering.
The whole body is pivoted about the
central point and is very heavy to control:
if one of the wheels hits a bump or a
pothole, it will cause a terrible wrench on
the whole system, though it does mean that
one can use the norme! drive on the back
wheel.

Photo 6.8 is a cycle rickshaw as used
in Dacca, in Bangladesh; it is beautifully
painted but is very crude mechanieally.
This rickshaw has a solid sprocket with no
freewheel. There are no bearings in the

middie of fhe rear shaft onlv w hava tha
miGaie o1 N8 rear snaii, Sy waere g

wheels are—and | don't think those are ball
hearings. So the rear shaft has to be very
heavy and solid to take the pall of the
chain, which is roughly twice a man's
waight. The cycle rickshaw vses the gear
ratic which has been optimized for normal
bicycles but which is quite wrong for
sornething that might weigh threc times as
much with its passengers and load. This
design originated about 1890 in Britain
and went to India and has just been copied
ever since. It has never evolved. I think the
potential of pedal power is such that one
should try and evalve it for ather purposes.
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For example, a rickshaw withont gearing is

very difficult to start even on the flat; with
a load it is very difficult to get up anything
of a gradient.

My fi-c attempt in 1973 at making a
cycie rickshaw was designed in a week and
made in another week. Its only technical
virtue is in its back axle. if most of the
weight is or the back wheels then, for good
traction. one should attempt to drive both
wheels. But if you have a solid axle, it s
very difficult {urning corners. So one
needs a differential, as on a normai motor
venicle, but they are expensive, so I
evolved a very simple arrangement (phote
6.10). There are two half-shafts using
bicycle-type bearings. On the left-hand

0

Photo 6.11. Neo-Chinese sailing wheelbarow
on show at Oxford, England.
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can wark with 10 times the normal output
for short periods. There are not many en-
gines or motors that wilf do that.

Traditional Rickshaws

What other ways e there of using this
power {ransmission system, apart from the
bicycle? The Chinese pedal cart is one way
of doing it. it has some rather nice Gothic
welding and doesn't hother with chain ten-
sioners, It is very practical though not. |
somehow feel, nplimized. Photo 6.7 shows
one way of getting three pigs to market in
Vietnam. The layout with twe wheels in
front has the disadvaniage that the rider
has to be perched rather high up to see over
the heod when it is up. And also there is
nothing very subtle in the way of steering.
The whole body is pivoted about the
centra! point and is very heavy {o controi;
if one of ihe wheeis hits a bump or a
pothole, it will cause a tersible wreench on
the whole system, though it does mean that
one can use the norme’ drive on the hack
wheel.

Dhoin 0 8 is g cuele ric
rGio 6.8 is a CyCwe Tic

in Dacca, in Bangladesh; it is beantifully
painted but is very crude mechanically.
This rickshaw has a solid sprocket with no
freewheel. There are no bearings in the
middle of the rear shaft, only where the
wheels are—and [ don't think those are ball
hearings. So the rear shaft has to be very
heavy and solid to take the pull of the
chain, which is roughly twice a man's
weight. The cycle rickshaw uses the gear
ratic which has been oplimized for normal
bicycles but which is quite wrong for
something that might weigh three times as
much with its passengers and load. This
design originated about 1890 in Britain
and weni to India and has just been copied
ever since. It has never evolved. I think the
poteniial of pedal power is such that one
shouid try and evolve it for other purposes.

&8

For example, a rickshaw without gearing is
very difficult to start even on ihe flat; with
a load it ig verv difficult to get up anything
of a gradient.

Improved Rickshaws

My fit~¢ atternpt in 1973 at making a
cycle rickshaw was designed in 2 week and
made in another week. Its only technical
virtue is in its back axle. If most of the
weight is on the back wheels then, for good
traction, one should attempt to drive both
wheels. But if vou have a solid axle, it is
very difficult turning corners. 5o one
needs a differential, as on a riarmal motor
vehicle, but they are expeasive, so [
evolved a very simple arrangement (photo
6.101). There are two half-shafts using
bicycle-type bearings. On the lefi-hand

Photo 6.11. Neo-Chingse sailing wheelbarow
on show at Oxiord, Ergland.
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Photo 6.12. Hand-powered machine for rolling channel sections in making large wheels.

shuft there is a normal sprocket and
freewheel; on the right hand one there is
another sprocket and freewheel except that
this has 24 teeth instead of 18, to give a
lower ratio, and the two are connected
with pins. MNormally both wheels are
driven, but on a cerner the inper wheel,
whichever one it is. takes the drive and the
outer wheel, which is trying to go faster.
freewheels. and su it gets around the
corner—not 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 achieves the
same effect as a limited-slip differential,
hecause if one wheel slips then the other
wheel takes the drive. So it is a simpie so-
lution to the basic problem of traction.

Chinese Wheelbarrows

Therr are other uses for bicvele
technology such as the updaied version of
the traditional Chinese wheelbarrow. The
Chinese invented the wheelbarrow
thousands of years ago and very sensibly
thev. firstly, had a large-diameter wheel:
secondly, they put that wheel under the
load. or nearly under the load because you
still nead some weight on the handles. Like
a trailer behind a car you need some
weight on the bumper. but not too much.
Thirdly, they sometimes used a sail when
the wind was favorable. This design is
updated merely by having a bicvcle wheel
with a pneumatic tire instead of ibe tradi-
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tional wheel. But it still retains the load
targely over the wheel.

In Oxford we made a neo-Chinese sail-
ing wheelbarrow (photo 6.11} for a
Manchester clergyman who waned to
walk 2,000 miles across the Sahara'—with
the wind, in order to raise money for
charity, He wrote and asked if I could make
him a two-wheeied trelley to carry a joad
of 350 pounds. | thought twe wheels was a
bad idea because on rough ground one
wheel woula hit a bump, a hollow, or a soft
paich at a different time from the other
wheel and would tend to slow the whole
cart. It would do this continually, so he
would be fighting it for 2,000 miles acruss
the Sahara. 1 suggested ke Chinese wheel-
barrow with the large-diameter wheel
would be better.

The man from Pakistan whe
constiacted it told me of & very ingenious
technique for making a solid rubber tire for
wooden wheels, The inventor made a steel
channel which was “shrunk™ onto the
wooden wreel in the traditional way. Then
he cut strips of ¢ld motorcar tires which he
clamped in the channei.

Te make a steel channel. to curve it
round into a wheel, and to get it the right
length is quite a skilled piece of manufac-
ture. No doubt it can be done easily in
Pakistan, but it is much tou difticult to do
in Oxford University.

So I designed and made a very simpie
rolling machine with a flanged roller
which can be moved up and down with a
screw and two plaia rollers and 2 pedal
used as a handle (photo 6.12). It can
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Photo 6.13. Cxtrike chasais.
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Phetn 6.14. Aotary pump fitted with pedals.

transform straight channel into curved
channel. Incidentally, 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. For
the construction of this big wheel [ sug-
gested a spoked wheel. but it is difficult to
get spokes of sufficient length, so in fact
we took pieces of foamed polystyrene,
used for insulation, about 25 millimeters
thick. Tihen we glued hardboard 3
millimeters thick either side, which
formed a sandwich construction. This is a
very efficient 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 alinond
nut is difficuit to break because the shell is
a sandwich construction). Then we had a
wooden rim, made from 12 overlapped
pieces of wood. We protected this with a
stee]l chanuel which had the opening on

Pedal Power

the outside By interchanging the rollers
we were able to roll it in and pul it on.

The platform alse is made from
sandwich constructivn and the sail is
square-rigged about two meters by one.
which evidently was enough to hefp. The
wheel is about 1.2 meters diameter and it is
onlv 50 millimeters across the tire. but it
seems lo periorm guite weli in sand. So 1
think this principle of the Chinese wheei-
barrow with the large central wheel is a
very gnad principle, and [ think it couid be
used muck more widely than it is. The Eu-
ropean wheelbarrow. for some reason, has
a small whee! stuck in the front instead of a
big wheel in the middle.

The Reverend Geoffrey Howard suc-
ceeded in crossing the Sahara on foot,
2,000 miles from north to south. He
averaged over 20 miles per day, despite
many difficulties. It was a personal tri-
umph, but shouid also serve to show the
potential of the Chinese type of wheelbar-
row.

Cycle Production

Oxfam, the international charity based
in Oxford, is convinced of the whole
philosophy of intermediate technelogy
and in particular is convinced of the
potential of pedal power and muscle
power, because this is one way by which
people can help themselves if they can be
motivated to do so. Thev have been nrovid-
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 sophisticated,
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 steel 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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Prfrmance of some simple waie-!iﬂing deices

Number of:—

Men | Bullocks

H_P. equiv.
of water
pumped Man

Horsepower per:— B
Animal &

Picottah 2
Wellsweep

Mhote

Persian whee!
Inertia pump
Pedal-driven pump
Horsegear

trike is shown in photo 6.13. It is almost
entirely made from sheet steel of 1.6-
millimeter thickness. because that is a
standard size throughout the world and
can: be welded, brazed, rivelted, cr even
bonded with epoxy glues and self-trapping
screws. The basis is a box-section girder
running along the tricycle’s length. The
girder is made from sheet steel which is cut
with & foot-operated guillotine and felded
with a hand-folding machine. Then
another chanoel section is put instde it to
form a sguare section 63 millimeters wide
and 75 millimeters deep. The two are then
welded or spotwelded or brazed or rivetted
or joined by any other means. 1 think this
construction could be made anywhere in
ihe world,

The hrakes on the traditional rickshaw
design are very crude; the difficulty is that
with the wheels stuck out, there is
nowhere to put conventional brakes. There
is no fork to mount them on and drurn
brakes would be a little sophisticated. In
answer to this design chaltenge we used
inboard band brakes. They are operated by
a foot pedal and are very powerful, and
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Figure 6.3.

there is a handbrake operating on the same
pull rod. The gearing of traditional designs
is anoiher weak point; we wanted to in-
troduce three speeds, which may sound a
luxury, but after alt every vehicle wiih an
engine has at least a three-speed gearbox.
and it will greatly extend the utility if you
can have a very low gear for starting. The
normal bicycle has a gear of 66% inck. bt
this one has a boltom gear of 31 inch.
which is less than halfi the middle gear is
42, and the top one is 56 inch. So even the
top gear is lower than the normal one and
this is about right: it makes a big difference
to riding it to have this iow gear. We use a
standard Sturmey-Archer, three-speed hub
gear as an intermediate gearbox, as is used
on a motorcycle. The primary chain drives
a detachable sprocket that vou can change
(there is a choice of 16, 18, 20. or 22 teeth].
Then there is a sprocket rivetted to either
side of the gearbox, and two chains. Al-
though [ am not sure that it is an optimal
solution, it works.

. The machine is fitted with a small
truck body and the pavload is about 150
kile-grams, The back of the body is short so
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4 85 40 0.08
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Figure 6.4.

that the vehicle can be tipped up on end,
which is very useful for servicing or for
parking or for tipping out loads like sand
or gravel. The main frame weight is about
13 kilograms.

Stationary Pedal Power

So fer we have discussed transport
uses of the hieycle, but clearly there are a

ry uses. The bicycle hasheen

optimized for one purpose and [ don't
think it is an optimum for stationary pur-
poses (for one thing vou want to take the
drive forwards so you can see what you are
doing, rather than backwards). There are
three approaches to adapting it to sta-
tionary use: you can modify a normal
bicycle, or you can modify something that
is hand-driven by putting pedals on it, or
you can design an optimum stationary
npdal power unit.
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Photo 8.16. A one-man dynapod in Liganda.

]

Photo 6.15. Chinese square-pallet chain pump.
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Phote 817, A two-man dynanad driving a
com grinder, [A winnowing maching is in
the background.)

Photo 6.18. Rcdale Energy Cycle—churning butter.
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The rotary pump shown in phato 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, sliding in slots,
and there are springs on rods pushing each
pair of vanes apart. There is only a small
variation of lenpth as they go round. tisa
very simple design and 1 think it could be
produced cheaply in quantity, although it
isn’t at the moment. It is such a simple type
of pump and suitable for direct pedalling
for heads of say three to eight meters that it
is, I think, worth developing, perhaps by
altering the materials of construction.

Some figures for the performance 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 two men at best
only achieve 225 watis—0.3 horsepower.
The figures mean that if one had some
other form of power, perhaps electricity or
diesel, one would only need a verv small
amount of power to replace such a device.
But that may not be the right thing to do; it
may well be better to Improve the effi-
ciency, to double or even treble it, and get
more water for a given inpul. This was
what really started me thinking on means
by which existing designs could hbe
improved and increases im energy effi-
ciency could be attained.

Figure 6.4 shows one very simple form
of pump. It is just a horizontal handle like a
seesaw which suspends a pipe which has
no foot valve, only a flap valve at the top.
At first sight it looks too simple to work,
but in fact it is due to the inertia of the
column of water. When the pipe comes
down, the water remains stationary and is
detivered through the spout, and as the
pipe goes up, the valve closes and the
whale columa 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 you have just a
pipe, and instead of a valve you have a
small boy with his hand over the top of the
pipe. This method contrasts with the tradi-
tional Chinese method of raising water, a
squiare-pallet chain pump, which is shown
in photo 6,15.

The third principle of adapting pedal
power to stationary uses is te design an op-
timum stationary pedal-power unit, which
1 call the “dynapod.” It employs a saddle,
pedal, a chain, but it {akes the drive for-
ward. I theorized that vou would be able to
gear it down for something like a winch or
gear it up for a winnowing fan.

Recently, a number of dynaped-like
pedal units have been 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, where it has been
used to cultivate, plow, and weed. Infact, a
separate winch assembly, which has a test
pull of 1,008 pounds. has alsc been
developed by Rodale Resources. These
pedal devices suggest that human power,
particularly leg power, can be a genuine
force in the home or on the farm. And sig-
nificantly, these inventions indicate that
developed and developing countries alike
have something 1o gain from practical ap-
plications of intermediate technologies.

1 believe that the more attention given
to pedal power possibilities, the more
practical applications will be discovered.
In fact, it is fairly safe to assume that many
machines with hand cranks could be easily
comverted to pedal drive. For example, a
common winnowing machine (photo 6.22)
has a chain drive and a pedal as a handle—
but it would be much betier to pedal it.

Interestingly, our nineteenth-century
ancestars enjoyed a more sophisticated
winnowing machine (which actually had
its roots in fourteenth-century China). The
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operation is simple: a crude, four-bladed
fan blows the air across the hopper; the
fine dust is biown awav. Then the sieves
are shaken and the husks are loosened and
blown off. To allow the grain to come
down, there is a fine sieve which will, in
turg, catch the heavy particles.

The winnower, then, is quite a so-
phisticated design thai can be hand-
driven, but would be much moye efficient
if pedalled. Therefore, I think this design
needs retkinking for optimum effective-
ness. Similarly, the sinall motor-powered
rice thresher (photo 6.23) would benefit by
such a rethinking and adapting. There
have been attempts to pedal it, but it really
needs two men and a flywheel to work
well.

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

Pedal Power

why the thresher has an elaborate arrange-
ment with a crankshaft and a treadle. Be-
cause vne man has to stand on one leg in
front, treadling with the other, he could
not hend down te pick up the peanuts to
feed the machine. He had to have am
assistant to pick up the peanuts for him.

To eliminate some of this complexity,
1 suggested that it would be much beiter to
have the assistant on a saddie at the back
pedalling and driving the drum; then the
other ma:: could feed the machine from the
front.

Occasionally, it is possible o replace a
motor drive with a pedal unit, although in-
dications are that this procedurs could
benefit from some fundamental research.

Perhaps the most encouraging news is
that pedal power inventions, such as the
cassava grinder from Nigeria, with
hacksaw blades set in a bicycle wheel
(figure 6.7), are coming to the forefront 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 serutiny.

Phote 6.20, Rodale winch with cultivator.
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Photo 6.21. Rodale winch with tractor utensils.

Phote 6.22. Hand-driven winnowing machine.
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Photo 6.23. A small malor-powerad
sice thresher

Photo 6.24. Ransomes/Hunt pedal-driven maize sheller.
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Chapter Seven
Intermediate Chemical Technology

hv George F. Revnolds

The major contrast between high
lechnology and intermediate technology is
the complete reversal of the general trend
towards bigness, in other words the em-
phasis is on labor-intensive rather than on
capital-intensive svstems. [ is generally
accepled that the seurce and the center of
world poverty are in the rural areas and so
lhe principle hape and objectives of inter-
mediote chemical technology, &5 indeed of
all intermediate technology, are to help the
poor in developing countries to work
themselves out of their poverty by provid-
ing them with knowledge and training and
details of processes at a level that they cun
understand. together with the right sort of
oquipment, in the right place. and at the
right price. It is a desirable feature, not al.
ways casy to achieve, that the inter-
mediale-lechnology process plant. oace it
has heen established, shouid be capable ol
expanding in scale so that, once they have
gotten used to producing something on a
small scale, they can move to a sumewhat
larger scale.

All ihese general concepts apply to
chemical technologv and chemical
techn:logy occupies an impartant place in
the gencrai framework of rural develop-
ment. Such technology offers particular
opportunities for empleying many more
local resources to raise the standards of liv-
ing and health. while it diminishes de-
pendence on oulside sources. The
processes themselves are often those
which have been discarded or siperseded
in more “developed” countrics on the
grounds that they require too much labor,
or that they cuannot be operated
continuously. Those three reasons why
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they have heen discarded in developed
countries are three very good reasons why
they should be considered in developing
vounities. Althoush in anv particular area
availaple materials and {ocal conditions
determine what can be done. in generai the
abjective should first be to preduce basic
materials or chemical compounds and then
aither 10 use these In simple manufactur-
ing processes for local henefit or in simple
pracesses to provide the community with
something which it can sell in ovder to ob-
tain money.

Lecally Added Value

A very inportant part of intermediate
chemical technology in villages and rural
communities is that the people should be
able to take local raw materials and partly
process them. In other words. they should
be able 1o produce a crude produet which
can then he sent somewhere for further
refining. This is a verv mmportant part of
intermedisle technology. There are so
many biological materials. local products,
which are of considerable value not only to
the country at Jarge. hut also interna-
tionally, that are never exploited because
the transpart situatien is such that you can-
not move many tons of a netural product,
such as a plant, over a virtually roadless
country for processing in the towns. For
one thing. the material, if it is hiological,
has probably deteriorated by the time it
reaches the factory in the town. But by us-
ing intermediate-technology processes in
the village. several fons of a plant can be
reduced to perhaps two or three liters of a
highly v:luable essential oil, which can




then be transported easily and sold for a
high price in the town, The oil is not pure.
but it has become highly valusble. A phar-
maceutical company in the town can then
process it further and immediately the
village community huas a source of income
and the urban communities have a source
of raw materials which was formerly
closed to them.

Batch Processes

A number of things have to be taken
intc account. when considering what
process to start. First. the process should
be simple and it must involve ¢ minimum
of equipment, locally made. if possible.
Power requirements should be labor inten-
give and it should be batch process;
continuous processes are far too compli-
cated. Tt is much better to work in batches
which should be operable on a scale which
ranges from 20-liter oil drums up to 4.000
or 5,000 liters. The large oil drum. which
seems to be the majar vessel in all develop-
ing counlries. is a very useful basis for
pracess equipment and can be turned into
all sorts of very useful pieces of process
plants, as we shall explore later. All these
criteria, of coutse, are completely opposed
to those of modern industry and it is
therefare often very difficult to scaie down
the modern processes for use in inter-
mediate technology. Bat as [ have already
mentioned. details of suitable processes do
exist, because thev parallel the processes
which were uscd before the industrialize-
tion of Western countries. For intermediate
technology, then one consults old books,
the histories of chemistry, and one looks
up the historical background of modern in-
dustrial processes.

It is also surprising te find how many
small-scule batch processes are still in
profitable operation arcund the world. cer-
tainly in Great Britain and also in various
parts of Europe. They remain a commercial
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proposition.  because they have @ spe-
cialized product. which is noi required in
large quariities and nevertheless is expen-
sive and which has a limited market. For
example, I helped to operate & very suc-
cessful process for the extraction of
specilic drugs. indluding one tor treating
Farkinson's disease or palsy. These drugs
were extracled from an African bean and
virtually all the work was done in balches
with the extractions being carried out in
plastic dustbins. Then we simply had a
500-iiter stainless steel tank. a 50-liter
homemade filtration plant. and a 20-liter
glass distillation apparatus: this was the
entire equipment of the fuctory. All the
drug tor ail the initial clinical trials was
made by this method. and all the drug that
was necessary for medical purposes in the
early stages was supplied from this factory.
Later on. the use of this drug became very
wigespread and then big pharmaceutical
companies came in with continucus syn-
thesis. The operation was no longer prefit-
able for this small company which
therefore moved on to do vet another new
drug for which there was not vet the de-
mand 1o attract the large pharmaceutical
comparies. So there isa surprising number
of small processes still going on using vir-
tually all intermediate-technology equip-
ment.

The great attraclion is in developing
orocesses which involve aatural products.
such as this African bean which we used.
because the materials ate easily obtained
and are generally available. There is
generally something available locally.
especially in tropical areas. which is use-
ful, many are biologically fossil materials
such as fuel oils.

Energy

An important criterion for processes in
intermediate chemical technology is that
the power requirements shouid be small.
You have to assume that electricity and
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tuel oil will not exist in the communities;
you have to think of other methods. The
combusiion of wood is @ commoen sort of
energy that can easily be utilized with the
advantage, once again, that wood is bio-
logically regenerated. if you do not use it
tou fast, you can grow more trees, although
this is not always the pattern in developing
countries, But. after all. the use of wood in
this way is really very inefficient and it isa
very wastetul means of supplving energy,
both in relation to the energy that is
produced for a given weight of fuel and be-
cause important chemical substances are
lost. Wood isa very important and interest-
ing chemical and vou shouldn’t just set
light to it. You can convert vour wood to
charcoal which is done very often, and you
will get a material which gives a much
greater intensity of heat; but in muking
charcoal you lose the volatile products of
the wood, which are very valuable.
However, it is possible to develop
processes tor distilling wood in a tyvpe of
retort before fina! conversion to charcoal
and we will mention this a little later. It is
also important to remember that charcoal
is not only an important fuel, but it is also a
valuable redu.ing agent when one is
smelting meta!s from metal ares.

Another very important fuel which
has not been adequately developed or ex-
oloited is methane., which can be
generatec from animal dung and from
other waste products. You can get a high
vield of methane if it is allowed to decav
under the right conditiow: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, the village farmer does not lose any-
thing in the process. In practice many
developing countries dry and burn animal
dung as a tuel whereupon its value as &
fertilizer is lust and thus they are always
desperately short of fertilizer. The dung
from three cattle is sufficient to generate
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methane. which has a calorific value
equivalent to about four tc five liters of
diesel oil per dav. Therefore. methane is
ohviously a very important source of fuel
and a very imporlant saving in monev. it
has alsc been realized that many other ma-
terials can be used for fermenting 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 ¢f dung and vegetable
waste and prodnce the necessary methane
without necessarily having three cows per
family.

The equipment for producing methane
is very simple, it can be made locally. An
average family, for its own domestic uses.
requires aboul 2.5 to 3.0 cubic meters of
methane per day. For this, une needs three
cows, or one or two cows and a mixiure of
dung and organic wasle matsrial. One of
the problems with producing methane is
that the organism whict carries out the
digestion reallv requires a temperature of
30° to 35°C. for an optimum vield. This is
not too serious a problem in hot countries
and since the fermentation does produce
some h:zat, the process can be made self~
operating and self-perpetuating if a certain
amount of heat is put in. perhaps at the be-
ginning. This might mean burning some of
the initial methane to heat up the generator
to bring it up to efficiency.

Caustic Soda

Having set some sort of scene, [ would
like 1o discuss some typical chemical
processes. As [ have already mentioned
there are 2 large number of simple labor-
intensive chemical processes available. al:
capable of development into & state where
they can be used in rural communities.
Those which can be directly applied to any
locality depend on the local resources and
the local needs. [t is possible here only to




give a very random selection of processes
toc illustrate the sort of methods which
might be chosen. They should not be taken
as the most useful or the most eco-
nomicatly valuable in all circumstances.

A promising intermediate chemical
technoicgy is the production of caustic
soda, which is a good example of an inor-
ganic chemica! which is of great value in
village indusiries. Caustic soda is
necessary for the efficient production of
soap und has other valuable applications as
well. Df cpurse, in modern Western in-
dustry all caustic soda is preduced by elec-
trolytic processes, using common salt (so-
dium chloride] us the raw material, which
is very convenient, and generating caustic
soda and chlorine—the chlorine is = valu-
able by-product. This you can't readily
adapt far small-scale rural production, but
there is some demand jor small electrc{ytic
plants in a few countries like Ghana, where
cheap hydroelectric power is available.
Ghana, in fact, was not at all interested in
our chemical methods of making caustic
soda; they wanted small-scale electrolytic
caustic soda plants and we did in fact
design some for them. The result, 1 might
say. has been that they are wondering
whether they should po back to the
chemical process again, because it seemed
a little difficult to get the communities
who have these plants ic understand elec-
trolysis, whereas they can understand
pouring chemicals into vessels and stirring
them.

Although you can use this electrolytic
process, it might be easier to go back to the
sarlier process, which ls based on the reat-
tion of slaked lime with sodium carbonate,
a very old reaction. We simply have a
slurry of slaked Jime mixed with sodium
carbonate. If heated together, you get a so-
lution of sodium hydroxide and a presip-
itation of calcium carbonate or chalk—
Na:C0as + CajOH): = GCaCO» + 2NaOH,
So this is a very simple reaction; you
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heat a strang solution of sedium carbanate
in an iron pot [which may be one of those
oil drums | mentioned earlier) either overa
wood fire. or by gas jets if local methane is
produced togsther with injection of steam.
It can be very useful 1o 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 is hoiled so that steam is
directed into the vessel. which provides
extra heating and what is more important,
provides a method of stirring without hav-
ing io pui anything info a very highly
causlic selution (figure 7.1).

When the reaction is complete a finely
divided sodinm carbonate exists in the
vessel together with the solution of sodium
hydroxide which can be filtered off. It can
be filtered once again by pouring it into
another oil drum which has had heles
punched in the bottom and in which there
is some sort of tilter mat. ideally asbestos
or something like it which is net decom-
posed by strong alkaline solutions. This fil-
ters the calcium carbonate off and leaves a
solution of sodium hydroxide which can
then be evaporated in iron pans. The iron
pan catt be an ¢l dramnt which has been cut
in half, once again with some sort of
burner, with a lid aver the top to prevent
air getting in and converting the sodium
hydroside back to sedium carbonate. You
can either take this evaporation down al-
most to dryness. when sodium hydroxide
will come gut as crystals, or very ofien the
concentrated solution is quite suitable 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 sedium bydroxide from
calcium hydroxide, which is easy 1o get.
and sodium carbonate, wkich is nct
easy to get, because very little sodium car-
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ready mentioned. the ceustic soda produc-
tion and the soapmaking are carried out in
conjunciion, you do not need to produce
solid caustic soda: the process-con-
centrated solution is perfectly satisfac-
tory. Quite a lot of work has heen doue on
this sort of process: a lot is going on in
Ghana, a certain amount in Nigeria. and |
was surprised lo find n Pakistan how
widespread is domestic soapmaking. You
find families which are certainly out-
waridly guite wealthy but which by lradi-
tian have always made their own soap for
washing vlothes and siill continue to do so.
1 got some very good recipes from
Pakistani housewives on how to make
soap; same of it is really very good. inriud-
ing cert. in perfumes and oils they put i it,

Table 1
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which produce fine soups. T wonder why
they ever buy any ol all. except ol course
that some of it is loaded with caustic soda
that takes vour skin off.

Wood ‘

Wood is o very important source ol
raw material. 1f yvou read the chemical
Hterature of the nineteenth centary and
earlier. vou find that wood was then a very
importani source of organic chemicals
tfigure 7.2). Wood gives us cellulose: we
ceén gel wood sugars, furpenes, perfume;
we can get lignin from which we wet
chemicals and plastics: lannin extracts,
woond gas; and volatile chemicals such as
methanol.  scetaldehyvde,  acetone.  and

Tannin Content of Some Plant Materials

Percentage of Tannin

E Plant Materiais

| Chestnut wood
Hemlock bark
Tanbark oak
Chestnut oak
Black cak
Sumac leaves
Quebracho heartwood
Mangrove bark
Wattle (acacia bark)

Myrobalan nuts

Sicilian sumac leaves

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

8-12
25-32
20-30
15-42
15-50
30-40
25-30
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acetic acid, We can also get charcoal. So
wood as a source of raw material is highly
important in intermediate technology. The
sort of chemicals pne can get in addition in

those listed are methyl mercaptan,
dimethylsulfoxide, vanolin, and oxalic and
formic acid, and several phenols.

The vaiue of distillation before the
production of charcoal is therefore shown
ta be very important and if vou look at a list
af materials which you cen obtain by
distilling one lon of hardwoed. it requires
no further emphasis (table 2).

Table 2
Products Obtained by D

1 Ton of Hardwood Scrap

Intermediate Chemical Technology

It you do not distil, but you treat wood
chips or sawdust with dilute acid under
pressure, you can get 40 1o 45 percent of
wood sugars, The requirement for pressure
does tend to limit the value of this sort of
technique in rural communities. but it cer-
tain!y does not in small townships. In the
Indian subcontinent the lecal craftsman is
guite capable of making pressure vessels
out of reasonably thick steel. These

processes are well within the capability of
iocal intermediate-technology industry of
a slightly more sophisticated sort. Onee

ry-Distillation of

Charcoal

Gases:
Carbon dioxide (38%)
Carbon monexide {23%)
Methane (17%
Nitrogen {163%)
Methanol
Ethyl acetate
Ethyl formate
Acetone
Creosote oil
Soluble tar
Pitch

270 kilograms
150 cubic meters

15 liters

70 liters

6 liters

3 liters

150 liters

100 liters
30 kitograms
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vou have wood sugurs, vou cen produce o
very valuabie Divestock feed and. having
produced @ wood sugar by treatment of
wood under pressure. vou can then ter-
ment it to yvield hoth alcobol and veast,

Charcoal

[ have mentioned production of chaer-
coal. Charcoal is generslly made By bune-
ing wood in coverad pits which arve so built
that the entry of air is restricted and o char-
cual burner produces an extremely sood-
guality charcoal. But the problem is that all
the valuable materials. mentioned above,
are fost. In places of high rainfall, or where
there is o prolonged wet season. charcoal
can only he made during a very restricled
part of the year. This is ¢ “uriher argument
for the use of distillation of closed vessels.
I found thet there is @ great reluctance on
the purt of the populution to use chorcoal,
once you have produced it for them. in
spite of its greater efficiency than wood.
This is because, if vou make charcoal
somebody has to payv for i, whereas,
generatly, there is an adeguate supply o
free woud in the forest, especially in
Africa. So the demand for charcoal is a
good deal smaller than might be expected.
But the fact that all sugar production on
any scale reauires activated charcoal for
cleaning up, which has to be imported, isa
very goed indicetion for trying te make
activated charcoal by intermediate-
technology processes in rural commu-
nities. This is not verv easy, bul it is one of
the things that we are in fact working on.
Rice husks appear to be a promising start-
ing material,

Sugar

Sugar Is @ universal reguirement,
vniversally  soughlt, not only in the
anderdeveloped  countries.  Small-scale
methods af producing sugar exist world-
wide and sugar Is produced with varying
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degrees ot efficiency in dmost every
vountry where sugarcane wiil vrow, and it
has been spread moe widely with the
spread of sugar beets in the countries
where sugarcane will not grow., Sugar.
therefore. is an important food. 1t is also a
very useful source of many chemicals. and
the bagusse which 1s left after the extrac-
tion of the sugar from the sugarcane is a
very useful juel and a source of wailding
material. in fact, its value for making paper
and  building materials is such  that.
perhaps, we ought net to burn 1t but ought
to think of some other method of heating
the sugar extractinn process.

Whether the crop is cane or beet sugar,
the sugar itself s the same. You purifv it
and wet sucrose which is the cane sugar
that we know and is also a food: other
sugars such as glucose and fructose are
produced n the refining process. In fact
vie of the hig dilficuliies of intermediate
technology  techniques  for  producing
sugar, is thet it Uinverts.” In other words
the molecule of sugar which is CizHa:One
breaks up into two other smaller sugars—
CollixOn, one is fructose and one is alu-
cose—and these suwars prevent usood
crysiailization ot the sucrose and also have
less food value. Also from sucrose voo can
mroduce polvmers. drugs, and  plastics.
During the sugar-crvstaflization process
vou gel molasses. which can be used for
cattle feed. tor making silage. or making or-
ganic. chemicals, or for fermenting and
then diziilling as alcohel. As we know, fer-
menting molasses gives vou rum, which is
a delightful thought. We also have the hard
parts of the cane’s stalk giving us bagasse,
which is used as a fuel. in fact in many
cases as a fuel in the sugar process itself,
and you can make paper and wallbaoard
from il as welll So sugnvane i oreally
vy important source of many materials,
This is illustrated diagrammatically in
figure 7.3,

Lany villages throughout the world
grow sugar and after harvesting the canes.
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E Can= or beet sugar
L .|

Fuel ——
Paper pulp

Other sugars ——
e.g., Glucose ﬁoﬁe
Fructose r—

—— Catlle feed

Polymers
— Dirugs, etc.
Plastics

Food

Figure 7.3. Some products of sugar.

the first thing that has to be done with
them is to crush them to gei the sugar out.
In a typical village sugar factary there
will be a three-roller crusher. its three
rollers will be mounted 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 don't do
it. The juice pours down into a hole in the
ground and is collected there in a pan. In
places such as Karachi and other parts of

Earthenware
dish

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

The first problem that needs tackling
is that this is a terribly inefficient wav of
getting the juice ow of sugarcane.
Sugarcane contains about 14 percent su-
crose and about 85 percent of the cane is
liguid. So it is impertant to get a very large
amount of this liguid out. The three-roller
system, which is used because it is tradi-
tional and simple. especially the one

Three-rolle: crusher

g <+ Driveshaft

Cane
feed

Juice
collection

Figure 7.4, Village sugar factory.
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turned round by oxen, loses a very large
percentage of its sugar. One of the things
on which we have been wortking is to
produce much more satislactory tvpes of
rollers. In fact you really have to yo away
from rollers altowether and to use some
expression system with an Archimedean
serew—a sort nf mincing machine, so that
lhe maleriol is passed through a helial
SCTEW,

Once vou have the sugarcane juice, it
is a very sticky. thick grav juice which has
to be purified. First it has to he clarified
and it is desirable to reduce its acidity. be-
cause it is guile an acld juice. I is like
many biological systems while they are
actually a living system: they can tolerate
chemical conditions which. the moment
the material 15 extracted from the system,
simply can't be tolerated at all. Sugar
remains as sucrese in a highly acid condi-

Various chemicals

Wood ——————

Dyes

tion inside the sugarcane. but as soon as
vau get the acid juice out of the cane it
prompily starts this process. knowon as
inversion, of breaking the melecule in half,
losing a molecule of water and turning to
glucose and fructose which is very difficult
to crystallize or which stops the sucrose
crystallizing resulting In s much less
satisfactory sugar. So one has to clarify
sugar. The usual way of duing this is to add
limg—we are back to calcium carbonate
again—and then for the best resuits sulfur
dioxide which can be made on the spot by
hurning sulfurin air. is forced through the
mixiure.

Having obtained a juice which has
heen clarified, next vou have to filter it.
And filtration is another problem in inter-
mediate technology. It is very easy in the
large factory to filter efticiently. where one
has vacuum svstems and geod filter pads:

Sugar and starch

Cocoa

—————— Rope
r‘— P

Essertial oils ———— Plants

Insecticides

Drugs

Yeast

Protein

Rubber

Figure 7.5. Plant products.
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Leafy
(Water) greens Moisture
I
- - Heat
Pulp Extract = 7o8rc. ] Separator Lryer
fadnn

Solids residue

Filtrate Leaf protein
concenirate

product

Figure 7.6. Leaf protein process.

it is inuch less easy in a village situation.
30 a lot of attention is having to be paid to
methods of filtering w ithoul losing a lot of
sugar.

Then the sugar has to be concentrated
to a point where it crystallizes. This has ta
be done quickly because, as the tempera-
ture is raised, the tendency for the sugar to
invert is very much larger: the higher the
temperature, the faster the reaction goes.
Now this problem is overcome in modern
sugar making industries by using whal is
known as vacuum pans. The sugar is
contained in a vassel. the space aver which
can be evacuated. Therefore, the boiling
pracess is speeded up. because the vapor
pressure is much lower and therefore the
evaporation takes place in a fraction of the
time it does in an open pan. However. it
has not vet heen possible to produce a
vacuum pan which is suitable for use in
rural villages and crystsllization remains a
major problem.

Traditional Processing

Rural villages produce a sugar known
as gur, where the juice is simply extracled
from the cane with one of the crude presses

discussed earlier and then it is simpiv fil-
tered, clarified a little, and evaporated.
You end up with a product which is a dark
brown, semicrystalline, rather sticky ma-
terial. Unfartunately the sugar does not
keep very well Tt is difficult 1o store be-
cause of its sticky nature; il really is not
very well crystallized and it does contain
an enormous number of impurities. The
other type of sugar available is kansari,
which is treated with the lime sulphite
processes and then filtered and evaporated
under optimum conditions. A good, semi-
white crystallized sugar is produced: this
is the purest sugar produced in village
communities.

1 have found that this process is a very
important part of indusiry in villages.
Many of the indigeneous foods are based
on sugar, which is « good source of energy
but contains no prolein, ne minerals, and
no vitamins, The sugar has ao food value
other than being the cheapest known
source of calories, so it is useful as energy
food. Another important use of sugar, apart
from bagasse and its value as a fuel. is the
wax within the cane. If you extract this
wax, afier removing the sugar, by treating
with benzine in a solvent-extraction plant,
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Figure 7.7. Leat protein products.

it can he a very useful way lor waterproel-
ing or polishing. Sugarcane wax is some-
thing which we are trying to introduce into
sugar-producing countries. because it is a
raw materiol, which is, at the moment,
simply gelting hurnt with the bagasse.

Plants as Raw Materials

Plants are o splendid source of raw
materials (figure 7.5), providing yeast, pro-
lein, chemicals, sugar, anrd starch. Cocoa is
a very valuable material obltained from a
plant. Sizal plants will give rope and
steroids and also tequilla, which people
tend to forget. You can also get peat and
rubber, insecticides, drugs, essential oils.
dyes, wocd, and pectins, which &}l can be
produced from local plants. So plants are
emely important sources of
for intermediate technology

Leaf Protein

One very imperlant process, involving
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a local plant. or o very large range of local
plants, is the production of protein frem
leaves. This is a simple process, which can
he very valuable. Many green leaves,
grasses. and herbage such as clover. can be
treated 1o produce protein concentrates.
All vou need to do is to cut the material
finely 2nd then pulp it with some sort of
press water (figure 7.6).

Having obtained a pulp, you can run
aff the liquid, which is fairly sticky. from
the pulp. So you make an extraction of the
liquid, which means that you are left with
a residue of solid. The fibrous part of the
nlant can be used as cattle feed; it s1il! has
quite 2 lot of caloerific value, although it has
lost a lot of its protein. Then. if this ex-
raziad liguid is heated to 70 to 73°C.. the
protein coagulates into a white lumpy ma-
terial, which can be separated {rom this by
filiration. The product is a jiitrate and a
solid material, which can be dried to give a
white powder, a very valuable source of
protein. Altheugh not all the eusential
amino acids are contained in leaf protein,
it can be Gsed as an additive to fuod in
high-protein breads and in soups. stews,
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thing which we are trying to introduce into
sugar-producing countries. because it is a
raw materiol, which is, at the moment,
simply gelting hurnt with the bagasse.

Plants as Raw Materials

Plants are o splendid source of raw
materials (figure 7.5), providing yeast, pro-
lein, chemicals, sugar, anrd starch. Cocoa is
a very valuable material obltained from a
plant. Sizal plants will give rope and
steroids and also tequilla, which people
tend to forget. You can also get peat and
rubber, insecticides, drugs, essential oils.
dyes, wocd, and pectins, which &}l can be
produced from local plants. So plants are
emely important sources of
for intermediate technology

Leaf Protein

One very imperlant process, involving
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a local plant. or o very large range of local
plants, is the production of protein frem
leaves. This is a simple process, which can
he very valuable. Many green leaves,
grasses. and herbage such as clover. can be
treated 1o produce protein concentrates.
All vou need to do is to cut the material
finely 2nd then pulp it with some sort of
press water (figure 7.6).

Having obtained a pulp, you can run
aff the liquid, which is fairly sticky. from
the pulp. So you make an extraction of the
liquid, which means that you are left with
a residue of solid. The fibrous part of the
nlant can be used as cattle feed; it s1il! has
quite 2 lot of caloerific value, although it has
lost a lot of its protein. Then. if this ex-
raziad liguid is heated to 70 to 73°C.. the
protein coagulates into a white lumpy ma-
terial, which can be separated {rom this by
filiration. The product is a jiitrate and a
solid material, which can be dried to give a
white powder, a very valuable source of
protein. Altheugh not all the eusential
amino acids are contained in leaf protein,
it can be Gsed as an additive to fuod in
high-protein breads and in soups. stews,
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Chapter Eight

Education Systems:
Appropriate Education and
Technology for Development

by Charles R. Tett

There is no known human society in
the world which does not have a system of
transmitting its skills, wisdom, and way of
life from one generation 1o ancther. As one
African writer expresses it. “The claim that
education was introduced to Africs by Eu-
ropean colonial administrators and
missionaries is not only terribly presump-
tuous but an indication of how contemp-
tucus some Westerners have been of any-
thing and everything non-European.”

Dr. Anza Lema, another Third World
educationalist writes of traditional eduza-
tion: *“It might not have been as formally
structured as the Western system was, bui
it was well organized and very successful
in achieving its objectives.” He states that
there are three main educaiive agencies in
African traditional communities.

1. The first was the family which was
without a2 doubt the most funda-
mental,

2. The second was the informal
lessons learned from contact with
jlavgroups and the community as a
whole.

3. The third more formal and or-
ganized part of the educative
process was given during the vears
of adolescence im what Dr. Otto
Raum calls “developmental rites.”
These usually center around the at-
tainment of puberty and usually in-
volved “circumcision rites.”

Alter this intensive period of com-
munity education a person became legally

free and qualified ts inherit, to own, and to
dispose of praperty. Young people were
then given the right to marry as well as
procreate and 1o raise a family. These rites
drew public recognition to the new status
of adulthood. This “'schooling” period had
educational significance in several ways.

1. I was a process of toughening the
young initiates through varicus
tests of physical endurance and
ordeals of manhood or
womanhood.

2. It united all the initiates together in
a strong brotherhood by emotional
and social bonds.

3. Social customs. religious beliefs.
tribal law, and civie duties were
taught by which they learned their
obligations and duties to their coms-
munity.

4. Skitls were imparted by which the
initiates were taught to build a
home. care for the family, rear
domestic animals, produce crops,
fish, and hunt, The technica! skills
or meking implements and
weapons often came into this train-
ing period. The special skills of
iron e<melting, biacksmithing,
medicine. and other specialized
trades (arts) were usually passed on
from father to san by life ap-
prenticeship.

This traditional system varies from
country to country and tribe to tribe ac-
cording to the local environment. iribal
structure, and customs, bul it cannot be
ignored as it was a valuable system.
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Colonial Education

On this subject of colonial education
let the Third Werld speak again. ML F.
Makulu writes, 'The expansion of colonial
empires swept away the remaining
strength of indigenous civilizations and
planted in their place 1 new technological
civilizalion . . . . The education pro-
vided by the Colonial Governments was
not designed to prepare young people for
the service of their country: instead. it was
a desire to inculoate the values of Colonial
society and to train individuals for the
service of the Colonial State.” This may
have heen dome in some cases with the
highest of motives for Williem Pitt in 1792
in a speech to the Kritish House of Com-
mons said, “Even Africa. though last of ali
the quarters of the globe. shall enjoy at
length in the evening of her days, those
blessings which have descended upon us
so plentifully.” Nat all calonialists
however, shared thiz high moiivation, lor
those engaged in commerce were quick to
see and exploit for tinancial gain the sup-
ply of cheap labor and raw materials which
hecame available in the countries which
they colonized.

Systems of education were set up hy
the varions powers, the British, French,
Portugese, Cerman, and Dutch. all of
whom had different approaches, rist only
to education, bul also 1o politics and
administration. It must be recognized that
the colonial edicators introduced the type
of education wiih which they were most fa-
miliar and made little attempt to adapt it to
the new environments in which it was
taught. In all these colonial approaches to
educadon  the expatriste tcacher saw
fimnseif as the source of knowledge and his
pupils as empty vessels waiting to be
filled. The role of the pupil was to be
passive, docile, and never to challenge the
authority of the teacher. This type of
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education is described in the Third World
as  education  for  domestication.™ It
regards the world a5 a closed system.
which can only be known and understead
in ity totality by an educated elite whose
responsibility it is to pass on these deposits
of information intact. This knowiedge is
divided into departments called subjects.
which are usually kept in 1solation. Teach-
inu is held to be a different function from
learning, and the process of knowing is
kept separate from working, and thinking
is quite distinct from doing. It prevents any
dialogue between man and the world.
Such a position ensures that those in au-
thority control knowledge for their own
ends and thus perpetuates *“the domestica-
tion" of the people under their wing.

Until recently the colenized people
were never in a position to challenge this
attitude. Indeed many of them have ac-
cepted the system because they saw new
opportunities to acqguire the secrets of Eu-
ropeann  power and material  benefits
through the colonial educational system.
From the beginning of the tweniieth
ceniury this Western system ot education
was assumed to be the answer to economic
and political progress by both the colo-
nivers and the colonized. This tvpe of
education has benefitted the few who have
been fortunate or weaithy Lnough to avail
thenselves of it but it is by no means the
community education that they had
inherited from their traditional svstem. Al-
though guite often the two systems have
continued e function iogether in paraliel
in the rural areas, in the fust growing urban
centers they have bheen tou difficult to
continue.

The educational system. like all other
ilnposed sysiems, has been challenged by
the coming of political independence to
the ex-colonial countries. Most countries,
however. have been obliged to contipue
the same educational system because the
aiready vcduocated elite have vested
interests in its continuance and are not pre-




pared to consider any alternutives.
Nonetheless. some count-ies have begunto
challenge this svstem because of thar
ideological motivation and are putting a
great deaj of effort into research to find a
svstern which will more suitably express
their national “seifhood™ rather than
continue to operate a system which is
foreign to their own culture. President
Kenneth Kaunda of Zumbia said. " The age
of the old unimaginative approach to
education is over and the time has come for
all voung countries to engage in serious
reappraisals of their existing educational
systems with a view to overhauling them
entirely and gearing them to the needs of
their countries.”

Education Systems

Education and Culture

We have seen that when our own
Western svstems of education and training
are applied to developing countries. alitoo
often the local culture s ignored. Wittingly
or unwittinglv. ¢ monoculiue is produced.
There is ¢ tendency for medern life in all
countries to be overly commercial and to
overlook human values. In the cities o!
most countries it is hard to tell whether
one is in Nairobi, Lages. or London for the
buildings are monotonously similar.
Monoeducation and training is appiied to
the minds of people in most countries as
monoarchitecture is applied to their cities.

Photo B.1, Nambale Viiage Polytechric (Kenya).
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This is also true in the field of lechnoelogy
which does not take into account the locat
needs and environmental factors.

The “educated elite” usually have the
same tendency to “keep up with the
joneses™ as they are “hooked™ by the sume
advertisemenls to buy Western consumer
products and accept Western slandards
while complaining, not too loudly. that
their calture is being destroyed. Influence
from the Waesl has succeeded all too well.
and Lhrough the process of imposing
Western esducation for many years, has
produced peopie who have little relation-
ship to their own cultural heritage. As a
result they have been left in their “inde-
pendent nations™ as one African poet
describes himself, “hanging in the middle
way.” belorgirg to two worlds and to
none.

This pseudo-Western  Jife-style.
howsver, is only possible in the cities
where there is money te support it for a
small elite. It is nat true of all developing
countries, for even in Africa there are glo-
ricus exceptions (like Tanzania) where
people are fighting hard to find real inde-
pendence and to keep the African concept
of living for the community and not for
self-agyrandisement. There are nu obvious
signs vel that this battle is being won. In
most developing countries the majority of
the population is excluded from this
process we call “development.” Develop-
ment is sometimes the name we give to the
syndrome of cur own imbalanced society
Ly which the rich get richer at the expense
of the poor. for evervthing is sacrificed to
economic growth. True development must
surely be the dewlopment of peapfe: a
process by which they are zble to fulfil
themselves s persons and  make a
contribution to their community. This can-
nol he measured in terms of g.n.p. or by a
compuler, for it is gualitative rather than
quantitative.

Education Systems

Urban Unemployment

The plans for development in most
developing tountries have been hased on
raising the gross natinnal product by the
introduction of modern industry which is
designed to save labor. The result is grow-
ing unemployment, especially inthe cities.
Unemplovment denies the right of human
fulfillment and ils dehumanizing process
only produces frustration, poverty. and
uiisery.

Another lactor which has exacerbated
the unemployment problem is the increas-
ing number of young people reaching em-
piovabie cge. This * population explosion™
is taking place in the developing countries
at three or four times the pace of the
developed countries.  Africa with 274
million people in 1953, will number 350
million hy 1985, The male labo! force will
have increased by 50 percent by the same
vear, ar:! will probably more than double
by the end of the century.

Family planning is relactantly ac-
cepted by people who have little tamily se-
curity, Large families are welcomed, as
children soon provide extra working hands
for the poor vielding subsistence farms.
Thev also sre an insurance policy for the
survival of the family in countries where
medical services are in short supply and
the death rate is consequently hiyh. [t is
estimated that in India at least six children
have to be born in a fumily to ensure the
survival of a male heir. But even if family
planning rould be rigorously applied im-
mediately, no effect in ihe labor force
would be felt for many vears, for the labor
force is already determined for the next 5
vears. The problem of unemployment is
therefere a growing one. It is ualikely that
the creation of new jobs will take place
faster than the growth of the population
unless mure radical measures are taken to
encourage 4 technology which is more ap-
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propriate to the needs of the developing
countries.

Choice of Technology

It is apparent that little lhought and
planning svent Into the choice of
technology that was originaily adopted. or
that any choice was ever offered. They
have bheen sold & technolowyy which
matches the education sysiem which has
conditioned their thinking, rather than a
technology which is appropriate to their
needs.

This is a capital-intensive technology
which has been designed for use in
developed countries where labor is an
expensive commodity and  capital s
readily available, Conversely. in develop-
ing countries labor is readily available and
comparatively cheap, while capital s in
short supply. It follows therefore, that if
labor could be substituted for capital by the
introduction of a more appropriate
tachnology it would help to solve some
probiems. The appropriate technrology that
has been proposed is called “intermediste
technology™ for it lies between the tradi-
tional methods of the past, and the mosl
advanced, expensive technologies of the
present. It is a dyvnamic technology that
develops with the development of the
countries which apply it and leads to a
fairer distribution ~f wealth and employ-
ment opportunties. Intermediate
technology is more likely to keep the con-
trol of their economies in the hands of in-
dependent countries. encourage the
maximum self-development, and reduce
dependence upan the rich countries.

Experience gained in some developing
countries shows thal the application of
modern or advanced technology in many
cases actually creates more unemployment
even when production is increased. In
Kenya between 1954 and 1964 manufactur-
ing output rose by 7.6 percent while em-
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piovment increased by only 1.1 percent.
This Is tvpical of many other countries
who have fallen for the same sales talk.
These and many other factors cenlribute
towards the increase in the numbers of
unemploved inthe cities and conseqguentiy
result in increasing poverty and peri-urban
squalior,

Rural Unemploy ment

The pruspect for the majority of the 90
percent in rural areas is also one of unem-
ploeyment, and. as there is a growing
tendency to mechanize the large tarms. ihe
number of job opportunities in the ayri-
cultural sector is diminishing rather than
increasing. There are. of cours: a few
places in the developing countries whese
mechanization  produces more employ-
ment. but these are pitifully few.

The majority af the people depend on
subsistence farming which helps them o
maintain a4 mere exisienve. In manyv areas
the small plots of land and poor marketing
facilities do not produce sufficient cash
crops to improve their standards of living.
Usually their lov cash income is barely
sufficient for t 1e pavment of the obligatory
government taxes. It is no wonder that
voung people flock to the cities even if
there is only a remote chance of getting
some cash-producing emplovment. The
primary school education which they may
have received in tue village school has
done little to prepare them for life in the
city. A few of them have their expeciations
raised bv being able to continue to secon-
dary education, but even this does nat
necessarily lead on to employment.

Is Education the Answer?

Formal education has all too often
been regarded by many voung politicians
in developing countries as the panacea for
their countries” problems, and young
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Photo B.5. Masai Chi:f shows his cab-
bage. Rural Training Ceanter, Kenya,

Photo 8.6. Learning rapbi! rearing, Kenya

Villaga Palvtachnic
Village Polytechnic.




Photo 8.6. Learning rabbit rearing, Kenya

labor market already overflowing with
20,000 unemploved qualified engineers.
Yet sanction has nuw been given to train
72,000 maote avery vear.

Education by itself cannot solve the
probiems of unemployment unless it isap-
propriately planned and applied to a
technology appropriate to the neads of the
country. We have to accept however, that
modern cities exist in Africa, as do modern
industries. and that there is stiil a need for
formal education and training to meet their
special requirements. The queslion is,
what is “appropriate’”” education and train-
ing to meet these needs?

Formal
Education
and Training

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

Photo 8.7. Masa craft work on sale 1o
tourists in Kenya.

Education Svstems

merce and industry for which it was
designed. But this sector of the developing
world represénts only a very small portion
of any country gesgraphically. and
likewise employs orly a small percentage
of the population at present. Hoth the
academic and technical education svsiems
adopted by these tountries therefore. apply
only to a small pumber of people and
preduce an intellectual and technical
“elite.” The majority of the population
remins unhelped by the wealth cresied by
the modern formal sector of industry and
commerce. There is a good deal said by
some economists about the benefits of the
modern sectors being distributed to the
poer rural areas, hut there is little evidence
of this. Academic education is overproduc-
ing arts graduates in most of these coun-
tries who expect a cily jub, and 4 high stan-
dard of living, but more of these young
people are finding their expectations
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tries who expect a cily jub, and 4 high stan-
dard of living, but more of these young
people are finding their expectations
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frustrated. insufficient emphasis has been
piaced upon expanding lechnical educa-
tion to keep puce with the expansion of
modern jndustry and its increasing com-
plexaty. If developing countries are to
maintain the modern capital-intensive in-
dustries they have already st
technical education to maintain their in-
dustries must of necessity be supported by
an increasing budget to enable it to keep
pace. If, and when, there is a change of
policy concerning the adoption of a more
appropriate technology then the system of
technical education will need 1o be
modified accordingly.

The formal sector of education at
present has little relevance to 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 depend upon the products of
the rural areas for food and raw maieriais
for their industries and for export. At
present the cost of educating and training a
minority absorbs most of the national
education budgets and little is left to ex-
periment with moere relevant types of
education especially for the rural areas.

Appropriate education and training
for rural living could increase the produc-
tion of more food and raw materials and
this alone should provide an incentive to
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 to
the development of the nation would be in-
valuabie in the long term.

[P I
ried, 1I0rmai

The Informal
Sector of Industry

In the "downlown” areas and in the
marketplaces of rural areas there is a great
number of infermal small industries
operated by entrepreneurs, some of whom
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have had no formal training. and some
who after learning an artisan skiil have
begun their own businesses. These
entrepreneurs are more numerous than one
would think, In Nairobi, Kenya. it has been
estimated that more than 10,000 workers
uperate in the informal sector and seil their
products or services o support themselves
and their families. Training for selt-em-
ploved technically skilied men and women
is almost nonexistent in many developing
countries. vet the opportunities are great. It
has to be racognized that entrepraneurs.
like artists. are usually borm not made. but
both need training to meximize their
potential. This is a3 true in Birmingnam as
in Bombay or Bungoma, for British 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
more efficient and effective.

The type of industry most suitable for
the informal sector usually follows the
principles of “Intermediate Technology”
which can be defined as:

1. Substituting lahor for capital, thus
providing more employment

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

3. Being inexpensive i1 makes
minimal demands upon national
imports and uses locally available
materials as far as possible

4. Training for these industries is
comparaiiveiy inexpensive as
maximum use is made of ap-
orenticeship and on-the-job train-
ing for imparting skills.

This type of technology applied to the
informal sector in developing countries
should receive every encouragement for it
is from these roots that the truly inde-
pendent and indigenous African industry
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can grow. This kind of industry using
similar technology was the foundation of
medern industry in the developed coun-
tries and is still viable today in many parts
of the world, especially in the developing
countries, which are at the seme fonnative
stage in their national history.

The Intermediste Technology
Development Group has been able to
demopnsirate this approach to technol-
ogy in Zaria, at the request of the North
Central State of Nigeria with aid reccived
from the British Overseas Development
Administration.

A workshop has been established in
which prototypes of haspital, school. agri-
cultural, and other equipment have been
designed and tested. A training scheme for
unemployed youths has been established
for the production of this equipment, using
simple procedures and labor-intensive
methads. There is now an increasing de-
mand for the products for local consump-
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 enterprises. After
seeing the benefits of the scheme, other Ni-
gerian states have askec: for similar help to
establish their own intermediate
technelogy workshops 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
niged for nonformal education and training
programs in the urban and rural areas.

It is not possible for cny African
couniry at present to give formal edncation
at primary school level to all of its
children, because they cannot atfard it. Not
only are the costs of formal school rising
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faster than national budgets, but the invest-
ment in schools has r.ot paid off in provid-
ing employment for all the pupils whe
have completed sheireducation.

“Nonformal” educstion and training
programs are therefore needed to help the
ingreasing number of unemploved to be-
come productive. These can be divided
into three main groups:

1. Those who have nct had the op-
portunity of formal education.

2. School-lesvers who have need of
additional training to become em-
ployable.

3. Employees who need upgrading to
enhance their productivity.

1. The Unschooled

It cannot be accepted that those who
are illiterate are necessarily uninielligent,
but simply that they lack the opportunity
ar wealth 1o be educaied. For those whe
cannot he formally educated “'learning by
doing” is more applicable te rural living
and meeis the needs of a great proportion
of “‘nonschooled” young people and
adults.

This method can be linked to ad-
vantage with functional literacy schemes,
or adult education courses where these are
available. For the purpose of upgrading ag-
riculture in the rural areas from
subsistence level to better standards of
food production and cash crop introduc-
tion, learning by doing is quite adeguate
and effective. Many other rural craft skills
can be l:arned to a high degree of
competency without the use of written ma-
terials or expensive modern teaching
facilities. There are many examples of
nonformal apprenticeship iraining from
manv parts of the world where a successful
farmer or master craftsman communicates
his expertise or skill. A traines can be
taught to accomplish a skilled task by per-
sonal tnition and, through experience
gained in subsequent practice, can become
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competent and efficient and reach a high
J . 5. This tv
training for employment needs active en-
couragement and where it is absent. every
attempi should be made to introduce it.

A valuable example of this “learning-
by-doing” method is provided in an
unusual agricultural scheme in Nigeria
which for many years has provided ap-
prenticeship training for voung farmers.
Starting, in a subsistence farming area the
initiators of this scheme realized that 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’

capital required would cost more than the
tofal income of the average agriculiural
worker for 100 years. Therefore, the people
decided that the scheme would be based
an the use of an intermediate technology
using animal-drawn equipment, improved
seed, and better agricultural methods.
Starting with a small group of farmers,
training was given by learningz “on the
job.” Instructors introduced new methods
of training in the use of amimai-drawn
equipment, When the trainees had reached
a sufficient level of competence, they were
given a loan of $200 to buy their equip-
ment. bullocks, seed. and fertilizers with
which to start their own new farms. In
return  they were asked to make two
contributions. The first was a promise to
help the surrounding farmers hy
demonstrating to them what they had
learned, and secondly to train hwo young
apprentices for two years. When these ap-
prentices proved their worth, they were oi-
fered similar loans after making similar
promises. The result of this “each one,
teach two'' has proved itsell over 10 years,
and 80 percent of the farmers so trained are
still farming, When

When v 18 [ was told that
all the farmers had repaid their initial
loans except for & very few who had suf-
fered some calamity.
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2. The Unemployed School-Leaver

One of the most urgent needs in
developing countries is for training the
unemployed schoal-leaver. Formal educa-
tion has usually been acquired by the
sacrifice of poor parents and has raised the
pupils’ aspirations towards emplovment in
the modern sector with the prospect of a
secure fuiure, There is considerable frus-
tration when the majorily are eliminated
by competitive examinations, or by lack of
fees to complete their education to
university level. Pupils experience even
more frusiration cn completion of primary
or secondary education when they find out
their education does not necessarily ensure
for them a piace in the modern sector of
commerce and industry, If they are 1o be
emploved, further training is necessary
after completing their schooling.

Many types of nonformal training pro-
grams, most of an experimental nature,
have been established in Africa with vary-
ing degrees of success, Many have been set
up by voiuntary agencies and have de-
panded wpon large inputs of external aid to
initiate them and in many cases to
continue them. In the reporl “Non-formal
Education in African Development™ James
Sheffield and Victor Diejomach describe a
great number of these schemes in some de-
tail, and show a wide variety of suitable ap-
proaches to the problem. One of the facts
noted in their report is that these schemes
are iess expensive per trainee than formal
education, but that in spite of this, there is
a reluctance by mosi African governments
to support them financially to any great
extent, even though & high percentage of
their national budgets is spent on formal
education.

Sometimes it has been left to govern-
eedy

ment de
department io encourage nonformal educa-
tion. In Kenya the Ministry of Co-opera-

tives and Social Services is aiding the




development of the " Village Polytechuic”
scheme which was initiated by the Na-
tional Christizn Council of Kenya, follow-
ing their survey of school-leaver problems
published in the report “After School
What?" in 1966. In this report urban and
rural youth prot-lems were examined and it
was realizad that rural youth needed spe-
cial attertion and training in skills other
than only agriculture. The term ~Village
Polytechnic” was coined by the report
committee and the seed of a new type of
training for village youth was sown. This
seed has taken root and produced a
aumber of different training ideas, which
have grown as they have heen fed 1o village
youth leaders. As a resuit two types of
Village Polytechnics are flourishing which
can be classified as institutional and exten-
sion oriented.

The institutional type has drawn
together greups of young people of both
sexes and simple training has been given
in various crafts by employing artisans or
other qualified instructors. Shorl courses
in poultry and beekeeping have made
young people realize that there is an extra
income to be gained from using te the full
their local natursl resouzces.

The other type of Village Polytechnic
has hecome extension oriented and relies
upon experimenting with new cash crops
and the vse of animal-drawn agricultural
equipment. Some V.P.’s have combined
both the institution and extentional ap-
proaches. The results have been encourag-
ing. One V.P. claims to have produced in
one year:

89 beekeepers with an average exira
income of 1,200 Kenya shillings

79 new pouliry keepers
¥ new fish ponds, and to have been
responsible for sinking 80 wells.

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

In the wrhan areas there are a growing
number of experimental training schemes
for upemployed urban youth. These pro-
arams usually offer training in ertisan
skills for work in industry or commercial
training for office work. The demand for
such training always seems 1o exceed the
possibiiities cfsupply.

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 this should
lead to a higher productivity. There is an
understandable reluciance on the part of
the employer 1o pay for such training, as
the more highly skilled an employee be-
comes, the more employment opportu-
nities are open to him with rival em-
ployers, who are prepared to offer higher
wages. In a developing country where
technicatl skills are in shorl supply the risk
of iosing a technically skilled w .rker is
greal, The “levy” system adopted by
British industry and by a few developing
countries ensures that the financial burden
of upgrading training is borne by all em-
ployers of skilled personnel. This scheme
offers an incentive to all employers to up-
grade the standard of their skilled workers
which is both advantageous 1o them and
does not place a further burden upon
government funds. Upgrading courses can
he 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 heip is urgently required
to stem the continual rise of unemploy-
ment. But aithough these will make a

129

Introduction to Appropriate Technolog:

Pholc_l 8.8. Learning lo bullc ovens from
paraffin tns in Uganda.
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Photo 8.8. Leaming to build ovens from
paraffin dns in Uganda.

Phote B.9. Removing the baked bread
trom the ovens.




Photo B.10. Water storage tanks above a
borehole in Kenya.

valuable contribution to developing coun-
tries they are not a substitute for formal
education, but supplementary to it. They
should however, inflnence formal educa-
tion to adopt a curriculum more relevant to
the needs of nationat development, and
remave some of the prejudice which seems
to exist against manual work, however
skiiled, and however essential it is to the
interests of national development.

If the developing countries are to find
a system of education which will satisfy
their social and economic aspirations, they
will need to expand considerably their
educational experiments and research.
Each country must find its own way 1o
fulfillment and this path wiil be neither
easy nor short for there are vested interests
at stake both internationally and within
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Photo 8.11. A church training project in Nigeria.

their own nations. The present “elite.”
where established, will not tind it easv to
put national interests before personal ones.
International governments through their
trade and aid programs will bring
considerable pressure to bear when their
profits ave threatened.

Such attitudes of self-interest can only
be overcome by some other motivation.
For, however appropriate the choice of
technology. however good the educational
svstem adopted, success depends upon the
willingness of people and their leaders to
accept change, to adopt new concepls, an4d
to face the cost, This will not e easy but it
will help to establish the national “self-
hood” which they alf seek and give them a
confidence to plan their own future
development.
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Dr. Uga Onwuka writes, “The African
needs a dynamic educational system that
will foster self-realization, self-confidence,
and promote cooperation and productivity.
It should be a system in which all educa-
tional institutions positively serve national
interests and thus offer the African the
identity that he now lacks.”

Summary

It is evident thal the choice of an
education system to suit all the *learning’”
needs of people living in the rural and
urban areas of the Third Warld is not an
easy one and some of the following factors
must be taken into account,

1. Education in the widest sense must
lead fo “liberation and humaniza-
tion' of all the people in Third
World countries.

n

There i ) | N RS

. Informal education in which all

that is best in their pas

and culture should be relamed and
built upon,

. Policies must be adopted that pro-

mote a growih of employment that
will keep pace with the grnwma
population. In this respect the
choice of technology is a crucial
issue if new employment opportu-
nities are te he generated.

. Education fo. employment will

contain bhoth nonfcrmal and formal
systems working in parallel and
providing a com mhenswe learn-
ing system, in which the elemenis

“learning by doing” and *‘sym-
bohc verbal encodmg should be
incorporated.
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ion 5
widely differing needs of the rural
and the urban areas, but both areas
must have learning systems that
will suit local needs and enable alil
the people to make a satisfactory
Pnntnhuhnn ln H’!PII‘ nation and

Photo 8.12. 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 technology,”
we might first ask ourselves what it means.
Very simply the phrase refers to a
technology that fits into the social pattern,
a technology that, in contrast to the one
we now know, has no damaging effects
on men.

Perhaps this “perception” appeals to
us because lately there has been consider-
able criticism of technology in the West.
We are daily confronted with warnings
about environmental pollution, we hear of
the danger that threatens us from the large
chemical industries which are usually
{ocated near living areas. We hear of the
exhaustion of resources, the oil crisis, the
food crisis, and so on.

1 won't go further into this. because
these subjects are already st strongly aired
by the Western media. It is, however, im-
portant to mention this association because
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 vou, in my
opinion, appropriate technology is not the
only 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 soiution. I attach
such importance to appropriate technology
because 1 have asked myself what we as
technicians and designers of apparatus—or
systems as they are cafled nowadays—can
contribute to alleviating the problems
mankind struggles with. Must we change
cur approack? And if the answer to these

questions is positive, what must we do,
what must we learn, which approach
should we then follow?

I think that the phrase “socially appro-
priate technology” itself indicates the di-
reciion we should take. That is to say,
socially appropriate tecimology must not
be scen as a kind of remedy against all
evils; far from it, but it may give us a
method which enables us to selve at ieast
some of the problems. This method,
nevertheless, leaves us with certain abliza-
tions. The realization of a socially appro-
priate technology depends in the first
place on our ability to make technical
designs and to make them such that they
mean a real Improvement in a social
systemL.

Technology

From a somewhat 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-
cisty and technology, and the relation
between the two must be appropriate.
We'll start with asking the question: What
is technology? When we censult the dic-
tionary we find that technology is: “The
science of industrial techniques, the study
of the development of industry.”
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This definition is comparatively old
and nowadays, under the American in-
fluence we tend to treat the concept of
technology differently. It now partly serves
to indicate a certain field of our applied
knowledge such as textile technaology or
medical technology. Generally technology
is used with the meaning of: “The applica-
tion of scientific knowledge for the solu-
tien of practical problems.” Hence the
somew hat casual use of this concept nawa-
days. When we speak, for example, of
transport technology we mean to indicate
that practical problems in the field of
transport are solved with the aid of our
scientific knowledge.

But this naturally means that we are
gradually surrounded hy the resulis of this
process; all the solutions that have in the
course of time been found for a whole
range of practical problems continue to
exist for a shorter or longer period.
Therefore we have to take another step in
order to make the concept of technology
completely clear: “Technology is the sum
of the solutions that have in the course of
time been established and that have heen
integrated into the existence of 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
knowiedge is, certainly in the West, 1 mat-
ter for trained specialists, those people
who have completed a scientific technical
training, such as engineers.

Social Aspects

| believe it is important to be fully
daware cof these two different meanings of
technology, for then it is clear why the
term socially appropriate technology has
been devised. For the engineer it means
that he has to find sulutions for practical
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prablems. but for most people it means that
they will have to live with his solution.
and all the earlier solutions. It is therefore
not surprising that both groups of people
judge the solution differently. The main
reason why there is an interest in. and de-
mand for. socially appropriate technology
is, in my opinion. the fact that the posing
of the problem. the practical problem the
engineer is going to exercise his scientific
knowledge on. is too narrow |y defined.

Certainly, a lot of attention is paid to
technical aspects and economic implica-
tions, but we have many examples that
show us that the attention paid to the
social aspects has been very slight. Many
experiments are done before a solution is
released, st as engineers we can't predict
very accurately what effects the complete
workpiece will have on society, when
many people have to work with it. We are
frequently unable to predict what society
will do with the solution. whether to judge
this as favorable or unfavorable, whether
the end resuit will be useful or damaging.
Engineers do rcalize very well that the
possibility exists that a technically and
economically sound solution may be
socially inadequate. But they haven't suffi-
cient means to test the designs according
te social criteria; in only a few cases is the
knewledge of the sacial sciences adeguate
to proncunce upon this,

Bt it is a long-felt wish in universities
of technology to subject designs to the test
of socia' effects. Socially appropriate
technoloy,. if we may now nse this term,
has uwen at the top of the list of necessary
developments for a long time.

I mentioned before that the reason
why unexpected side effects oceur in the
implementation of technical solutions lies
with the problem being too narrowly
defined. Undesirable phenomena occur,
sometimes at the most inconvenient mo-
ments and far removed from the nhiject of
solution, because our lechnology is really a




system—=a whole of mutually related parts.
[ have called this system a technological
network, indicating that it is a special kind
of system: transactions take place between
the elements. Economists have already dis-
covered this network: they speak of
columns and branches in industries. And
more recentlv, thev have input-output
analysis where money transactions
between all sectors of a country’s econpmy
are represenied in a matrix. [nput-ouiput
analysis makes it possible to caiculate
what affects on the whole economy (e.g., in
the development of the national revenue]

Energy
industry

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

We con extend this analyvsis bevond [i-
nancial transactions to follow the move-
ments of capital goods. persennel. ma-
terials, energy. and information. But such
an analysis can't actually be carried out.
not because we lack the processing ap-
paratus, but because we lack the necessary
data. However, we can give an impression
of the technological network as shown in
figure 9.1.

From figure 9.1 one can deduce that
the balance in the whole is disturbed when

fAaw material Cement
import

Patrachemicali \ Transport
industry 1 industry
Coal Machinery Energy N
mining manufacturing Maintenance
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¥
Raw material Steel Automobile Auto Second Scrap
\ manufacturing manufacturing hand trade dealing
Component Road
manufacturing bullding
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Figure 9.1.
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measures are taken locally to increase the
intensity of a particular stream. After a
shorter or longer period this has conse-
quences elsewhere in the network, causing
a change in the relative scarcity of trensac-
tion objects, or causing a change in the
loading on the sectors, which influences
the cfficiency. In most cases these distur-
hances will propagate themselves
throughout the whole network. and as ill
luck will have it, it is these disturbances
that give rise to the definition of practical
prablems, 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 iead 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 effacts will be negative
at the same time and we then speak of a
crisis. When such a crisis occurs the
political conditions are often of such a na-
ture that it is pessible to have coordinated
repair actions; the balance of the network
is restored by drastic measures that affect
the whole.

[ have gone into this in some detail be-
cause it is necessaery 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
concerned with. And as stated before, both
aspects are subjected o different judge-
ment criteria. Technolegy is, moreover, the
complex network of sectors of the economy
that mutually supply each other and that
form the basis of human existence.

People find their jobs in the various
sectors of this network, and the continued
existence of the network assures them of
the availability of the necessities of life. A
socially appropriate technology has three
meanings: design, usage, and the basis of
existence. The emphasis lies on the condi-
tion that ne conflict may arise hetween
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technology and social values. Technology
must be subservient to life.

Technology and
the Third Werld

In the foregoing section we haven'i
questioned thai there might be differences
between different couniries, as to their
respective places in the technologica! net-
work. We can 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 lacated 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
also have their own networks. which are
tradiiional and directed at providing for
their own populations. Althongh a similar
analysis could be made of these networks,
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 occasionally are there reli-
able data available.

In order to get an insight of the net-
woTtks such as do exist in the developing
countries, we will have to make-do with
qualilative descriptions. And this is the
first obstruction to doing reseaich: one is
used to quantitative date and now there is
this sudden switch to qualitative data. Yet
I'm afraid that we won't be able 1o escape
this dilemma for some time, and we shall
have to get used to simultanecusly han-
dling statistical information on Western
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network

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

But I have given an impression of this
point in figure 9,2.

There are 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 the met-
works in the developing countries are hard
to see through, are complex, and appear to
have been composed according to a dif-
ferent logic. The Western network is com-
paratively powerful—{or various reasons—

Technology network in
Third World countries

and is able to exploit parts of the networks
in the developing couniries. Such an ex-
ploitation invariably means the destruc-
tion of the local network, for its balance is
completely disturbed and these countries
lack the institutions that could restore the
balance again. To put it even more
strongly, in many developing countries the
existing institutions have such a foreign
outlook that they tend to further the break-
down of the local networks, or to support
the exploitation by taking various
measures. Hence it is possible that some
industries settle in developing countries
because the presence of certain conditions
is favorable. These indusiries are eagerly
taken up by the developing countries for,
from their standpoint, they also stand to

137




Introduction to Appropriate Technology

gain by them. Bul in most cases the indus-
tries will remain on the periphery hecause
in the developing countries the infrastric-
ture that is necessary to integrate the in-
dusiry is nonexistent, and cannat be gasily
developed. Therefore there often arises a
situation of the type which can best he
illustrated with date acquired from re-
search in Indonesia, shown in figure 9.3.

As a consequence we find three barely
related types of activity in developing
countries.

1. Primary industries that export the
raw materials 1o the overseas net-
work, next to commercial enter-
prises imporling expensive
Western products to the local
market.

2. Enterprises in the secondary sector,
largely founded as joint veniures
and to he regarded as transferred
parts of the Western netwark.

3. Local supply sysiems. ofien very
primitive and in manyv cases al-
ready affected by the influence of
articles from affluent countries.

Each of these three types of activity
have their own rules. so that with some jus-
tification one could speak of three separate
economies. For the time being. however. |
would prefer to stick to & twofold division.
laying the dividing line hetween the part
that is orientated towards the West and the
part that is inherent to the country
concerned. The first sector is rich. ¢ lot of
money is invoived, and good jobs can be
found there, and in both erganization and
workirg method it shows a great similarity
to the activilies we know in the in-
dustrialized world. The second is poor,
with traditional working methods. And the
larger part of the population is dependent
on il. Because of sthe existence of this

Data from Indonesia, in relative percentages
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separate " poor ecenomy’ the people inthe
Third World have been able to remain rela-
tively free from disturbances and crises in
the Western network.

This poor economy is an important
element in the explanation of the paradox
that, although the growth of the Western
network completely lags behind popula-
tion ingrease, still no major disasters have
occurred, No matter how poor, this type of
activity is still the best guarantee for the
continued existence of the larger part of
the population of the Third World.

The Poor Economy

The existence of this poor economy
was noted long age by a Dutchman,
Professor |. |. Boeke, who first drew atten-
tion to the exisience of two separate
economies in what we now call the Third
World. He was, however, pessimistic in his
conclusions: the Jualistic economy, the
existence of a rich superstrucivure and a
poor substructure, would not disappear sa
easily. The principles of the economic
dealings of Western economies couldn't be
applied to the “Eastern economy.” The
peor economy hed its own logic, which
seemed o resist every improvement. Since
World War 11 development economists
have devoted themselves to ihe economic
srowth of poor countries, and they under-
stand very well that the difference in con-
ditions compared with Western countries
demands a different approach. On the one

hand thav saw the pvich countries with o
nang, they saw the righ counirnes wilh g

large surplus of capital, relative scarcity of
labor, and a rising buying power; on the
other hand, there were poor countries with
a shortage of financial means and a large.
each group of countries would have to dif-
fer according to the relative scarcily of
means.

I the developing countries low-cost,
labor-intensive solutions would have to be

Appropriate Production Systems

looked for and the point was to choose the
right technology. It was assumed that the
wish to realize a large material putput held
good for the whole world. so that the same
product would have to be manufactured

under different circumstances. In the

developing countries this would have to be
done labor intensively. Because of the ris-
ing buying power in the developing coun-
tries, comparable goods would have to be
manufactured in large quantities, and so
production would have to be enlarged.
This would need to be done parily in the
developing countries themselves, and the
designs of the production systems would
have 10 be such that the special conditions
prevailing in those countries were taken
into account: an appropriate technology
needed to be developed.

It was undoubtedly a reasonable as-
piration to hope to close the gap, but that
has not happened; everything changed,
and faster than the development in the
poor countries could progress.

#In the first place there was a strong
development in the auntomation of the
Western network, which led to a
strong increase in productivity. And it
was all the more strong because the
infrastructure, too, underwent greal
improvements: the supply of ma
terials, the provision of transpori.
energy supply, education. regulation
of the financial market, etc. This made
it possible to keep large parts of the
network at heme; technological
development provided solutions to all
practical problems that occurred.

« Secondly. the buying power in the
West increased beyond all expecta-
fion, and the investments in the
developing countries were used in the
first instance to supply the foreign
ingrkets. The need for raw materials
strongly increased too, and this led to
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an increase in activity in the rich sec-
tors of developing countries.

® Finally the product itself underwent
a stormy development, many new
manufacturing possibilities were
opened up with the development of
the modern, largely automized
technology, The products were im-
ported by the developing countries,
the mechanically manufactured
product partly replaced the lacally
made one, bt also new products ap-
peared on the market—electronic ap-
paratus, household articles, and espe-
cially motorized transport.

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

So it was only possible to a verv small
extent to compete *labor intensively’” with
the products from the West. A further im-
portant obstruction in estaolishing alterna-
tives was the entrepreneurs themselves,
who, 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 developing countries.

Production Functions

T will further elucidate *his with an
example, but first | want to give a little
mare microeconomic theory. It is assumed
that capital and labor togsther determine
the output. The output is a funciion of the
inputs or production factors of capital and
labor: 0 = f(C,L}—at least for a certain state
of technigue.
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Technicel development means that a
different relation arises between capital
und labor on the one hand, and output on
the other hand: 0 =g(C,L) where g #1. In
the Wesl we limit the concept of technical
development to those cases in which the
output is increased with the same or &
smaller inpui of capital and labor. The rela-
tion between output and input is called the
“production function.” The production
functions [ and g specify a large number of
combinations of capital and labor that

. produce an equal output.

Tt is usual (o represent production
functions as continueus, 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 o
realize & maximum outpul with a
minimum of cosis. the cost per unit is then
minimal. This produces a {uriher resiric-
tion in what we in the West consider
technical progress; for not only is it a mat-
ter of increasing the output with an equal
or a lesser quantity of input, but also the
price of the input hasto 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 fuifill these
conditions: the output must remain at least
equal, but preferably be increased. The
input must at the most remain equal, if not
be decreased; and the price per output unit
must at the most remain equat, but ideally
be decreased.

In the Wesi technical development
was and is purused to increase output with
a decreasing amount of labor. In the Third
World, howver, the situation is different;
capital is expensive and labor is relatively
cheap. Hence tir preference in those coun-
tries for labor-intensive solutions; a
preference that logically follows from the
above theory.
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Output from
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Qutpui from
cheap capital
Production function
from low technical
development

Production function
fram high technical
development

In the Third World, also, the issue is o
increase output with an input that remains
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 this in the diagram shown in
figure 9.4.

Traditionai 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 technology
were present, the choice would be more
complex than the theory suggests. In Indo-
nesia lime is burned in kilns of a classical

= Proportion of capital
Figure 9.4.

model, the so-cailled Roman kiln. A
modern 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. But the dif-
ference doesn’t stop at this, for the owners
of the Roman kilns can’t raise the large
sum of money for the forced-draft kiln; it
can only be obtained from the capital
market. And we see that it is more profit-
able to invest in the modern alternative for
the profit of this investment is 18 percent
higher. In the second case, also, the costs of
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labor are much lower, which is as we ex-
pected, and the laborer can earn more. But
the unskilled laborers cannot do the new
work, which demands technical spe-
cialization, so employment is reduced in
two ways. The labor income of the region
where the kilns are situated—near the
limestone mountains—would fall con-
siderably.

The old kilns burn wood, found
locally, resulting in heavy deforestation.
To change to oil would mean higher
energy costs. The modern kiln, however,
uses electricity in conjunction with oil. Be-
cause there is no electricity available at the
place of settlement itself, diesel generators
are inslalled. Therefore the energy costs of
the second solution are much higher.

For the consumer the second solution
is more attractive because the price of the
product is lower. For the time being we can
leave out the further difference that will
arise when the production is intensified,
such as the need for mechanical digging of
the limestone, mechanical transpor?, the
greater burden on the roads, and so on.

From the example it is clear that the
modern solution will be preterred because
of the lower production costs. the higher
wages, and the higher profit. This
preference means that the production of
lime becomes ruled by economic
parameters. price competition will cause o
lowering of standards of maintenance and
wages of the traditional process, and there
will be an attempt to lower the price of the
product hy lowering its quality or adul-
terating it. But these measures will only
quicken the demolition process. As soon as
an alternative from the Western economy
becomes available. the labor-intensive so-
lution is doomed to disappear.

Although, as Professor ]. ]. Boeke has
already established. the poor economy is
often a well -knit structure which cannot
easily be broken through. it can be affected
by the growth of the rich economy. Where
comparable products are made, it is the
rich economy that establishes the norms
for quality and price. This means that
wages can not increase bul rather tend to
decline.

One forced-draft kiln at
100-ton output per day

Five Roman kilns at
20-ton output per day

Capital 50,000,000 . .. Rupees .. 390,000,000
Capital costs 5,000,000 .. .. Rupees .. 46,000,000
Labor 50 men & men
Labor costs 108,000,000 ..... Rupees . . 14,400,000
Labor wages per day 300.... .. Rupees . . 1,000
Energy wood, oil oil, electrigity
Energy tosts 28,555,000. .. ... Rupees .. 52,470,000
Material limestone limastone
laterial costs 4,680,000 ..... Rupees .. 4,680,000
Production 100 ton per day 100 tons per day
Price per ton 5670...... Rupees . . 4,500

Figure 9.5.
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We will have 1o come 1o 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 appropriate technology acquires
its most important meaning: all activities
which are necessary in the given circum-
stances to bring the technological network
of the poor economy to a praper level of
operation. Although socially appropriate
technelogy is a cancept which doesn™
necessarily have to apply just to develop-
ing countries. it is the urgency of their pro-
blems which forces us to give them highest
priority.

Conveniional and Sociaily
Appropriate Technologies

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

o Conventional technelogy can, in the
framework of development eco-
nomics, be seen as that design activity
which leads to solutions for produc-
tion systems which under the circum-
stances are optimum. In short, wherg
there is surplus of labor and shortage
of capital. labor-intensive solutions
must be looked for.

® Socially appropriate technology
concerns all activities which are
directed at bringing the functioning
in, and of, the poor economy's nef-
work to the desired level, in terms of
quantity as well as quality, of the
production systems as well as the
people who must live with, and on, it.

Sacially appropriate technology speci-
fically concerns the Third World, the
existence of the poor people in the
developing countries. With conventional
technology we primarily think of solving
the practical problem within a Weslern

Appropriate Production Systems

netwark of production and consumption:
How can 1 produce under circumstances
that differ from those in the West? In short,
conventional technology concerns a
production approach and sccially appro-
priate technology concerns an existence
approach.

1 have said before that it is unavoid-
able with this approach and with this
subject not to switch from quaniitative
1o qualitative observations. I would em-
phasize the importance of being fully
aware what terms we are thinking in, what
it is we actually want to do. Both ap-
proaches have the right fo exist; both are
importans for the development of the Third
World. The biggesi difference in my
opinion lies in the urgency they give to the
prablems: those that concern poor
economies certainly deserve our closest at-
tention at the moment. And then there is
the difference in working methods. With
conventional technology it is still possible
to undertake # large part of the develop-
ment process in Western countries: with
sociaily appropriatle technology the actual
wark must be done on the spot, in coopera-
tion with the people that are primarily
concerned.

The important task for the West is to
prepare alternatives, to compile a catalog
of technologies that people in the field can
work with. The West also has the task of
maintaining contacts to support those in-
stitutes in developing countries that are
engaged in the develupnient and dissemi-
nation of socially appropriate technology.
Finally, there is ample opportunity for us
to provide training for those who will go 1o
waork in developing countries. For it’s nnt
enly technology—the hardware—that
counts; it's also a matier of acquiring
insight into the nature of social systems,
the ability to work with people of an
entirely different culture. and the ability to
live in circumstances that differ strongly
from those of the West.
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Need for Alternatives

From the foregoing it must be ap-
parent that it isn’t possible to work out so-
lutions in the West for technical problems
in the poor economy of the developing
countries. To he able to do that we would
need to know much more, and research in
that direction has scarcely begun. But we
will have to make a start for two reasons.
First, we musl prepare oursejves for a way
of thinking for which we have vel had no
training, We must try to think ourselves
into the situation of the poor economy. and
starting from there we must try to apply
our technical knowledge and creativity.
Secondly we must collect the data im-
portant for finding solutions which could
be of practical use. These solutions could
be characterized ss low-intensity opera-
tions, on a smaller scale, demanding less
capital, being less one sided and demand-
ing of the work furce, using less material
and energy.

When we look at poor economies. we
find that this tvpe of solution is quite
normal 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 froun alternative solutions. Bul as we
stated before, it duesn't know a systematic.
Institutionalized improvement process.
And when disturbances are introduced
from outside it can happen that working
methods that originaily were amply suffi-
cient for the subsistence of the people are
increasingly overtaxed and finally
degenerate. The methods are adjusted, hut
this adjustment always means a deteriora-
tion as has heen shown in the example of
the lime kilns. Traditional systems can
only react by reducing wages, refraining
from maintenance, and trying to keep
. things going by reducing the quality, The
boor economy doesn’t show any sign of
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evolution: it involutes. More and more
people have 1o live on this relatively nar-
row basis. having their means of existence
even further reduced by this deteriaration
in quality. One could ask oneself whether
it is a sensible thing 1o stizngthen a poor
economy, and moreover, is it at all pogsible
ta help the poor? Iar ia spite of evervthing
they are greatly attached to their current
ways of living, and they are righi because
now they at least know what thev have.
They have seen many examples of
improvements that have failed. and they
have learned to trust in this structure of
existence since few get a chance to benefit
permanently from the richer economy.

A general answer to these questions
cannot be given. China shows us that it can
Le done, for the first time in that nation’s
history the rural people are able to lead a
carefree existence. What we don't know is
whether the Chinese experiment could be
repeated elsewhere. And, if it is at all
possible, it can't be said with certainty that
the best approach is 1he one of socially ap-
propriate technoloay. It remains a matter of
choice. It is obvious, however. that there
can be no guestion 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
to the wish of many to have an alternative
to modern conventional technelogy, Apart
from this, these efforts are of the utmost
importance for the existence of the peopie
in the poor economies of the world—
people whe certaiunly can't be helped in the
short term by more complex approaches.
Socially appropriate technology is then at
least an intermediate phase. the bridging of
agap.

A Catalog
of Alternatives

In the search for technical solutions
our main concern is 0 find answers to the




questions: what, for whom, with what?
Maturally we can’t give general answers,
but it is possible to divide each answer into
ceriain categories.

For instance, emergy supply for the
provision of clothing for a village com-
muniiy can’t be separated from the whole
of activities around the pravision of cloth-
Ing for that community. The <lassification
only serves to arrange a number of specific
fields over the whole specirum of
hardware in socially appropriate
technology. And it's important to note that
the number of distinguishable fields is
very large:; a lot of work will have to he
done before we can reaily complete a
catalog of realizable alternatives.

We must realize that it won’t be easy to
fill in this catalog. For even if the special
problems that occur in the selection and
implementation of the hardware are left

Appropriaie Preduction Systems

out, it is stifl difficult to find suitabhle al-
ternatives. Suitable means: possibly usable
in 3 poor economy. This type of solution
was characterized earlier as operations ot
Jow intensity. In arder to find this kind of
solution we must establish a new connec-
tion between theory and practice.

Consider the development of small
water turbines in Indonesia. In the West
the small waler engine originally played a
leading part in the enerygy supply of small
villages and craft industries. But their
technical development practically came to
a standsiill in the last century when all at-
tention was drawn by the big turbines. At
the moment most of pur krowledge is
concentrated on the design and manufac-
ture of large hydroelectric wmits. In a
country like Indonesia, however, there are
many minor streams that could be used to
supply nearby villages. In order to reslize

XSelection

Science

New

Specific
theory

guestions

Laboratory
experiment

S tions
uggesti { -

'\ Praxis

Selection k

Experimental
development

Figure 9.6.

145




Photo 8.12. Cinva Ram block-making machine.

Introduction to Appropriate Technology

this a small water engine is necessary; so
the development that has been stagnant for
s0 many years must be put in hand again.

A Research Method

To accomplish this an interesting
working method has been chosen, which
resembles the approach of industrial
development laboratories, and in which
hoth scientific knowledge and practical
experience are used. This experimental
development derives ils theory from the
store of scientific knowledge and tests this
theory in trial constructions thal are
derived from practice. In a diagram it
would lock like figure 9.6.

This theory is further modified by ex-
periment, and practical suggestions for try-
ing out certain changes can be made based
on these experiments. Development work
thus clearly interacts with science 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 cannol stand on its own but is al-
ways dependeut on both science and
praxis. The project is a synthesis—a design
that can be understood with scientific
knowledge and that at the same time
tulfills the conditions of praxis. It is my
coaviction that & useful result cannot be
obtained unless one takes up this inter-
mediate position. A development labora-
tory provides only sterile solutions when
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the connections with praxis are missing.
Concretely, it means that sound funda-
mental knowledse must be ccupled to
wide experience in the field of research. for
both are necessary to focus a creative
interaction process on suitable soiutions.
And this cannot be dane by the isolated
scientist.

Canclusion

1 have already suggested that there are
only limited tasks for universiiies of
technology in the development of socially
appropriate technolosy. They include fill-
ing in at least some of the details of the
catalog, and suppoiting those who plav a
part in implementation. These 1asks
originate from the special nature of institu-
tions of scientific and technical education.
In general. however, [ think it reasonable 1o
ask that such institutions should show a
sense of responsibility for poor economies
in the Third World. They may do this by
helping to stop activities that [urther im-
pair the poor economy. or at least by show-
ing their siudents to what extent the
Western network is capable of interfering
with the existence of the people, without
necessarily producing any change for the
better. So in addition to carrying out direct
activities, these imstitutions must also
work indirectly. Contributing to the es-
tablishment of socially appropriate
technology therefore means cmitting
certain things as much as doing others.
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the connections with praxis are missing.
Concretely. it means that sound funda-
mental knowledge must be ceupled to
wide experience in the field of research. for
both are necessary lo focus a creative
interaction process on suitable solutions.
And this cannot be done by the isalated
scieniist.

Conclusion

[ have already suggested that there are
cnly limited tasks for universities of
technelogy in the development of socially
appropriate technology. They include fill-
ing in at least some of the details of the
catalog, and suppoiting those who play a
part in implementation. These tasks
originate from the specisl nature of institu-
tions of scientific and technical education.
In general, however, ] think it reasonable to
ask that such institutions should show a
sense of responsibility for poor economies
in the Third World. They may do this by
helping to stop activides that [urther im-
pair the poor economy:. or at least by show-
ing their students lo what extent the
Western network is capable of interfering
with the existence of the people, without
necessarily producing any change for the
better. So in addition to carrving out direct
activities, these institutions must alsc
work indirectly. Contributing to the es-
tablishment of socially appropriaie
technology therefore means omitling
certain things 28 much as doing others.
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only limited tasks for universities of
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appropriate technolosy. They include fill-
ing in at least some of the details of the
catalog, and suppoiting those who play a
part in implementation. These tasks
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Although my subject is production
systems for use in developing countries. |
want to start by saying that there is really
no such thing. Every developing country
has different problems of its own and sach
industry, or proposal for setting up an in-
dustry, has to be dealt with according to
the market conditions and requirements in
the country concerned. To explain this I
shall discuss a fairly wide range of simple
case studies, bringing out the sort of prob-
lems that we find ourselves faced with
when we try to help develuping countries
to set up small industries.

IFirst. let’s take the setiing up of a fac-
tory for the manufacture of metal windows.
Barly in 1972 ITDG was asked as a group to
help set up a small-scale factory for this
purpose in the Kaduna region of northern
Nigeria. The alternative of transporting
windows from Lagos, which is 600 miles
away, was not favored because of the
transport conditions and the risk of lossen
roule. They fell it would be very much
easier if they made their own, from their
own extruded materials, even though the
level of technology in Kaduna is not high.
Extruded aluminum section seemed the
best material since il obviates the necessity
for painting or other weather protection,
because once aluminum has been pui up it
oxidizes and protects itself.

Window Manufactare

The Nigerians wan#d a factory to
produce nbout $150,000 worth of windows
per annum. They were prepared to pay for
know-how, and they were prepares to pay
for people to teach them how 1o do it. So ~

Chapter Ten

Industrial Liaison
by Paul R. Lofihouse

when [ came back to England I contacted
all the window manufacturers in En-
gland—there are 53 of them at the moment.
Out of that 53, only Iwo were prepared to
cooperate, in spite of the fact that the
“know-how™ fee was going to be $20.600.

The operation was organized so that.
in the first stage. Nigeria would send 1o
England a toreman, and possibly two men
from the assembly shop. The English com-
pany would provide the windows at first in
a disassembled condition and would also
send to Niueria a man to teach their
assembly. Subsequently, the next foreman
who would go over would be in charge of
the machine shop, and eventually. thev
wouid have a complste factory.

Standardization

Unfortunately. or perhaps fortunately,
[ fell out with Nigeria, because in the
course of my tesearch into Enslish com-
panies, 1 had found that a fot of English
companies were going bankrupt because of
architects. Every architect who designs a
building has a different idea of what a
window should look like, and a different
idea of the construction of the windows.
which means, of course, different extruded
sections. And a lot of these comparatively
smali companies were holding up to one
million extruded sections in stuck to try
and satisfy (hese architeuts. And [ pointed
ant te the Nigerians that they simply could
not afford to do likewise. But because maost
of the major buildings are built by the
sovernment’s Ministry of Works, 1 sug-
gested that we should agree with the
Minister of Works that all government

147




Introduction to Approgriate Technology

huildings should have a standard tvpe of
window, to be used on u modalar principle
so that one, two, three, four, or five of the
units could be employed as required. Any
variations would be based on this window.
so that you could use the same sort of ex-
truded sections. This seemed to be a fairly
rational idea.

1 also refused to give them any further
information until they had done some
market rescarch, because one gets the at-
titude very ofien in the developing coun-
tries that *'] know there is a market. a huge
market, for this.” But “huge" is never de-
fined. When they had done & proper
market survey and reached agreement with
the Ministry of Works to accept a standard
modular window, then 1 would proceed
with finding a collaborator to make win-
dows in northern Nigeria.

That was in 1972. 1 had actually filed
the papers in the dead file, but exactly twe
years later | had a letter from the Ministry
of Trades and Industries in Kaduna: ""Dear
Mr. Lofthouse, referring to our discussion
on windows, we have now dona a market
survey; herewith the information. We have
agreed with the Ministry of Works, elc. We

" should like to start up the window fac-
tory.” Unfortunately by that time the only
iwo companies in England that had been
interested had been taken over by a large
group and were no longer prepared to
cooperate. The end of the tale, however, is
really quite satisfactory. By a coincidence,
Swiss  Aluminum is seiting up an
aluminum extrusion factory in Lagos. and
it also owns Allamarco. which is a
window-manufacturing company in
Lagos. But it is interested in the North, and
Swiss Aluminum is now teaching them
how to set up a factory.

This factory will basically be very
lahor intensive. The total equipment cost
of the factory is in the region of $30.000 te
$40,000 and the output will be about
$2,000,000 a year. Most of it is labor inten-
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sive. It uses simple machines—circular
saws and a little bit of welding equipment,
for example. The factory will produce suf-
ficient windows for the whole of narthern
Nigeria. [ am satisfied in my own mind that
with the development of the North there is
a market for it, aithough I felt market re-
search figures they gave me were overopti-
mistic.

Packaging Plant

Now I want to go into a bit more detail
on the second example because we feel
that this is a case that has actually proved
in practice the concep* of intermediate
technology. Some five yt .rs ago, Dr. E. F.
Schumacher. the ITDG «i4irman. and one
of my codirecters Julia Porter. were in
Yambia doing a general rural survey at the
invitation of President Kenneth Kaunda.
They were asked whether it was possible to
make egg trays. By egg trays | mean the
things about 30 centimeters square that
carry 30 eggs and are used for transporting
eggs from the producer to the packer.

On the strength of this interest from
Zambia the group became commitied to
finding a production process suited to the
Zambian requirements. At that time the
smallest egg-tray machine 1™ t was manu-
factured and commercially available cost
about $300,000 and produced 1,000.000
egg trays a month. But ourresearches indi-
cated 1hat “ambia wanted only 1,000,000 a
year. So it became increasingly obvious
that we would have to design a completely
new machine. Thomas Kuby. a fully
qualified industrial designer. undertook
this task and his first reaction was to visit
the established ega-tray industry. In fact.
there are just iwo firms that dominate the
world market and the one thal we ap-
proached. said: 100k, we know you want
a small machine for making egg trays. but
we have been making egg trays for 30
vears, and we can tell you that our hest




Photo 10.1. Paper pulp packaging unit—
shredding newspaper into the pulpsr.

brains can't do it. It is impossible to
produce such a machine.” Well, being
something of ap 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 from newspaper in the kitchen. From
there he borrowed some facilities at
Manchester University to see how best to
form the shapes and eventually decided
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 really in-
volved. Thomas's design led to a machine
for making one-third million-—the annuai
production  indiceted by our market

Industrial Liaison

survey. In Zambia there were three main
egg-producing areas, each with a forecast
requirement of about one-third miliion egg
trays a year; this figure had become the
farget output.

Pulp Forming

This Mark [ design incorporeted the
basic processes used in the conventional
plant, even if the size and complexity of
the component parts had been critically
reexamined. Basically the machine
consists of » pulper, a vacuum pump, and a
compressor. together with mixing tanks.
etc. The raw material is newspaper which
is shiown in photo 10.1 being fed into the
pulper. The pulper produces a four percent
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Phote 10.2. Egg trays are kfted from 1he mold anio the dryer.

Photo 10.3. Finished trays leaving the dryer.
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suspension of paper fiber in water through
the use of hvdraulic pressure that breaks
the paper up but damages the fibers of
paper to the minimum amount. These
paper fibers suspended in water are sup-
plied to a furming station. This was one of
the mast difficult problems hecause, Ip
make a mold for an egg trav. is an
extremely difficult technological problem.
[f you look at any egg tray vou will see that
it has a number of planes over which the
paper fibers have to spread eveniy. The egg
tray is formed by dipping a perforated
mald of the correct shape inta the pulp. ap-
plying a vecuum to build ap a laver of
fibers over the mold's sarface and
withdrawing the mold from the pulp so
that excess water will drain through the
perforations to be recycled. This gives you
a fragile egg tray that still contains about
70 percent water and thal has to bs
removed from the mold for drying. Con-
sequently, the mold has to be sufficiently
stahle 1o stand a vacuum of 500 millimeters
of mercury, which means thal it has to he
fairly strong. It needs a backing plate and
its surface has to be made of fine mesh.

The molds are made, or fave been so
far, by hand in sections; they are literally
hammered on io a former with a little rub-
ber hammer until they're the right shape.
The molds are then silver-soldered
together and put under a 5,000-ton press
for the final forming. You can't press the
things to start with hecause you must use
perforated metal, and il youw press
perfarsted metal you just distort the holes,
and the pulp will po straight through.
Photo 10.2 shows a general arrangement of
the various components, and shows
wholesale egg irays. as opposed io the
domestic “six pack” being removed from
the dryer in photo 10.3.

The egg tray plant in Nigeria has now
heen working for 16 months, 16 hours a
day, 6 days a week. It has so far produced

* 700,000 egg trays and they have not had to
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replace anything except two bearing seals
that were beginning to leak water.

Develapment

As g resuli of 1this insiallation, we
staried to get inquiries and it became ob-
vious that the very small plant was very
useful for the smal} country with smail egg
production. But we were also getting in-
quiries for a larger plant. So we developed
the Mark 1L The Mark | plant produces 125
egg trays an hour which waorks out to one-
third million a year. The Mark 11 plant is
basically the same. excepi that it has two
forming stations which are linked together.
We have modified it slightly. Instead of
hand-operation of the forming station, we
are now using an air cylinder to save the
physical effort on the part of ihe operatar.
This does 250 esg trays an hour. Then we
got inquiries from places like Panama and
the Middie East who wanterl a bigger one.
So again we did not redesign: we mul-
tiplied again. Four of the Mark 1l units are
equivaleni to 1,000 an hour. So we have
four sets of Mark Il forming stations and
instead of using the original pulp-forming
station. we have two larger ones and two
larger dryers. And that is where we gol a
certain amount of what the economists
persist in caliing the “'economy of scaie.”
This then, is the Mark HIl machine which is
capable of a 1,000 an hour.

From the group's point of view. the
interesting result of this is that we were ap-
proached by the second of the large egg
tray firms who said. “We are currently
turning down a lot of orders for plants
which are smaller than we can make. or
know how to make. but which are just the
right size for your Mark 111" Now ITDG has
no money and is noncapitalized. The big
plant will probably reiail in the region of
$200.000, which is still econumically very
viahle. Bul we haven't got the sort of
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Specifications of the Paper-Pulp Packaging Unit

The uniis are designed to produce items of paper pulp formed for packaging—with a
maximum unit size of 360 millimelers square x 100 millimeters desp—using waste-

paper, printers’ off-cuts. newspaper, etc.

EACH COMPLETE PLANT COMPRISES THE FOLLOWING ITEMS:

*“Mk 1a Plant™ *Mk 11 Plant™
One Pulp Preparation Station One Pulp Preparation Station
One Vacuum-forming and Transfer Station Two Vacuum-forming and Transfer Stations
Mechanically Operated Mechanically Operatud Together
One Tunnel Dryer One Tunnel drver

LABOR REQUIRED:

Three Operalors, Plus Supervisor

OUTPUF:
Mk 1a Plant™ “Mk 11 Plant™
120-136 Units per Hour 200-230 Uinils per Heur

OPERATIONAL MATERIAL AND POWER REQUIREMENTS PER HOUR:

"MK 1a Plant” “Mk 11 Plant™
100 prams Soluble Wax 200 grams Soluble \Wax
100 grams Aluminum Suifate 200 grams Aluminum Sulfate
10 liters Waler 20 liters Water
4 kilograms Paper i4 kilugrams Paper
Electricity: Electricity:
9.5 kilowatts for Pulp Preparaticn and 19 kilowvatts for Pulp Preparation and
Forming Station Forming Station
35 kilowatts for Drver 66 kilowatts for Dryer

NOTE: Drver can also be heated by steam. oil. ar gas.
SITE REQUIREMENTS:

Covered Area
Mk 1a 6 meters x 12 meters 11k 31 B meters x 15 metlers

PLANT SIZES AND WIIGH i8:

Pulp Preparation Station —3 meters high x 2 muters wide x 2 meters deep—\Veight 4.0006 kiloprams

Mk 1a Forming Station ~ —2.2 melers high x 1.4 meters wide x 1.2 meters deap—\Veight 750 kilugrams
Mk 11 Forming Station ~ —2.2 meters high x 3 meters wide x 1.2 meters deep—Weight 1,500 kilograms
Mk 1a Dryer —a muters long x 2 meters wide x 2 meters high—eight 1,800 kilograms
Mk 11 Dryer —4 meters long x 3 meters wide x 2 muters high-—\Veight 2,500 kilograms

ALSO AVAILABLE:

Mk 111 Plant Giving 1,000 iJnits Per Hour—Details on Request,

Table 1.




money 10 market a plant like that and carry
the capital cost over until we get the
money back. So 1 have signed an
agreement with this firm whereby they
will buy aur Mark I plant to fill the gap in
their product range that, after 30 years,
they haven’t been able to discover a suc-
cessful solution for.

So the group now feels that it has
intermediate technology in its true sense—
the smallest, the middle, and the larger—
every step right up until the large mass-
production plant takes over. We naturally
get something out of il. We make a profit
on the sale of the plants to this company
which poes back into the group to help its
main work. Gonsequently we feel that we
have proved without any reasonable doubt
that there is quite a lot of virtue in design-
ing a small plant. If a world moneopolist
ends up by asking to buy it, there must be a
real need forthis scale of production.

Technical Inquiries

1 propose now to go from the sublime
to the ridiculous. In the course of the year,
any year, we answer many technical inqui-
ries. They are of all types. from very small
to verv large. 1 want to discuss what is
probably the smallest. [ had a defightful iii-
tle letter ahont 12 months ago from a man
living in the middle of Africa. The letter
said: “Dear Mr. Lofthouse, my business is
providing sand for a cement works. My
men wulk down a slope 130 feet long to the
riverbed. They fill a basket with sand and
they walk up and dump it on the top of the
slope.” And he seni two little tiny
photographs to actuaily show me the
actual river. ““l have recently been able to
get hold of a five-horsepower diesel
engine. How can I use this to improve my
preduction? [ have $29.”

I wrote to him and said: *'$20 is not
very much meney. [ would suggest you go
0 a dump, and find a Land Rover and buy

Industria} Liaison

the power-takeoff unit cheap. Put a belt on
that and a pulley on your diesel. Beg, bor-
row, scrounge, or if necessary, buy about
140 feet of %4-inch wire rope. Get a large
bucket and have two wheels welded on it
and drill holes in the bucket. Your men
can carry the bucket down the slope, fill it
with sand, and you can then tow jt up us-
ing the Land Raver winch with your diesel
engine.”

Well. 1 never expected to hear any-
more, and so | was rather delighted about
six months later when he senl a letter
which said: “Dear Mr. Lofthouse, I thank
you very much, [ have doubled my produc-
tion.” [ am perfectly sure that in about
another 18 months he will probably write
again, saying, "'l now have $100, how can !
improve my production further.” Then I
will show him how to make aconveyor. Or
something of that nature.

Intermediate
Technelogy Workshop

Perhaps these interesting examples,
explaining the practical application of
intermediate technology, show why 1
maintain that one cannot talk about any
specific type of production. | now want to
go on to a little factory which actually
started this imdustrial liaison exercize in
the group. Originally this particular
exercise was founded by the Ministry of
Overseas Development as a research
project. The original conception of the re-
search was to have a man in Africa to re-
search into whether Africans wanted
small-scale industry; and to have myselfin
England to research whether the United
Kingdom, or the Western world generally,
could provide suitable small-scale equip-
ment.

Nol being an academic or a research
person, | went over lo northern Nigeria to
see Will Eaves, the man there and 1 said,
"“We've gol a three-year research program

153




Introduction te Appropriate Technology

and instead of walking round and askiny
everyhody if they want a small-scale fac-
tory, let's set one up and see whether it
works.” So that is previsely what we did.
We set up a factory and the Ministry put
in $2,000 and North Central State put in
$3,000, and provi-ed us with an old ex-co-
lonial bungalow. They also provided us
with 17 primary-school leavers, the sons of
subsistence-level farmers who would, in
the normal course of events, have had no
future and who would probabiy have

ended up as beggars, or something of that
nature. hecause they could get no further.

Hospital Equipment

The first thing we taught these boys
was how to reroof the bungalow. wire it
and =0 on, and then we started into produc-
tion. Now at that stage. Nigeria was
desperately short of hospital equipment.
Will Eeves was trained at Universitv
College Hospital in Londor as a hospital

Haematacrit centrifuge
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Figure 10.1. Centrifuge made at the Intermediate Technology Workshop, Zaria, Nigeria.
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technician and is himselt an innovator al-
most to the peint of being an inventor. The
only resources he had available were
building malerials, such as conduit, pipe,
angle. and what he could scrounge in the
way of trolley wheels and things of that na-
ture. So he designed the whole range of
hospital equipment, for example the cen-
trifuge shown in figure 10.1 to be made
from these local raw materials and got
orders from the Ministry of Health to equip
at |east three hospitals. And it was all made
by these primary-school leavers who came
straight into the works where they were
taught to use the oaly equipment that we
had—an exyacetylene welder and a hand-
operated hydraulic bending machine. Ex-
cept for an electric bench drill, all work
was done by hand-tools. This factory has
now been running for three years and the
original $5,000 that was put in to set itup
is still turning over. The boys only stay
there a year, but the factory is training 35
boys a year in basic engineering principles
and it is costing nobody anything. 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 preduce swings and rocking
horses and things like that. They went like
a homb because they were very cheap and
they really were very well accepted. Then,
a Incal firm there was doing some research
into tomato growing and wanted special
cages to protect the tomatoes. We built the
cages. It became a general engineering
warkshop, with the accent on hospital
equipment, but capable of doing any small
simple engineering work.

Entrepreneurs
The purpose of this venture was to

train these boys to stand on their own feet.
Now entrepreneurs are horn, not made, at

Tndustrial Liaisan

least that is my opinion. You can send
thert to as many management courses as
vou wish, but vou cannot make a manager
unless he is born with the righi instincts.
Our first 17 boys immediately got jobs in
lecal industry and went on ta the next
stage, which was s proper apprentice train-
ing to get their qualifications so they cowld
get union rates and all the oiber things.
After about six mouths two of them became
tired of this and got local athadjis 1© fi-
nance them. One of them went to the oid
city of Zaria. got himselt a wooden hut and
is currently making a very nice living from
sheet-metal vrork. He makes all tvpes of
sheet-metal work, particularly oifice
equipment such as filing cabinets. The
cther one set up in competition with the
main organi: *tions and is siso doing very
well.

Wheelchairs

One aof the maost successful things thai
developed in the workshop was a wheel-
chair. There are in the north of Nigeria a lot
of disabled people, many of whom have
been crippied in cattle stampedes. The
Muslim religion is such that if a man is
disabled. it is an act of God, and his fellow-
people are supposed to look after him.
Nevertheless, the invalids don't feel very
happy about it. For this reason we
developed a very simple wheelchair,
basically constructed of building ma-
terials, 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 hoy’s hicycle. It is chain driven by a
hand crank.

Now the beggars have a union, of
course, and the head of the beggars’ vnion
came to Will Eaves one day and said he
would like one of these wheelchairs. So
Will told him that they sormally sell lor
$30—it costs us $24 1o make them—but 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 ot least one of us can be mobile,”” As he
was painfully dragging his smashed legs
down the drive, Will asked him why they
didn't do some work., “We're disabled.
Most of us have got no legs.” tc which Will
replisd, “You've got hands.” Accordingly
he bhought a number of tretsaws and
scrounged (g lot of our work is done
through sciounging) off-cuts of plywood
from the local factories and taught the beg-
gars how 1o use a fretsaw. They started off
by cutting out and selling the letters of the
alphabel, then the emblem of the Northern
cross, which is very popular there. and
then they went on to jigsaw puzzles.

There are now 10 beggars in the group.
They are compleiely self-supporting. and
have now purchased for themselves five
wheelchairs which thev take in lurns to
use. It is really frightening to see these
fellows. 1 hope the wheelchairs are as sta-
ble as they look, becuuse they go tearing
madly along the road at about 10 miies an
hour ard they have no idea of how to take a
zarner, but they get round somehaw!

Bul it is extraordinary to see the
change in those beggars cver the last
couple of years. They are completely
rehabilitated now. They are well dressed;
they are happy. and are compietely dif-
ferent people. It also has had a kind of a
spin-off in that when [ go up there now, no
beggar ever asks for alms. It just shows that
if one has the imagination, almaost any-
thing can be done. 1 think the total cost to
ihe group, which as a matier of fact came
out of Will's and my vockets, was $10, and
there are now about 10 beggars earning
their livelihood. The thing that particu-
larly surprised me wes that the local leper
colony wanted to do work for itself. And
the disabled beggars welcomed the lepers
into their circle and taught them how to do
it. Far an African comnmuaity to welcome
lepers into their circle and teach them a
skill was, we felt, quite a success.
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Local Design

I was talking about this about 122
months ago when | was al Strathclyvde
University and an economist said. “That's
all very well but thai was the best they
could ger. If only 1they had had decenmt
wheelchairs, how much happier they
would have been.” But on that occasion,
fortunately, 1 had the answer, because
while I was there, one of the rich beggars
[there really are some rich beggars who da
make some money) came up with an im-
ported wheelchair of which the delivered
cost at Zarla was $100. And he asked Wiil
if he would take it in exchange for one of
his. Will refused because it was niterly use-
less, absolutely useless for the conditions
there. It would have been marvelous in this
country where you have smooth surfaces.
but ta try and use a Western wheelchair on
those roads would just not have worked.
The same applied {o the hospital equip-
meni, which is why we redesigned all that.
It just does not work unless you know the
conditions.

Small Industry in Mauritius

[ think we will now take a different
sort of problem. Mauritius has plenty of
educated peopie but few jobs for them. Be-
ing educated they can o!so think rather
well. and there is a very explosive situation
developing. Mauritius waated to know
how to employ these peonle.

They have an organization for the
lesser-trained people who work an govern-
ment schemes, such as construction. But it
is the secondary school children leaving
school who are becoming a problem, and
Mauritius would very much like to set up
industries which can employ them. Now
the only really interesting industry that 1
saw lhere was jewel drilling. The Swiss




watchmakers turn jewels to size and send
them fo Mauritius where the hole is dritled
through them. This is a labor-intensive and
highly skilled job, and because there is
very high value and very low volume, you
can afford the transport. Unfcrinnately the
praocedure was changed. The jewels are
now drilled with Jasers, and this is being
done in Switzerland. However, most of the
iewels, as well as being dritled, have to be
countersunk. You can'l countersink with
lasers so they have aliered machi

ed the machinery
and are now countersinking the jewels in
Mauritins

This example parallels a [ot of requests
that we are getting in increasing numbers

from all over the world, particularly with

reference to electronic squipment and
vther electrical equipment in general. & lot
of people are saying that they have com-
paratively cheap labor and can they not im-
produs.ad stuff that is not mass-praduced,
build ihe electronic equipment, and ship it
back? Now [ must admit 1 have not had
much success with this so far. Also, [ am
worried from the per-onal point. I may be
undwy pessimistic but one is watching
Hongkong and places like that rather care-
fully at the moment. Fer years these free-
port areas have had very sood business be-
canse they have cheep labor and can
compete because of their cheap labor, With
the coming nf the mass media and the
general growth af knowledge all across the
world, mest of this labor is now becoming
organized, and I have a herrible thought in
the back of my mind that each of these
places, prebably starting with Hongkons,
is going to end up as a wilderness. Once
the labor force gets what we would call a
reasonable return for its labor, it will nc
longer be an economic proposition to send
the stuff over and rising transport costs
will accelerate this trend. I can see a iot of
these cheap labor areas being much worse
than they were when they started.

Industrial Liaison

Hand-Tools in Ghana

1 waml now to fake another example
that shows that, where you have a
farsighted management. there is quite a lot
that can be done. This was in Ghana. in
Kumasi University’s Technology Censul-
tancy Center which asked me if it could
make hand-tools, particularly chisels,
screwdrivers, and hammers. And 1 knew
perfectly well what the potential market
was. | said thai they couldn't do this be-
cause they would need different metals for
chisels, and difterent metals for screw-
drivers, In additinn. by the time thev had
gotten the metallurgical control, the keat

treatment, the drop-stamps and all the

other things they would need for manu-
facturing this sort of product, it would not
have been economical to de it using the
lacal blacksmiths. The capital cost is such
that you could produce enough in a week
to last Ghana for a year. But nevertheless 1
ssked them to leave it with me and I went
io the Smali Tool Trades Associution in
Sheffield and talked it over with them.
They suggested that 1 go and see Footprint
Tools, the well-known tocl manufacturers
in England. I asked why they suggested
this particular firm and they replied it was
because it did not have an accountant on
the hoard! So I went to see them and the
result is that Footprint is exporting to
Ghana about 10,006 heat-ireated. finished
blanks a year. The people in Ghana are
grinding them, edging them. polishing
them, putting handles on them and selling
them as Footprint tools, Footprini sold
them two high-speed wood-turning lathes
tp make the handles. Footprint has not
been eniirel¥ without benefit from this be-
couse they themselves are desperately

chmmt ~F b o s dlag sarbain vy o
short of hardwood handles which they are

now importing from Ghana. The managing
director told me, “We will make no money
out of this, but once Ghana realizes that
Footprint taols are good tools, when they
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Introduction to Appropriate Technology

wanl to import the more sophisticated
tools which they cannot make themselves.
they will ask for Footprint, and with any
luck, in 10 years’ time we should have a
developing market in Ghana,”

Exports

This attitude is something that 1 wel-
come very much in a large company—to
see that they are prepared to look 10 years
ahead, to huild the name of the company
up, to build the reputation up, so that in
the future they wiil have a developing
market. I think I should mention here that 1
do gel criticism from time to time from
various grganizations in England. who say
that T am just “cutting their throats™ hy
teaching these peopie to make their own
goods. 1 am ru ning their export markel.
But this is not : rictly true. Because if one
can build up the standard of living of the
developing countries. potentially one is
really building up a completely new export
markei. When they have an increased stan-
dard of living and some free cash, they will
be importing things from us. It will cer-
tainly change our export market com-
pletely but, provided we are prepared and
lively enough to change with it, we will be
able to import goods from them that they
can produce better or cheaper. In turn they
will be a potential export market for goods
that they cannot produce. There are a lot o1
items that we produce on which they could
not possibly altempt to compete with os
because of the small market potential that
they have. It is a completely changing pic-
ture, but [ don't think necessarily that by
helping the developing countries to
develop we are cutting our own throats. In
fact, 1 think myself that we are investing in
the future.

Glassmaking

[ want row to touch on an interesting
possibility for the future which started
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from inguiries that we had from all over
the world concerning glass. [ was harrified
1o get a letter from Chile, saving, “Please
can you find us a supplier of glass jam jars.
Far vears we have been importing jam jars
from the tlnited Kingdom to put our jam
m.

The mind boggles at the thought of
hoatloads of empty .jam jars being
transported there 1o be filled with jam and
then exported back again to the Western
world. [ thought this was absolutely crazy.
At the moment glass production. certainly
in England, is very limited. and the reason
they wrote to me was that they could no
longer bnport the empiy jam jars. So I
started locking into this.

[ talked to various people. all of them
very knowledgeable about glass: among
them was the Chairman of the Glass Re-
search Association. { said, “'I have done a
little bit of homework and as far as I know
glass is basically silica sand. limeslone.
and soda asii with a few trace elements like
arsenic 1o clear it. So what is the problem
in making glass? He said that the problem
is soda ash, which is only produced by ICH
and without soda ash you cannot make
good glass. I was feeling just a litile bit
naughty that day, so I said, “How long has
ICI been running, 50 years, 60 vears? Could
you then tell me how the Egyptians and the
Chinese made glas= before ICI was ever
heard of?" This caused a rather deadly
hush, I'm afraid. Se I consulted a chemist
and found that soda ash is only used as a
flux and is easily obtainable from either
seaweed or wood ash, and in fact, if you
just add seaweed to the mell you get a
slightly geeen giass which is rather atirac-
tive—you don’t have to use soda ash at all.

We now have a plant under design of a
similar scale lo the egg tray plant I dis-
cussed earlier, which will probably be sold
as o package deal. The gquestion of the
fuenace is interesting. A furnace normally
costs about $40,000 because it needs
highly sophisticated refractury materials.




The reason why vou need to have highly
sophisticated refractory materials is thal a
furnace is expected to last 10 years. But if
you pose the question of wha! happens if
there is local refractory clay and the peaple
are prepared to rebuild every six months,
the experts will admit that such an ap-
proach is perfecily feasible. They just don’t
recognize that these people might not
mind labor; the fact that they have 1a
rebuild the furnace everv six months does
not matter. They have got the labor; they
have got the clay; and if they can do it
themselves, it is cheaper than importing
these highly sophisticated pieces of equip-
ment. Although Tam only doing the initial
costing al the momeni. and we haven't yet
even built 1 prototype plant, § am nearly
certain that one could build a factory using
what is called a 'day tank " to make 1,000
jam jars an hour from local raw material.
for less than $50,000. A shipioad of empty
jars going from England to Chile just does
rot corpare economically.

Incidentally, the glass this plani will
make will be slightly green and will have
little tiny bubbles in it, because it seems
pointless to import arsenic. and various
other trace elements, which are extremely
expensive and are only used to clarify the
glass. T was interested to see that major
stores are actually selling as a curiosity,
bottles made of green glass with little bub-
bles in them at $3.50 each.

Industrial Liaison

Economic Viability

[ fust want to end up with one small
example because it goes back to the other
gxtreme again. 1 received a letter from a
man called Father Mulligan in Grenada
which said: “Dear Mr. Lofthouse, i have a
circular sawbench, 1 have an eleciric mo-
tor. The shaftsize is such and such. the mo-
tor horsepower is so and so. Herewith a
check for $30. can you please send me
some pulleys and belts?” Which of course
we did. Now | quoted this case when [ was
having something of an acrimonious argu-
ment with 15 economists who were saying
to me. “Why do you answer ihese inqui-
ries: how do you knew that the answer you
give is economically viable?" My reply
was that if [ had written to Father Mulligan
and asked if it was reaily economically via-
ble to set up a sawbench in Grenada, what
good would it have done for aaybndy?
However. we have had a lot of letters from
Father Mulligan since. [ have helped him
obtain a lot of information and equipment
and at the moment we are actually supply-
ing two 45-horsepower electric motors be-
cause he has now set up his own sawmill.
But | happened to meet the High Com-
missioner of Grenada about six months
ago, and [ asked him if he had ever met
Father Mulligan. “Yes. he's a marvellous
fellow. He’s got the best workshop in the
islands. Where he gets his equipment from
1 don't know, but [ wish [ did.” Se I iold
hirm.
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Appr opriate Technology

by Ton de Wilde

In an article for the Gandhian [nstitute
of Studies in 1961, E, F. Schumacher
wrote: "It seems obvious that higher
productivity is better than lower, and that
the highast is the hest. Modern technology,
as developed mainly in the West, appears.
therefore, as the most desirable object for
adoption by poor countries, which are poor
Lecause their productivity is low. 1t is often
suggested that underdeveloped countries
have even a special advantage in being
latecomers, as they can ‘jump’ over the
intermediate stages of technological
development, which have disfigured life in
the rich countries during the nrineteenth
century and can now—with aid from the
wealthy—go straight to the highest level of
technology to produce affluence without
exploitation.

“This idea of the great ‘jump—from
bullock cart to jet enging, so to speak—is
often advanced to mollify those who are
afraid of machine civilization as starting
the full development of individual man,
destroving kis dignity, and enslaving him
to mechanical forces. Modern technology,
it is suggested, can produce sc much
wealth with so little effort that men will be
set free for the first time in human history:
even if their ‘work’ becomes meaningless,
they can “live’ during their teisure hours.
[ndusirislization on the level of
nineteenth-century technology may have
been a dark tunnel; but twentieth-century
technolegy leads straight into the light of
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Growth

In the context of a sociaily appropriate
technology. 1 wanl to examine the way
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is I.l‘t'd in bUblt:l\. and lllt:ll
look at technologies as implemented by
several organizations other than ITDG.
First then. the way lechnology is used in
developed coumiries. such as the Nether-
lands. In fact, I can only pese gquestions—
questions about the appropriateness of this
twentieth-century industrial technology
that should “set [people] free for the first
time in human history.” For example,
when I go to a car factory, I would see that
all its modern transfer lines and auto-
matically controlled machines are not
working for most of the week. and there are
people there for only halfl the week. Mass-
production technology is very sensitive to
market fluctuations; nevertheless, I might
understandably get the impression that we
are trying to produce things withoud
people. Or in the cases where it is not vet
possible to produce guods without human
beings. that we are irying to design our fac-
tories so that the worker only has to move
his 1ight arm up and down and push his
left arm forward two inches, iwenty times a
minute. eight hours a dav.

But [ want vou to consider if he realiy
hus an enjovable or fulfilling time, For
when this man gets older he might be unfit
to work anymore. At the moment an em-
ployee of over 45 vears has a 20 percent
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who are no longer fit to work, Or he might
be unemployed, and in our society ihis
may not take long. With a 10 to 12 percent
unemployment rate he can sasily join the
pne in ten peuple who have no work, not
aven the assembly-line work 1 have jusi
described.

Purpose

But here we must ssk whal cur aim is.
Is it to develop factories along these lines.
to continue pursuing a technology that
sels the people free from work? The
technolagist can only aim for a society
where people are consumers and are no
longer producers. 'n pur Weslern ra-
ticnality, in our dialectic way of thinking,
we distinguish between consumevs and
producers, between life and work, between
capital and labor, between materialistic
things and spiritual things or feelings. But
what happens when the decision makers
base thelr decisions on models that only
recognize a part of our human being? Now,
ou the one hand, we have our cars—some-
times with stereo—our color television,
our household gadgets, our pariies; on the
other hand, we have our psychiatric hos-
pitals. And there are simply not enough of
them tu cape. We do net have enough psy-
chiatrists and psychologists to help the
peoplé who run their heads agaiast the
wall—peaple who want to work but who
can arly ga each week to the social service
tp be paid for doing nothing. [t must be
clear by now that to me, technalogy means
the labor situation and the whole
technological infrastructure,

The technological netwaork is
concerned with a mass of information, the
speed of life, places crowded with cars, a
lot of garbage in nature, the spoiling of our
ecological system, For some people in
some situptions this system has its
henefits, bui we must realize that there is

Some Social Criteria for Apprapriate Technology

also o bad side for other people in other
situations. This is true pol noly at o 0a-
tional, but also at a world level. One past—
the 20 percent in the developed coun-
tries—is well fed and has some kind of
wark. while the 80 percent in the less-
developed countries are badly fed. and
there is ao work for 30 to 50 percent of
them.

What is the cause b all this? | don’t
believe that the so-called capitalist factory
designer really wants to exploit his la-
berers, sending them to psychiatric clinics.
making them disturbed and unfit 1o work.
These crises are the result of ihe best hu-
manitarian intentions te reploce hard
human labor by mechanization., to
decrease human suffering. and to increase
jife expectancy. But if this is our intention,
we must be conscious of what our aspira-
tions are. what sart of saciety our children
will have to live in. This means that we
have to think about the use of technelogy
in our present society. And perhaps to
formulate it in the way that is done in the
second Club of Rome report: How can we
progress from an undifferentiated. un-
halanced growih to organic growth? In the
waords of Professor Sagata Dasgupta, direc-
tor of the Gandhian Institute of Studies, we
should move back from our growth-
oriented technology to a society-orisnted
technology.

In fact this was the independent con-
clusion of discussions that have taken
place in the Brace Research Institute in
Canada, This institute, originaliy only
working on technological solutions to
waler-supply problems in arid areas.
learned through long experience that
techriology should be society oriented.

In coliecting material for 2 Handhook
an Sociolly Appropriate Technology there
were some hard discussions about the rela-
tionship between society and technology.
Frede Hvelplund frem the School of Eco-
qomics and Busigess Administration in
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Aarhus, Denmark, was involved and
pointed out that appropriate technology
should be seen as a provess. He suggested
that it it was possible to take a photogra
of appropriate technology, the photo might
indicate a smail-scale factory in action. A
static picture will show us many of the
technical details which have been
characterized as labor intensive, simple.
local, etc. H insiead, we could luke a mav-
ing film. we would see a dynamic process,
and would notice the relationship between
pecple and technology. between groups of
people and lechnology, hetween
technology and oruanizations in the local
social-economic structure. In trying to
describe this process we can distinguish
four main components: the resources, the
people, the technologies, the economic
and political structure.  All of these
components have 1o he in basic good shape
in order not to constrain the process, The
technology can be very good and still the
structure can hinder a process, or the
technology can be excellent and yel be
restrained by peaple who are culturally de-
prived.

b
bl

Criteria

Any of these four components can be
regarded as parls of an appropriate
technology process and any of them can in-
hibit such a process or make its perfor-
mance exiremely difficull. For example, if
self-osteem, creativity, awareness, or ca-
pability are not present in the people, it
aften makes no difference whether the
structure is good and the technology is
adequate. [f the structures are binding or
hindering the creativity of the people, it is
also of little vse to introduce an appro-
priate technology. Therefure, Hvelpiund
has generated 15 criterin which should be
kept in mind when starting an appropriate-
technology process:
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10.

The technolngy organization must
be adapted to local cuebtural and
economic cenditions.

. The toals and processes utilized

musl be under the mainlenance
and operational control of the
local workers.

. The technology should. wherever

possible, use focally available ma-
{eriaks.

It imported materials and
technolugies are used. some con-
trol of them must be available to
the community,

An appropriate technologs
process should. it possible, utilize
lotally available energy resources.

. The technology should be flexible

in order that the community does
not get bound to a wrong direc-
tion.

. Research and action should be in-

tegrated and locally corried oul.

. The process must tend to produce

items which the majority in a
country can currently afford.

. It musi create jabs for all people in

society and in this way be able to
utilize local human resources.
{This point is necessaty 1o ensurg
that the absence of formal
technical education does not
hinder & person in gelting a job,
and that the werk is transformed
to the culiural patlerns of the locai
workers, insiead of trying to
conform the local workers to the
technelogy. In the long term it
may also prevent the developing
country tending to approach the
situation of industrial countries.
where a constantly increasing
fractivn of the population—old
people, young peaple, women—is
defined as unable 1o participale in
the working and society-creating
process.)

It must be able to compete or, if
that is not possible, avoid the
competitive sphere. [In  cases
where it is impossible lo gain any
contral over the price mechanism
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that the only feasible way was with a
vacnum that drained the excess water off
the pulp through a perforated mold.

And then of course we got really in-
volved. Thomas's design led to a machine
for making one-third million—the annual
production  indicated by our market

ihe component parts nao ueew wiwaiy
reexamined. Basically the machine
consists of a pulper, a vacuum pump, and a
compressor, together with mixing tanks,
etc. The raw material is newspaper which
is shown in photo 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 te better for the
majority to minimize trade. This
minimum trade alternaiive si-
multaneously increases the local
bargaining power.)

11. Technology must prevent external
culiura! domination.

12. An appropriate-technology
process should be ecologically
sound.

13. Anyappropriate-technology
project tnat deals with primary
products and raw material extrac-
tion mus. also ey 1o establish
manufaturing units for this
produci.

14. The eppropriate-technology
process shouid constantly be in-
novative in order to improve the
human and materist conditions of
the local people through the use of
new organizational types and new
technolegical devices.

15. A process should nat only be ap-
propriate at a local level Emt alsu
be formed in such a wayv that it
takes regiona!. national, and
internaiional conditions into
consideration.

Bearing these criteria in mind, we
should realize that socially sppropriate
technolegy implies a choice for » certain
way of life. It is a political choice. 1t is a
choice for each individusl to make for
himself.

International Rice
Research Insiitute

[ want now to describe saime of the
other organizations, apart from the Inter-
mediate Technolegy Development Group.
which are working on “Appropriate
Technalogy.” From the exanples, you will
see thai some pay inore, some less, atten-
tion to the social aspects of appropriate
technology.

Some Social Criteria for Appropriate Technology

The ftirst one | want to describe is the
lnternationa! Rice Research Instiiute. In
1967 the Agricultural Engineering Depart-
ment of IRRI started @ program in the
Philippines to develop low-cost. small,
power-operated machines o be manufac-
tured in Asia. Amir Khan, the head of this
department. analvzed agricultural
mechanization technologies and distin-
guished two approaches. "The Western ap-
proach emphasizes drvland farming with
large. high-powered equipment. it em-
ploys capital-intensive technology and has
evolved from a primary emphasis of
replacing human faber with machines. In-
troduction of such a technology in the
develeping countries tends to create labar
surpluses. and is not so desirable in the
highly populated tropicai Asian region.
Many attempts have been made to in-
troduce this technolegy in the developing
world. Nearly 30 vears of etfort. however,
has produced rather insignificant results.
In India. where tractors of over 35 h.p. have
been introduced since the end of World
War 11, only one percent of the total arable
land is worked with such tractors ioday.
Mechanization in Japan has not followed
the Western approach. Rice is a major crop
in Japan and is grown on small farm hold-
ings under wetland conditions. The high
support price for rice. coupled with the
country's rapid industrial growth and a ris-
ing standard of living. las resulted in the
mechunization of agricullure using rela-
tively low-powered. vet quite sophisti-
cated. furm machinery. This equipmen!
has been developed to meet the require-
ments of the Japanese furmer but is still far
toa complex and uneconomic for ihe rest of
tropical As

In his analysis Amir Khan concludes
that the ‘“Developments in the in-
dustrialized countries are further widening
the gap between the capabilities of their
mechanization technologies and the needs
of the farmers ia developing countries. In
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on the international market. or
where the local backing power is
too low. it might he better for the
majority to minimize trade. This
minimum trade alternative si-
multaneously increases the focal
bargaining power.)

11. Technology ust prevent external

cultural domination.

An approprigte-technology

pracess should be ecologically

sound.

13. Anvappropriate-technology
project that deais with primary
products and raw malerial extrac-
tion mus also ey to establish
manufaturing units for this
product.

14. The appropriate-technology
process shourd constantly be in-
novative in order 10 improve the
human and material conditions of
the lacal peeple through the use of
new oruanizational 1vpes and new
technolegical devices.

15. A process should not ooly be ap-
propriate at a locat level but also
be formed in such a way that it
takes regional. national, and
international conditions inle
consideralion.

-
5

Bearing these criteria in mind, we
should realize that socially appropriate
technolosy implies a choice for » certain
way of life. It is a political choice. It is a
choice for each individual to make for
himself.

International Rice
Research Insiitute

I want now to describe seme of the
other organizations, apart from the Inter-
mediate Technology Development Group,
which are working on  “Appropriate
Technolagy.” Fram the examples, you will
see that some pay mare, some less, atten-
tion to the social aspects of appropriate
technology.

Some Social Critetia for Appropriate Technology

The first one [ want to desvribe is te
International Rice Research Inslitute. In
1967 the Agricultural Engineering Depart-
ment of IREI started a program in the
Philippines to develop low-cost. small.
power-opetated machines 10 be manufac-
tured in Asia. Amir Khan. the head of this
department. analyveed agricultural
mechanization technalogies and distin-
guighed twe approaches. ~The Western ap-
proach emphasizes dryland farming with
large. high-powered equipment. 1t em-
ploys capital-intensive technology snd has
evolved from a primary emprhasis of
replacing human labor with machines. In-
troduction of such a technology in the
developing countries tends to create labor
surpluses. and is not so desirable in the
highly populaied tropicai Asian region.
Many attempts have heen made 1o in-
troduce this technology in the developing
world. Nearly 30 vears of efforl. however.
has produced rather insignificant resubts.
In India. where tractors of over 35 h.p. have
been introduced since the end of Workd
War [1. only one percent of the total arable
land is worked with such tractaes taday.
Mechanization in Japan has not followed
the Western approach. Rice is & major crop
in Japan and is grown on smail farm hold-
ings under wetland conditions. The high
support price for rice. coupled with the
couniry's rapid industrial growth and a ris-
ing standard of living. has resulled in the
mechanization of agricultuve using rela-
tively low-powered. vet quite sophisti-
cated. farm machinery. This equipment
has been developed to meet the require-
ments of the Japanese farmer but is still far
too complex and unecangimic {ar the rest af
tropical Asia.”

In his analysis Amir Khan concludes
that the “Developments in the in-
dustrialized countries are further widening
the gap between the capabilities of their
mechanization technologies and the needs
of the farmers in developing countiies. In
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on the international market. or
where the local backing power is
too low. it might be better for the
majority 10 minimize trade. This
minimum trade alternative si-
multaneously increases the local
hargaining power.]

11. Technology must prevent external
tultural domination,

12, An appropriate-technology
process should be ecologically
sound.

13. Anyvappropriate-technology
project tnat deals with primary
products and raw material extrac-
tign mus! also v 1o establish
manufa_turing units for this
product.

14, Theappropriste-iechnology
process shouid constantly be in-
novative in order to improve the
human and materis! conditions of
the local people through the use of
new organ:zational types and new
technological devices.

15. A process should not only be ap-
prepriate al a local level Lut also
be forrned in such a way that it
takes regional, national, and
international conditions into
consideration.

Bearing these criteria in mind, we
should realize that socially appropriate
technalogy implies @ choice for = certain
way of life. It is s political choice. 1t is a
choice for each individual to make for
himself,

International Rice
Research Institate

1 want now to describe seme of the
other organizations, apart from the Inter-
mediate Technology Development Group,
which are working on “Appropriate
Technology.” From the examples, you will
see that some pay more, some less, atten-
tion to the social aspects of appropriale
technology.

Some Social Criteria for Appropriate Technolagy

The first one 1 want to describe is the
International Rice Research Institute. ln
1967 the Agriculiural Engineering Depart-
menl of IRRL started a program in the
Philippines to develop low-.cost. small.
power-operated machines to be manufac-
tured in Asia. Amir Khan, the head of this
department. analyzed sgriculiural
mechanization technologies wad distin-
suished two approaches. “The Western ap-
proach emphasizes dryland farming with
farge. high-powered equipment. It ent-
plovs capital-intensive technology and has
evolved from a primary emphasis of
replacing human [abor with machines. In-
troduction of such a technoiogy in the
developing vountries tends to create labor
surphuses. and is not se desirable in the
highly populaied tropica: Asian region.
Many attempts have been made te in-
troduce ihis technoiogy in the developing
waorld. Nearly 30 vears of effort. however.
has produced rather insignificant results.
In india. where tractors of over 35 hi.p. have
been introduced since the end of World
War II. onlv ene percent of the total urable
land is worked with such tractors today.
Mechanization in Japan has not followed
the Western appreach. Rice is a major crop
in Japan and is grown on smali farm hold-
ings under wetland conditions. The high
support price for rice. coupled with the
country's rapid industrial growth and a ris-
ing standavd of living. has resulted in the
mechanization of agriculture using rela-
tively low-powered, vet quite sophisti-
cated, farm machinery. This equipment
has heen developed to meet the require-
ments of the Japanese farmer but is still far
too complex and unecenomic for the rest of
tropical Asia.”

In his analysis Amir khan concludes
that the “Developments in the in-
dustrialized countries are further widening
the gap between the capabilities of their
mechanization technoogies and the needs
of the farmers in developing countiies. In
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Some Social Criteria for Agprapriate Tschnalogy

Phato 11.2. Seven-horsepower tillar
designe¢ al the Infernationai Rice
Research Inshtute

equipment 10 mechanize tropical agricul-
ture is not possible. becanse of foreizn ex-
change shortages, This dilemma can be
solved through the development of appro-
priate agricultural machines in line wilh
the needs of both the farmers and tie
manufacturers in the devejoping coun-
tries.” ’

It can be seen in tuble 1. which lisis
some agricultural mechanization indica-
tors for 11 Asian rice-producing couniries.
that in Japan a good combination of
mechanization and labor is pessihle. In
japan, mechanization, measured by the
power available per hectare, is 2.664 h.p.
per hectare which makes it by far the most
mechagized country in Asia while it is
second in labor intensity. The agricultural
mechanization Adepartment of IRR[ has
tried over the last years to develop appro-
priate agricultural machinery tc meet the
need of other Asign countries snd o

Photo 11.3. Cretan-type sall windmill irriga-
ting plots of land adjacent tc CGmo River,
Ethiopia.
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compeie with imperted machinery, The
designs are developed jointly with local
manufacturers and tested for several vears
before industrialized production is started.

In 1971 they began with the produc-
tion of & power-tiller, On balance. they feel
that this scheme was a success, not enly for
the farmer but also for the industry where
it created an extra 100 workplaces. while
the ipvestment cost for each workplace
was $99 compared with the normal $1.000.
The design of the power-tiller reguires
only simple manufacturing operations
such as cutting, welding, and drilling. Far
the more complicated components stan-
dard designs, alreadv available in the
Philippines, were used: for example,
normal gear transmission was replaced hy
a transmission from available motorbikes.
Table 2 gives details not only of the pawer-
tiller but also of other agricultural ma-
chinery projects.

It is importani to note that although
IRRY works within some of the criteria I
oullined earlier, its projects stil) Jie within
the framework of a Western economy. lis
mair criteria are that all the designs should
be commetcially viable, and that thev
should be able to compete with imported
machinery. So [RRI does not pav much at-
tention to improvements in the use of
animal-drawn equipment.

1 have doubis whether only
mechanical mechanization should be em-
phasized in Asian agriculture; I have
counted the percentage of human, animal.
and mechanical horsepower used per
fiectare in the 1! countries mentioned in
table 1. These show that animal-drawn
equipment still provides more than half
the tatal power used per hectare.

Planning Research
and Action Bivision

The Planning Research and Action Di-
vision of the Uttar Pradesh State Planning

Some Social Criteria for Apprapriate Technology

Institule in India works along similar lines
to IRRI1 in developing designs in collabora-
tion with local manufacturers. M. K.
Garg. the head of the Rural [ndustrializa-
tion Department. has introduced what he
calls the “technclugy package.” which in-
cludes both the hardware. actual ma-
chinery. and the software. the training of
the laborers and management. the market-
ing, and tha form of ewnership. PRAD has
been involved in rural indnstriatization
singe 1959 and one of its hest-known
projects has been small-scale sugar tac-
taries. The need for crystal sugar in India is
quite large: the total consumption a vear is
about 5 kilograms per head of the popula-
ticn (compared to the Western countries’
50 kilograms per head per yearl. Com pared
with instalied refining capacity there is
also overproduciion of sugarcane. which is
a crop that is easy to grow. Each produc-
tion unit of the large-stale vacuum-pan
process needs an investment of about
$5 million, which is far too high for
Indian villages. Over the past several vears
there has been a decrease in the Khandsari
industry. the traditional industry that
processes sugarcane 1o a kind of brown
candy. In 1910 this industry processed
about 25 percent of the grown suparcane,
while in 1955 it processed ot more than 2
percent. The percentage of sugar extracted
from the cene when processed into crystal
sugar through the vacuum-pan technique
is 75 to 80 percent, while the indigenous
Khandsari process can only recover 42 to
45 percent of \he available sugar. These
were just two of the reasons why PRAD
staried to search for a simple, vel efficient,
process. Their fisst design was produced in
1959 and, after 15 vears, more than 800
small-scale sugar plants had been in-
stalled.

Table 3 provides statistics in respec! of
{a) a madern mill of the type now being
built with 1,250 tons per day cane-crush-
ing capacily and ({b) a standard open-pan
sulfitation plant uf 80-tans-a-day crushing
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Some Social Criteria for Appropriate Technology

{b) Open-pan

(a) Modern mill sulfitation plant

Capacity (maximum crushing in

tons/day)

Quiput in an average season

{tons of sugar) 12,150 640
Investment required {land,

buildings, plant and machinery

in millions of Rupees) 28 0.6
Total employment (permanent

and seasonal) - 800 171
Investment per ton sugar of

output (average season) Rupees 2,305 Rupees 940
Investment per worker Rupees 31,100 Rupees 3,530

1250 &0

Table 3.

capacity. From the table we can see that the

investment per worker Is nine times
greater for the modern mill than for the
low-cost mill. In table ™ a comparison of
the cost of processing 100 quintals of cane
is given. A guintal is about 30 kilograms.

Table 5 gives the outpit aid employment
resulting from the same investment, and
shows clearly how the same investment in
the low-cost unil gives rise tc two-and-one-
half times the cutput and eleven times the
emplovment of one modern mitl. The cost

Cost of processing 100 quintals of cane {based on 1971/72)

Large-scale

vacuum-pan Small-scale

factory. technology
1. Salaries and wages Rupees 164.35 151.00
2. Fuel and power Rupess 57.70 66.50
3. Stores and lubricant Rupees 103.23 62.80
4, Repairs and renewals Rupees 48.77 12.00
5. Depreciation Rupees 200.00 90.00
6. Qverheads 39.23 1000
7. Taxes~—a) excise duty 123.50 59.70
b) purchase tax 50.00 50.00
8. Cest of cane 1,200.00 1,200.02
9. Transport charges on cane 47.50 -
10. Capital cost 10 percent 200.00 90,00
2.234.27 1,792.00

Table 4.
169
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Some Social Criteria for Appropriate Technology

Rz
{b) Open-pan
{a) Modern mitl suifitation plant

Capacity {(maximum crushing in
tons/day)

Cutput in an average season
(tons of sugar)

Investment required (land,
buildings, plant and machinery
in millions of Rupees)

Total employmernit (permanent
and seasonal) -
Invesiment per ton sugar of
oltput (average season)

Investment per wotker

1250 .80 —1

12,150 640
28 0.6
200 174

Rupees 2,305 Rupees 940
Rupees 31.100 Rupees 3,530

Table 3.

capacity. From the table we can see that the
invesiment per worker is nine times
greater for the modern mill than for the
low-cost mill. In table™ & comparison of
the cost of processing 100 quintals of cane

is given. A quintal is about 50 kilograms.

shows clearly how the same investment in
the low-cost unit gives rise tc two-and-one-
Lalf {imes the outpul and eleven times the
t:mplovmcnt of one modern mill. The cost

Cost of processing 100 qulniaEs of cane (based on 1971/72)

N Large-scale
vacuum-pan Small-scale
factory technology

1. Salaries and wages Rupees 164.35 151.00
2. Fuel and power Rupees  57.70 66.50
3. Stores and lubricant Rupees 103.23 6280
4, Repairs and renewals Rupees 4877 12.00
5, Depreciation Rupees 200.00 90.00
6. Overheads 39.23 10.00
7. Taxes—a) excise duty 123.50 59.70
b) purchase tax 50.00 50.00
8. Cr3t of cane 1,200.00 1,200.00
9. Transpart charges an cane 47.50 -
10, Capital cost 10 percent 200.00 90.00
2.234.27 1,792.00

Table 4.

169




Introduction to Appropriate Technology

QOutput and employment, same investment

Initial investment {millions of Rupees)
Number of units

Investment per unit {millions of Rupees)
Total resulting output (tons of sugar)
Employmen! (permanent and seasonal)

(b}

(a) Open-pan
Modern mill sulfitation plant
2.8 28
1 47
28 0.6

12150 30.280
900 9,937

Table 5.

of production per quintal of sugar is given
in table 6 for hoth technologies. The
percentage recovery is shown hecause of
the difference in recovery rates of the sugar
for the small-scale lechnology. From this
table we can see that there is not much dif-
ference in selling price, and in this respect
we have to keep in mind that the sugar
produced by the large-scale process has to
be sold in both near and distant markets,
thus adding transport charges and local
tuxes. Furthermore. there is alwavs o delay

Cost of production per quintal of sugar

and time lag in the disposal of sugar from
larae-scale tactories because it has to cover
a much bigger region for marketing pur-
poses. At the moment only 218 vacuum-
pan mills supply sugar throughout India.
These factors add five lo seven percent to
the costs, raising it to 250 rupees per
guintsl. No such expenses are incurred hy
mini-sugar mills because they are located
near the farmers™ fields and the cane is
received in the farmers’ hullock carts,
while the sugar is sold on the local market.

basis of 9.5 percent recovery
8 percemt recovery

7.5 percent recovery

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 23516
Rupees 222.00

Rupees 236,30

Table 6.
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QOutput and employment, same investment

Initial investment {millions of Rupees)
Number of units

Investment per unit {millions of Rupees)
Total resulting output (tons of sugar)
Employmen! (permanent and seasonal)

(b}

(a) Open-pan
Modern mill sulfitation plant
2.8 28
1 47
28 0.6

12150 30.280
900 9,937

Table 5.

of production per quintal of sugar is given
in table 6 for hoth technologies. The
percentage recovery is shown hecause of
the difference in recovery rates of the sugar
for the small-scale lechnology. From this
table we can see that there is not much dif-
ference in selling price, and in this respect
we have to keep in mind that the sugar
produced by the large-scale process has to
be sold in both near and distant markets,
thus adding transport charges and local
tuxes. Furthermore. there is alwavs o delay

Cost of production per quintal of sugar

and time lag in the disposal of sugar from
larae-scale tactories because it has to cover
a much bigger region for marketing pur-
poses. At the moment only 218 vacuum-
pan mills supply sugar throughout India.
These factors add five lo seven percent to
the costs, raising it to 250 rupees per
guintsl. No such expenses are incurred hy
mini-sugar mills because they are located
near the farmers™ fields and the cane is
received in the farmers’ hullock carts,
while the sugar is sold on the local market.

basis of 9.5 percent recovery
8 percemt recovery

7.5 percent recovery

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 23516
Rupees 222.00

Rupees 236,30

Table 6.

170




Some of the advantages which have
directly cecurred and have been listed by
Garg are—

1.

The units now crush nine percent
of the total cane grown in indis
and produce three million tons of
sugar, that is eight percent of the
much-needed commediiy of
crystal sugar.

. Capital investment of maore than

$48 million has been invested in
rural areas.

. Emplovment potential for 100.000

persons has been created in the
agricultural sector in the slack
seasons—the time when this labor
used to migrate to cities to supple-
ment its meager agricultural in-
come.

. Tax revenues have been added to

the central and state governments
amounting to $2 million.

. Machine manufacturing industey

hae been set up of which the an-
nua! turnover is in the region of
$10 million.

. The requirements of iron and steel

for the fabrication of machinery ta
produce the same guaniities of
crystal sugar are only about 60
percent that of large-scale in-
dustry. Thus 40 percent of raw
material is saved.

. More than 60 percent of the cane

for the large-scale units is
transpoerted by trucks and railway
wagons. Practically no such
transport is utilized by the small
units, since they are within easy
reach of the cane-growing areas
and cariing is done by buliock
pOWEr.

. These 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
introducec.

. Large-scale technology sets up a

trend for the movement of capital
away from the rural areas. This
creates a weak capital base in

Sgme Social Criteria for Appropriate Technology

10.

13.

14

which improvement of agri-
cultural technology finds it dif-
ficult to take roct. Promotion of
this unit has helped to build up
capital resources and has many
times served 1o provide agri-
cultural inputs to the farmers.

The machinery design is of a na-
ture that does not require any
foreign components. thus saving
foreign exchange.

. This unit emplovs aboutl three

times as many laborers for the
samsz capacity as does the large-
scale technology.

2. The capital requirements 19 manu-

facture equivalent guantities of
crystal sugar at this level are 40
percent of those of the vacuum-
pan factories.

The price paid by these mills for
the cane is similar to that paid by
large-scale technology. and is at
least 25 percent higher than can
be obtained for other means of
disposal of cane. Al 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 small-scale technology have
filtered through to the indigenous
Gur and Khandsari industry: for
example. the introduction of
power crushers. the crystalliza-
tion techmigues, and improved
boiling furnaces have been
adapted with the resull that
quantity and efficiency of this oid
industry have also improved,
resulling in economic henefits.

Qtiher interesting work has been done
by PRAD on whiteware pottery (for which
a snitable kiln has been dazsigned), spin-
ning, and latrines for rural areas. Currently
research is in hand on the feasibilitv of
smull-scale cement factories and improve-
ment to the bio-gas digesting system, while
in conjunction with other institutes. re-
search is being carried out on the improve-
ment of village spinning units and hand-
loom weaving.
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Brace Institute

The Brace Research lnstitute in
Queber, Canada, is located at McDonald
Coilege of McGill University. The
particular reasen for mentioning it is that it
is a specific engineering institute that
works in the fi=ld of appropriate
technolagy, it has much direct experience.
and it has evaluated much work that has
heen done in developing countries. The in-
stitute was set up by a bequest fram Major
James Brace. who was primarily iuterested
in making deserl or arid lands available
ancd economically useful for agriculural
purposes. It was his desire that the results
of this research would be made freely
available to all the peaple of the world. The
institute was to concentrate on the prob-
lems of water and power scarcity affecting
individual persons and small communities
in arid developing areus.

A paper presented to the 1971 QECD
conference of practitioners on low-cost
technology stated thai ‘it concentrates pri-
marily on the technelogical aspects of
these problems, I is fully recognized that a
tool or system developed is oniy one facet
of the problem. Full appreciation must be
made of the cultural, sacial. and political
coniext in which the equipment is to func-
tion, in order to establish its appropriate-
ness to the community it will serve. The
basic philosophy of the institute has been
ta develop saline water treatment. Ii has
developed other energy-consuming equip-
ment that maximizes local energy. ma-
terial, and human resources so that the
technology can find identity within the
infrastructure of the local community. This
policy was adopted in order to secure par-
ticipaticn of the indigenous population in

Photo 11.4. Brace Hesearch Inshiute airscrew
windmill {Barbados)
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all  phases of the construction and
assembiy of the equipment. This ensures
continuviiy by developing their ability 1o
handle its operation and maintenance.””

In 1960:67 a research facility was built
on the island of Barbados, West Indies.
where abundant quantities of seawater.
solar and wind energy combined to
pravide an excellent proving ground for
equipment development. This overseas
{esting place, which lasted until 1967. and
which is essentfally being continued
through expanded activities throushout
the worild. did more than just provide a
convenient physical environment in which
experiments could be undertaken: it pro-
vided an insight into the real needs of the
rural population of the Third World. In
surveving the needs of these rural areas it
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Photo 11.5. Brace sotar still for producing drinking water fram saltwater in Haitt.

was evident that in maximizing utilization
of local resources, considerable attention
had to be paid to the development of al-
ternative, indigenous energy resolurces
such as solar and wind energy. As a result,
development in the following areas has
been studied

1. Small-scale desalination equip-
ment, :olar desalination units,
vapor compression, and reverse
osmosis Emcesses using wind
power as the mative force

2. Direct application of solar energy
for heating water, heating air, and
drying crops

3. Solar-energy collection and
storage

4. Solar-powered organic fluids,
Rankine-cycle engines

5. Storage of thermal energy

6. The development of environ-
mentally adapted greenhouses far
arid areas to teduce heating re-
quirements through a more eifi-
cient use of solar energy

7. Low-cost housing and the integra-
tion of solar and wind energy
sources directly into the structure
for the provision of services

8. Low-cost sanitary technology
with a view to reducing water
consumption

9. The development of a large
windmili for water pumping, irri-
gation, ar electrical generation
PUEpPOSES

10, The development of small-scale
windmills using the Savonius ro-
tor and sail wing principles.
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Besides their research and develop-
ment activities the institute has under-
taken the field application of these tech-
nologies, for example, solar drvers to
process corn for a feedmill in Barbados, a
solar distillation plant in Haiti, and same
solar cookers also in Haiti. Tt was in un-
dertaking these applications in the real
world that a need for a more comprehen-
sive approach became evident. Enthusiasm
accompanied by good engineering designs
ant. As described in

was not always suffic
the previously mentioned OECD paper,
they reached a critical crossroad in moving
from research and experimentation to im-
plementation of technology in developing
areas.

Through trial and error the institute
has been able to set some hasic objectives
for their vperations:

1. Wherever possible, local

technologies should become in-
volved in the development process
in all its phases: research, develop-
ment, and application. Hence, the
institute has tried to help local
technologists to eppreciate the
validity of studying the funda-
mental problems facing their own
rural population. This is essential
as they can communicate in the
same language as the targel com-
munities snd generally they under-
stand the cultural and value limita-
tions.

2. Local social workers are very im-
portant collaborators in getting the
indigenous population to ap-
preciate and accept technological
innovation. lor example. the in-
stallation of freshwater facilities
decreases the infant mortality rate,
leading to problems of birth con-
trol. Solution of this latier problem
is often beyond the scope and ca-
pahility of the well-meaning
technojogist.

3. Economists must also be brought in
te provide a more comprehensive
onumeration of the costs and
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benefits as they dppl\ to given ap-
propriate technologies in & local
context. In view Df past develop-
ment experiences it is obvious that
bioth the long- and short-run conse-
quences of specific technoiogies
need 1o be considered. Thebe
sconomists can hopefully specify
more tomprehensively the social
welfare functions as thev apply to
given recions of a developing area.

Technology
Consultancy
Center in Ghana

The last organization that ! wani to
mention is the Technology Consultancy
Center of the University of Science and
Technology. Kumasi, Ghana. [ think it is
especiully worthy of study since I see it asa
sood example of what & university can.
and should. do with respect to the develop-

ment aof technalooy for the cater nart of
ment ol technology lor the greaier part of

society. The example set by the University
of Science and Technology at Kumasi
could  profitably be followed by the
universities of technology in the Nether-
fands and the rest of Europe. At the mo-
ment in the so-talled “industrialized™
world there is scarcely anv effort in the
universities to support the smali- and me-
dium-sized indusiries wherein the greater
proportion of the working population
earns 1ts living, The TCC was started as a
department through which the university
couid make available its expertise and
resollrces to government departments, es-
tablished industries. and individual
enirepreneurs, but ii has become more and
more an agency for the stimulation of
grass-roots deveiopment ajong the lines of
the appropriste technology process.

A good exampie is the case of lhe
enfreprenaur ~vho requested the
of the cenler in the development of
paper-glue from locally available material,
such as cassava starch and the aikali from

I
!
I
I
|
|
|
|
|
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Phote 11.6. Six-harness loom developed at the Technology Gonsuitancy Center at the University of Science
and Technology, Kumasi, Ghana.

the skin of the plantain. The cenler pro-
vided the technical know-how as well as
building the production plant. It also gave
advice and help to the entrepreneur in ob-
taining a financial loan. The result is that
within a year of the start of this project the
eatrepreneur is supplying the best part of
the country’s requirements of paner-glue.
thereby saving a substantial amount of
toreign exchange. Additionally, this newly
developed industry is providing em-
ployment to about 20 rural dwellers
who otherwise would be unemployed. A
planned expansion is expected to make
Ghana self-sufficient in paper-glue and
thus bring to an end impaortation of it into

the country; indeed, prospects for export-
ing it are very bright. The success of this
small industry is likely to lead to the
development and adoption of other tech-
nologies. For example, the glue containers
that are used at the moment are imported
plastic cans which often run short on the
local market. The TCC is investigating the
establishment of another industry to sup-
ply suitable containers made from a ma-
terial of which there is a dependable local
supply.

Although this is u good example of
harnessing a university's technical
expertise. it is noteworthy that afier the
development of the glue formula, most of
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Photo 11,7, Soap plant developed and built by the Technotagy Consultaicy Center. I is capabu: of producing
1,000 2va-poud soap bars per day and is operated by a cooperative.

the remaining work of establishing
production was carried out hy the
entrepreneur. who kept in close contact
with the center. I'vom their experience
however, they have leevned that not every-
hody keeps in touch and provides them
with feedback, and that their technical ad-
vice is by no means necessarily acted
upon. Tt appears that entrepreneurs can he
unable or unwilling to translate the oral
and written technical advice into concrete
results; in this sense at least, the paper-
slue project may well have been excep-
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tional. 1t became obvious thai in some
cases there was a need for the center to be-
come actively engaged. not only in the
drawing up of plans and in feasibility
studies. but also in undertaking pilot
projects. This aciive role has two objec-
tives. Firstlv, it can demonstrate the via-
bility of such projects in technical. eco-
romic, and ather terms. Secondly. it can
provide facilities for involving ar training
interested parties.

Examples of the industries that have
been initiated by the center acting in this




way include soap and caustic sods, steel
holts, school equipment, cloth weasving
lopoms, and others. The following list
further illustrates the range of technical
problems brought to the center hy small in-
dustries:

1. Search for a substitute for linseed
oil in putty
2. Tmprovements in the local manu-
facture of gunpowder
3. Testing of powdered and liquid
s0aps
4. Tesung and manufacture of a
bleaching fluid
5. Production of jams and fruit
preserves
6. Installation of a cold store
7. Wig manufaciure from vegetable
fiber
8. Refining honey
9. Search for a substitute for cork for
gaskets
10. Inspection: of a lathe damaged in
transit
11. Electrification of a flour mill in a
rural area
12, Production of egg boxes
13. Analyses of a brewery's spent
grain
14. Softening of lead for making {ish-
ing weights.

Same Sacial Criteria for Appropriate Technology

Conclusion

1 have attempted to focus our minds on
the wav that technology is employed in our
own, industrialized. societies. Clearly a
vigoraus analysis is right vutside the scape
of a lecture like this. and alll could do was
1o show that a very high human price is be-
ing paid 1o sustain our life-style. However
inadequate such a view of “sophisticated™
society may be, it is important to bear in
mind that this way of life s very
precarious. Quite apast fiom the stresses
that resource shortages are subjecting it to.
there is a ground swell of dissatisfaction
and alienation from people who feel
themselves trapped by the inherent com-
petitiveness of the system. This ground
swell is, [ judge. gathering mrmertum
daily.

1 said that T could only ask huestions
about our society and our hopes for 4. 1 can
provide no answers. But I think that if we
look to some of the organizations in the
underdeveloped waorld that 1 mentioned
earlier, we may begin (o see Some answers
for our own society. The criteria for a
socially appropriate technology surely
have universal application. And the philo-
sophies and methodologies that have heen
evolved to combat material poverty in one
setting are certainly capable of adaptation
and improvement to combat societal
poverty in another.
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Chavter Twelve

The Transfer of Knowledge and
the Adoption of Technologies

by Harry Dickinson

“A  gtudent who can weave his
technology into the fabric of society can
claim to have had a liberal education. A
student who cannot weave his technology
into the fahric of society cannot even claim
to be a good technolcgist.”

These are the words of a British
colleague of mine, Sir Eric Ashby, and I
think they get very quickiy to the heart of
the problem. If we as technologists and
engineers lose sight of the human end that
is the purpose of our work, we would be ve-
verting to something like a medieval
theology rather than practicing
technology.

1 shall stast by looking at the relation-
ship bhetween rich and poor in a rather
general way—with what I hope may be
calied an inquiring mind, for an inquiring
mind is the best, and probably the only,
asset thai one can take to the problems of
developmeni. Much of this view will be
focused on technical education and is seen
from the perspective of an electrical
engineer. | shall try to describe a little of
life in the Chinese countryside and the
communes which are, [ think, the most
exciting experiments in socvial 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 poorer than we and
cannot support our institutions, want to
chtain for themselves the apparent results
of our institutions. Gonsequently thev
build up universities, and other
technological institutions, which are
copies principally of European, sometimes
American, ones. They finish up with an in-
stitution which is well geared to educate
their people for employment in Eurepe and
America, and is absolitely irrelevant to the
countries they are actually working and
living in. Then thev come to join our
professions which we don't vet criticize
much, although 1 think that a harsher look
at the relative remuneration, the reiative
importance, of professionals is about 1o
take place in Britain.

Professions

Let us look closely al the role of the
professions and what they do. To take just
one extreme example, consider the dental
profession in Britain, which deals with
teeth that are faulty. that are decayed, that
need replacement. Il never deals with the
mare fundamental aspects concerning
teeth. It is a “theology” concerned with
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bad teeth; it has nothing to do with healthy
teeth. It seems that we are incapable of us-
ing the products of the sugarcane ra-
tionally for producing a lot of useful ma-
terials: we arrange things so that it rats the
teeth of our children. Thea we “invent” a
profession. which we pay highly. to put
them right again. Now. this is an extreme
case, but if yiu look at our medicine. ar at
much of our engineering. we have in-
vented the sroblems so that we can solve
them with a capital-intensive solution.
Thev have little relevance to reality. Now,
subject to our influence and cur own lack
of self-criticism, the poor countries of the
world are building up institutions on this
sort of pattern to turn out their own
professionals and other highly educated
people. Ifind this worrisome, because even
we are finding it increasingly difficult to
support this unnecessary superstructure.
As an inhabitant of one of the poorer
countries in Britzin [Scotland!) 1 am sure
we are going to learn how to deal with the
professions before you: you wili learn the
lesson from us. We find, for instance, that
people’s motivation in Britain is no longer
for well-paid jobs, nor do they wanl im-
portance. Students don't want to join the
establishment in the regular sense. Over
the last few years they have revolted
against this violentlv—not quite as
viglently as in other countries, but vielent
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 doubt if they can be of
much use to the world, but they would like
to earn their living in a way that doesn’t
harm anybody. Young people in Britain
and elsewhere are looking at the problems
of the world in quite a new way. It is now
perfectly logical and reasonable for any-
body who is young to say, ‘Right, if we are
short 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 iess fuel?
it the conclusion is that we must promote
port and have fewer cars, then
what are the techniques of achieving this
situation?’ Arguments about the advis-
ability of this sort of conclusion seem to
have disappeared, it is becoming a
necessity. 1 think our students are so far
ahead of us that they are now teaching us
in our classes. Thev have evolved a world
view, which I find coincides with the one I
got by working in developing countries.
and not by seeing the reflection of these
countries in the British scene.

Get Off Their Bacl:s

Assuming that we iee we must change
our values, we must alse realize that for a
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 1o benefit the poorer countries of the
world. We cover our cons-iences by saying
that the reason the poor countries can't get
anywhere is not that we use all the
resources; it is that they have too many
people. And this, we find, s a selfsatisfy-
ing argument.

The conclusion to draw from this posi-
tion is that the easiest way iz 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 politicians. But
it is the logic of the situation. If we cannot
face these problems among ourselves, we
nave no hope of doing anything for the
developing world. We can no longer think
of charity, nor can we believe that we are
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doing anvihing 1o be!p anybody other than
to salve aur own censciences. So my first
message is, [ think, fairly negative.

Now presuming that you survive the
shock of this conclusion—and the human
rice is very resilienl and has so far been
zhle to beat all Lhe systems that have been
devised to ensnare it—and assuming that
we are politically able to put our nswn
house in order, is there really a useful role
for us to play? Is it possible that our abun-
dance of professional, technical, and
administrative skiils and talents can be
useful to societies that haven't vet been
able to establish educetion and training to
meet their own needs and aspirations?

Prestige

To illustrate my views I'll look a little
more closely at the fisld of technical
education, but [ believe the srgument can
be generalized fairly well into other areas.
The desire for technical universities and
colleges arises from both the obvious utili-
tarian needs for fechrologists and
technicians and from the prestizious na-
ture of such institutions. A developing
country is apparently driven to having a
spacious campus, a nuclear reactor. and an
internatienal jet airline. Theyv teel
undressed until they have such organiza-
tions and are without any apparent
concern that the benefits are in no wayv re-
lated to the costs of such things. We vould
make exactly the same analysis of a lot of
hardware, 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 “1 have invented a
method of getting across the Atlaniic
which needs two-znd-a-half times as much
fuel per person as has ever been used
before,” in the face of @ world of diminish-
ing fuel resources? Yet the British and
French governments are committed to
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their own financial dissster: ! think that
long after we have 'ost a few universities in
Britain we will still have Concordes.

On the other hand. vocationsl institu-
tions ~uffer from a lack ol prestige. but in
general they can be more readily planned
ta meet asceriained needs. They suifer,
however, from the problem of retaining
staff, because even though a lower-order
institution mav be much more vseful and
appropriate, its staff can see the chance of
promotion to one of the other institutions [
think there is no country in the world
which hes solved this problem. with the
possible exception of China and | don’t
think it has been fully successful. We have
lo accept this situation as a continuing and
inev :uble feature of al! but the most prag-
metic states. And by pregmatic states [
would include China, although hoth Al-
geria and Cuba wouid it the pattern io
some extent. but the state monopoly (capi-
talism?) of our East European coileagues
strikes me as displaving exactly the same
fealures in its imstitutions and capacity to
transfer useful information as does private
monopoly capitalism.

We find that when we want to be of
use to developing countries. the ones that
are pragmaticaily concerned with develop-
ing their own resources say. “"Thank vou
very much. we don't really need vour help:
we will stand on our own feet and do it by
ourselves,” Once ther have established
their competence. as China has done. they
say, “We know we can do ii, but now
maybe we can reach an arrangement with
vou to make our lives easier and bring us
closer together in the world communitv.”
But thev have to prove that they are inde-
pendent to start with.

Honest Intentions

But what can we do for the less de-
termined independent stales? Assuming
that we accept all the limitations of our
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own societies, w rhie nasibile axg ceran
we provide to mstm}mone of le(,hnlcdl and
higher education to make them usefuf in
the natiopal sense? For you must re-
member that the American universily cri-
teria—money donated by big business and
the number of Ph.[}'s graduated—haold all
too often in the rest of the world. If we wish
to persilade those in power in develcping
countries that we are invclved far the
henefit of their pegple, and not to serve
undisclosed meotives of our own, we have
to act on our own beliefs. ! have to say this,
because most of the poor and the ap-
parently unsophisticated of the world
know that Enropesns are rich, clever, aad
cunning, And that we have managed to
stay that way for 2 Jong thne at the expense
of the poor. The Mexican peasant or the
Andean indian knows that this is true, and
his analysis strikes me as much moere fun-
damenial than that of the Mexicaa or
Columbian intellectuals with whom I have
worked.

Or again, the people of West Africa
have seen their social organization

digruntad ip the earlv dave af colonialism
aisrupteq in e early Qavs of colonialism

by an irresistably powerful mixture of the
repeating rifle, Christianity, and gin. And
the combinaticn of these three was so
basically sacislly disruptive that it took a
very long time to get over the combined ef-
fect. The exploitive aspects of colonialism
in West Africa were as 1:0thing compared
to the social disruption 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 not
cope. Finally, as they are coming to terms
with population, we have invented higher
education, and this ggain is maintaining
the social disruption.

So they have 4 lot of reason to be sus-
picious when we say, “I have a nice cheap
way of doing something; we wouldn't
touch it ourselves at home hut it might be
the right thing for you.” We ave the ones

whe have to demonsirate our honafides;
we should not be offended -vhen they don't
befieve o word we tell them. Indeed. [
would say that it we ure working in a com-
munity that doesn't believe what we tell
them. then they are pretty bright and wiil
be exvellent people to work with. We must
try to show that we are doing something
that matters to them und thal ws really
have something to offer.

Three Principles

If we can uet over this, there are three
principles we have to accept, which are
hard to come to terms with. since it is our
own culture that is thrsatened by them.

Firstly, while acknowledging the
universality of the laws of science, we
must ev;tPnd congideration of the appliru-
tiﬁﬁ U[ aur s\4((}‘[[[]] ic EIFU\V[UdgC g d W [Uﬂ[
range of situations than is encompassed by
the experience limited to our own society.
This principle is difficult to accept be-
cause, having high capital intensity and

heine somehow sconomically in the lead,
DeIng somelow £oonemicany 1948

we presume that we must he mIPHECmd]ly
superior to those who aren’t. We have to
show thatl we too are ignorant and wish to
learn, if we want to operate in the deveiop-
ment situation. When we look at societies
outside our own we say that other peaple
have no technology, or that it is a crude, ar
primilive, technology or that a technology
that did not solve our problems will maybe
solve theirs. This is the usual sophistica-
tion of our arguments and 1 can produce
endless United Nations documents show-
ing essentially these views; it is something
we ourselves have to change.

Secondly, we have to specify in some
form that the problems of poor couniries
are as imporiant and as intellectually tax-
ing as the problems of the developed
world. Again we have to do this by
ourselves. Il is very important to recognize
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that these so-called poor technologies have
enabled societies to survive until modern
times for one, two. three, four. or five
millenia, and they will -entinue to do so
without the need for outside inputs. We
have had cur own technological base for
100 years, and know it can’t sustain as
unmodified for another 100 vyears. 5o
someone from an undeveloped cocicly
would have cause if he wished to be arro-
gant in this situation. We have to come to
terms with that.

Thirdly, the solution of technical and’

economic problems in underdeveloped
countries shou!d be made in the context of
the optimum use of material and human
resoures in such countries, and not by the
implantation of processes optimized to the
resource pattern of @ different society.
Having gotten this far, we find that we
are left with a vary broad knowledge of the
laws of science, a few tricks of the irade
which are of fairly universal application,
and a lot of ignorance. We could overcome
the ignorance obstacle by saying that we
can't be ignorant—atter all, we've been ta
the university and have degrees and certifi-
caies saying that we aren’t. But looking at
it more closely we have to admit that we
are ignorant. Take, for example, the scien-
tific and technical research and industrial
development carrled out in towns like
Eindhoven throughout the developed
waorld, It has been estimated that certainly
45 percent, more likely 98 percent, of all
scientific and technical research and
development is concerned with the prob-
lems of the developed worid 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 done in that two-thirds of the
world where the population has real proh-
lems. The other 96+ percent is done as a
cultural exercise by people like us whe in-
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vient problems so that we can prove we are
intellectual siants in tackling them.

Generate New Technologies

To meet the needs of these pecple !
think there must be dilferent technoiogies.
because their problems are differeat from
ours. They also want to survive and to not
find survival difficult as we shall. Now. [
cannot define & sociallv appropriate
technology. All I could do is write down a
lot of characteristics  about meeting
technical, sociel, and economit 12eds in
terms of indigencus resources. inuigenous
qualiiies, and indigenous social structures.
rather than in terms of any refiection of vur
own social arrangements.

Cerfainly we do not want to be acting
as experts, or advisers, or the peapie who
manage projecis. Rather, we should be
working 1o extend the freedom of
iechnological choice. Most people in poor
countries know their own practices very
well, and thev know ours. But they are
unaware of criteria and have little informa-
tion on any other alternative. So it we want
to be involved honestly, we have to move
in this no-man’s-land, looking for alterna-
tive techniques which fit the social and
culturai background we're working in and
which meet the factors of production in the
widest economic sense.

Medify

There are broadly three ways fo
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 processing technigues, tools, or tradi-
tional ways of doing things can be
improved by small modifications which
we can understand because of our superior
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knowledge of scientific processes, then we
can produce fairly quick improvements.
They will not be spectacular; people will
not grow rich overnight on the basis of
technology of this sort.

Mavbe people should never wani to
grow rich overnight; L was looking recently
inte the social and political history of
Britain. The whole idea of growth is such a
curious noticn, tather like a disease on a
stable structure that onh are now and

; anne
staoie struciure tngl only gppears now anc

then. We had a period of about 400 vears
when the g.n.p. 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 weaith,
and changes in people's expectations, 1
think that growth will he fairly ephermeral
in the histery of the world. Although scien-
tific understanding may enable a better
quality of life for more people. continuous
or sustained growth. or very high energy
consumptions, it is simply not possible in
the long term. Many centuries before our
economists talked abont growth, we had in
Britain the Black Death plague, which
halved the working population and so dou-
bled the g.n.p. per capita. This method is
still available to us today but iz not looked
upon as socially acceptable—there are
social restraints even in (he fastest growing
econoimies.

Long stretches ol histary can also be
seen in this fashion. There are areas of
China where the sta wlard of living and the

mantilatioe have bhaan gtal o fac ahngt figa
POPUEIIDN Nave 0CeD Sial.T IO 800Ul Nive

millenia. This is based on very small
changes of technique but with a grasp of
certain fundamental aspects of science,
such as coping with plant diseases, with
changing varieties of plants, with changas
of climate over time. There was quite a lot
of indigenous technology, but because it
was not recorded and hecause there ara not
courses on the technolpgies of the Imperial
dynasties of over two centuriss ago, we

fend 1o believe innovation never hap-
pened. But their technologies ere as real as
ours, and there is no reason why thev can-
not 20 on for another five millenis—ours
can last another 100 vears if we're lucky.

So. if we generaie an appropriaie
technology by medifving  existing
praclices, we must do it in such a way that
the local people make the decisions. that
we really do give options, and that the io-
digencus structures of social, political. and
economic ceitrol are real and can prevent
too much vnregulaled change stemming
from any innovation. Small increases of
productivity or changes in minor parts of
the economic activity are quite dangerous.
One of the panaceas we have suguested to
the Third World in general is mechaniza-
tion. *Mechanizatien is good for you,” was
roughiy the message of the first develop-
ment decade. As a result more people are
starving, and there are many rusting irac-
tors which fortunately broke down before
they had completely destroved the com-
mumnity that received them.

We have seen this same immense op-
timism in the Green Revolution which
produced more rice in India at the same
time us it produced more poverty and
made 1he rich a lot richer. The lasting ef-
fect has been that the comcentration of
land, wealth, and power has increas
india, and so has the number af peaple
who cannot &fford rice. This has nothirg to
do with our wsual reservations—tihat the
technical innovation was not a good one,

that it was not sensibla. that if wasn’ apo-
that 11 was notl sensidie, that it wasnteco

logically sound—but it was quite unsuited
to the social and palitical structure into
which it was introduced. When we in-
troduce ore-shot pieces of magic we must
expect to find social ills. Even the unso-
phisticated Andean peasants know a lot
maore about the meaniug of failure to sur-
vive than we do. In th» last resert they are
the experts of their own social and cultusal
conditions, and we ignore such wisdom at
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our peril. S0, any alternatives we offer
must have inbuilt safeguards for the social
structure.

Modernize

The second way we can lelp is to go
back to our own industrial history and
reexamine what would now be called
labor-intensive. ecclogically sound.
simpler, small-scale processes which were
developed in our own technical revolu-
tions. We could possibly refurbish them
and find that their faclor proportions were
more realistic  for African or Latin
American peasant societies than the other
alternatives we can offer at the mement.

This approach is an interesting source
of possible alternatives, and we will find
that these technoiogies were abandoned
ot because they were ¢neconomic, not be-
cause they were socially disruptive, not be-
cause they were ecologically unsound, but
because we had a sudden belief in the
economies of scale (if things were bigger
somehow they must be better}. The 1851
exhibition in Britain was the great monu-
ment to “pregressive thought”—io change
things to be bigger and better and more
energy-iniense as a virtue, quite irrespec-
tive of the actual production demands of
the situation. The optimism of the Eu-
ropean hourgecisie. in particular the
British Victorians, foilowed quickly by the
French, very much influenced the inven-
tion of economic theories to account for
what had actuaily happened. You will
gather that [ am a firm disbeliever in the
surew ¢ 1 science of economics. [ think it is
al. iy~ nvented in retrospect and is then
used .o predict from inadequate data,
explaining its almost universal lack . f suc-
CESS.

Invent

The third way of proceeding is .o in-
vert a new techrology, or 1o change the
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scale of @ modern technulogy in some way
we have perhaps never hefore experienced.
This means trving to use our vwn inge-
nuity and our modern knowledge so that
people can utilize their own raw materials
without generating mass unemployment
and without producing social disruption. 1
recognize that any society will change its
social structures in time and | am not advo-
cating that we try to invent things that turn
people into museums. Bul we should in-
vent things that give people control over
their own capacity to change. and the way
thev do it. There is no universal virtue in
reverling 1o the primitive savage, having
no senitation, and dyving at the age of 33,
I'm only suggesting that we pass the
freedom of technological choice back to
the people concerned.

Perhaps 1 can show how this
viewpoint is reflected in the educational
{ield. since these considerations must have
a bearing on education at all levels. If in
West Africa T want to describe the elastic
properties of materials, or the concepts of
stress. strain. elongation, and modulus of
elasticity. I can explain them as general
concepts of universal application, which
people with a little familiaritv of the
analytical way of looking at things can
understand wherever they come from. But
far students who are not totally familiar
with these concepis | would have lo 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 that [ had to start off with the elastic
properties of bamboo—a very familiar
elastic material. But, even though I could
find in all the textbooks the elastic
properties of a rod of uranium, should |
happen to own one. I could find nothing
Lowever crude. of the elastic properties of
hamboo, in terms of its use as a structural
aaterial. And after all, half the buildings
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in the world are probably built with
bamboo; it has caught on better than steel
and glass with most people. When ! looked
at domestic fuels I found that wood, char-
coal, or rice straw are the most widely
used, but again there are no calorific values
in my texthooks. Coal is virtuaily unknown
to mast people in tropical countries, yet
most of the textbooks are full of it.

On ancther occasion I was trying to
teach in West Africa about overhead trans-
mission lines following a syllabus that had
been bequeathed to thern by London
University. Tarrived to find all the students
busily trying to caleulate the effect of ice-
loading on a transmission line, and dis-
covered thal the only ice that they had 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 for them to imagine. They wondered
how we got it there! These were students
who were going to get British-style honors
degrees. As | have said, we were going to
give them certificates saying, **You are use-
lgss to your own country, but we'll find
vou a job in ours.” This attitude, [ think, is
very dangerous.

Technology
Consultancy Center

[ want now to turn to ways in which
existing institutions, particularly educa-
tienal ones, cen In practice adapt
themselves to embrace some of these
considerations. In the University of
Sgience and Technology at Kumasi,
Chana, [ was involved in this type of
evaluation and we began by asking, **What
are the resources of the university in terms
of the needs of indigenous forms of
production—village industries, small in-
dustries in the towns, state corparalinas, oy
aven the big expatriate firms? What do
they do and why? Can we adjust our train-
ing to meet these needs? In this training

cau we, at the same time, try and solve
some of the problems for the poor of the
ceuntry?” The reaction seemed fairly
hopeful, and we persuaded somebody to
put some money into an oreanization
which we called the *Technology Consul-
tancy Center.”

The center operates in villages. in
small firms and big corporations; it also
charges fees which we think are socially
realjstic fees for the enterprise. Very
roughly, any big firm, expatriate company,
or government body is charged the same
consuliancy fee it would pay a European
firtm, on the grounds that they'd have to get
them in anyway and it would probabiy cost
them more for all the incidental expenses.
The small firm or businessman in the
money economy, is asked to pay a small
percentage of the increment of his profits
for the next few years, or a lump sum; the
choice is his. And the villagers, who are
largely ouiside the money economy, are
asked to pay somaething. So two yams
might be a realistic social fee for actually
designing and building a pump which cost
a ol more in man-hours. This system is
fairly acceptable and people now travel
perhaps 50 or 80 miles on bicycles from the
middle of the bush with a bit of broken
equipment saying, ““Can you mend this for
us?” This [ think is a reasonable show of
SUCCESS.

The center has also managed to start
one or two small industries. For example.
traditional soapmaking has been revived in
the villapes to compete with Lever
Brothers and others. It has been possible to
make Ghana self-supporting in glue and
thereby to save it having to import glue;
not that I think it is an entirely good idea,
because the main users of glue are bu-
reaucrats of which there are already toa
many. Some of the center's wovk has had
some influence on the university cur-
riculum, and some association of the
studants with a number of these litile
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projects has been possible. It is hoped there
will be a continuing spin-oif from such
activities into teaching.

Schoo! Equipment

One of the activities might give ideas
ta any electrical engineer who is looking
for thinus 1o do. One of the local teachers
pointed cut that the biggest trouhle with
teaching any form of science there was the
exorbitant price and the ridicuious design
of mast teaching apparatus for schaols. So
a unit has been set up which has given it-
self the splendid title of the “Schools
Science Equipment Imperts Substitution
Organization.” The teachers used local
woods to make things like meter sticks, re-
tort stands, and worked their way up to
producing resistance boxes, poten-
tionmeters, and various sliding wire
devices. In order to make coils on a former
they had to find the cheapest piece of wood
that was “tropicalized” and reasonably di-
mensionally stable. The answer was
Chinese pencils; they sell at aboul a cent
each and have flooded West Africa. So they
were all bought up to be used as formers
for the electrical devices.

The import substitution group has
gone on to make simple amplifiers for
teaching purposes and has worked out a
number of simple instrumentation rigs. It
ceoperales  with other active people,
particularly pharmacoclogists wha are look-
ing closely al indigenous piaats, and have
tried to produce simple ovens and dryers,
pH meters, incubators, constant temoera-
ture baths—a whole range of apparatus
which can be built using local material,
minimizing the import components as far
ag possible.

The TCC has started a manufacturing
unit on the university campus. The use of
steel coach bolts for huilding vehicles in
Ghana is relatively limited and the center
devised a labor-intensive, rather crazy,
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method of making them. which is cheaper
than importation and can be done with
local skills. It is not an optimized method
in any way. but it turns out bolts having
two-thirds the strength of the imported
ones—and the strengths required are very
much less than thal. Production was
started on the university campus, and two
technicians have taken it over and run a
small business emploving about 17 men.

[ find it very cheering that if vou se= a
Masai tribesman in East Africa these days.
youu will know that the tip of his spaar was
made from the leafspring of a FFord car.
Word has gotten round the continent that
springs have the best steel for weapons and
there seems to be a premium on Ford
springs. Indigenous blacksmiths found
this out and modified their forging and
treating methods, using verv crude tradi-
tional designs, to use a material of which
they had no previous konowledge. They
handle it fairly well; obviously we could
improve the iechnigues if the use was
serious encugh to need the full properties
of the material. But as it stands al the mo-
ment the fact they are doing it at all is very
encouraging.

Tanzania

Before moving on to talk sbout China 1
just want to menticn some aspects 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
Mill certainly came from China. but its his-
tory goes back a lot further than that. This
equipment was being run during the war
in Germany; it was taken as reparations to
the Soviet Union and was refurbished and
passed on to the Chinese, who used it for
many years. They, in turn refurbishad and
passed it to the Tanzanians to start their in-
dustry, before thev go on to slighlly
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improved Chinese models: and it is already
earmarked to go LG the Somali Republic 1o
start a cotton industry there. The mill dates
back at least 30 years and vet with fairly
clever use and concern for repairs and
maintenance, particularly in China, it still
performs well,

Perhaps this story exemplifies the
strengths of appropriate technology. And
even i the mill will not be the ultimate of
their cotton industry—they will choase for
themselves from the range of equipment
available—in terms of starting a new in-
dustry, the clder techrologies are not a bad
introduction that can give people some
freedom of movement.

1 didn't in fact get into this factory but
next door was an agricultural ool factery
which [ vigited with a dozen students from
the university. T was one of the few pale-
faces in the party, and much to the amaze-
ment of the African staff, the Chinese ali
rushed over tc shake hands with the
strange visitors, After we'd all stopped
laughing we discovered that the Chinese
had imported the equipment and had
actually trained Africans to use it without
any of the Africans knowing a word of
Chinese, nor any of the Chinese knowing a
word of Swahili or English. It had all been
done by example, includ.ng the spectro-
scopic analysis of steels. It had been
demonstrated entirely by sign language
and shaking hands and patting each other
on the back, or pulling faces when it didn’t
work. It had been slow but there was a
complete rapport, and the plan! worked
very well, And it was the first Afvican fac-
tory | had been to where, when the plant
failed or broke down, the ordinary opera-
tives downed tools, picked up the repair
toals, and started repairing entirely on
their own initiative and entirely under
their own conirol.

They only had two complaints in this
factory; one was that the Chinese were
puliing out after five years, and the African

workers had never discovered which one
was really the boss. beceuse they all
worked together. But within two days of
the African boss being appointed. he hatd a
large car, a fancy shirt, and an air-condi-
tioned office. i am sure you know where he
gol those habits from; they are not in-
digenpus to Africa. ¥ is obvious that he
had copied what goes on in European-tun
factories in East Africa and thought his
staius demanded these things. We had ob-
vivusly educated him into these cultural
values which we think are laughable and
which look compietely ridiculous there.
‘This paor man had been conditioned by us.
in the guise of education, to react in this
fashion.

The secund complaint was (hat the
Chinese sirupulously collected all the
scrap from this factory and stacked it in
various grades. Once every two or three
atanths it was shipped back te China,
when these was an empty boat. At the end
of the year they said, “You see 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 to
you to sort it and invent your own sideline
indusiry to wilize it.” Now, unforiunately,
outside 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 experi-
mentation or to altemp! te utilize it. This
contrast between the confidence of the
Chinese and the lack of confidence of the
inhabitants of the former colonies is, I
believe, one of the most marked features
vou can see in almost any part of the world.

China

I think perhaps that many of th points
[ have been turying to make will become
clearer as [ describe a few examples of the
way that technology is valued and utilized
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in China In no way does this pretend to be
an account of technology policy or practice
in China, still less an evaluation of the
Chinese "system,” but [ hope it wili show
technnlagy in a different light—that it is
pertectly possibie for tochnology to harmo-
nize with the social, cultural. and ecc-
nomic situation of peasant communities.

China’s urban centers appear to ~uffer
the seme sort of problems as cities
everywhere. The Chinese admit that it is
daplorable but say thev can do nothing
with it excepl wear it out and, when it is re-
built, try te make it a more rational and
sensible place to live and work in. They are
noi rich enodagh tn scrap it and start again
with “ecological™ industries, but they are
aware of the problem and hope to learn
fram past mistakes.

By conirast the countryside appears
much more like one expects China to be.
The only motive power used. apart from
man, is the water buffalo. Everybody in-
volved in agriculture works in a highly
labor-lutensive way, as vou can see from
the number of people in the fields. This
sort of scene is exactly what one would ex-
pect to see, umil one realizes that
everywhere cne also sees concrete posts for
electricity distribution.

There are three inputs that the Chinese
government sees that it must give 1o the
communes to make them autonomeus and.
as one example of this autonomy. to make
them free to select their own technologies.
The first is national and resional control
aver flooding and irrigation. A controlled
and ensured water supply is considered
vital. The second is the provisicn of rela-
tively modest amounts of fertilizer. Soms
chemical fertilizers are needed in China to
top up total amounts available or meet de-
ficiencies in areas where most thalt is used
is organic. The third input is the provision
of electricity. This is seen as the key that
can give the communes flexibility in what
they want to do. Electricity not onlvy makes
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life easier. but it is a simple meuns of
allowing diversity in a whale range of
mechanical and other processes that the
communes catt nndertake.

Electricity

The Chinese manufacture o wide
range of electrical aupparatus. from small
molors thal are made on the communes
right through to 300-megawatt hyvdrogen-
cooled generators which vou can huv off
the shelf in Shanghai. We visiled one com-
mune nol far from where large generating
sets were being made. Some of the people
in the commune became inspired by this
neighboring indusiry to do somsthing
elecirical.  After much arsument and
persuasion that they were capable of learn-
ing the skills and could actually manufac-
ture equipment, thev were allowed 1o bring
in the raw materials and equipment thev
needed. They have a diverse ranse of
second. third. and fourth-hand machines
that have been sold by various tactories 1o
those communes that can wse them
proeductively. The communes are now
building four-kilowatt motors. of which
they produce something like 8,000 a vear.
This is done entirely with peasant labor—
none of thern actually had a formal training
in mechanical or electricel engineering.
They simplv took their enthusiasm and
learned enough to do the job.

Although they have such a wide range
of electrical industry, the Chinese see noth-
ing strange in having old and new. large-
scale and small-scale technologies which
are integrated into the whole economy.
Elsewhere [ have described the situation as
contrast, not conflict, between old and
new. This sums up very well ihe attitude
towards innovation and pragmatism. Such
an attitude can be seen in many contexts.
For example, a buffalo can plow much less
latid in the course of a day than can a trac-




tor. But in a commune the man who drives
the buffalo would be paid slightly more
than the tractor driver, because the man
working with the tractor has an easier time
physically. The remunesation has nothing
to do with production; it is based on the ef-
fart believed to have lieen expended for the
common good.

Electricity has been distributed almost
in the form of mania throughout China.
The bulk of the generation is done by local
hydrostations of about 2 megawatts ca-
pacity. Communes run their own general-
ing stations—anything from 50 kilowalis
up to Z megawatts. This is the basis of the
country's electrification, apart from the
ceastal cities which use coal, a smail
number of stations fired with oil. of which
China has found a fair amount, and some
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large hydmoelectric plants which are ap-
pearing on the great rivers,

A grid system is spreading fairly
rapidly all over the country and trans-
mission lines for the lower veltages are
made and erecied by the focal communss.
Spmelimes they use concrole posis, some-
times any handy bits of wood. Quite often
the porcelain insulators are made locally
too. High-voltage insulators are rather
long-run insulators which they seem to be
able io fire by relatively primitive method-
better than 1 have seen done anywhere else
in the world. You even find such sophisti-
cation as surge diverters put oi the euds of
the lines where they come inlo the
iransformers.

One aspect of their transmission lines
which is instruciive is that they use guy

Photo 12,1, Chiluren in Shanghai teaming basic electrical work.
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wires to support the posts much more than
we do. The reason that we don't use guys is
that we have privale ownership of land.
and you have to pay more way leaves when
taking 4 line through a dense agricuttural
area if you use guyed posts than yor- do if
you use towers. So we use about three
times as much slezl as the Chinese do, just
because we have invented a social situs-
tion cailed “way leaves.” This is another
example of the inappropriateness of much
of ourtechnology.

Village Electrification

‘One sees many houses that have been
or are being connected to the electricul
systemn, Individually the first priority for
using the supply is, naturally enough, for
lighting; perhaps an electric fan might be
bought 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
grinders, and so on. One village we visited
had just gotten 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 is guite appropriate for
traditional and modern technologies, such
as the dragoa's spine purmmp and the
electric pump, to exist side by side.

The dragon’s spine pump lifts water
through a head of about one meter, threugh
the action of fiat paddles pushing water un
a trough as the handles are turned. Two
men can operate such a pump for about 20
minules al a time, then anothe- nai- tnkes
over. A team of our men wouls ok in
this fashion for a six-hour working day.
Between them they might be generating
the equivalent af as much as 200 waits over
this period. But when a commune gets
electvicity and can afford a pumrn, which
is fairly c¢i:eap in China, it might buy an
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electric prap. Not only 1s this more effi-
cient but it is powered by a four-kilowatt
motor. In other words, it can do the wark of
20 dragon’s spine pumps and 80 men.

Where o village cannot atford or does
not give priority te electric pumps. vou
will still see the landscape tuli of people.
But the scene where eleciric pumps are in
use i3 quite different. They are sasily in-
stalied—bamboo poles are erected to carry
the three phases in. Areas like this will
have a skyline with nobody at all.

The contrast in the Chinese scene.
caused by such minor inaovations as
electric pumps, is really quite remarkable:
the real power of mechanization or in-
dustrialization in terms of what it can do
for good or for social evil becomes ap-
parent very rapidly. This is exactly the sort
of thing that must have happened in
Europe when we staried to mechanize. Al-
though we have seen the disasters that
have oecurred elsewhere when mechaniza-
tion caused mass unemployment, we were
lucky that a reasonable balance was kept
by the demands of industry absorbing our
pi:pulation. All Europe’s problems whilst
it was industrializing e+ as nothing
compared with the prohlens of countries
that went througk this process more
recently, or that are still going through it.
This is because our big popuiation growth
didn’t take place until ocur industrial ex-
pansion was substantially underway, by
which timn it was capable of mopping up
surplus labur =5 it went along. We are, of
course, now geiting into second-order dif-
ficulties because we have too many people
for the types of indusiry we run.

As 1 bave explained, China is feeling
the effects 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 im-
mediate reaction to the innovation; after a
while they say ihat they start up new
“sideline” industries. These may give
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Pheto 12.2. Snow removal in Peking.

them the added value from processing
their own raw materials. They may
produce goods that the con:nunity itself
needs, or they may produce gaods for sale
and thus enable the community to
purchase products it had not used before.
Whatever the objective of the new
activities, there is no idea that anything to
do witn increased productivity could lead
to any sort of unemployment. Such a resuit
is inconcelvable.

Local Industries

One “sideline” industry, which has
been established to absorb unemployment
resulting from mechanization, is the shoe
factory, Women who own their own sew-
ing machines come together for 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 that voung women wilth
children can make a contribution towards
viilage productivity when they cannot par-
ticipate in the normal full-time activities.

Many of these little facturies have been
established. Moreover, these are social or-
ganizations; the people involved are often
related to one another. And in these indus-
trigs, thers is no sign of any management.
People simply work together and chat
together, trying to be productive at the
sdine time.

Anaother aspect of Chinese industry in-
volves the sensible use of resources. The
threshing of rice provides a good example
of this practice. Customarily. rice is
threshed by a stane in the shape of a trun-
cated cone which rells around & circular
path pulled by un ox or pushed by half-a-
dozen men. The winnewing is then done
by hand. But the straw that is leftover is
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Photo 12.3. Bicycle parking lot in Canten.

Photg 12.4. Mil in seuthern China.
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collecied and is either used as a domestic
fuel or it is taken to the brickworks and
used for firing bricks.

As all ef us trained Western
technologists know, rice is cne of thows
plants that collects silica from the soil
And when rice straw is burn, its ash is
very rich in silica. Tne Chinese peasant
knows this too, and knows lhat il is
therefore a pozzolanic material. So when
rice straw has been used fot firing bricks,
its ash is added lo coment lo produce a bet-
ter quality or to extend the cemenl in sume
way.

Ferrocement
A lot of the ash is used in ferrocement.

which the Chinese utilize more than most
people in the world for & lat of differant

purposes. Fertocemesnt slructures are made
from a wire-mesh shape that as o very fine
camen| mortar mix spread over it; the ma-
teria! has very elastic properties. [n the
West we know it as a material that rather
way-out architects, builders. and designers
are proud of. 1t is mostly uscd for prestige
buildings of which the Svdoey Opera
llouse is a guad example.

In the Wusih area of China it was de-
cided many veers ugo thal reinforced
conurete was not of very great interest 1o
them. so the principal building material
continued 1o be the traditional brick. Bt
this is one of China’s vanal aveas and when
it was realized that timmier for making hoats
was becoming very scarce, they stared 1o
search for alternatives. The factary that we
visited had been a building materials fuc-
tory. Even though none of them had built a
hoat biefare, they weare asked ta have a try at

Photo 12.5. Bean curd shop—Shanghai army base.
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Afterword

The 12 lectures contained in this publica-
tion were originally given at the Technological
Universities of Eindhoven and Twente at the
end of 1974. ¥inanced by the Netherlands
Universities ¥oundation for International
Couperation, the course was organized to
provide a technicaily detasiled introduction to
sacially appropriate technology for the growing
number of interested people in the Netherlands.
It was apparent that in Britain, particuiarly in
the Intermediate Technology Development
Group, was to be found the most practical
sxperience in mobilizing scieantific and
technical knowiedge for the developing world.
And so it was from there that most of the
speakers were drawn.

In each of the two universities the interest
and involvement in development affairs falls
under the aegis of s Committee for International
Cooperation Activities (CICA). These commit-
tees were responsible for organizing the course
of lectures, and the administration was pro-
vided by the Bureau Ontwikkelingssamenwerk-
ing (Office of Development Cooperation) at
Eindheven in conjunction with the CICA Secre-
tariaat at Twente. Since both are technological
universities, it is natural thai a zood part of the
activities of their CICA committees should be
concerned with the relationship of technology
to development. Over the past vears in the
Netherlands thare has been growing interest in
intermediate technology, and the phrase
“socially appropriate technology” has heen
coined to describe the Dutch approach. At the
national level, the activities of university and
other groups are coordinated by the newly
formed TOOL Foundation {Technische Cntwik-
keling Ontwikkenlings Landen—or Technical
Development for Developing Countries). The
audience for these lectures, then, was drawn
not only from the two universities, but also
from the membership of TOOL.

As the title implies, each contribution
presenied here is a lecture: the publication
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1xally consists ol an edited version of a range of
fairly informal talks. Although each contributor
ias obviously carefully prepared his presenta-
tion. he has approached his task vary differently
than he would if he had been asked to submit a
written paper for a collection of essavs. [ think
thal the results printed here probably make
easier and more enjovable reading than a series
of comprehensive writien papers.

Again, because he was talking informaliy.
each speaker gives us an insight into the way he
personally views socially appropriate
technology-—and it is apparent thatl there are
several viewpoints. Although many of the
speakers are associaled with 1TDG, what they
have to say does not, of course. represent all of
that group’s activities, or those of the panels
they work with, or of their own personal re-
search of professional interests. So each
speaker’s contributien is merely an account of
the work he is associated with or interested .
It is a general introduction to the more spe-
cialized subject, and will hopefully biriher en-
courage other technical specialists to expand
the potential uf technology for the developing
world.

Clearly within the time available. each
speaker could only outline a small amount of
the potential of his own discipline. It would
have been impossible to place socially appro-
priate technology, even less the specialized
subject, within a framework of the development
“problem” or of current development strategies
and institutions. There is a wealth of literature
on what hes been called “devetopmertology’s
it is hoped, tather, thot th' - -blication wiil
provide both an indicaticn : potential of
small-scale technology and 2 challenge to
technologists to realize that potential.

Ine Manni and Hanra Goossen did all the
transcription, Kathleen Rutten translated into
English the lectures of Pen van Bronckhorst and
Ton de Wilde, and the secretaries of BOS typed
and retyped the transcripts as they were edited:
a!l of them were working in ¢ foreign language.
Bryeny Lee typed the finsl manuscript. To all of
them and tn the staff of the Reproduction De-
partment go my thanks.
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