MICROFICHE
REFERENCE
1 iBRARY

A pfbject of Volunteers in Asia

Appropriate Technology: Problems and Promicsgs

by: Nicolac ce;uier, ed.

Published by:
Organisation for Economic Co-operation and
Development
2, rue Andre-Pasc-.
75775 Paris Cedex .o
France

Paper copies are $12.50

Available from:
Organisation for Economic Co-operation and
Development
2, rus Andre-Pascal
75775 Paris Cedex 16
France

Reproduced by permission of the Organisation for
Economic Co-operation and Development.

Reproduction of this microfiche document in any
form is subject to the same restrictions as thos
of the original document.




MICROFICHE
REFERENCE
1 iIBRARY

A project of Voiunteers in Asia

by: Nicolacs Jeju:ier, ed.

Published by:
Organisation for Economic Co-operation and
Development
2, rue Andre-Fasc-.
75775 Paris Cedex .
France

Faper copies are $12.50

Available from:
Organisation for Economic Co-operation and
Development
2, rue Andre-Pascal
75775 Paris Cedex 16
France

Reproduced by permission of the Organisation for

Economic Co-operation and Development.

Reproduction of this micrefiche document in any

form is subject to the same restrictions as those

of the original document.




DEVELOPMENT CENTRE STUDIES

APPROPRIATE
TECHNOLOGY

PROBLEMS
AND PROMISES

Edited by

Nicolas Jéquier

DEVELOPMENT CENTRE
OF THE ORGANISATION
FOR ECONOMIC CO-OPERATION AND DEVELOPMENT

PARIS 1976




Publié en francais sous e titre ;

LA TECHNOLOGIE
APPROPRIEE :

PROGLEMES
£T PROMESSES




DEVELOPMENT CENTRE STUDIES

APPROPRIATE
TECHNOLOGY

PROBLEMS
AND PROMISES

‘ Edited by
i Nicolas Jéquier

DEVELOPMENT CENTRE
OF THE ORGANISATION
EOR ECONOMIC CO-OPERATION AND DEVELOPMENT




The Organisation for Economic Co-operation and Devel-
opmert {OECD) was set up under a Convention signed in Paris on
14th December, 1960, which provides that the OECD shall pro-
mote policies designed:

-— to achieve the highest sustainable economic growth and
employment and a rising standard of living in Member
countries, while maintaining financial stability, and thus
to contribute to the development of the world economy;

— to contribute to sound economic expansion in Member as
well as non-member countries in the process of economic
development;

— to contribute to the expansion of world trade on a muldi-
lateral, non-discrimiatory basis in accordance with inter-
national obligations,

The Members of OECD are Australia, Austria, Belgium, Cana-
da, Denmark, Finland, France, the Federal Republic of Germany,
Greece, Iceland, Ireland, Italy, Japan, Luxembourg, the Nether-
lquds, New Zealand, Norway, Portugal, Spain, Sweden, Switzer-
land, Turkey, the United Kingdom and the United States.

The Development Centre of the Organisation for Economic Co-opera-
ton and Development was established by decision of the OECD Cuuncil on
29rd October 1962,

The purpose. of the Centre is to bring together the knowledge and
experience available in Member countries of both economic development and
the formulation and execution of general policies of ecoromic aid ; to adapi
such knowledge and experience to the actual needs of countries or regions in
the process gf development and to put the results ai ike disposal of the coun-
tries by appropriate means.

The Centre has a special and autonomous position within the OECD
which enables it io enjoy scientific independence in the execution of its task.
Nevertheless, the Centre can draw upon the experience and knowledge avail-
able in the OECD in the development field.

*
* %

The opinions expressed and arguments employed in this publication
are the responsibility of the authors
and do no: necessarily represent those of the QECD.

© OECD, 1976.
Queries concerning permissions or translation rights should be
addressed to:
Director of Information, OECD
2, rue André-Pascal, 75775 PARIS CEDEX 16, France.







TABLE OF CONTENTS

Preface . . . . « 4 e e e m e s e e e e s e
by Paul-Mare Henry

Introduction . . . . ¢ v & 4 4 s 4 4 ks a s e e 4 e s
by Mikoto Usui

Part One

THE MAJCR POLICY ISSUES

by
Nicolas Jéquier

Chapter 1
THE ORIGINS AND MEANINGS OF APPROPRIATE TECHNGLOGY

I. The semantics of appropriate technology . . .
JI. The hardware and the software . . . . . + . .
IIT. The cultural origincs of appropriate technology

IV, The United States as a model of appropriate
technology . .« & ¢ ¢ @ v o 4 4 2 o o o = =

V. Ideolegy and self-reliance : India and China
Vi. The sceptics and the dissenters . . . . . . .
VII. Dormant technology and the informal sector .

5 Chapter 2
. THE INNOVATION SYSTEM IN APPROPRIATE TECENOLOGY .

I. The components of the inmovation system . .

... II. Innovation as a differential process . . .
III Publlc technology and private technology _
IV The role of the approprlate technology groups
V. The need and. the demand for. 1nnovat10n . ..
VI. Part1c1patlon and coercion '._. ce w e e e s

' THE INFORMATION NETWORKS_. R I SR

+« The handbook or catalogue approach . .
:I1. The role of documentatlon serv1ces « .
'-III Management a331stance and technical corsu1t1ng

16

16
21
24

28
30
34
36

43




Chapter &

THE ROLE OF THE UNIVERSITIES . . . + . - + + - « .« .

I. The wiversity's commitment o modern technology
IT. The university's limitations . . . . . . . .
IIT. Aporwopriate technology in the hirher education

BYETEM 4 v e e e e e+ e e s m e e a e e e e s

<+ 0

IV. Local research and infant technology . . . . .

V. The need for appropriate modern technolegy . .
Chapter 5

BUILDING-UP NEW IMDUSTRIES . . . - - « « « « & « + =«

II. The role of government . . . . .« .« « . « & &
I1T. The social patterns of entrevreneurshio . . . .

V. The limitations of planning . « + + « « « « «
VI. The competitiveness of anoropriate technealngy .

Thapter 6
POLICIES FOR APPROPRIATE TECTNOLOGY . . . . . . 4+ =«

I. The generzl princinles . . + + . « « « « ¢« + =«
II. Science policy and the constraints of penury .
III. Regionalisation and decentralisation . . . . .
IV. The promotion of 1loczl technological traditions
V. The school system and the uneducated innovator
VI, Dualistic policies for technclegy . . .« « . . .
VII. The role of foreirm aid . . o+ +« + &« + & « o «

Part Two

THE PRACTITIONERS' POINT OF VIEW

I. THE MOBILISATION QF KMOWLEDGE OM¥ LOW-CCST TE“HNOLOGY:
OQUTLINE OF A STRATECY . . . v v 4 4 ¢ & ¢ & = « » =
by George McRobie

II. BEACE RESEARCH INSTITUTE'S HANDBOOK OF APPROPRIATE
TECHNOLOGY « & ¢+ 4 & 4 o « v 2 o 2 = ¢ » u ¢ « ¢ » =
by T.A. Lawangd, F. Hvelplund, R. Alward and J. Voss
III. THE IMPACT OF MICRO-DEVELOPMENT PROJECTS . . . . . .
by Ross W. Hammond

IV. INDIA'S EXPERIENCE AND THE GANDHEIAMN TRADITION . . .
by M.M. Heda

V., THE SCALINC-DOWN OF MODERN TECHWOLOGY: CRYSTAL SUGAR
MANUFACTURING IN INDIA . . . « « v ¢ v 4 o « + o = =
by M.K. Garg

N

IV. The political legitimation of apuvropriate technology

I. Individual entrepreneurs and cnllective organisations

.

B3]

[}

-

[ ™
[y S0 I o B S S
3¢

=
3y N

)
[ov]
jor]

114




V1. THE UPGRADING OF TRADITIONAL TECHNOLOGIES IN INDIA:
WHITEWARE MANUFACTURING AND THE DEVEIOPMENT OF HOME
LIVING TECHMOLOGIES . . . . B R N
by M.K. Garg

vII. THE ROLF OF TECHNO-ENTREPRENEURS IN THE ADCPTION OF
NEW TECHNOLOGY . . « « « o « ¢ ¢ « C e e e s . . 139
by P.D. Malgavkar

VIII. THE REORGANISATION OF THE LIGHT ENGINEERING INDUSTRY

IN SRI LANEA . & o ¢ & = o« 2 « s & 2 = = = o & & = = = 206
by D.L.0O. Mendis
1¥. MECHANISATION TECHNOLOGY FOR TROPICAL AGRICULTURE . . . 213

by Amir U. Khan

X. INTERMEDIATE TECHNOLOGY AND REGIONAL DEVELOPMENT I
THE PHILIPPINES . . . . f e e e e e e e s s e . . 231
by Rufino S. Ignacio

XI. THE DESIGN AND OPERATION OF A WATER FILTER USING
LOCAL M4TERIALS IN SOUTHEAST ASTA . + . + « « « =« » = » 238
by Richard J. Frankel

XII. THE SOLAR PUMP AND THE PROBLEMS OF INTEGRATED
RURAL DEVELOPMENT . . . . -
by J.P. Girardier and M. Vergnet

XITI. GARI MECHANISATION IN NIGERIA: THE COMPETITION
BETWEEN INTERMEDIATE AND MODERN TECHNOLGGY . . - - . - 260
by P.0. Nzoddy

¥IV. APROPRIATE TECHNOLOGY IN GHANA: THE EXFERIENCE OF
KUGMAST UNIVERSITY'S TECHNOLOGY CONSULTANCY CENTRE . . . 276
by B.A. Ntim and J.W. Powell

iV. EMALL-SCALE DISTILLATIGN OF POTABLE SPIRITS FROM
PAIM WINE . . e bt e e e e e e e e e ae e s e e . 236
by I.A. Aklnrele

XVI. APPROPRIATE TECHNOLOGY I ETHIOPTAN FOOTWEAR
PRODUCTION . . e e e s e e . - 256
by Norman S. Mcualn and James Plckett

XVII. EDUCATION AS A LOW~COST TECHNOLOGY FOR AGRICULTURAL

DEVELOEMENT o » o+ = v o s o o o o s o o o = » o« = « « « 309
by F. Dubin
LVIII. THE ROLE OF NON-GOVERNMENTAL IN.,TITUTION‘! IN THE
TNNOVATION PROCESS o+ o = o o = o o = s + v ¢ o« « =+ 321

by John W. Pilgrim

XTX. LOW~COST TECHNOLOGY, COST OF LABOUR MANAGEMENT AND
INDUSTRIALISATION .+ « « o « o« « » o » = = o « o = o = « 330
by A.J. Bhalla




by

Paul-Marc Henry
President of ihe OECD Development Centre

Nicolas Jequier has approached the problem of appropriate tech-
nology with a much needed thoroughness and clarity. In 197%, at long
last, appropriate technology has come of age. The need is now felt
by many developing countries for a basic reappraisal of the type of
technology which responds best to their requirements. High cost tech-
nology can be highly productive, it often provides the solutioms to
ﬁa b351c problem of development of natural resources taking into
'account market and time constraints.

But it is in fact the direct product of advanced industrial
:societies which had to operate in a competitive world in time of war
fand in time of peace. From the point of view of defence as well as of

:economlc survival, the most industrialised countries in the world
:could not afford to remain behind in the race for power and survival.
This means that the developing countries of today are faced with a
well integrated and complex system of production and trade which is
_eszentially related to structures belonging to the temperate zone and
representing a certain combination of accumulated knowledge, innova-

"tive capacity and skilled manpower.

“! ‘Tt has been taken for granted, until very recently, that this
fofmldable eystem could be. extended 0 the whole: planet and serve the’
ﬂeeds”of ‘the’ bllllons'of peonle now 11v1ng in fhe tron1ca1 and equa'
.torlal zones. On the face of ev1dence 1f 15 now clear that th1s

1ndustrldi system has to be re—examlneﬂ nd adapted ‘An order to take
to account the b331ca11y low 1ncome of the deveioblng countrles,_
thelr fast growxng pﬂpulat1on thelr vast needs for nssentlal produc-
tions .:such as food, shelter and bealth. ThlS should be done w1th1n a
:relat1vely short nerlod of t;me, if we want to av01d a fundamental
1mba1ance between human populatlons and thelr capacxty to surV1ve
*through development of their natural resources._z‘




Mr. Jéquier points out that "the appropriate technology movement
(the term movement is used here for want of another more adequate
descriptioa) can .robably be viewed as a cultural revolution".

I agree wivn him. Not only it means a revolution for the people
directly concerned in the developing countries which have to adapt
"the imported technology under very unequal terms of negotiations®,
but even more for the people of the mere advanced countries who feei
that their own guality of life is in danger by what many call "“aggres—
sive" technology, aggressive by its scale, by its demand on human
energy and by the stress it imposes on the whole fabric of society.
At the same time, this technolcgy is serving well the hunger for
consumer goods, characteristic of an over-consuming society.

This is why this cultural revolution concerns the world as a
whole. The problem of adaptation of technology is nrt only a techni-
cal problem, it is also a political one. The present debate goes in
dep*th and has a direct bearing on the future of economic, pelitical
and cuitural relations between the most industrialised countries of
the Nerthern temperate zone and the less industrialised in the tropi-
cal and equatorial zones.

Mr. Jéquier's presentation should be. placed in the perspective
of the long term work undertaken by the Development Centre of QECD
when the first Seminar om Transfer of Technology was held in Paris
in November 1972 (Choice and Adaptation of Technology in Developing
Countries}. One can see from the galaxy of contributeors to the
present publication that many distinguished economists, technologists
and industrialists and develooment administrators from many countries
are already engaged in the new quest.

I am happy that the Development Centre could help this important
endeavour.




INTRODUCTION

by
Mikoto Usui

Head of the Technology and Industrialigation Programme
QECD Development Centre

Low-cost technology. intermediate technology, self-help tech-
nolegy, progressive technology, correct technology, appropriate tech-
nology ~ differences in their nuances apart, much has already been
said about these concepts ana the kind of princinles which are gener-
ally understood to underly them. The movement to keep these pripci-
ples alive in various parts of the worid and in countries at differ-

. ent levels of development has been spreading rapidly, if still in a

fragmentary way. An increasing number of fora on development issues
.have come to dwell on the question of nprogress from within society”
and its technological implications. More ard more journals and bulle-~
tins nhave come to spare a space for practitioners in approepriate
techinoiogy, their new missions ané visions.

tn face of this emerging trend in the development scenery, there
is still a certain degree of ambivalence as to the nature of policy
actions which are reguired at this stage on the part of beth the
netional authorities of develeping countries and the bilateral and
mltilateral aid-giving agencies. Indeed, there is a growing number
of analytical studies conducted from the point of view of choice of
i echnologx.— an 1mportant nhase of the innovation process: they invite
our attentlon to the ex1stence of a hlerarchy of alternatlve technoi-
ogleS,'elther on the shelf or as agenda for adaptlve development
Qp0551b111t1e-. ?bwever, stlll elatlvely poorly explored are the ways:
-and means of fosterlng 1nnovat1ve minds bhroughout local societies,’
.and e peczally in the conuext of rural development.

Orlentatlon of tnxs book

This hbook, Anpropriate Technology. Problems and Promises, is an
attempt to improve our understandlng of the structural problems




facing the appropriate technology movement from the standpoint of a
national inmovation policy. The phrase, Problems and Promises, hints

at the general sccope of the writings coliected in this book. It
covers the vast grey area which lies betw-=n a) the generalities
debated often with an ideological trait, which point to certain dif-
ficult Y"piroblems" in adopting definitive, extensive policy actions,
on the one hand, and b) the anecdotal specifics of micro-level field
missions, which corrohorate "promises" and crave for more determined
policy supports, on the other.

The reader will see that the state-of-the-arts review presented
here refers to the various forms of technical innovation projects
and institutions linked for the most part to the people in rural
areas. The main thrust of this exercise is neot an inventory-taking
of on~going relevant activities in the worid, nor an appraisal of
the intermal technical problems of individuai innovation projects.
Rather, this is an attempt to reflect upon the Qroblématicue of the
underlying socio-economic mechanisms and policy environment which
leoms up against the spread of practitioners' actual preoccupations.

Origin of this book

Procedurally, the origin of this book was the meeting of prac-
titioners in low-cost technology orgenised on 17th-20th September
1974 by the OECD Development Centre. The interim report of this
meeting, issued earlier, included only partial proceedings and a
preliminary synthesis of discussions{1l)., The Centre has since con-
tinued itz commmications with various circles of practitioners and
researchers in order to sharpen and broaden the synthesis section
of the earlier report. Many participants have kindly provided us with 1
their contributions anew, rewriting their earlier papers and taking into:
account the new questions raised at the meeting. This book has thus ;
been evolved on the whole as a Joint project with these many collebor-
ators - a strategy which one would consider the most reasonable in
view of the very participatory character of appropriate technology.

Being a collaborative project need not imply forcing hetero-
geneous particularities into common logics and rhetorics. In Part
Two — The Practitiorners' Point of View - the treatment of different
themes, exXperiences and propositions are ascribed to individual
writers. Not all of the articles in this part may be considered as
policy~oriented, but they altogether constitute a set of important

underpinnings on which our overall policy discussion is to be struc-
tured.

1) Low=Cost Technolo = An Ingqui into Qutstanding Policy Issues
iﬁﬁgIlsH onIy, Tecﬁﬁo!o By and %nﬁusfrlaflsafion ?rogramme, OECD

Development Centre, CD/TI{75)1, January 1975.
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Since these elements of Fart Two have been gathered on an adé hoc,
voluntary basis, they still leave a substantial degree of freedom as
to ways in which the varicus threads of thought on “problems and
promises" could be fitted together in a coherent perspective of policy
study. This latter task is pursued in Part One - The Major Policy

Issues. In a way, this part serves as a synthesis of the discussion
held at the September 1974 meeting, as well as a review of the Part
Two material. But essentially this may well be taken as an additional
tthink-piece", c¢onceived and developed within the framework of the
Development Centre's study programme. Naturally, it is not free from
the private views of the particular author, Ricolas Jéquiqr, who has
been charged with the responsibility for editing the entire book(1).

Major guestions addressed

Without pretending to recapitulate the complex substance of this
repvort, let me stress some of the questions tn which the wvarions
authors of this book were invited to respond in one way or another.
The 1974 meeting on low-cost technology was prompted by our earlier
inquiry intc the mechanisms of technology transfer for small-scale
industries in developing countries. 4 number of gquestions had evolved
out of that inquiry(2) that needed a closer examination in the lizht
of practitioners' experiences. In the course of the meeting, the list
of specific guestions became further diversified, rather than simpli-
fied, partly because there were many different ways of locking at
certain general issues and partly because the meaning of the term
“"policy" varied, depending on the level of decision problems corres-
ponding to each discussant®s daily preoccupations.

Leaving aside rhetorical variations, and in an attempt to make
some bold outlines of the themes of this book, let me just select
several basic questions which seem particularly important from the
standpoint of general strategy for development co-operation.

First, in relation to probleme of rural industrialisation,

-~ How has the low-cost technoleogy movement stimulated the
participation of local metal-works, repair shops for farm
eguipment and implements and other local industrial or semi-
industrial operators?

1) As is the case with most work by the Pevelopment Centre, the
particular position taken in this book is that of the author
and should not necessarily be regarded as reoresenting the
official position of the OECE.

2) See the OECD Developmeri Centre, Transier of Technology for Small
Industries, Paris, 1975; see especially the concluding part of
my Heview of Discussions im Part I.




- To what extent, and in what forms, should there be an
"ingulation" policy to protect the small-scale decentralised
industrialisacion base from any competitive pressure emanating
from large-~scale technology products?

In relation to the nature of science and technology policy in the
context of rural development:
- How does the attribute of low-cost technology (i.e. Ycontinu-
ity from indigenous technology") permit a progressive linkage
to formal educational systems and scientific disciplines?

— What is the role of umiversities in +the low-cost technology
mevement? How is it affecting the local university curricula
as well as primary and secondary school curricula?

In relation to the basic _options in innovation policy design (general
versus specific policy instruments):

- How far have the demonstration effects of specific micTo-
development projects become visible? Do we know enough about
the threshold scale for micro-project assistance below which
success would become problematic?

From the standpoint of foreign aid strategv:

~ To what extent, and in what special ways, can the assistance
from foreign seurces play a cruecial role in stimulating the
iocal self-help effort?

— What sorts of information services prove particulariy helpful
to guide the search, choice and application vhases of low-cost
innovations in developing society?

Qutstanding issues inviting further study

Framed in such conceptual terms, the guestions stated above do
not expect a2 straightforward, monochromatic answer. RBut the reader
will find in the contributions collected in this volume various prac-—
tical ways of interpreting the meaning of these questinns and the
gravity of opinions regarding the desired solutions. Nicolas Jéguier's
writing in Part One offers a fairly detailed, but reasonably compre-
hensive treaiment of these guestions.

Admittedly, this book is not as much advanced yet in regard to
the anaiysis of a complete arsenal of policy measures and instruments
that are relevant for stimulating and directing an indigenous inrnova-
tion process in developing societies, as in regard to the analysis of
basic strategic issues and policy options. A more systematic analysis
of concrete policy instruments and techniques of deploying them would
be an important task envisaged for the future. This is not the vlace
for drawing up a detailed prescription for such a task. But in con-
cluding this Introduction, let me mention a few messages emerging

- 12 -




from this bock that I consider parti. arly worth stressing.

Firstly, there is 2 considerable scope for more active govermn-
mental support. What is important at this moment is perhaps not sn
muck the perfectionist preoccupation conserning the real benefits
and costs of individual micro-projects .sg b+ to help cross the
threshold of change towards a new sociz. -.titude or a new prestige
concept commensurable to the animation 0f wucal innovative minds.

The current appropriate technology movement: are apparently still a
long way from the threshold. A guantum jus. in aid resource inputs
woula be desirable.

Secondly, great care should be exer.ised in designing direct
governmental interventions. Important in an initial phase would Ge
an appropriate mix of "specific” prom-tion policies for local small-
scale in‘tiative—taking on the one hand and of a certain "toleration”
policy aimed at the evolution of a ccmpetitive trial-and-error pro-
cess, on the other.

Thirdly, there should be a clear discriminatory policy to obviate
rremature competition with the larger-scale madern—-technology ventures
fostered under the earlier import substitution strategy. 3ut there
is a burdemsome regulatory task which calls for extensive R and D
and elaboration of appropriate standards geared to the industrial
and semi-industrial undertakings being fostered to cater for the
needs of rural villapges and towns. And such a task should be set in
a dynamic perspective, its primary missicn beinr to facilitate, and
not to stifle, gradual, positive interactions between local self-help
efforts and the scientific and technological rescurces from the modern

sactor.
And finally, reverting to the first peint above, further inno-

vative arrangements seel to be needed as to the charmelling of any

~ guantum jump in 2id resources te spur local innovation projects. To
package such resources into large (integrated) rural development
projects is apparently an expedient. But the innovation volicy, or
at least aspects of it which concern a broad social process as such,
ought to be stretched beyond the demonstration-oriented greenhouse
projects. Especially for pultilateral aid authorities, an ocutstanding
challenge is how to respond to the needs of informal, individually
small-sized, and mostly risky ventures emerging in a large number.
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Chapter 1

THE QRIGINS AND MTANING OF APPROPRIATE TECHNOLOGY

A growing number of develorament experts and national policy-
makers are beginning to question the wisdom of massive technology
transfers from the industrialised countries te the developing nations.
The large-sca.c capital-intensive techneclogies develowved in Europe,
North America or vapan may well be very efficient, but their in*ro-
duction intc poorer, less developed societies often raises more prob-
lems that it can solve. They are usually very costly relative to the
income cf the local populations, they require an educaticnal and
industrial infrastructure which takes dacades to build up and their
disruptive social censequences tend to be much more sudden than in
their culture of origin. But perhaps most important of all, their
introduction often inhibits the growth of the indigznous innovative
capabilities which are necessary if "development” is to take place.

The syr!-1s of modernity, in the form of steel mills, chemical

plants, autom~.ile factories or squadrons of military aircraft can
be purc =~ ou the international market, but development is a comﬁlex'
soeial process which rests in large part upon the intermal innovative
capahilities of a society. Imports of foreign iceas, values and tech—
nologies have a major part to play, but few societies in history have
developed exclusively on the basis of such imports. One of the major
tasks facing the developing countries is to create, nurture and more
often than not rehabilitate the.r internal capacity to invent and

innovate. As far as technology is concerned, this implies not »nly a
much gresater selectivity in the choice of imported equipment, plants .
and methods of preduction, but also - and this is much more importahf:'
the invention and diffusion of new types of technology and new forms .*
of organisation which are better suited to leocal conditions.

I. THE SEMANTICS OF APPROPRIATE TECHNOLOGY

The technologies which meet this requirement ar= variousiy des-
cribed as 'appropriate!, 'low-cost' or ‘intermediate'. The exact
difference between these three types of technology is the subject of
lively if somewhat inconclusive thecretical debates, and it is well

- 16 —




L to recognise that for the time being there are no widely accepted
definitions of what constitutes an appropriaste, low cost or inter-
‘mediate technology. For practitioners working in the field, these
. terms, however, are perfectly clear and require little elaboration.
Rather than try here to give a standard set of debatable definitions,
it may be more appropriate to illustrate them with a few concrele

'\ eXamples.
The ox-plough, introduced in several tropical African countries

by the agricultural extensicn services, religious organisations and

_rural development specialists, is a good example of an intermediate
 -technology. It stands, so to speak, half wav betveen the traditional
:_hand-operated hoe and the modern diesel tractor. Intermediateness is
of course relative: in the societies of the MidGdls East and Asis
which have known angd used the ox-drawn piough for thousands of vears,
such a technology can be called traditional, and the intermediate
level of technology would more adequately be represented by the small
two-wheel tractors of the type develoved by the International Fice
Research Institute in the Philippines(l) or by the industrial co-
operatives of Lri Lanka{2). In the iropical African societies which
do not have any traditien of livesteck breeding and which =still use

very simple implements, the ox—drawn plough is a major innovation,
and from a technological point of view, it reprasents a big =tep

“forward.

Another example of intermesiate technolegy is the gari machine
.developed in Nigeria. Gari, a dehydrated cassava product, is a staple
fpod in most of West Africa. The traditional manual preperation
method for extracting the prussic acid from the cassava ront was
'bfought to West Africa in the 13th century by former slaves from
ZBrazil who had borrowed it from the local Iindian population(3).
‘ W1th the rapid rate of urbanisation, industirial production methods

. were required, and a modern large-scale technology was developed in
:Lthe 1960's by a British firm in Gambia in co-operaticn with Nigerian
. technologists. Parallel to this, a smaller scale snd somewhat simpler
technology was developed at the time of the Nigerian Civil War on the
Biafran side. The capacity of this intermediate plant iz smaller but
the total investment required for the same outvut is at least four-
tiﬁes-ldwer and its profitability substantially highér. Of particular

1):Séé the article by Amir U. Khan, "Mechanisation Technology for
~Iropical Agriculture”, in the second part of this book.

2} D.L.0. Mendis, "The Reorgsnisation of the Light Engineering
i Industry in Sri Lanka", ibid.

3) Thomas R. De Gregori, Technology and the Economic Development of
“"the Tropical African Frontier, The Press oI Case Western Reserve
S University, Tlevelard 1960.




interest here is the fact that the intermediate technclogy was an
indigencus innovation. The modern plant, by contrast, relied heavily
on technological contributions from a highly industrialised country(1).

The definition of what constitutes a low-cost technolegy is at
first sight relatively simple. The ten dollar rural latrine developed
by the Planning Research and Action Institute in India is quite
clearly immensely less expensive than the modern flush toilet{2) and
the water filtratior system developed in Thailand, and which uses
coconut or rice husks as the filtering media, is so inexpensive that
it can he considered for all practical purposes as a zero-cost tech-
neleogy: supplying a family with pure water for cne month costs
around $0.20(3). However, as soon as one goes veyond the simple home~
living *self-help' technology, cost calculations can become extremely
complex, and it is ofien very difficult to determine whether a new
manufacturing technology for instance is cheaper than the one it
replaces or supplements.

The small-scale sugar plants developed ir 'nd:a, and which now
account for more than 20 per cent of the count*ry's production, are
a gnod case in peint. The average investment per ton of output is two
and a half times smaller than in the large modern plants, and the
investment per worker nine times lower. Differences in producticn
costs however are much smaller (less than 20 per cent), and the pre-
sent balance in favour of the small-scale technology could easily be
tilted(4). This in fact is what happened with a rathner similar type
of technology in Ghana, Analyvses made in 1969 showed that the small-
scale low-cost sugar technology was more attractive from an economic
voint of view, but four years later, with the rise in wages and the
improvements in the modern large-scale plants, the situation was com-
rletely reversed. Econcmics can of course also operate in favour of
the small-scale lower-cost technology. In India for instance, the
sudden rise in the price of imported cil has helped to make cow dung
gas cookers wuch more attractive.

Low cost, like intermediateness, is a relative notion which
varies in space and time, and much depends upon the assumptions made

1) See the article by P.O. Ngoddy, "Gari Mechanisation in Nigeria:
The Competition Between Intermediate and Modern Technology", in
the second part of this dbook.

2} See the article by M.K. Garg, "The Upgrading of Traditional Tech-
nologies: Whiteware Manufacturing and the Development of Home
Living Technolosgies®, ibid,

3} R.J. Frankel, "The Design and Operation of a Water Filter Using
Local Materials in Southeast Asiav, ibid.

4) M.K. Garg, "The Scaling Down of Modern Technology: Crystal Sugar
Manufacturing in India"%, ibid.




about the price of inputs. If inierest rates are kept artificially
low to foster industrialisation, as happens in most developing coun-
tries, the modern capital-intensive technology will autcmatically
appear much more profitable in private terms (but not necessarily in
social terms) than the locazl indigenous technology which employs many
veople but requires little capital. If on the other hand, employment
is a real {as opposed to rhetorical) national priority, the profit-
ability of the small-scale technology cannot be measured exclusively
on the basis of the effective wages paid to the workers. Emploving a
perscn who would otherwise be out of work is a net gain for the
economy, and this facto: can be taken into account by using a shadow
wage rate and measuring the opportunity cost of employment(1).

Measuring the real cost of a new technology brings out very
clearly the conflict between micro-economics and macro-economics,
and between the national planner and the entrepreneur. The planners
who have to choose for ingtance between a small-scale sugar plant
and a large one must take into account such factors as the social
cost of unemployment, the effective price of foreign exchange or the
import-saving value of a new project. The small entreprenzur who is
investing his money and his wor« in a plant is interested mainly in
making a profit, developing his company and securing the cash-flow
which will allow him to pay his workers and buy his raw materials.
If there is no link between the planner and the entrepreneur - for
instance by ensuring that the latter will get some immediate financial
compensation to make up for the difference between the wages he
effectively pays out and the shadow wage rate upon which the profit-
ability of his project was assessed - the only test of a new tech-
nology's cost or value is its acceptability by the market.

When speaking of low-cost technology, one is focusing vprimarily
on the econcmic dimension of innovation. The concept of intermediate
technology on the other hand belongs more specifically to the field
of engineering. As for appropriate technology, which tends today te
be somewhat more popular than low-cost or intermediate technology,
it represents what cne might call the social and cultural dimension
of innovation. The idea here is that the value of a new technology
lies not only in its economic viability and its technical soundness,
©but in its adaptation to the local social and cultural environment.

' Acsessing the aporopriateness of a technology necessarily implies
‘some sort of value judgement both on the part of thoze who develon

it and those who will be using it, and when ideological considerations
come into play. as they often do, appropriateness is at best a fluc-
tuating concent.

1) For a further discussion of these issues, see the paper by
A.J. Bhalla, "Low-Cost Technology. Cost of Labour Management and
Industrialisation®, ibid.
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The sclar pump developed by a French firm in co-operation with

the University of Dakar, and which is currently being introduced on
a large scale in Mexico, is prcbably a very good example of appropriate

technelogy. It uses a widely available source of energy - the sun - 1
to provide villagers with a scarce but vitally important commodity -
water{1l}. Altheugh it is technically very sophisticated, it blends
rather well into the social environment: it requires virtually no
mairtenance and seems to have a potentially very long working life.
In the same way, a number of the tschnologies developed or povular—
ised by the Brace Research Institute in Canada can be considered as :
particularly appropriate, be they solar coffee drvers for Colombia, =h
smali-scale iron foundries for Afghanistan or solar distillers for
the water-less villages of Haiti(2).

¢

The terms low-cost, intermediate and approoriate technology
are generally considered to refer to technologies which are used,
developed cor imported by developing countries. Most of these technol~
ogies are, however, equally relevant to the highly industrialised
countries, and are in many ways rather similtar to the goft or
alzsrnative technologies promoted by a raridly growinz number of
organisations and individuals in North Amerjca and Western Europe.
These soft or slternative technology movements all emphasize the
need for a much greater atfention to the ecological impart of new
technology and to the real needs of scciety.

Among the soft technelogies developed in the industrialised
countries, one might mentior the aguaculture system and the wind-
mills of the New Alchemy Institute in the United States(3), the com—
munity technologies (e.g. basement fish-farming, solar kitchens,
etc.) suited to an urban environment which are propounded by Karl
Hess's Community Technnlogy(4), Robin Clarke's efforts in the United
Kingdom to explore new paths in non-polluting agricultural technology'?
and the use of renewable energy resources(5) or the wind generators |
and methane digesters of an organisation such as Conservation Tools
and Technology(6).

1)

1} See the paper by J.P. Girardier nd M. Vergnet, "The Solar Pump

and the Problems of Integrated Rural Development", ibid.

ee T.A, Lawand et al., "Brace Research Institute's Handbook of
ppropriate Technology™, ibid. This paper contains an elaborate
zet of criteria of a technology's approprizteness.

3) "New Alchemy Institute: Search for an Alternative Agriculture®,
Science, Vol.187, No.L178, 28 February 1975.

4) "Karl Hess : Technology with a2 Human Face", Science, Vol.187,
No.4174, 31 January 1975.

) See Robin Clarke and Geoffrey Hindley, The Chalienge of the
Primitives, Jonathan Cape, London 1975.

6) See Andrew McKillop, “Technological Alternatives", New Scientist,
22 November 1973.
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The exsmples of intermediate, low-cost, aporopriate or soft
technology given here should be viewed simply as iliustratiens, and

not as an attempt to present a global overview of what has been
achieved to date. What these examples suggest is that at this stage,

the delineation between these various conceots ie still in a state
of flux. Appropriate technology is very clese tc, but not entirely

identical with, intermediate technology, and a low-cest technclogy,

while often particularly appropriate to the conditions in a develon-

ing society, does not necessariiy always meet the criterion of ay..ro-

priateness. In fact, each of these concepts might be viewed as a =et

of overlapping but nevertheless distinect areas, the frontiers of which

are rapidiy changing under the impact of recent experiments, new

innovetiens and preogressive chenges in werspective. For this reasen,

the terms aporeopriate, low-cost, intermediate and coft can
for the moment be used almost interchangeably, and the choice nof nne

term in preference to another is a reflection of differences in

emphasis rather than of fundamental difference in nature,

IT7. THE HARDWARE AND THE SOFTWARE

The term 'technology' invariably suggests the id=a of hardware

be it in the form of factories, machines, oroducts or infrastructures

(roads, water distribution systems, storage facilities, etc.). Hard-

ware is something visible, and even if it is not understandable, it

stands out very conspicuously. Technclogy however goes much bevond

the hardware, and also comprises what can be called, by an analogy

taken from the computer industry, the sgofiware. This includes such
immaterial things as knowledge, know-how, exverience, educatinn and
organisational forms. This distinmction between hard rare and snftware
is just as important in the case of approoriate technology as in that
of modern large scale technology.

The societies which today are highly industrialised owe their
development not merely to the invention and widespread apvlication
of new types of machinery, from the steam engine of the first indus-
trial revelution to the electronic computer of today, but also to
major innovations and gradual improvements in organisational forms
and institutional structures. The importance of these non-material
innovations often tends to be underrated by historians of technology.
One of the major innovations in organisational forms in the first
half of last century was & legal invention, that of the limited
company . This new form of association allowed potential entrepreneurs
to escape from the stifling restrictions of the professional guilds
inherited from the Middle Ages. It also consecrated the dismantling
of the King's monopely on industrial and commercial entrepreneurshin,




which had been institutionalised over the centuries by the system of
royal charters. In fact, had it not been for the invention of the
limited company, which released the entrepreneurial drive of a society
in transition, the industrial revolution may well have aborted despite
all the inventiveness in hardware. The history of classical China,
Ipperial Rome or late medieval Europe suggests that the ability to
invert and develop new types of hardware is not alone sufficient to
generate the equivalent of an industrial revolution. What is required
is an entrepreneurial class and perhaps more important a system of
values - cultural, social or religious - which can legitimise and
encourage social and economic change.

The problem facing developing countries today is not very differ-
ent. The range of new hardware which is available to them as a result
of the industrial research undertaken in the advanced countries iz so0
wide and increasing so rapidly that it could, in theory if not in
practice, meet a large part of their immediate needs. What is reslly
lacking is the software and this is perhaps the area where the appro-
briate technology movement has the most to contribute. Hardware and
the technical ability to produce it in an imitative way can generally
be transferred from one country or culture to another. Organisational
forms and social values are, by contrast, much more culture-specific
and hence generally more difficult to transpose deliberately from one
society to another.

The case of the agricultural extension system illustrates this
point very clearly. These services, developed in North America and
protestant Europz in the 19th century, have proved extremely effective
in diffusing new technology and transforming the agricultural syaztem.
But when transferred without any substantial medification te the
developing countries, they often turn out to be more costliy and much
less effective. In fact, the problems of adaptation are much more
complex than\for hardware. Such an adaptation can however be done.
One successful example in this respect is provided by the Institut
africain pour le développement &ccnomique et social (INADES), a
mission~based organisation working in most of Black Africa(l) which
has developed a low-cost extension service that lays great stress on
the inveriiveness and entrepreneurship of the farmers to whom it is
addressed. In fact, the work done by INADES, or for that matter by
the Fanafrican Institute for Development{2) provides very vivid exam-
ples of the ways in which appropriate . sofiware (..e. education,
agriculturai extension, knowledge, etc.j can be created and medified
to promote development within a poor community.

1} See the paper by P. Dubin, "Education as a Low-Cost Technology
for Agricultura Development",in the second part of this book.

2) See John W. Filgrim, "The Role of Won-Governmental Institutions
in the Innovation Process", ibid.

:
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The ineffectiveness and high cost of Western-style educational
systems in the developing countries is another illustration of the
difficulty of transferring software from one cruntry to another. In
fact, a number of developing countries have tried to meet some of
the criticisms levelled against their educational systems by develop-
ing new types of hardware and software which are much better suited
to local conditions. One might mention here the educational games
developed in some African countries {(EcoNiger in the Republic of
Niger and the Agricultor in the Central African Republic), the inte-
gration of artisanal activities in the curriculum of the primary
schools (Chad) or the emphasis placed on the traditional knowledge
of the community in which the scheool is located. The number of experi-
ments currently going on in the educational field is very large, and
only just beginning to be documented in a systematic way(1). These
examples clearly suggest that appropriate software can be developed
and, more important, help to build up the inventive and innovative
capab:lity which is necessary to development.

At another level, one might note two small but revealing ev .les
of the way in which specific problems can be solved with a min’
expenditure in money and withoui using any new hardware. The [
is the way in which the bus system in the city of Delhi was reorgan-
ised to provide better service and make more efficient use of the
existing hardware(2). The other example 2lso comes from India. In
the State of Punjab, the agricultural crisis which followed the rise
in fertiliser prices in 1974 led to arn amparently very simple adminis-
trative solution to a problem inherited from the colenial perind. The
water distribution system and the agricultural extension service which
were run separately without any co-ordination were merged under a
single authority. As a result of this simple administrative reorgan-
isation, the average grain yields increased in a significant way,
which heiped to overcome the problems posed by the relative shortage
of fertilisers.

Many other similar examples could be found throughout the develon-
. ing world. Some of them may seem trivial, but development is a process
which consists for a large part in thousands of small improvements
- and modifications in software, rather “han in sudden and massive leaps
forward in hardware. Software however lacks visibility, and often tends
for this reason to be overlocked, not only by national planners and
policy mskers, but alsn by many of the small-scale organisations now
active in the field of appropriate technologv.

1) A very interesting summary of current experiments in this area can
be frund in Développement de mEthodes et de techniques adapt&es
aux ~onditions propres aux pays en Vaie de deve oppement {mimeo
UNELCO, Paris, Seotember 1975.

2) See Jon Tinker, "How Delhi Makes the Buses Run on Time", New
Scientigt, 9 January 1979.
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One should not of course overlook the importance of hardware,

but an exclusive preoccupation with hardware tends to overshadow the
importance of the enormous putential resource represented by software.
The ways in which this resource can be mobilised in a systematic way
are not .entirely clear, but many experiments have pointed to the
general direction. One example in this respect is the Comilla Project
in what was then East Pakistan(l). This was an attempt to initiate
community development at the grassroots level, not so much by intro-
ducing new hardware,but rather by reorganising existing resources and
promoting innovation from within. The organisation of inexvensive
public health systems is another illustration: without any substantial
increase in hardware, it is feasible to provide an effective health :
system at an annual cost of some %10 per person, and a sanitation ﬁ
system for ten times less(2).

A national strategy for appropriate technoloegy (or for that ;
matter the st..tegy of a small private or public appropriate technology ]
organisation) could and should focus both on hardware and sofiware. #
In fact, the most appropriate technology for many developing countries

is often the one waich has a greater software component. Software is
much more difficult to develop and diffuze than hardware but strate-
gies for mobilising it in an effective way can be developed(3).

ITI. THE CULTURAL ORIGINS OF APPROTRIALE TECHNOLOGY

The idea that developing countries should resort to appropriate
technology in order {o promote development is in the process of
becoming 'respectable', both for national policy makers ir these
countries and for aid-giving organisations in the industrialised
countries, and appropriate technology is progreszively entering into
the mainstream of developmert aid. This transition from marginality
to acceptance is most conspicuous in the United States{#4), Canada,
the United Kingdom, Sweden and the Netherlands, and there are signs

1) See Akhter Hameed Khan, "The Comilla Project - a Personal Aecount®,
international Development Review, 1574, No.3.

See James S. Pollock McKenzie, "Putting a Price Tag on Health: A
Ten Dollar Yeaith Plan®, International Development Review, 1974,

T 7
WO .ie

See for instance Robin T. Millier, Pattabhi N. Raman and George
R. Francis, "Mobilising National Talent for Development”,
International Development Review, 1974, No.2.

Ore example of this is the bill passed by the U.5. Congress in
September 19Y5: the Agency for Internatienal Development has been
allocated 320 million to be used for activities in intermediate
technslegy in the 1976-1978 fiscal years.
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+hat this interesi in appropriate technology is gradually spreading
to other aic-giving countries, notably Germany and France. This shift
in public attitudes however is not matched, for the moment at least,
by a cerresponding shift in the nature ¢f aid programmes: attitudes
are several years ahead of concrete realisations, and it will take
time before this interesi in appropriate technology can be transiated
inte projects ané achievements similar in scope to those which have
been undertaken under the 'conventional' or ‘medern' large-scale

aid programmes.

This interest of aid-giving countries and organisations in
appropriate technelogy, ilmportant as it may be for the future of the
movement, is in fact at the root of a very widespread misconception,
namelv that appropriate technology is primarily an aspect of develop-
ment aid. It certainly has a part to play in development aid, but the
philosoriy which underlies it is preciselv the ovpposite: appropriate
technology should first and foremeost be an indigenous creation of the
developing countries themselves and the central problem they have to
face is that of building up an indigenous innovative capability and
not that of imperting more foreign techneology.

The appropriate technology 'movement!’ (the term movement is used
here for want of another more adequate description} cai. prcbably be
viewed as a cultural revelution. A number of factors have contributed
to bringing it about, both in the industrialised and the develoning
countries, and it might be u.e<ful to distinguish here between the
immediate origins and the more complex and deeper origins.

The most conspicuous of these immediate origins is the realisa-
tion, shared by aid-giving and aid-receiving countries alike, that
development aid and a Western style of industrialisation have neither
fulfilled the initial hopes which were placed in them nor been fully
capable of solving the basic problems of development. This problem
has been vividly expressed by Dr. E.F. Schumacher in his influential
book, Small is Beautiful, which perhaps more than any other, has
contributed to popularise the concept of intermediate technology,
woth in the developing countries and in the industrialised nations{1).

The disillusion with foreign aid, which several studies have
amply documented{2}, is not due so much to inefficiency, lack of
money, igneorance or the importation of inappropriate technologv, as

to the fact that while we know quite a Int about the Teasons why a

1) E.F., Schunacher, Small ig Reautiful, Blond and Briges, London,
1973, The author is the founder of the London-based Intermediate
Technology Development Group {(ITDG). For further details, see the
articles by George McRobie, "The Mobilisation of Knowledge on Low-
Cost Technology: Outiine of a Strategy" and M.M. Hoda, "India's
Experience and the Gandhian Tradition" in the second part of this
boak .

2) See for instance Tibor Mende, From Aid to Recolonisation — The
lessons of a Failure, Pantheon, Kew vork, 1273.
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particular society has developed, we know very much less about the
ways in which such a process can be deliberately and successfully
engineered.

The idea that all societies can and should 'develop! is by
historical standards a very new one. The concept of 'human progress',
which is the cornerstone of several great religisns, is not of course
very recent, but it is primerily a moral notion, and only very recently
did progress come to be egquated with a steady rise in material well-
beirg rather than with moral betterment. Development, or for that
matter ‘human progress'!, is closely associated with a society's per-
ception of time and with its image of man's place in nature. In many
tradltional societjes, time, as exemplified by the recurrence of the
seasons, tends to be perceived as a cyeclical phenomenon: the present
is a repetition of the past, the future will be the same as the present,
and man has no control over time. Frogress or for that matter develop-
ment, implies that the future will be different from or better than
the past; time comes to be viewed as a linear, irreversible process,
and not a recurrent cycle. These differences in the perception of
time are linked for the most part to religious traditions, and take
a long time to change.

The second immediate origin of the appropriate technology move-
ments can be found in the industrialised countries themselves. The
worldwide student revolts of the 1960's, the debates about "Limits to
Crowth", the ecology craze and the oil panic, the reactions against
the consumer society and the patterns of living imposed by industrial
necessity are the most conspicuious symptoms of Western society's grow-
ing doubts about its values, its way of life and its long-term
future2(1). The phenomenon, incidentally, has also spread to Eastern
Europe and the Soviet Union{2). Technology, which has probably been
the most censpicuous factor in bringing about the social and cultural
changes which the majority has now hegun to guestion, has come under
attack and this has paved the way to the search for alternative tech-
nologies, for a better balance between man and nature and for a
greater responsiveness of technology to the 'peal' needs of man.

1) See for instance Charles Reich, The Greening of America, Allen
Lane, London, 1971, Theodore Roszak, The ﬂEEing G 8 Counterculture,
Doubleday, New York, 1969, Alvin Toffler, ruture Shock, Random

House, New York, 1970. Jean-Francois Revel, Without Marx or Jesus,
Doubleday, New York, 1971. s

2) See for instance Aleksandr Snlzhenitsyn, Letter to the Soviet
Leaders, Harper and Row, New York, 1973, and Radovan RIchta,
iviiisstion at the Crossroads (mimeo)}, Prague, 1967. Solzhenitsyn's
letter, interestingly enouUgh, is probably the first plea made in the
Soviet Union for intermediate or appropriate technology. As for
Richta's bcok, which in fact was a collective work, it played a
major part in fostering the "Prague Spring" of 1968.
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This search for alternative technologies is only just begin-
ning in the industrialised countries, and for the moment is less
conspicuous by its practical achievements than by the intensity of
the ideological debates which surround it. The reason for this is
simply that the development of technology is conditioned nct only
by the imperatives of engineering but also Dy the cultural and ideo-

logical values of the soclety which produces the technology. Changes
in technological trends must be preceded by changes in culture, which
in turn will bring about modifications in the demand for new technol-
ogy. The modern large-scale technology we have today iz basically a
result of the cultural demard or values, of Western society in the
last fifty years, and a change in values and in the perception of
what technonlogy can achieve is the prerequisite for a reorientatien
of the research and industrial innovation systenm.

What is true of technology is equally true of science: a soclety
develops the type of knowledge, or science, which is consonant with
its values, and not necessarily that which conforms to scientific
truth. Witness for instance the way in which early Christian society
gradually "forgot" the heliocentric theory of the universe, only to
retain for more than 1,000 vears the scientificzlly incorrect, but
theologically more appropriate geocentric view of the world.

The disillusions about developrent and foreign zid, and the
growing doubts of the industrialised societies about their own future
are the itwo immediate and most conspicuous factors accounting for
the groving interest in appropriate technology. In fact, the origins
of this movement can be traced much further back inte histery and in
particular to the industrial and technological experiences of three
major countries, India, China and the United States. In India, this
interest in appropriate technology, even if it was not defined in
such terms, goes back as we shall see later to the end of last
century(1l). In China, the philosophy which underlies Mac Tse Tung's
igeas about technology could be traced back not only to the ecivil
war of the 1920's and the reaction against the big capitalism of the
Kuomintang society(2), but also to the peasant rebellions which have
always been ore important element in China's history. as for the
United States, its industrial history illustrates both the problems
of industriaiisation in an underdeveloped couniry and the fact that
all the modern large-scale technologies of today were originzlly
small-scale, inexpensive and in certain respects appropriste
technologies.

1) See M.M. Hoda, op.cit.

2) One very revealing analysis of China's jndustrialisation problems
can be found in the famous novel of Mao Dun, Midnight, {translated
into French under the title Minuit, Editions du Seuil, Paris, 1968).




IV. THE UNITED STATES AS A MODEL OF APPROPRIATE TECHNOLOGY

American technology, more than any other, symbolises the large-
scale approach to which many developing countries, and many innovators
in the industrialised countries, are seeking an alternative. Howesver,
in its early years, the United States was in many respects a develop-
ing nation, and if what happened in the past does not necessarily
prefigure what will happen in other places and other times, there are
many lessons to learn from what was, by any standard, one of the out-
standingly successful national experiences in technology(1l).
Twenty~-five years after the Declaration of Independence, the
United States still had to import from England such apparently simple
things as nails, axes and cloth. Many leaders, Benjamin Franklin and
Llexander Hamilton among others, realised the dangers of the situation,
and tried in their own way to promote what today would be called indus-
trial independence or technological self-determination. Conditions,
hovever, were unfavourable. The manufactured goods imported from
Britein were much more competitive than American products, and they
were often sold at dumping prices. Protective tariffs were of little
avail: the country had little industry, and few of the traditions of
craftsmanship which form one of the main .ases of industry. Andé at
any rate the small indus*tries which did exist (notably in Connecticut
and New York State) were gquite unable to meet the needs of a rapidly
growing population and the settlers were more interested in opening
up new farming land than in building an industrial society on the
European model.

Things were te change dramatically with the Napoleonic Wars.

For close to two decades, the United States found itself practically
cut off from its British suppliers, and had to rely on its own
ingenuity to make all the preoducts it needed, from textiles to agri-
culitural tools, from weapons to transpori eguipment. The country
however had very few skilled people capable of manufacturing the wide
range of goods required by the market. This situation, coupled with
tne interruption of trade with FEurope, paved the way to the mechanis-—
ation of productive processes, for this was the only way to overcone
the shortage of skilled craftsmen and meet market needs.

Loaoking at things in retrospect, the development of a country
always appears to be 2 Iogical and orderly process. In fact, history

is composed for i1 large part of accidents and unforseeable discon-
tinuities and the development of American technology was immeasurably

1) (me of the best short histories of technelogy in the United States
is Roger “urlingame's Machinesg that Built America, Harcourt, Brace
and Ccmpany, New York, 1953. For further detaiis, see H.J.Habakukk,

dmerican and British Technele in the 19th century, Cambridge
University Press, Cambriage, %552.
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less simple and straightforward than this picture would sugegest.
what is important in this context is not so much the details of the
precess as some of the conclusions which can be drawn from it. First
is the fact that free trade, especially in manufactured goeds, is
not conducive to the development of industry ané technalogy in the
importing country. Second is that a society which for some reason

or anotner is suddenly forced to rely on its own resources can often
do so. Third is the crucial importance of demand, or rather of a
need for the products and the technologies which were formerly im-
ported. Fourth is that the development of new industries is not
necessarily incompatible with the absence of craftsmen and a stiruc-
tural shortage of skilled labour. In fact the preduction processes
of American industry were designed specifically to overcome this
drawback. Hence the emphasis on machine tools, interchangeable paris,
automatic processes and the parcellisation of work tasks.

Virtually all the industries which grew up in the United States
in the nineteenth century started on =z very small scale, often as
one-man cperations. The death rate of new enterprises was also very
high: history always rememders those which succeeded, but one should
not forget the tens of thousands which feiled. In fact, a death rate
of some S0 per cent is a normal ohenomenon, and In any new industry,
seldom more than one per cent of new enterprises turn out to be
really successful{l). Technology is = dynamic process, and firms
which do not grow in size or sophistication are almost always elim—
inated from the market. This suggests that one of the crucial factors
in development, both at the national level and at the level of the
individuzl firm is the ability *o innovate, and to innovate success-—
fully on a continucus basis.

Annther lesson from the American experience is that contrary to
what havpened in most European countries, a high proportion of the
inventcrs and entrepreneurs came from the rural communities. Oliver
Evans, the inventor of the automatic milling machine, was brought up
in a Delaware farm; Eli Whitney, who was to play a crucial part in
the developmeni of the textile industry, and later the machine indus-
try, grew up to manhood in his father's farm in Connecticut; Cyrus
McCormick, whose name became the major trademark in agricultural
machinery, was also a farmer's son, and Henry Ford himself came from
a Michigan farm. Clearly, the American farming community of the nine-
teenth century was very different from the peasant societies of many

1) The sutomobile industry is a gond illustration of this phenomenon:
literally hundreds of independent compsnies have disappeared and
today almost all the world production is accrunted for by less
than twelve large firms. In the computer industry, less than one
third of the 70 companies active in this field between 1950 and
1965 had managed to survive until 1G70.




other countries: the farmers were free men, and they knew that the
future would be what they wanted it to be. These few examples are
given here to suggest that development is not necessarily an exclusive-
ly urban phenomenon and that inventiveness and entrepreneurship in

the rural sector are extremely important. This point must be emphasised,
since more than 70 per cent of the world population teday still lives

in rural cemmunities. No society can be considered as truly ‘developed!
uniess it has a healthy agriculture, and the social and economic level
cof the agricultural sector is generally a good indicator of a country's
overall ievel of development.

Any technolegy in its early stages is a low-cost technology, in
the sense that it reguires only small investments and is applied on
a limited scale. But if one compares it with technologies which
develop subseguently, it is usually both inefficient and expensive.
Compare for instance today's jumbo-jet with the old DC3, the hand-
crafted Eurcpean automobile of 1910 with the mass-produced car of
today, or the medern combine harvester with the horse-drawn equipment
of the 1920's. In fact, the concern of most practitioners in appro-~
priate technology today is not to repeat the experiences of the past
and turr back the technological clock but te develop alternative
technological and social solutions to problems which for the time
being, given the lack of resources and the particular nature of local
conditions, cannot he met successfully through large-scale modern
technelogy. Intermediate technology is a compilement to, rather than
2 substitute fer, modern technology and might be viewed as an
expression of what Ignacy Sachs has called "technological pluralism®(1).

V. TIDEOLOGY AND SELF-RELIANCE : INDI& AND CHINA

Historically, low cost and small scale can generally be asso- “}
clated with the early stages of a new industry or a new technology, :
and tne current interest in appropriate technology is linked both
with a certain disillusion of industrialised societies with their
own way of lite, and with the realisation, shared by aid donors and
ald receivers alike that technical assistance and development aid as
they have operated until now have not really been successful. However,'
if we look at the two countries which today are probably the most
advanced as far as intermediate or low-cost technology is concerned,
namely India and China, it will appear at once that this interest in
appiropriate or intermediate technology is in fact much less recent

1) Ignacy Sachs, Daniel Théry and Krystyna Vinaver; Technologies
dau_piural

appropriées pour le tiers-monde: vers une gestion uralisme
technologique {mimeo), Centre 1nternationa§ de Recherche sur

avirenment and le Développement, Paris, 1974.




' and has a lot to do with their social and political history since
the end of the last century.

In Tncéia, the rehabilitation and development of traditional
village industries, encouraged by such reformers as the Maharaja of
Baroda, Rsbindranath Tagore and later Mahatma Gandhi was clesely

" linked with the fight against British rule and the attempts to reform
Indian society(l}. India's pizneering role in the development and

application of appropriate technology was part of a much wider move-
ment of national liberation, both from foreign domination and from
the country's internal social structures.

India's modernisation efforts, or for that matter those of
several other developing countries, clearly show that technelogy in
general, and large-scale modern technology in narticular, is neither
egalitarien nor socially neutral, and tends to accentuate the social
and economic differences between the small minority which can profit -
or benefit - from it as consumers or producers and the vast majority
of the population living at subsistence levels in the rura! areas.

In this perspective, appropriate technolegy mighi be viewed as the
'survival technology' for the hundreds of millions of farmers who
have been completely left out of the develooment process.

Appropriate technology may well be the only sclution to the
development, or more modestly the survival, of the rural communities.
But its develcpment and diffusion raises a number of peolitical and
social problems. Cne of these is the allocation of resources: even
though appropriate technology is comparatively inexpensive, if one
- measures its cost in terms of investment ver workolace, its large—

‘scale diffusion requires important sums o6f money which might other-
wise be used for big projects based on modern technology. The latter

-have much greater visibility, they are somewhat easier to manage since
they deal mainliy with hardware, they benefit from the secclial prestige
of modernity and are usually the winners in the political competition
for scarce resources. Since investment decisions in the developing
countries today are taken for the most part by public autherities
{e.g. the planning ministry)} and not by private entrepreneurs, the

-~ development and growth of industries based on appropriate technology
;depends very much upnn nolltlcal eptlons taken at the hlghes* level.
,In the case ef India, there are 1nd1catlons that appropriate tech-
‘nology, which was in the polltlca* and -ideological mainstream in the

Dwe—lndenendence period, lost much of its pre—eminence as a result
~of the post-1948 large-scale indusirialisation efforts.

f: . The political history of intermediate technology in India in
the last thirty years is in fact a good illustration of the fight
‘between the moderr and the appreprimte. This fight is perhaps best
.i;iﬁstratgd by Gandhi's féilure to have the 'charkha' (spinner's

1) See M.M. Hoda, op.cit




wheel) retained as the national symboi on India’s flag(l). After
Independence, the modernist, or rather Leninist, trend - exemplified

by the large-scale electrification programme(2} - gained the upper hand
over the Gandhian trend. The latter went underground - or rather
developed at the local and private level - while the former emerged
forcefully at the national policy-making level. In India, as in any
other country, political attitudes towards technology change with
time, and it is intesesting to obscrve that in the early 1970's,
Gandhi's ideas began once more to gain ground{3), as a result of a
numper of facters, amcng them the nil crisis, and the shortcomings

of industrial Leninism.

The otheyr pioneering countryv in the fie!d of appropriate tech-
nolegy is China, and one cannot help being struck by the fact that
the development and diffusion of such technologies is not only an
economic or technical problem, but alse an ideological and political
issue. China'z social reveolution, partly by accident and partly by
choice, was based upon the: vvming communities and the rural areas,
and incidentally paved the way to what was probably the most signifi-
cant innovaticn, or revision, in marxist ideclogy since Karl Marx -
the recognition that the peasantry rather than the urban proletariat
was the driving force for sncial revolution. This accommts to & large
extent for the fact that China's development effort, unlike that of
many other pocr ccuntries, wes based to a large extent on the rural

arcas{4).

If Mao Tse Tung can rightly be seen, along with Gasndhi, as one
of the main prophets of appropriate technology in Asia - in the same
way that Dr. Schumacher is its European prophet - it weould be some-
wha* misleading to interpret his ideoclogy in this exclusive perspec—
tive. Cne should not forget that one of Mac's most vivid experiences
of childhood was a peasani rebellion which ended witl: the public
execution of its leaders. Such memories, which were shared by many
other reople of his age, probably accounts to a large extent for his
recognition that the peasantry was indeed the driving force of revo-
lution.

1) Dominique Lapierre and Larry Collins, Freedom at Midnight, Simon
& Schuster, New York, 1975. On Gandhi's background and psychology,
igggalso Erik Erikson, Gandhit*s Truth, Norton C. Norton, New York,

2) Lenin's famous egquation "Communism = Soviets + Electricity" was
reviged to "Socialism - Panchavat {or 'village councils') +
Electricity".

3} Jacques Leslie,"India’s Woes Stir Rebirth of Study of Gandhi's
Ideas", Internationai Herald Tribune, 21 October 1974,

4) Jon Sigurdson, "Rural Industrialisation in China", in China: &
Reassessment of the Economy (A compendium of papers submitted to
the volint Economic Committee, Congress of the United States),
11.5. Government Printing Office, Washington, 1975.
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Frem a2 somewhat narrower ideclogical point of view, it is also
well to note that Mao's views, or for that matter these of other
leaders of the Chinese Communist Party were formed for the most part

in the 1920's, before the ideological purges against 'left' and 'right*.

Among the Soviet ideologists who had the most direct influence upcn
the Chinese leaders was Nikolai Bukharin who argued unsuccessfully
agairst Stalin that the foundation for industrial growth was a pros-
perous agriculture(l). The Bukharinian traditien in Vaoist idecloey
did not in fact prevent China from following the Soviet industriallis-
ation model after 1949 and building ur large-scale modern urban indus-
tries based in large part on imvorted Soviet technolesy. In the agri-
cultural field, this commitment to modernity teook the form of large~-
scale, and rot always very suceessful, infrastructural projects, and
in the scientific and technelogical field, in the building up of a
strong capability in pure science and advanced military techneology.

The focus on appropriate technology with the emphasis it implies
on decentralisation, local initiative and self-sufficiency, only re-
asserted itself after 1960, when the ideological and technological
break with the Seviet Union “efi China with no other option but to
'walk on two legs' and 'rely on its own forces' - to guote two of
Mao's most popular slogans. In thig perspective, China's commitment
to appropriate technology was probably not as deliberate a choice as
it is often made to be by outside observers.

The difficulties experienced by China after 1960 and the way
in which they were met, clearly suggest that a society's innovative-
ness, both in the modern sector and in the rural communities, ¢an be
greatly stimulated by adverse circumstances, and notably by the sud-
den interruption of the inward flows of foreign zid and foreign tech~
nology. This is not to say that a developing couniry should, or
could, cut itself off from the outside world in order to stimulate
its internal inventiveness and innovativeness. The social costs of
such isolation, as the Chinese themselves have pointed out, are in
the short run very high. In fact, the countries which at one time
or another in their history have found themselves in such a situation,
did not deliberately choose it, but were forced to accept it because
sf #ar or other circumstances(2). Furthermore, isolation as such can

1) Bukharin's boock Historical Materialism (1925) was translated into
Chinese ir the late 1920's. His views on science and technology
can be found in Science at the Crossroads (1931), reprinted by
Frank Cass, London, 1971. Two other very interesting studies on
Chinese ideology — and other subjects — are Simen Leys, Ombres
Chinoisez, Union G&nfZrale d'Editions, Paris, 1974, and Jacques
Guillermaz, Histoire du parti commumiste chinois, Payot, Paris,
1972.

One of the few countries to have deliberately cut itself off from
the outside world in moderp times was Tokugawa Japan, from the
teginning of the sixteenth century until the middie nf the nine-
teenth century.
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be conducive to invention and innovation only if there already is in
the country a pre-existing capacity for development and change. If
not, it can only lead to stagnation, regres-ion or the return to a
low-level ecological equilibrium. The case of China does however
suggest thet isolation can have positive effects on the development
of technology, and rotably on a society's ability to rely on its own
inventive forces.

Another example which might be mentioned here is that of Nigeria
during the Civil War: the survival technologies developed on the
Biafran side in fields like food production, 0il refining and weanons
were typleal examples of appropriate or intermediate technologies
based exclusively on local innovative capabilities(1)}. The innovation @!
potential was cbvieously present, if in dormant form, before the wer,
and all that was needed was a powerful motivation to awaken it and
exploit it as efficiently as possible. But the big problem is perhups
elsewhere: what happens when the incentives disoppear? Mobilising
existing resources in time of crisis is often less difficult than
sustaining their development over a long pericd when incentives are
more diffuse, and alternatives all too easily svailable in the form
of imported techhology.

VI. THE SCEPTICS AND THE DISSENTERS

The growing interest of govermments and aid-giving agencies in
appropriate technology does not mean that attitudes are universally
positive. In scme developing countries, notably the oil producers
with very ambiticus industrialisation programmes, avpropriate tech-
nology tends to be viewed as a rather pointless diversion from the
real issues of large-scale development. At worst, it is considered
by some critics of the world's industrial gystem as an attempt to
institutionalise the technological status quo by offering to the
developing nations technoliogies which are inefficient, obsolete and
unable to evolve further.

Such criticisms cannot be dismissed lightly, for they touch upon.
certain very real problems and reflect a number of miscouceptions
which some of the most ardent supporters of appropriate technology
have themselves contributed to generate. One of these aisconceptions
is that low-cost technology, and more widely the whole range of
appropriate technslogies, should serve as a substitute for the modern
technologies of our industrial system. Modern industry with its large-
scale production processes, its sophisticated technology and its

1} See P.0. Ngoddy, op.cit. and E.0.Nwosu, “"Scientific Technology
and the Future of Africa", paper presented at the West Africa
Conference on Science, Technolegy and Society, University of Ghana,
Legon., 24-30 March 1972.




elaborate management methods is in a large number of cases by far
the most efficient =zad chearcsst way of manufacturing the large quan-
tities of products required by the market. Dismantling it or slowing
down its growth for the sake of providing more employment or for *the
sake of smailness as such is an unrealistic proposition.

For the moment, we do not really know what types of madern manu-
facturing processes can be economically scaled down to meet the par-
ticular conditions ot a develoving country. The prowth of industry
in the last hundred years has been closely linked with the steady
increase in the size of production units and with continuous immova-
tions in technology. As a result, large scale and high technological
sophistication seem to be among the main imperatives of efficiency,
and there“have been very few incentives to explore other apnroaches
which reconcile efficiency with small size and technical simplicity.
In some sectors, such alternatives may well be viable, and in fact
an increasing number of large industrial corporations are heginning
to look into them. This is the case for instance, of several elec-
tronics firms, of the automobile industry and of some food process—
ing companies. The search fcr industrial processes which are both
efficient and small in scale is still in its early stages. Marginal
as it is, this trend is nevertheless important, for it suggests that
such alternatives are economically and technically feasible, and well
adapted to the local conditions in the developing countries.

The dividing line between large-scale modern technology and the
small-gcale technolegy is far from clear. In feci, the choice offered
to the industrialist, the government planner or the farmer is not one
or the other, but rather a whole spectrum of technclogies ranging
from the small and simple to the large and complex. What the inter-
mediate technology proponents are trying to de is to open un the
spectrum and find solutions which are better suited to local condi-
tions. The aim is generally not to replace the existing industrial
system - a5 the term ‘*alternative technology' somewhat misleadingly
suggests -~ but te promote technological innovation in the areas where
it has been, until now, either weak or ineffective.

Another misconception about intermediate technoleogy is that it -

reprecents a second-best, or inferior technology. The ox-drawn plough =

is certainly less complex than a tractor, the solar water heater may
not be quite as flexible as the electric boiler and the cow-dung gas
cooker makes little sense in a city where there are few cows and a
well-organised distrivution neiwork for gas and electricity. To the
educated and urbanised elite of the develeping countries, such tech-
nologies may indeed seem inferior. But for the vast majority of the
population, notably in the rural areas, which cannot afford the
amenities of the consumer society and which has been completely left
out of the development process, they represent a big step forward as
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well as a means nf meeting in a more effective way some of the basic
naads for food. health, energy and shelter.
Ma function of low-cost technology, however, is not onlv teo

e~ tirgs needs in a more effeeriv: way . but also to help initiate
a . -ec. 3 ¢ f Aevelopment by svimulitir; tae innovative forces whi-zh
oxiz* v any uommunity. Ong af the sid--effects of industrialisation

“+g seen 13 pa—alyse these 1 ..es, eitier through competition on the
s.rhet pla.e, or mmre subtly by brinzig Yo light the growing gap
peiween rad..one. techno ogies and those of the large industrial
g e’ - .. Wnat the intersedis‘s Lechn.logy proponents are trying
t0 Q. is to turn development inte an autonomous process of innovation
and srowth from below. Socially and ideologically, this approach is
very different from the idea of ‘growth from above' which until now
na2g largely dominated the thecry and vpractice of development. But it
may well be more effective in getting as wide a number of neople as
possible to take an effective pzrt in the development process.

VII. DORMANT TECHNOLOGCY ARD THE INFORMAL SECTOR

The scepticism expressed by many peonle about appropriate tech-
nolegy is no less great than the enthusiasm end missionary zeal of
its proponents, and it is difficult for an cutside observer to assess
the effective ihbofténce of the eppropriazte techmology movement and
evalﬁéte its achievements. The field of appropriate technology is in
fact immensely wider than the activities of the variecus awpropriate
technology groups would suggest. These groups have In a sense crystal-
lised the problem and brought it te the public attention, but the
pool of appropriate technology which already exists in a number of
developing countries goes fa; beyond the new hardware and software

which these groups have helped to develop.

To put things in perspective, oneé should bear in mind the fact
that the total amount of monev spent on developing and diffusing
aporopriate technologies on a world-wide basis by the organisations
which view themselves as 'sppropriate technology' institutions is
currently (1975) of the order of 10 million dollars a year. The yearly
budget of VITA for instance {Volunteers in Technical Assistance),a |
U.S. based organisation which is concerned primarily with the provisioﬁf
of technieal assistance by correspondence to developing couniries, ;
and which has been in operation since 1959, was around $450,000 in
1975, The Intermediate Technology Development Group TITDG), founded
in London in 1957 by Dr. E.F. Schumacher, has an annval budget of
some £80,000. Leaving aside the Indian appropriate tecnelogy organ-
isations (notably the Gandhian Institute of Studies an?l the Planning
and Action Research Institute in Lucknow), ITDC and VITA are ameng




the oldest and largest organisations in this field(l).
0f this expenditure of some 10 million doliars, less than half

{(i.e. under $5 million) is spent on research and development. Compare
this R and D expenditure with the 60 billion dollars or so spent on
dev.loping new madern technologies. Given the time needed for an

% and D programme to be translated into a viable innovation, and the
difficulty of reorienting both men and resources to other priorities,
it is obvious that the appropriate technology movement as such cannot
make a significant impact in the very immediate future.

Alongside the information-diffusion and research activities of
the formally organised appropriate technology grouns, there are a
number of organisations involved in fact if not in name in this area.
These can be divided into three groups. First are the large modern
industrial corperations which have developed new products or new
technoiogies which in one way or another can be considered as particu-
larly approvriate to the develeping corntries. One example here might
be the simplified plant for assembling radios and television seté,*
which was developed by Philips, the Dutch electronics firm. Another
is the 'basic vehicle'! or the 'develonins natiens tracter' (DNT) ¢
Ford Motor Company{2). At the same time, a number of firms are
developing soft technolegies which are of particular interest te the
industriatised countries: Boeing for instance is applying its sero-
space technology to the development of new types of windmills(3).

The second grouvn includes a large number of public and especially
private institutions working in such fields as engineering, consulting,
management assistance, information or the provision of services to
small industry. Although they are not concerned primarily with appro-
priate technology, many of them have in fact developed appropriste or
intermediate technologies. This is the case for instance of CENDES
{the Center for the Industrial Development of Ecuador), which has
contributad to the development oi & small scale inexpensive production
technology for polyurethane fiexible foam{4). In Colowbia, the
Fundacion para el fomento de la investigacion cientifica y tecnologica
{(FICITEC) has developed an electricity generator based on a modified

1) See the articles by M.K. Gzrg, M.M. Hoda and G. MeRobie in the
second vart of this book.

2) William 0. Bourxe, "Basic Vehicle for Southeast Asia" in Technology
and Economics in International “evelopment, Agency for International
Development, Washington, 197-. -z alsc A.I.D's Approoriate Technolo—
rieg for Internatiomal Develcni. i, Washington, 1972,

%) "Tilting the Windmills", Time, 7 July 1975.

4) Victor Martinez, "Specialised Information Services for Technological
Innovations in the Less Developed Countries", paper prenared for the
NECD Seminar on Low-Cost Technology, Paris, 1974.




" bicycle as well as several small machines for rural and cottage
industries(1l). In France, the Societé d'aide technique et de co-
opbration (SATEC) has developed among other things a small rotery
tiller{?) which is now manufactured by a wide number of village
artisans in Madagascar. In Senegal, the Institut de recherche et
de formation (IRFED) has experimented with the use of plastic-—
covered roofs to colilect rainwater in the villages of semi-arid
zones(3}.

Hundreds, if not thousands, of similar examples could be men-
tioned here. The obvicus conclusion is that the current innovation
effort in appropriate technology is in fact considerably wider than
generally suspected. The nature of the organisations invoived is

equally varied. It ranges from large multinational corporations to
charitable organisations 1like Oxfam or the Christian Relief and
Development Association{4), from small companies making agricultural
implements and machines to public development corporatiors like the
National Industrial Development Corporation of Swaziland(5). It also
includes, and this oftern tencs to be overicoked, the public and

private aid agencies of the industrialised countries which have

tried, and often been quite successful in developing and introducing
technologies which are particularly appropriate te local conditions(6). ﬁ
For the moment, there is no overall inventory of the appropriate !
technologies developed by these orgsnisations, let alone any global
or even piecemeal evaluations of the successes, failures and problems
of innovation in this field.

The two groups mentioned here - large industrial corporations
and organisations such as SATEC, CENDES or FICITEC - represent what
might be called the 'organised but peripheral' sector in appropriate
technology in the sense that their primary activities do not lie in
the field of technological innovation. When trying to draw an over— :
all - and necessarily very sketchy - picture of appropriate technology,
one must take intg account a third group which might be described as

1) Information supplied by FICITEC, Bogota.

2) "Matériel agricole pour les cpérations de développement: la houe
rotative", Technicsues et Péveloopement, November, 1972.

3) P.Martin, "Technical Note on the Collection and Storage of Rain-
water" {mimeo), paper prepared for the OECD Seminar on Low-Cost
Technology.

4) Oxfem for instance has been involved in a very successful brick-
making project in Northeast Brazil. Tne Christian Relief and
Bevelopment Association set up in 1975 an Appropriate Technology
Advisory Unit in Ethiopia. ’

5) The Swaziland National Industrial Development Corporation has
developed the 'Tinhabi', a simplified tractor with a diesel air-
cooled engine.

%) One case in point might be the cheese-making technology brought
to Nepal by Swiss foreign technical assistance.
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vinformal®' or 'unorganised'. It includes individual innovators -
small industrialists, inventors and tinkerers - and an immensely large
number of peasants, artisans, teachers and tradesmen who have developed,
transmitted, or who are currently using some form or amother of appro~
priate technology.

This tinformal' technological potential is not of course specific
to developing countries. In the industrialised countries, most of the
big technological innovations of todav stem from the organised R and D
efforts undertaken in the laboratories of private industry and govern-
ment and in the universities. The industrial laboratory however is a
relatively recent institutional innovation which goes back to the end
of the last century(l). The Tndustrial Revolution started long before
laboratories were set up, and many of the important innovations which
contributed to transforming Western society, from the automobile to
the aircraft, from the steam engine to the railway, originated from
the innovative effort of individual inventors and entrepreneurs work-
ing either alone or, when within an industrial firm, without the sup-
port of a formally organised .aboratory.

The same is still partly true today. In the industrial firm, a
relatively important proportion of the innovations still stems Irom
outside the R and D laboratory, and the total research effort of a

country as measured by its national expenditures on R and D tends to
overshadow the importance of the 'informal' innovatien system. The
large number of innovations which stem from this infermal sector,
small or big, include incrementazl changes in production methods, new
forms of organisation, rediscovery of .14 knowledge, transfers cf
technology from one sector to another or the better utilisatien of
existing rescurces.

In deveioping countries, the 'formal' innovation system, as
institutionelised in the research laboratory, is very small, and con-
tributes proportionately much less to innovation than in the indus-—
trialised countries. However, apart from this 'formal' innovation
system, which belongs to the modern sector, there is in all develep-
ing countries a large tinformal' innovation system reoresented by
thousands of small industrial workshops, individual entrepreneurs,
irnovative farmers in the rural communities, and institutional entre-
- preneurs in the service sector (e.g. missicnaries, charitable organ-
isations, private associations, money lenders, etc.). This tinformai’
sector represents a vast pool of technology, both in haraware and
software, which is often relatively simple, but which plays am
. immensely importsnt part in the economic system.

1) An interesting history of the growth of industrial laboratories
" can be found in W. Rupert Maclaurin, Invention and Innovation in

" the Radio_tndust , Macmillan, Mew York, 1983, GSee also The Research
" . Bystem, Vol. 1, I% and III, OECD, Paris_1972—1974.
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The technology of this informal sector is more sovhisticated
than the traditional technology inherited from the past, but less
capital-intensive and generally more simple than the technology used
in the modern sector. Its very survival and development, despite the
strong competition from modern technology, testifies to its appro-
priateness and its vitaiity. Two or three examples can be given here
as illustrations. One is the case of a Philipinc entrepreneur who
hullt up a starch separation plant using as only eguipment 10,000
dollars worth ¢f second-hand washing machines. The efficiency of his
plant was sc great, and his production costs so competitive, that
the 'efficient' one and a half million dollar plant set up in the
same region had to be cleosed down{l). Another case is that of a small
Algerian factory making first class razor blades with completely out- :
dated equipment. A modern plant, imported from abroad, would undoubtedly:
look much better, but stands little if any chance of outcompeting the :
appreopriate technology of the indigenous plant{2). In Pakistan,
there are several small pump manufacturers who have not only survived
but alsc managed to improve their technology without any help from the
government planners, without any access to the cheap credit facilities
accorded to modern industry and without any opportunity to purchase

the inexpensive imported raw mate:rials which are channelled in priority
to the modern sector(3)}. In Thziland, the sea water which is left to '
evaporate in the large salterns south of Bangkok is pomped by dozens
of small windmills (the technology was apparently brought by the
Putch in the 17th century) which are economically competitive and
technologically well-adapted to the local environment.

Thousands, if not millions of similar examples can be found
throughout the developing world, This vast pool of appropriate tech-
nology has never really been surveyed, and few if any systematic
attempts have been made te facilitate its diffusion, even at the

local level, improve it where possible and integrate it into a

national development effort. This technology, which represents an
enormous potential resource, is to a large extent an unexploited,

or dormant resource. It plays an immensely important role in the
survival of thousands of small and medium-size entreprises and helps
provide its customers with products and services, which would other-
wise not be available. Yet it is almost totally neglected by national
planners and policy-makers.

1) M. Perichitch, Transnational Operations of U.S. Engineering
Consultinz Firms (mimeo), COECD Development Centre, Paris, 1975.

2) N. Jéguier, Vers une politigue de la technologie - le cas de
1'a1zérie (mimec), Centre d'etudes industrielles, Geneva, 1973.
3) Edgar Cwens and Robert Shaw, Development Reconsidered - Bridging

the Gap Beiween Government and People, D.C. Heath and Co.,
Texington, 1G7z2.
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This technology, apart from its economic importance, has a
psychological and cultural role to play. It represents an indigenous
technological c¢reation, and in many cases adaptation, which testifies
both to the inventiveness of the local artisans, entreprene: s and
tinkerers and to their capacity for developing spprorriste technsologies.
Its promotion can give developing countries a greater respect for

their own creations and show that they also are capable of initiating
and mastering the vrocesses of technological innovation.

Technolopical innovaticn is not only a question of money or
technical knowledge but alsoc and serhars even mnre of bsychological
self-confidence. This applies to individual entrepreneurs as much as
it does to nations. What massive imports of the most mudern technology
have done to developing countries is not se much to disrunt the economic
basis of their traditional industries as to undermine the self-con-
fidence of the local innovators and the respect of the national policy--
makers for indigenous innovations., What is foreign has come to he
viewed as better, and the wider the gap between the existing incle
genous technology and the imported modern technolosy, the greater
the loss of self-confidence. This loss of confidence almost inevitably
transiates inte a dacline, or even disappearance of the capacity to
innmovate in an autonomcus way.

This problem of self-confidence is among the most complex that
policy~makers, and in particular the authorities responsibie for
industrial and technological innovation, have to face. It touches
rniot merely on technology in the narrow sense oi the word, but on such
things as values, traditions and a socieiv's image of its place in
the world. It is interesiing to observe that some of the nations
which, in modern times, bhave been the most inmovative from a scien-
tific and technological peint of view - Frence in the eighteenth
century, FEngland in the nineteenth century, Germany between 1370 and
1940 or the United States today -~ are aiso these which at the time,
were at the height of itheir political power. In these cases, sciefl—
tific apd %technological supremacy can be viewed as the cultural mani-
festation of political supremacy and, in a more subtle way, as the
expression of a nation’s self-confidence.

But the oppeosite can slso be true. Witness for instance France's
tremendous 2rtistic, cultural and scientific vitality in the four
decades that followed the disastrous defeat of 1870, Engiznd's sciern-
tific creativity today, or Japan and Germany's industrial dynamism
after 1945. 4 sudden shock like military defeat or political retreat
can in fact have the same stimulating influence on & society as
political success. In this sense, innovation seems to be linked not
simply to self-confidence as such, important as this may be, bat also
to the cultural and psychological vrocesses through which a society
tries to rebuild the self-confidence which was shattersd by defeat,
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or, as in the case of the developing countries today, by foreign
colonisation.

Viewed in this perspective, the appropriate technology movement
has a major social function to fulfil. Not simply, as one may some-
what naively believe, merely to develop and diffuse new and more
appropriate technologies, but more specifically to build up the self~
respect and self-confidence of potential entrepreneurs and innovators
in the developing countries, or for that matter of the less favoured
commmities ard ethnic groups in the industrialised countries them-
selves.

Une of the bases for building up this self-confidence is the
vast and largely ignored pool of existing appropriate technologies
which can be found in every developing country. This technology is
seldom glamorous, its social and political visibility is poor, and
those who use it have none of the social prestige which attaches
even to the most menial work in the modern sectsr. A large part of
it belongs to the worid of what the French call ‘bricolage', but one
must not forget that much of the Industrial Revolution was due to
the work of tinkerers, artisans and ‘bricoleurs', and not only to
rodern science and higk technology. This technology is for the most
part a dormani resource, and one of the basic aims of & national
strategy should be to turn this dormant wealth into real wealth{1l).

1) The ways in which 'dormant' technology could be 'awakened' have

been explored among others by P. Goned in New Challenges for
Technolegy Transfer (Worldtech Report No.1), tControl Eata Corpora-

tion, Minneapolis, 1975.
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Chapter 2

IHE TNNOVATTON SYSTEM IN APPROPRZ.TE TECHNOLOGY

e b et s o g2t e i

With the wisdom of hindsight, the story of successful innovations,
be they industrial or agricultural, would seem fairly straightforward:
the need or demand for a new product or service leads to the develop-
ment of a new technology or a new form of organisation to meet this
need. Since the innovation presumably corresponds te a pre~-existing
demand, it will then diffuse widely throughout the economic and
social system, and further stimulate demand. That the process is not
quite so simple can be gauged from the fact that the great
majority of innovations end up in failure. Success in effect is the
exception rather than the rule, and a national strategy for the
development of appropriate technology must take this into account.

two approaches can be envisaged here. The first is to help
increase very substantially - by one or two ordsrs of magnitude at
least - the total number of innovations in intermediate technology.
Even if the proportion of failures remains the same, the giobal
impact will be much greater than it is now. The other approach is
te try to reduce the incidence of failure through a more systematic

-identification of the factors which contribute to the success of
innovation. Both epproaches are of course much easier to state on
paper then te carry out in practice, Before trying to outline some
of the measures which might be .aken in the framework of an irnova-
tion policy for intermediate technology, it may be useful to take a
closer look at the inncvation system in general, and in particular
at that part of the innovation system which deals with intermediate
or appropriate technology. Which are the main components of the
~ innovation system? Is innovation necessarily non-egalitarian? Why
is the market so receptive to certain types of innovation and not to
- others? How and by whom are the needs and opportunities for innova-
tion identified?

I. THE COMPONENTS OF THE INNOVATION SYSTEM

One of the basic principles of the various appr opriate stechnology
_movements is that their new products, technologies or services should




be aimed in priority at the poorest and most underprivileged segments
of the population. The assumption, which can be verified in a number
of cases is that the inrovation system ic oriented mainly towards the

urban popuiation and those people who have the highest income and not
those sccial groups, particularly in the rural areas,which are in
greatest need and stand the most to gain from technological innovation.
What the apprepriate technolegy proponents are trying to do is to
change this state of affairs by building up a parallel, or complemen-
tary, innovation system aimed in priority at the most underprivileged
groups.

The difficulties involved are considerable and their magnitude
can be gauged from a comparison between an innovation system which
works rather well - that of the industrialised countries of the OECD
area - and the innovation system in & typical developing country.

One of the most conspicuous components og this svstem in the indus-
trialised countries is ihe research and development capability. Teoday,
we know quite a lot about the ways in which to manage R and D both

at the corporate and the national level, and Alfred Whitehead observed
quite rightly that the greatest invention of the nineteenth century
was the invention of the method of invention{(l). However, R and D
leads fto innovation only if it feeds directly or indirectly into the
production process through a complex set of managerial, organisational
and motivational links. Innovations at the production level - in the
form of new products or new processes - must in turn be linked with
market demand, and they stand little chance of widespread diffusion
if there is not a real need for them.

In order to function effectively, the inmovation system reguires
in fact much more than an R and D capability, a well managed produc-
tion system and a close link with market demand. It needs an educa-
tional infrastructure to supply the qualified manpower, a credit sys-
tem to finance the risks of innovation and the costs of investment,

a transport and distribution network and, even if it is not called
by that name, an intelligence or information system. But perhaps most
important of all, it requires a reward system: no entrepreneur is
willing to launch a new product on the market unless he has some

buys a new agricultural machine or decides to cultivate an improved
variety of wheat.

The reward system, which is institutionalised - somewhat imper-
fectly - in the price mechanisms, has both a positive and a negative
dimension: the incentive to innovate is not always and only the pros-
pect of a profit (positive reward), but also and very often the fear
of being eliminated from the market (negative reward). The reward

1) Alfred N. Whitehead, Science and the Modern World, London, 1926.
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systen operates both at the priva*te level - for the individual entre-
preneur, farmer or industrial producer ~ and at the public level.
Government policies, and immovations fostered by the action of govern—
ment, are motivated not merely by economic and social ratiomality, '
but also by political needs - to satisfy particular constituencies,

to avert socisl troubles, or even simply to survive. The price
mechanism, in this case, is translated essentially into political
risk, from industrial strikes to coup d'gétat, from defeat at the

next election to revolution.

The proponents of appropriate technology are addressing them~
selves to countries, societies and social groups where the innovation
system, or parts of it, are weak, ineffective, incomplele or in a
state of lethargy. The great difficulty is not so much %to develop
new technolegy, complex as this may be, as to build up a more effec-
tive system. The problems which have to be solved are extremely
diverse.

The first is the absence, or rather the relative weakness, of
technical invention. None of the existing appropriate technology
groups presently have the eguivalent of the industrial firm's R and
D laboratory, even though several grouns linked with universities
have developed, or are beginning to set up,something rather similar
in the form of appropriate technology or rural development units{l}.
A1l societies have at one time or ancother in their history displayed
a great degree of technicel inventiveness, as witnessed by the
enormous stock of traditional technology which was built up over the
centuries and which is still used today. This capabiiiiy however lies
for the most part unmorganised, an¢ the reward system which could
encourage its development often tends to operate as a disincentive.
One example of these problems is the story of the 5,000 small shoe-
mekers who were suddenly put out of business in one large developing
country as a result of the construction of a modern plastic shoe
factory. These craftsmen could almost certainly have improved their
technology, given a certain amount of technical support and a tangible
financial reward. This example incidentally points to one important
problem — that of rapidity. Success in innovation depends very much
ugon timing, yet the people and the social institutions which have
" the potential ability to develop new technologies often find it
impossible io keep up with the pace of change imposed by competiticn
- from the industrial sector. Time is a resource, and there is little
. doubt that if greater attention were given to its exploitation, the
" innovation system could be made more efficient.

1) One good example is the Rural Development Group of the University
of the Andes in Bogota, Colomtia. See the papers by B.A. Ntim and
J. Powell, and by Rufino S. Ignacio in the second part of this
book which describe the R and D activities of Kumasi University
in Ghana and Mindanao State University in the Philippines.
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The second difficulty in building up an inncvation system is
the absence of an equivalent of the industrial firm, with its insti-
tutionalised commitment to growth, its ability to take risks and its
mastery of large-scale production processes. The successful village
artisan may employ several people, but the transition to an industrial

scale of operations is very difficult, and the small firms or work-
shops which can be found in the urban areas very seldem grow into big
enterprises. Government policies to support small industry, while
perfectly Jjustifiable in their own right, often contribute indirectly
to making this transition to larger scale almost impossible. The
fiscal advantages for instance which are made available to companies
with less than 50 employees (a typical figure) disappear as soon as
the manpower roll exceeds this figure, thus creating a sudden and
almost insuperable handicap which serves as a very effective disin-
centive to further growth.

The third difficulty is the absence of a marketing and distri-
bution system. The farmer can often increase his production very sub-
stantially; but it makes little sense for him to do so unless there
are roads and trucks to transport it to the consumption centres, as
well as storage facilities on the farm or in the neighbourhood which
allow him to keep the products for sale at a time when prices are
favourable. As for the village artisan or the small industrial enter-
prise, they can only work for the local market and have no possibility
of expanding their activities if there iz no effective distribution
system{1l)., The same difficulties arise with the supply system. The
raw materials used by the farmer, the village artisan or the small
firm are expensive b-cause of transport ¢iffieculties, the small size
of their orders and the high cost of energv. In the innovation system
of the highly industrialised countries and to a lesser extent in the
modern sector of the developing countries, the situation is much more
favourable: the cost of energy {e.g. electricity or oil) is relatively
low, and the same for everyone, the transport system works well and
there are well established distribution, marketing and supply networks.

A fourth difficulty is the weakness of the financial infrastruc—
ture. Large firms can get low-interest bank leans, but the farmer or
the small entrepreneur who seldom has any collateral to offer, must
borrow from moneylenders at exorbitant rates (5 to 10 per cent per
month is a common figure); such loans are usually short-term in

nature, which makes it impossible to run any risk or to engage in
any venture which does not have an immediate and very high pay-off.
Furthermore, the government's economic and technological policy often

1} An analysis of these proolems can he found in the paper by M.K. Garg,’
"The Upgrading of Traditicnal Technologies in India: Whiteware
Manufacturing and the Development of Home Living Technologies" in

the second part of this book,
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works to the detriment of all but the largest and most modern firms.
The latter which are well organised, politically visible and economic-
ally important can lobby successfully for higher import duties, cheaper
raw materials or special allocations of foreign exchange. Since in

fact many of them have been set up by the government under the aegis

of a national plan, the bureaucracy is politically and psychologically
committed to their survival, and therefore prepared to grant privileges
and advantages far in excess of what normal political lobbying on the
part of their managers can even hope to obtain. Farmers, small firms

or village artisans, who are unorganised, geographically dispersed

and politically marginal, de not have the same advantages. In one
country bordering the Indian Qcean, small innovative entrepreneurs

find it almost impossible to import the single pieces of foreign
machinery they need for stripping apart in order to build up their

own technclogical capability through imitation. At the same time,

large amounts of foreign currency are allocated for raw materials and
new equipment to the large-scale modern industrial firms, many of which
were built up in co-operation with foreign enterprises(l).

What these few examples and general cbservations suggest is that
innovation is not simply a matter of new technology, even though
technology can be vitally important. Innovation is part of a system
and it can take place only tc the extent that the components, or sub-
systems, function in an effective way. The great difficulty here is
that while we know more or lers how to invent, develop and produce
new pleces of hardware, we know very much less sbout the ways in which
an inmovation system can be built up, and how the different subsystems
interact with one another. In many cases, these subsystems and their
interactions are more important than the new hardware itself.

The difficulties encountered in the introduction of welil tested
and apparently simple new technology like the ox-drawn plough in
certain tropical African countries illustrates this clearly at the
ievel of the individusl farmer or the small community(2). First is
the cost of the animals: 20C dollars - the typical price for two
oxen - is a very lacge sum of money, even for a well-to-do farmer.
This means that he cannot finance the investment with his own savings,
~even less with a loan from the traditional moneylender. He must there-
‘fore have access to some other form of credit which may not yet exist.

*“l) Such a situation is very frequent in developing countries with =

rigid planning system. See the paper by P.D. Malgavkar, "The Role
of Techno-Entrepreneurs in the Adoption of New Technology™ in the
second part of this book.

2} This example is based on a study of the Ombessa Project in the
Mtbam province of Cameroon and on a number of field reports from
other Black African countries prepared by students of the Pan-
african Institute for Development in Douala.
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Training the oxen to walk in straight lines and respond te simple
orders takes time, patience and skills which generally cannot be
acquired locally. If the animals are worked for several hours a day,
they camnot be left to forage for their own food as all other animais
usually are. This means that the farmer has to produce fodder, which
requires a lot more work; he must also be in a position to store it,
aincther major problem in tropical climates. The iron plough. the
harrow and the seeder, which cost a iot of money, are seldom manu-
factured locally, and if there is no village blacksmith around, they
cannot be repaired when required. Production, despite these problems,
can often be increased in a very significant way, but this is irrele-
vant if there is no way of storing the surplus and the economics of
the whole innovation becomes guesticnable if the entrepreneurial
farmer cannot market the additional output at a fair price.

II. INNOVATION AS A DIFFERENTIAL PROCESS

The process of innovation, be it social, cultural or technolog-
ical, is by nature a differential process. The farmers who are the
first to purchase a new type of machine, the industrialist who laurches °
a new product or the family which turns tc a new religion represent a
very small minority in their community, and it takes years if not
decades before the innovation they were the first to adopt or te
develop becomes widely accepted. These innovators, who often happen
to have close links with the outside world play the role ~I 'gate-
keepers' in the immovation process(l). Their social function is to
test the innovation and serve as a first filter in the innovation
process. If they are successful, the innovation will acquire the
social and economic legitimacy which is essential to its widespread
diffusion.

The differential nature of the inncvation process means that
those who, because of their poverty, their lack of education, their
inferior social position or their poor professional gqualifications,
stand the most to gain from immnovation, are in fact those who benefit
from it last of all. Innovation first reaches those who are capable
of paying fer it and those who, for cultural or social reasons, have
the greatest ability to absorb it. This phenomenon can be observed
in ccuntless instances, from medieval Eurepe to contemporary Asia,

1) See Thomas J. Allen, "Commumications in the R and D Laboratory",
Technology Review, Vol.70, No.l, October/November 1967 and
J.M. Pierméier and F. Cooney "The International Technological
Gatekeeper". ibid., Vol.73, No.5, March 1971.
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from agriculture to industry, and from religion to ideology(l).

Innumerable efforts have been made by governments, private
assaciations, political groups and other institutions to correct
this state of affairs. In the medical field, by building up public
health serviczs for those who cannot benefit from the continuous
innovations which are taking place in the modern sector of high-
technology medicine(2). In the educational field, by investing rela—
tively large sums of money in underprivileged commnities. In the
Zndustrial field, by supporting small enterprises, subsidising
development in the peripheral and poorer regions, and by fostering
the redeployment of indusiry away from the hig centres. These objec—
tives have in most countries been institutionalised by government
through the taxation system and the social security services.

The proponents of appropriate technology are trying to do the
same thing at a somewhat different level, namely, to introduce a
greater equality or fairness in the development process by focusing
in priority on the socisl groups which for various reasons have been
by-passed by the social and technological immovations which are
needed, but which they cannot afford.

The great’difficulty is that this objective of eguality, or
fairness, stands in opposition to the differential and unegalitarian
nature of the innovation process. Innovators or inventors are people
who are prepared to take certain risks, and one of the social func-
tions of the first recipients of an innovation is to underwrite the
risk which is inherent in the use of a new product, a new technology
or a new way of doing things. The first innovators pay a high price
for the new product they have purchased, but at the same time, they
often gain social prestige, quite apart from the convenience of the
innovation itself. wWhat this means is that if innovations in inter-
mediate or appropriate technology are to reach the widest number of
people, the risk must be minimised or socialised.

A poor farmer who has been persuaded by a well intentioned
extension officer te buy a small insecticide sprayer for instance,
must te absolutely sure that it will bring in big and immediate
benefits; if it breaks down, he will have lost not only a lot of

1) S=e for instance Lynn White, Medieval Technolo and Social
Change , Oxford University Press, Oxford, 1962, Eaipana Bardhan
and Pranab Bardhan, "The Green Revolution and Socic-Economic
. Tensions: The Case of India", International Sccial Science Journal,
Vol . XXV, No.3, 1973. Gecrge M. Foster, Traditional Societies an
Technological Change, Harper and Row, New York, . Orio
Pi-Sunyer and Thomas De Gregory, "Cultural Resistance to Tech-
nolzgical Change", Technology and Culture, Vol.V, No.2, Spring
1974,

2) One interesting example of this is the training of 'all-purpose?
- -doctors in Cameroon. See "Cameroon's New Kind of Doctor",
Development Forum, October 1975. These all-purpose doctors are
in Tac% The equivalent of the Chinese 'barefoot doctor! or the
Russian 'feldscher?.
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money, but alse much of his confidence in new technelogy and in the
wigsdom of the extension agent. The smzlil handcarts whose diffusion
is actively prowoted in the rur=l areas of tropical Africa, must be
sufficiently strong to withstand the excessive loads that are piled
onto them,; and their wheels must be designed in such a way that the
cart does not get bogged down in the forest tracks during the rainz
season,

Tnese two small but very typical examples suggest that the
design of an intermediate or appropriate technelogy, contrary to
what is generally believed, is often very complex from an engineer-
ing point of view. In fact, the weaker the innovation system and its
components (e.g. repair services, educational level of the users,
credit facilities, transportation network, etc.), the more important
the reliability and economic attractiveness of the hardware. The
most appropriate technology is the one which entails the least risk ﬂ
for its user: poor people cannot run any risks. .

The range of technologies which meet this c¢riterion of low risk
and high rel.ability is not at present very wide and there are strong
indications that the appropriate technologies which are currently
available in some part or another of the world include a high pro-

portion of products, processes or services which are still largely
untested or which, if already tested, are still too unreliable to
make an effective impact. The history of the cow dung gas cookers
in India is in this respect very instructive. Development work has
been going on for almost forty years, major strides have been made
in their design but, as M.K. Garg has shown, their coest and reliability
are still not what they should be, and their diffusion as a result has
been limited(1l). In fact, most of the technologies developed by appro-
priate technology groups are still in the experimental phase, and a '
much wider and more comprehensive effort is regquired to make them
truly competitive in terms of the environment at which they are aimed. :
By contrast, the appropriate technologies developed in the informal -
sector by local entrepreneurs and craftsmen have for the most part
already withstood the difficult test of practical application, as

the cases of the Pakistani pump manufacturers or the Fhilippine
starch separation plant mentioned earlier clearly show. When evalu-
ating the technological potential of this informal sector, account
must be taken of the fact that its products and processes are often
a more viable proposition than the experimental and untested tech-
nology of a2 newly-established appropriate technology group.

The differential nature of the innovation process and the fact
that the risks of irmovation are normally underwritten by the first

1) See M.K. Garg. "The Upgrading of Traditional Technologies in
India: Whiteware Manufacturing and the Development of Home Living
Technologies" in the second part of this book.
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and relatively affiuent users of a new technology has an important
implication as far as national policies for appropriate technslogy
are concerned. If new products {e.g. agricultural machines, durable
consumer goods, etc.) are all imported from abroad to meet the needs
of the successful farmers or the educarted urban concumers, leocal
inventors, innovators and entrepreneurs will as a result find them-
selves cut off from any access to this initial market represented by
the pecple who have both the ability to pay for a new technolegy and
the aptitude to withstand risk. These imports in effect preempt the
market which is so vitally important to the initial success of any
new indigenocusly-designed technology and local innovators ard entre-
preneurs have to turn to customers who have less money and a lower
propensity to take risks. Importing foreign-made tractors for instance
may well be economically justifiable, but the market represented by
the first farmers who have bought them will as a result be closed to
the local manufacturers who desperately need this initial market to
build up their technical capability.

IT17I. PUBLIC TECHNOLOGY AND PRIVATE TECHWOLOGY

The problem facing the appropriate technology movement is not
only to develop new technology, but also to build up an innovation
system. This can be tackled from two complementary angles: production
and consumption. Production or supply is represented by the inventors
and entrepreneurs who develop 2 new technology, manufacture a new
product or provide a new type of service. Consumption or demand is
represented by the people who will be buying or using these new
products and services. These two aspects are closely inter-linked and
any attempt to build up an effective innovation system must consider
them simultaneously. There is little point in developing a new tech-
nology, however ingenious or appropriate it may be, if no effort is
made at the same time to develop a market for it. In fact, most inno-
vations end up in failure because of this very weakness in marketing.

However, it is somewhat naive to believe that success or failure
is determined principally or exclusively by missmatches between demand
and supply, or technology and the market. Turning to the developing
countries, one can observe that the innovation system, which in some
areas appears very ineffective and sometimes totally paralysed, is
in some other areas very effective. Witness for instance the very
rapid diffusion of products such as transistor radios, watches, metal
household goods, mechanical sewing machines or Western styles of
ciothes, the eagerness with which farmers in tropical areas make the
transitior from thatched roofs to tin roofs, or the amount of work

which goes into saving up enough money for the purchase of a second-
hand automobiie.
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The receptivity of the market te certain types of products or

technologies is not simply the result of clever manipulations on the
part of advertisers or the symptom of cultural imperialism on the

part of the industrialised countries. Rather it is because most pro-
ducts of modern industry correspond to a very real need. They are
reliable, easy and convenient to use, relatively inexpenrsive and meet
a need which traditional products and technologies either cannot meet
at all {as in the case of the transistor radio or th: sewing machine)
or cannct meet in as convenient a way. The tin roof lasts for ten,
itwenty or thirty years, depending on quality, while the thatched roof,
which often leaks, has tc be redone almost every year. As for the
motor boat, it is infinitely more convenient than the traditional

row boat or sail beat. Even in the most remote regions of the tropical
countries, the poor farmers who grow coffee find it much more practi-
cal to use instant coffee rather than go through the tedious and
rather complex work of preparing a drink from their own crop(l),

The remarkable receptivity of the market to mcdern products of
this type is a very important social and cultural phenomenan. Yet
its significance tends to be overlooked both by national policy makers
and by the appropriate technology proponents. For the former, these
products and technologies appear much less interesting or important
than steel mills, dams, petrochemical plants or universities. For
the latter, they are all too often seen as the very expression of an
industrial society to which they are seeking an alternative.

The rapid diffusion of these types of products and the eagerness
with whick they are accepted by the market is due only in part to
their competitiveness, to the prestige which is associated with their
use or to their immediate and measurable usefulness. Another reason
is that they belong for the most part to the private economic sphere
of man: the pvrchase of a transistor radio, a sewing machine or a
tin roof for instance is a decision which is taken by the individual
or his family on the basis of his own resources and ability to pay.

When it comes to something like . village water distribution
system, a sewage system or a new type of crop, the decision to inno-
vate is no longer in the hands of the individual, however directly

he may be inveolved. Decisicns of this type require some form of social.
consensus which is much more difficult to achieve than consensus within
the fﬂmlly. In the industrialised countries, the farmer can choose, ;;
within certain limitations, the type of crop he wants to grow. In E
traditional societies where land often belongs to the community, or

1) This problem of receptivity to certain types of innovations and
not others has been noted by many observers. One of the most
perceptive analyses of this problem is Peter Drucker in "Modern
Technology and Ancient Jobs", Technology and Culture, Vol.IV,

Ne.3, Summer 1963.
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where it is attributed on a temporary basis to the individual in
accordance with tradition, family ties or social standing, the
farmerts decision is in fact dictated to & large extent by the com-
munity, the village elders and the extended family. This means that
any new technology in this field is subject to a much tighter filter-
.ng system. Introducing a new piece of infrastructure is equally
complex: not only because the total price is relatively high, but
alsc and especially because it involves changes in the village's
patterns of living, and legitimetion through some form of socia’
COnRSEensus.

When considering the problems of inneovation in apprupriate
technology, it might be in fact useful to make a bas®: distinctien
hetween three types of technology:

- Private technology, which often tskes *.e form of consumer
goods and especlally durable consum:ir gocds (the tin roof,
the radic, etc.) and whose intrr.uction depends almost
exclusively on the decision ri the individual and his family;

- Community technology whic“. includes not only basic infra-
structures like water supplies, education, transpert networks

or drainage systems, but also most of the production technol-
ogies of the ind.vidual farmer or craftsman. Infrastructures
are by naturc a community technology, but so are most of the
productior technologies since they touch upon the community's
collective goods (land, water, economic relations, social
stru.tures, etc.):

- Puplic technology represented by the large industrial firms
which produce consumer goods or capital equipment {steel mills,
fertiliser plants, etc.} and the national institutions which
supply certain bazic services (railway transportation, elec-
tricity distribution, higher education, credit system, etc.).

Obviously this distinction between the three types of technology
is somewhat arbitrary, and the line between them is seldom absolutely
clear. The public technology sector for instance produces not only
public goods (e.g. roads or education) but alse consumer goods whose
purchase depends almost entirely on private decisions.

The only functior of the distinction at this stage is to suggest
that the innovation sysiem does not function with the same efficiency
in eanh of these three sectors. In the private technology sphere it
generally operates quite effectively and rather rapidly. The same is
largely true in the public technology sector. The decision to invest
in large-scale plants or big infrastructural projects are taken by
the central government, often with the assistance of foreign technic-
iens, and the effective resistance which faces such innovations is
generally 1limited. In fact, the less democratic the political system,
the easier it is to build up the public technclogy sector, and in
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this respect central planning, under the aegis of which such innova-
tions usually are introduced, is fundamentally undemocratic since
there is no public control over the decisions taken by the techno-
crats.,

In most developing couniries, that part of the innovation system
which functions least well of all is the une which deals with commun-—
ity technology. There are a number of reasons for this. First is the
fact that, unlike what happens in the private technology sphere,
there is no effective pricing mechanism: it is virtually impossible

to put a price tag on such products as a feeder roed, a village~level
energy system (e.g. solar pump or methane gas producing unit) or a
water distribution system which replaces the individual well. This
problem of price is ir fact somewhat more complex. Every product,

every service and every technology have a price, a cost and a value.
In the private technology sphere, there is some sort of equilibrium
between the three: the consumer is willing to purchase a product if
the price corregponds to his assessment of its value to him, and the
producer fTixes ais prices according to his costs and on the basis of
what he *thinks the customer is prepared to pay. In the community
technology sphere, the balance is much more difficult to achieve.
Value is determined not only by economics, but also by social norms,
and the consensus which is required in order to take a decision acts
as a very effective barrier against innovations which may be very
useful, but which are toc new or too different from the standard
practices. Costs are very difficult to allocate on 2 collective basis:
those who pay the largest share of the cost often expect to receive
more than proportional benefits. Finally, the pricing structure often
bears little relationship with effective costs: community technology
is eitrer underpriced relative to its cost {as in the case of educatlon
or agricultural extension services) or overpriced (e.g. health or
transport), and it is almost impossible to establish a fair balance
between cost, price and value. ’

The second reason for the weakness of innovetion in community
technology is that unlike what happens in the paris of the public
technolegy sphere, detailed planning and central decision-making is
virtually impossible. Economic analyses can show that a country needs”
an automobile factory, a biz hydroelectric dam or a fertiliser plant
But it is practically impossible to plan in detail the requirements :
of every village and community in a country and make valid tradeéqffs
between a wide range of possible projects. A third difficulty is that
a relatively large part of Any community technology is composed of '
software rather than hardware, which is inherently muck more complex
and difficult to manage and control.

The appropriate technclogy movement is concerned primarily but.;
not exclusively with community technology. What is the role of such’
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_grdups in the innovation system? How do they identify the demand for
‘innovation? What are their motivations? And how do they perceive the
need for innovation?

IVv. THE ROLE OF THE APPRCPRIATE TECHMNOLOGY GROUPS

- The organisations which are presently playing the most active

‘part in the development and diffusion of new appropriate technologies

¢ can be divided into three big categories:

~ Higher education institutions, or rather, small groups which
originated from and are closely linked with such institutions,
like Kumasi University in Ghana, Mindanac State University in
the Philippines, the University of the Andes in Colombia or
the Technische Hogeschocl Eindhoven in the Netherlands:

- Governmental, private or semi-public organisations specialiased
in intermediate technology and working primarily on a national
basig, like the Appropriate Technology Cell of the Ministry of

Industry snd the (andhian Institute of Studies in India, or
the Apvropriate Technology Centre in Pakistan;
— Multinational groups or research centres, like the London-

based Intermediate Technology Development Group (ITDG),
Volunteers in Technical Assistance (VITA} in the United States
or the Internationai Rice Research Institute (IRRI) in the
Philippines.

} These organisations all play a major part in identifying the
needs for appropriate innovations. Most of them are actively involved
_ﬁiq.the development of new hardwere or software. Few of them, however,
ﬂéré directly engaged in manufacturing activities. The International
7.Rice Research Institute for instance has developed wany new types of
" agricultural equipment specifically suited to the small holdings of
'.1ow' jucome farmers in Southeast Asia. Once developed, the technology
‘is traisferred to local manufacturers and entrepreneurs whe, with the
‘agsistance of the Institute, turn it into a viable industrial and

. commercial venture(l). In the same way, the home living technologies
developed by the State Planning Institute in Lucknow, India, are
xb#oﬁéht'via a'very effective extension service to the local crafismen
W d“piay the role of small-scale manufacturers and salesmen(2).

oE The approprlate technology groups play in effect the role of a
_medlatox in the innovationm process. In the innovation system of the
‘hlghly 1ndustr;alised countries, there is no need for a mediator: the

-1) Eee the paper by Amir U. Khan, "Mechanisation Technology for
ropical Agriculture", in the second part of this boolk.

2):M: K Garg,i"The Upgrading of Traditional Technologies in India:
Whiteware Manufacturing and the Development of Home Living
Technologies", ibid.




industrial firm, which is one of the main agents of innovation, per-
forms within the same organisational framework the three functions of
identifying a demand for innovation, developing the technology to
meet this negd and bringing the technology to the market place. In
rural societies living at subsistence levels, there is no equivalent
institution, and the task of the appropriate technology groups, or

for that matter of all the organisations which in one way or another
are concerned with development, is to try to identify the real needs
of the local communities, develor or introduce technoleogies and organ-
isational means which can somehow meet these needs and, what is
probably the mest difficult of all, contribute to initiating a pro-
cess of development based on the internal immovative forces of the
local community.

Most of the appropriate technology groups currently working in
the developing countries are too young and their experiments too new
to allow for any meaningful generalisations about their achievements
and their mode of operation. Seme general observations can neverthe-
less be made, notably asz far as the identification of needs for inno-
vation is concerned(l). There are in fact three peneral patterns in
the process ¢ identifying needs for innovation.

The first is the major importance of medium to long-term economic
assessments of specific local situations. The economic forecasts which
underile the innovations of appropriate technology groups generally
go into considerable detail, and the sophistication of the cost-
benefit analyses is comparable with that of large-scale industrial
projects. Although they are dealing mainly with small-scale technolo-
gies intended primarily for the rural populations, it may be interest-
ing teo observe that the assessment methods belong culturally and
psycheologically to the modern, Westernised and kighly educated segment
of society.

& second pattern which emerges is that the need for appropriate

technology tends te be evaluated in macro-economic rather then micro-
economic terms. Employment generation, import-substitution, public
health, rural development or social equality are concepts which helong
to the system of reference of the economic planner or the political
reformer, mnot to that of the individual entrepreneur cr the swmall
farmer, who is mere concerned with profit, convenience and the prac-
tical means of survival. This points to cne of the basic problems of
innovation in appropriate technology - namely the conflict between
‘the appropriate technology group's emphasis on general economic and
social priorities, and the emphasis given by the individual to
immediate economic benefits.

1) This analysis is based for the most part on the griginal twenty-

"~ five case studies presented at the OECD Seminar on Low-Cost Tech-
anlogy, Paris, September 1974. Most of these studies can be found
in revised form in the second part of this bock.
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The third pattern is what one might call the trans-economic
dimension of innovation: in most cases, the identification of a need
for innovation goes far beyond pure econcmics. and touches upon
ideology and a long term vision of a more egalitarian society.

V. THE NEED AND THE DEMAND FOR INNOVATION

Innovation dees not occur simply as a result of a need, but
rather in response to a demand, expressed in terms of an ability te
pay a ccsrtain price for a product or a service. Need and demand are
thus twe very different concepts, even though they do overlap to a
certain extent. Most of the ianovations in low-cost technology pro-
moted by appropriate technology groups attempt to meet a certain
need - for energy, for housing, for education, for managerial assis-
tance, for water or for employment ~ mainly in the rural areas of
the develuping countries. What is often not very clear is whether
these needs can be translated into an effective demand for the products
and services resulting from a given innovation.

Two examples can be given here to illustrate the point. The first
is that of the Indian methane gas pZant, and the second is that of
the Sahelian solar pump. Technologically, the Indian gas equipment
is a very ingenious piece of hardware(l). From the viewpeint of the
national economy, it is well adapted to local conditions, since it
uses a local material available in relatively large quantities,
namely cow dung. Furthermore it fits in with the traditional patterns
of energy consumption. Its price however is relatively high: a house-
hold unit costs the eguivalent of several months of income of the
average Indian family. 4nd some five cows are needed to supply the
plant with its raw material. Socially, economically and politically,
there certainly is a need for eéuipment of this type. But the only
demand, at this stage at least, is that coming from the relatively
rich farmers.

The solar pump develeped by SOFRETES is a somewhat similar
case(2). It is technologically well adapted to local conditions —
virtually no maintenance is reguired - but its price will presumably
remain very high relative to the income of the people for whom it is
intended. According to recent estimates, large-scale industrial
production could reduce its price, or rather cost, from #40,000 to
less than #8,000. This is stil? a very large sum of monev for a

1) Sze M.K. Garg, op.cit.

2) S22 the study by J.P. Girardier and M. Vergnet, "The Solar Pump
and the Problems of Integrated Rural Development", in the second
part of this book.




Sahelian village community, and its anplication will have to be
considered in the framework of a much broader public programme for
infrastructural development. Furthermore, the social problems posed
by its intreduction are considerable. In the Mauritanian village
where the first installation was made, the two richest peonle occu=
pied the pipeline and are now selling the water to the villagers.
The permanent availability of water has relieved the children of
their traditional task of drawing water from the well and carrying
it tack home, which means that some ather way must be found to keep
them out of mischief and get them to contribute tn the economic 1ife
of the community. Finally, the increase in water supplies might well
upset the delicate ecological equilitrium which for centuries has
allowed such arid zone communities to survive.

That need and demand are two ve;?‘ﬁifferent concepts is obvious.
What is perhapc less obvivus is that the netion of need is rather
subjective, and depends a lot on one's culture and values., Most
appropriate technology prajects-are motivated by a need, but the
need is not necessarily perceived in the same way by those who
develop the technology and those to whom it is addressed. The intro-
duction of piped water supplies in one African comminity brings this
difference out very clearly. To those whe brought this new appropriate
technology, it was a major contribution fo public health and the
eradicatiun of water-borne diseases, and it corresponded to what they
perceived according to their standards as a basic need. However, it
was soon found out that the villagers were continuing to use water
from the river for their drinking purposes because it tasted so much
better! Their perception of the need was in effect completely differ-
ent from that of the outsiders trying to introduce a new technology.

This example, small as it may be, suggests that one of the
important factors .in the diffusion and adoption of intermediate tech-
nology is the compatibility between two systems of perception of
Leeds: that of the technolegical innovators, and that of the people
to whom the new technology is addressed. The difficulty is that the
twe systems seldom coincide. Furthermore, the fight between them is
somewhat unegual. The inmovator is almost always an outsider, he
tends to be highly educated and familiar with what is going on else-
where and he often has at his disposal some form of support - finan-

cilal, technological or even only moral - which although usually very
small, is nevertheless important reletive to the resources of the
community in which he is working. As a'result, his own perception of
the needs for innovation tend to gain the upper hand over what the

farmers perceive ac their most important needs. The innovation may
well take place, but once its promoter has left, it runs the risk
of being neutralised or even rejected by the community.

One of the most interesting efforts to match these two sets of




perceptions is that undertaken in the field of technology extension
by INADES, the Institut africain pour ie ééveloppement &conomique et
sonial{l). What distinguishes this extension service from similar
efforts undertaken elsewhere is the active participation of the
farmers in the definitior =f their educational needs. Interestingly
enough, the educational programme suggested by the farmers in co-

operation with the extension workers corresponds almost exactly to

the vackage programme of any classical extension service. The differ-
ence here is tha:t the programme is not an alien import, but a creation
of those who will be using it. Another important characteristic is

the emphasis on the 'know-why' rather than on the 'know-how' or
'know-what ': the farmer does not only want to know what should be

done or how it should be done, but also and perhaps even more why

a new type of fertiliser is more effective, or why a new way of till-
ing the soil will help his plants to grow better.

Vi. PARTICIPATION AND COERCION

The success of an organisation like INADES in building up an
effective agricultural extension service can be attributed in large
part to the active involvement of the farmers in the imnovation pro-
cess. They have come to feel directly concerned by the new technolo-
gies which are offered to them, they know that their previous know-
ledge and experience is not useless, they are learning that progress
depends upon their own decisions and choices, and they are finding
out for themselves, with the help of the extension agent, why new
ways of doing things are better. Many of the government-sponsored
extension services in dev:loping countries fail to take this need for
participation inte account and thsir impact in the long rumn is, as @
result, somewhat limited. The problem here is not that of technology
or knowledge as such - all extension services provide the farmer with
the same type of knowledge about crops, implements, fertilisers, land
use or management methods - but rather the way in which technology is
transferred to and assimilated by the user.

The same problems arise with the diffusion of appropriate tech-
nology to small firms, village communities op vrivate entrepreneurs.
The individuals or the groups which are trying\to premote the adoption
of more appropriate techmnlogies find themselves, like the extension
agent, in a position of authority vis-3-vis the community they are
trying to heip, and the temptation is great to use this authority in
order to promote change from sbove. Innovation, or for that matter

1) See the study of P. Dubin, “"Education as a Low-Cost Technology",
in the second mart of this book.

- 59 -




wpodernisation, always involves an element of coercion and it would

be naive to believe that it can take place in a balanced and orderly
way through participation and initiative from below. This is true of
nations and industrial firms, as it is of farping communities or
individuals. Peter the Great's modernisation of Russia or Hemal
Atatlirk's modernisation of Turkey were neither democratic nor partici-
patory, but they were nonetheless quite effective, even if the social
cost was very high. And Governor Huey Long's modernisation of
Louisiana in the 193C*s was anything if not dictatorial.

Innovation in fact is seldom a free choice, and very often it
is imposed by necessity. The industrial firms which launcia a new
product on the market generally do so because they are forced te
under pressures from their competitors or as a result of government
intervention and regulation. The farmer who introduces a new crop or
decides to buy a new machine does it not only because he thinks it
might be profitable, but very often because he is forced to if he
wants to survive,

The same is often true of nations. In a country like Denmark.
for instance, the modernisation of agriculture which took place in
the rast decades of the nineteenth century was not initiated by care-
ful planning, but imposed by economic disaster. The unsuccessful war
against Prussia in 1864 had cost Denmark 40 per cent of its territory
and most of the export earnings which until then had come from the
sale of wheat from Schleswig-Holstein.

Innovation always involves a certain balance between coercion
Trom above or from outside, and participation from below or from
within. in exclusive reliance on coercion may be very effective in
the short run, but as the examples of Turkey after AtatBirk or Russia
after Peter the Great show, tne innovation system returns to lethargy
as soon as coercion ceases or becomes less effective. In Denmark,
where social structures were very different, and farmers much more
individualistic, yet bound by long traditions of co-operation
and mutual help, the medernisation which was imposed by outside
circumstances stimulated rather than stifled the development of
invention and imnovation, snd paved the way to the development of
an efficient and well organised agriculture.

Farmers who have always been told what they should do, either
by government cfficials, religious authorities or village leaders,
and who remember that their parents and their grandparents, like
themselves, never had any control over their own destiny, may con-
tinue to accept, or rather adapt to, innovations imposed by outsiders
or by their traditional leaders. Innovation in this case is a purely
vassive precess of adaptation.
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Participation, which can be deliberately fostered by outside
innovators like missionaries, extension agents or appropriate tech~
nology specialists, is not merely a means of legitimising innovation
or making it psycholegicallv more acceptable by directly involving
those who wiil be affected by it. Rather, it is a tool for building
up the self-confidence and sense of independence and control over
one's future which is one of the preconditions for janvention and for
an active involvement in the innovation process.

Fostering participation is a difficult, deliceste and slow process.
In fact, in the short run, helping pecple to help themselves by encour-
aging them to become active rather than passive innovatorz is often
a much less efficient and uswally slewer way of modernising a society
than cosrcion. Most of the appropriate technology groups and many
development agents, both local and foreign, ars vary conscious of
this. Yet there are strong indications that a substantial proportion
of the development prejects based on appropriate technology are for
the time being of a non-participatory nature: the beneficiaries of
these innovations are not directly involved in the definition of
tneir major needs, and they do not take any direct part in the develop-
ment, testing and improvement of the technology which is offered to
them.

It may be interesting to observe here that participation and the
control of the individual over his own destiny and that of his commun—
ity are at the basis of the social system of two countries whose
agriculturai and industrial development conforms most closely to the
idea of appropriate techmology - namely the United States and contem—
porary China. In the United States, they result both from the Protes—
tant ¢thic and from the fact that American society was a society of
immigrants, who as newcomers were culturally attuned to the idea that
the future was theirs. In China, the Maoist idea that the most impor-
tant resource of & nation is man, and that every peasart and every
worker can and should be an inventor is not essentially very different,
and the aim of the 1949 revolution was to destroy the soclal structures
which through their patterns of authority and coercion prevented the
individual from playing this very role.




Chapter 3

THE INFORMATION NETWORKS

Most of the existing appropriate technology groups devote a
considerable part of thkeir activities to the collection, processing
and dissemination of information, and their role as tknowledge i
centres' tends to be more important than their activities in the 'H
field of research and technical development. This emphasis on inform- B
ation stems largely from a recognition of the fact that one of the ;L
first requirements of an effective innovaticn system is the develop~ o
ment of an information network.

Knowledge abour modern technology tends to circulate very
rapidly. Even in the most remote regions of the world farmers have
heard about such things as the moon landing, the Jumbo jet or the
achievements of modern medicine, and their awareness both of modern
technology and of the way of life that goes with it is one of the
many reasons for emigration to the cities. This knowledge, which is
usually of a rather general nature, is propagated by hearsay, by the
stories of town dwellers or foreign emigrants who return to their :
home village,by transistor radios and by illustrated magazines, whose °
carefully cut-out pages are pasited on the inside walls of the farmers!
huts.

By contrast, knowledge about appropriate technology can take
Years to itravel a hundred miles, and farmers in one viliage often
Go not know about the technological inmnovations which have been
developad or introduced by a neighbouring community. The same is
true at the national level: the experiences in appropriate technology
undertaken in one developing country are seldom well known the other
side of the border, and the lines of communication from one develop-
ing country to another are rarely direct, and very often have to
transit through an industrialised country. There are of course many -
exceptions to this'generai ﬁattern, but the fact remains that the
- awareness of modern technology tends to be much greater than that
" 'of the less sophisticated and less glamorous intermediate or appro-
priate technology.

As a result of this weakness of the information networks, the
diffusion of knowledge about newly developed aprropriate technologies
is usually slow and often ineffective. A more serious problem is that
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the vast wool of appropriate technology which can be found in the
informal sector (as opposed to the formally organised appropriate

technology groups) lies for the most part unexploited, except at
the local level where i~ is used by the small enterprises and indi-
vidual innevators whe have developed or improved it.

One of the functions of the information network is to create
and stimulate demand. As George McRobie has very rightly noted, the
demand or market for appropriate technology depends to a large extent
upon the knowledge that s :-h a technology is svailable(l). A farmer
will not think of buying or making a solar heater or a methane gas
cooker — to take two cases of relatively well-known appropriate
technologies — unless he knows that such equipment can be built or
eventually purchased. Nor can he be expected to think of using any-
thing else but mud bricks and a thatched or a tin roof te build his
house if he is not aware that better bricks can be made from soil-
cement, or that there are better ways of covering his dwelling. The
role of an information network is to create an awareness of alter-
native economic and technolegical options. This awareness will not
necessarily be translated intc a demand - poor pecple seldom have
the money for anything but the most basic items - but it is a pre-
condition for stimulating demand and for giving the local inventor
or artisan the idea that he can develop something more appropriate.

I. THE HANDBOOK OR CATALOGUE AFPROACH

One approach to this problem of information which has been tried
out by several organisations js that of the handbook or catalogue.
Two generations ago, the Sears and Roebuck mail order catalogue
played a major role in bringing to the isclated American farmers and
the small towns both the products of the emerging consumer society
and the awareness that these products existed. The same rcle can be
played by a handbook of appropriate technology. One example is the
Village Technology Handbook prepared by VITA (Volunteers in Technical
Assistance) which explains in simple terms and with the help of

numerous illustrations how to make such things as a water pump, a

better house, a local irrigation system or food storage facilities(2).
Two somewhat similar catalogues are Brace Research Imstitute's

Handbook of Appropriate Technology(3) and the Directory of Appropriate

1) See the paper by G. McRobie,"The Mobilisation of Knowledge on
Low—Cost Technology: Outline of a Strategy", in the second part
of this book.

2) Village Technolegy Handbook, VITA, Mount Rainier {Maryland) 1975.

%) Brace Research Institute, Handbock of Appropriate Technology.
Quebec, 1975. The story of the development of this hanﬁEooE is
told in the paper by T.A. Lawand et 21. in the second part of
this book.
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Iechnology prepared by the Gandhian Institute of Studies in India{l).
Tnese three handbooks which are & good example of apprepriate tech-
nology - their production cnsts were small, and the final product is
available in many cases fre«. of charge - all contain a wide range of
technical information coverirz the whole spectrum of activities in a
typical community of a developing country. Their breadth obviously
means that only a selected number of technological alternatives can
be presented.

Alongside these general catalogues or manuals, there are a num-
ber of more specialised handbooks dealing with a specific topic. One
example is Christopher Cone's handbook on automotive operation and
maintenance, which gives hundreds of very appropriste pieces of inform—
ation on the most effective way to cperate a car or a truck in a coun-
try with bad roads, a weak servicing infrastructure and a difficult
climate(2). It deals with problems which are seldem encountered in
an industrialised country, and which a driver can otherwise only
learn about at great cost and through bitter experience - for instance,
how to extricate a vehicle from sand or mud or to make repairs when

no spare parts are available.

Rather similar in scope if not in subject but aimed at a some-
what more specialised audience is the manual prepared for the Agency
for International Development by a group of technologists from the
Mensanto Company and which presents a wide range of low-cost roofing
materials that are available to, or have been developed in develop-
ing countries(3).

These various handbooks, unlike the commercially-oriented cata-
logue of a typical mail order firm, ds not offer products, but rather
knowledge and technology. For the user, this knowledge is available
in most cases free of charge, but it is up to him to put it to use.
In fact, making any one of the devices described in these handbooks
is not always very easy and involves not only great care, but also
a certain amount of creativity. By presenting a number of practical
possibilities and outlining the basic technical steps, such handbooks
can contribute significantly to the deve.opment of invention and
immovation at the local level.

Although it is difficult to evaluate the total cost of preparing
such handbooks - the experience of the specialists which took part in
their elaboration cannot really be quantified -~ there are indications

1) Gandhian Institute of Studies, Directory of Appropriate Technology
{mimec), Varanasi, 1973,

2) E. Christopher Cone, Automotive Operation snd Mesintenance, VITA,
Mount Rainier, 1973.

3} I.0. Salyer, G.L. Ball, R.A. Cass et al., Development of Low—Coit
Raofing from Indigenous Materials In ﬁeveloging Natlions, Monsants
Rzsearch Corp., Dayton, B




that it is guite low, and at any rate very inexpensive relative to
the benefits it can bring to innovative users: the order of magnitude
of the direct expenses inveolved is around 3100,000.

Along with these general or specialised directories and catalogues,
there is a rapidly growing number of pericdicals concerned in whole
or in part with appropriate technology. For instance, the Intermediate
Technology Development Group's Journal Approp: iate Technology, the
Quarterly Newsietter of the Engineering Experiment.tion Station of
Georgia Institute of Technology, the Documentation Bulletin of SENDOC
(the Indian Smell Enterprise Documentation Centre) or the regular
publications of CENDES (the Center for the Industrial Development of
Ecuadcr}.

These examples show that the process of building up an inform-
ation network in appropriate technology is already well engaged., At
this stage, three tynes of markets, or target groups, f.. tuis inform-
ation seem to be emerging. The first is that of natienal policy makers,
aid agencies and large industrial firms. The second is that of the
extension officers, rural development agents or educators. The third
is that of the individual farmers, craftsmen and rural dwellers.
Although there is a certain amount of overlapping between these groups,
each one forms a distinct market, which calls not only for a different
product, but also for major differences in presentation and packaging.

II. THE ROLE OF DOCUMENTATION SERVICES

Handbooks of the type prepared by Brace Hesearch Institute,
VITA or the Gandhian Institute of Studies are playing a major role
in bringing about an awareness that alternative technological options
are available and in stimulating the inventiveness of their users.
These manuals which are aimed primarily at the developing countries,
are also of relevance to Industrialised nations, and it is interest-
ing to note that, especially in the United States, several similar
handbooks have bLeen published by individuals or organisations active
in the fiel2 of soft or alternative technolopy. One example is
Robert de Ropp's guide to the alternate society, which shows for
instance how to make use of unconventional energy sources or how to
grow food without harming the environment(l).

For the farmer, the city dweller or the development agent, the
information provided by such handbooks, while very helpful, is not
always sufficient. Making the equipment presented in these manuais
sometimes calls for materials which are not available locally, or
which could more economically be purchased from an outside supplier,

1) Robert S. de Ropp, Fco-Tech, The Whole Earther's Guide to the

Alternate Society, Dell PuEfishing Co,, New York, 1975. "
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and there is no point in irving to reinvent everything. Because of
their rather general nature and the fact that they are not for the
mest part aimed at any specific country or region, these handhooks
cannot give any information about sources of supplies or the purchase
price of materials and components. The appropriate technology move-
ment does not have anything =quivalent to the highly peopular Whole
Earth Catalog in the United States, which gives its ecologically-
minded reader a vast amount of information as to where and how to
abtain the increasingly wide range of products based on soft
technology(l).

Another problem is that as soon as one goes beyond the relative-
ly simple, yet important, self-help technologies, information of a
much more detailed and technical nature is required. The village
blacksmith for instance can find out from such a handbook how to
improve some of his tools, but when it comes to production technology,
this is no longer sufficient, and the knowledge he needs is very
different. And the farmer whose crops are suddenly attacked by a
pest he has never seen before cannot rely on the rather general and
wide-ranging type of information which can be found in such handbooks. i
The two most commonly used methods to solve problems of this nature '
are the Jocumentation service and the technical assistance service

(management consulting,technical extension and agricultural extension).i

Most of the existing documentation services in developing coun-—
tries do not deal cpecifically with appropriate technology as such,
but collect, process and distribute a much wider range of information‘
dealing with technical, economic, industrial and agricultural matters. .
The effectiveness of such centres varies considerably from country to
country but the problems they encounter seem to indicate that a
traditional documentation and information service is not the most
supropriate way to stimulate the diffusion and application of appro-
priate technology in a developing country.

The first problem is that such a service is generally a rather
expensive proposition. Three elements come into play here: the col-
lection of information, its storage, and its diffusion. In develop-
ing countries, collection costs are comparatively much higher than
in the industrialised countries. This is particularly true if one
considers not only writtien information but alsoc the oral information
which is gathered mainly through travels and personal contacts.
Storage costs are equally high. According to some estimates which
seem reasonably representative, storing one document or piece of
information costs around one dollar and a half per year and account
nust be taken of the obsolescence of information.

1) The Whole Earth Catalog, Ballantine, New York, 1971; The Last
Whole Farth Catalogue, Penguin, Harmondsworth, no date.
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In order to be of some effective use, an information service
must have a certain critical mass and be able to collect and store
a substantial proportion {(maybe 50 to 80 per cent) of all the inform-
ation concerning a particular technolegy. In most develoning countries,
the number of potential users of this information is small: there may
well be no more than one or two entrepreneurs or government agencies
interested in any one piece of technology. The smaller the country
or the market, the greater the relative amount of information which
has to be stored for any one avplication. This of course increases
costs and therefore it may be much mcore economic for developing
countries to use the existing information systems of the multinational
intermediate technology groups rather than build up their own systems.
In the case ¢f solar energy, to take one case, it makes more sense
for a developing country to address itself to Brace Research Institute,
one af the world's main centres in this field, than to build up at
high cost its own documentation service.

Because of these high collection and storage costs, providing
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technical answer or piece of documentation about a specific technical
problem is somewhere around £150. This is equivalent to the average
per capita annual income in a typical developing country. Te put
things in perspective, one can imagine the problems which would face
a documentatien service in an industrialised country if each technical
answer were to cost the same relative amount, namely between §3,000
and $5,000(1).

No farmer and few if any small industrial firms can afford to
pay 2150 for a piece of information which may turn out to be irrele-~
vant, and one of the problems which has to be faced is that of pric-
ing. Should the customer get the information free of charge on the
assumption that this is a public service which must be financed by
the combunrity? Should he pay a price equivalent to the real cost?

Or should he contribute merely a token fee? The first and last solu-
_ tions are the two most frequent. However, it does not seem that the
subsidisation of information services makes them more attractive to
the potential customer. The real problem iies elsewhere, namely in
the ability of the customers to absorb and use new information.

This is clearly illustrated in the very typical case of the
techno-entrepreneurs of the Poorna region in India(2). Here are young

1) In fact, the unit cost of documentation services in industrialised
countries is generally small. In the case of the Irish Institute of
Industrial Research and Standards, the cost of a typical inquiry is
around $%0 (this figure comprises only the direct operating costs of
a technical information unit).

2) Se=z the articie by P.D. Malgavkar, "The Role of Techno-Entrepreneurs
in the Adoption of New Technology",in the second part of this book.
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industrial entrepreneurs with little practical experience but a googd
idea of the type of information they require in order to build up
their first and very modest production facilities. As it turned out -
and this seems to be a fairly general pattern - none of the existing

information and documentation services in the region (and this is one
of the most developed parts of India) could provide them with the type
of information they required. They had in fact to build up themselves
a tailor-made information network. Firsi by using the knowledge avail-
able frcm their university textbooks and fermer teachers, second from
the technical catalogues of hundreds of foreign firms whose addresses
had been noted down in the foreign consulates of Bombay, and third
from the careful study of equipment imported intc India.

This study of the Poecna techno-entrepreneurs shows very clearly
that the search far information is an integral part of the inventive
and innovative precess. The only person who knows exactly what type
of information is required is the one who will be using it, and a
documentation centre, however well run and however complete its stock

T knowledgze, cannot be half as effective. Interestingly enough, the
somewhat haphazard and ariisanal way of gathering information of these
techno-entrepreneurs turns out to be rather inexpensive - a few days
or weeks of work at the beginning, plus the cost of letters and
stamps - and the value of this information is very high relative to
the cost of its collection.

One of the difficulties with the traditional documentation
centres is that they tend to accumulate vast amounts of information
which is often not used at all or which, when supplied to a customer,
tends to be excessively voluminous, insufficiently selective and
dgifficult to translate into usable knowiedge. Suci information ser-
vices undoubtedly have a role to pley, for instance as transfer
agents for appropriate technology developed abroad, but other ways
of dealing with knowledge and technology can be envisaged. One of
them is for instance the "“technology exchange" service which has
recently been set up by Cecntrol Data, the big Americen computer firm.
The principle is simple: any firm or individual whe has a particular
technology to sell can, for a relastively smell Tee, list this tech-
nology in a world-wide computer file. Conversely, those who are
locking for a particular technology or piece of knowledge write down
a reguest, also for a fee, and can find out within a very short time
if the technology they need is available. With the rapidly falling
prfce of computer time, this approach can be potentially very effec-
tive, but its main attraction is that it allows for an almost exact
metching between a2 demand for technology (or information) and a
supply of technology. Such a system, designed primarily for the
industrislised countries, is egually relevant to developing nations,
for it can just as well be used for appropriate technology.




There are strong indications that too much attention is currently
being given to the building-up of traditional information and decumen-
tation services for appropriate technology, and not encugh o the
requirements of the market for information. The type of knowledge
which the poor farmer requires is very 1iifferent from that which is
needed by an industrial firm, small cr large. The delivery system
furthermore has to be different in each case., The poor farmer, who
may be illiterate, will in most cases not take the initiative to go
to an official information centre, and the information has to be
conveyed to him through an extension service. The large industrial
firm by contrast tends teo be a much more active customer, with a
precise knowledge of what it needs, while the small family firm falls
somewhere between these two extremes. Information services must
obviocusly take these differences into account if they are to serve
a useful purposze. :

I1I. MANAGEMENT ASSISTANCE AND TECHNICAL CONSULTING

Information tan to some extent be organised in a rational way
and this is as true of informatior about sophisticateé high-cost
technology as it is of information about intermediate technology.
However, the emphasis on rationality and organisation must not over-
shadow the fact that in the immovation process, some of the most
creative ideas come precisely from disorder, luck arnd the use of
apparently irrelevant information. Rationality is needed, but there
are also virtues in duplications, ignorance and serendipity.

In the same way that the economies of the developing countries
are characterised by the presence of a modern 'formal' sector and an
finformal' sector, the information networks in appropriate technology
have a set of informal, or somewhat less well organised channels
through which knowledge is conveyed to potential users. This informal
information network has a number of components. Two of the most
important are the various technical assistance services provided by
appropriate technology groups, and the managerial assistance given
by specialised organisations to small local firms.

One example of the former is the service provided by Volunteers
in Technical Assistance. As its name does not suggest, VITA does not
send volunteers abroad, but provides the eguivalent of a specialised
technical agsistance service by linking the developing country cus-
tomer with a special technical problem to a specialist in an indus-
trialised country, who supplies this knowledge free of charge on a
voluntary basis. aAlthough no comprehensive evaluations of this service
have yet been carried out, it appears to be very effective. One of
the main reascns for this is that the customer has already clearly
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identified his problem and is anxious to use tThe informetion or the
technolugy which is supplied by his adviser.

Technical assistance by correspondence may not be quite as effec~-
tive as bringing a foreign consultant on the spot, but it is immensely
less costly. According to VITA, the average direct cost for a piece
of technical advice is around 5100, and if the total costs are summed
up, to include among others the time of the voluntary expert, the
reazl amount is two to three times higher. Somewhat similar services
have been organised elsewhere. (ne is the Development Reference
Service of the Society for International Development in Paris, which
deals not specifically with technology but with more general problems
of development, and the other is the Industrial Inquiry Service of
the United Nations Industrial Development Organisation in Vienna
which is concerned with industrial problems. (Both services erigin-
ated in the Question and Answer Service of the OECD Development
Centrel(l).

Another appreoach to the diffusion of information and knowledge
on appropriate technology is through technical and managerial assis-
tance to small firms and local entrepreneurs. Practically all develop-
ing countries today have some sort of natiecnal organisation aimed at
promoting the development of small enterprises. One of the usual tools
is to provide firms with some sort of managerial assistance, for
instance in the form of short training courses or consultancy services
With the excepticn of some countries like India, where services of
this kind have been operating for many years, most of these organis-
ations are too new to allow for a mesningful evaluation(2). There
are, however, a rumber of problems which seem to be very general.

The small firms which are being helped today should have the potential
to become the big corporations af tomorrow. It is however extremely
difficult te identify those which are likely to be the winners in the
long run, and even the most promising small entrepreneurs may fail.

What is more, there seems to be 1little, if any, selectivity in
the choice of small firms to which technical or managerial assistance
will be extended. In fact, assistance is granted primarily in response
to requests coming from the small firms themselves and most, if not
all, requests are eagerly seized upon by the assistance-granting
organisations. If one considers the problem in terms of demand and

1) See Maurice Domergue, "Technical Assistance by Correspondence",
iInternational Development Review/Forum, No.3, 1974. 4n evaluation
of UNIDD's technical information service can be found in An Evalu-
ative Review of the Industrial Inguiry Service (1966-~1973] (mimeo),
UNIDO, Vienna, .

2} See Bepin Behari, "Low-Cost Technologies and Rurel Industrialis-
ation" (mimec), vaper prepared for the OECD Seminar on Low-Cost
Technology, Paris, 1974. This study deseribes the consulting

activities of the Small Industries Development Organisation in

India.
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su.ply, there is some evidence that in many developing countries,
the supply of managerial and technical consulting services to small
industry greatly exceeds the effective demand for such services. The
most ¢onspicuous case in this respect is probably that of Kenya where
the Rurai Industrial Development Programme has been supporting small

' firms whose effective technical, economic and managerial viability
is questionable to say the least(i).

Another problem with such organisations is that the services
they previde tend to be rather expensive. One way to measure this is
to compare the number of firms which have received some sort »>f assis-
tance during a given year with the number of people employed by
these organisations. Another indicator is the ratic between the turn-

> over of the firms which have received some form of assistance and the
administrative costs of running the consulting organisation. A very
rough estimate, based on some of the case=-studies, indicates that
such an organisation with ten staff members can provide meaningful
assistance to a group of small firms which, taken together, employ
some one hundred people. This is clearly not the most efficient way
to fc .er industrial development on a large scale, nor is it the
best way to use the highly qualified people who are on the staff of
these organisations.

Wher the small firms to which technical or managerial staff is
supplied are of a very low level, the outside consultants or advisers
are very often tempted to go much beyond the supply of advice, and
thus end up by virtuzlly running the firm they are trying to help.
This turns out to be very costly and time-consuming. On the other
hand, smell firms are often unable to absorb in an effective way the
knowledge which is brought to them by a consultant in the course of
a typical one-day visit, and it is very difficult to strike a balance
between the one-shot approach and the virtual take-over of the
assisted company.

In fact, there seem to be very great differences in the quality
and effectiveness of national organisations which supply technical
" and managerial assistance to local enterprises. In one country, the
_fofganisation which was set up for this purpose under the auspices of
" a well-known international organisation erded up after five years of
operation with a payroll of over 600 people, mostly in administrative
and secretarial positions and, according to the widely-shared feeling
of local entrepreneurs, is almost totally ineffective. In other
: countries such organisations can work very effectively and rather
cheaply. This is the case of several institutions in India for

.1) See for instance H. Kristensen, "The Technology Problem in Rural
Small Scale Industries: A Case Study from Kenya" (mimeo), paper
prepared for the OECD Seminar on Low-Cost Technology, Paris, 1974.




instance, and of at least one programme in Korea which was set up
in co-operation with the Engineering Experimentation Station of the
Georgia Institute of Technology(l).

Supplying managerial knowledge or new technology through such
organisations cannot really be dissociated from the much wider
problem of entrepreneurship. Information is a commodity, and its
diffusion responds to market needs. Supplying information will not
alone create the needs for information and new technology. This need
can only arise in the much wider context of a favourable entre-
preneurial environment which can be built up by legisiation, the
organisation of credit, or the development of education.

1} 52 e the study by R. Hammond, "The Impact of Micro-Develonment
Projects", in the second part of this book.




Chapter 4

THE ROLE OF THE UNIVERSITIES

The number of universities, both in the industrialised and the
developing couniries, which are involved in some way or another with
the development of new appropriate technologies, is growing rapidly,

ard there are indications that this interest is more than a passing
fashion. It is in fact a reflection both of the university's own
questioning of its role in society and of the fact that its dual
function of creating and trensmitting knowledge has a direct bearing
on the development and application of more appropriate technologies
in the local innovation system.

Most of the appropriate!technology groups which originated from
universities, like the Techrnology Consultancy Centre in Ghana(l),
the Regional Adaptive Technology Centre in the Philippines(2}, the
Division of Micro-projects in Eindhoven, Netherland=(3) or the Grupe
de Desarollo Rural of the University of the Andes in Bogota, are toe

recent to allow for any meaningful generalisations about the role of
higher education instituticns in the promotion of appropriate tecn-
nology. These experiments do hgwever point to a number of problems
which must be taken into account if appropriate technology is to
play an effective part in the process of economic and social develop-
ment. Are universities the most adequate institutions for fostering
innovation in approprizte technology? Can their activities in this
field be reconciled with their educational responsibilities? Can
their curricula be reoriented it» include more appropriate types of
technology? These are some of the questions which have to be
considered.

1) See the study by B.A. Ntim and J.W. Powell .*Appropriate Technology
in Ghana: The Experience of Kumasi Unlver51ty's Technology Consul-
tancy Centre", in the second part of this book.

Rufinc S. Ignacio, "Intermediate Technology and Regional Development
in the Philippines", ibid.

P. de Wilde, J. Janssen, B. van Wulfften-Palthe and 5.P. Bertram,-
"Remarks on a Policy for Appropriate Technology and Some Cases of
Micro~-projects” (mimeo), peper prepared for the OECD Seminar on
Low-Cost Technelogy, Paris, 1974,




'*f$u¢hjplay a useful role in the field of appropriate technelogy for

I. THE UNIVERSITY'S COMMITMENT TC MODERN TECHNOLOGY

In the last fifteen years, higher education has been one of the
fastest growing sectors of the economy in the developing countries,
as can clearly be seen from the number of new universities which were
set up or the dramatic increases in the number of students. Cne of
-.the main motivations behind this explosive growth of higher education
f wés to bring underdeveloped soccieties into the modern world by build-
ing up a massive _technological and educational basis. The somewhad
optimistic ideoclogy whizﬁ'légitimised the creation of hundreds of new
universities and which was actively promoted by international organis-—
- ations, aid agencies and private foundations has today lost much of
its veneer and given way to a more sober assessment of what higher
education can effectively achieve. In some spheres. the pendulum has
swung even further, and it is interesting to observe that the far—
reaching criticisms of the university made by someone iike Ivan Tilich
are now being frequently quoted, and possibly even put ints practice
by government authorities which, directly or indirectly, have the
responsibility for higher education(1)}.

Whetever the failings of the university - and here the disappoint-
ment is the inevitable counterpart of exaggerated expectations - it is
still the most effective, or least ineffective, means for providing
‘a wide number of young people with the skills and training necessary
in a modern industrialised, or industrialising scociety. Universities
have a basic commitment, institutionalised in their curricula, their
entrance requirements, their communications system and their quality
control procedures, to modern technology.

This commitment stands in almost complete opposition to the :
guiding philosophy of the intermediate technology movement. University
education is expensive, and for many developing countries prohibitively
expensive (one year of higher education for one student often costs
more thau the total income of hundreds of farming families), it is
concerned with sophisticated modern technology, it is to a large:
extent a foreign cultural import, and despite the claims to the
contrary, it is elitist and non-egalitarian. Can the university as

:_ihich'it was never designed and which culturally and politically is
'so far away from it?

"” 'The"increasing number of universities which are involved in
ieveloping some form or another of appropriate technology, shows at
_Tany'rate that something can be done and that universities, and
"réépecially technical universities, do have a role to play. For the

1) Ivan D. Illich, Deschooling Society, Harper and Row, New York,
1971.




'7:}ccncern both of un1vers;t1es and educational authorities about the

moment, this involvement is in most cases marginal, in the sense that
it is not yet an integral part of the traditional educational curricula
or research programmes. There are as yet no tuniversities for appro-
priate technology' and India is the first country where the possibil-
ity of granting academic degrees in intermediate technology has been
seriouslv considered.

The involvement of universities in intermediate technology is
also in most cases politically warginal, in the sense that it does
not generaily result from a deliberate policy of the university as
such, but rather in response to pressures on the part of activist
student movements and as a result of the entrepreneurial activities
"of individual faculty members. In this perspective, involvement in
appropriate technology might be viewed as a means of letting off
steam and neutralising in a constructive way the internal political
tensions of the university. What must also be considered here is that
in several developing countries, the internal problems of higher
education institutions are compounded by their potentially destabilis-
ing political role in society. Universities, or rather the student
bedy, are often violently opposed to the ruiing ;-litical elite of
the country and are in effect a revolutionary force. The examples
of Thailand, South Korea, Sri Lanka and several latin American
countries show this very clearly.

Appropriate technology, whether its proponents want it or not,
has a political dimension, since it is oriented primarily towards
* the most under-privileged groups in society and assumes, probably
“ ‘rightly, that the development strategies followed until now have
. benefited primarily the ruling elites. The ideology and values of
the appropriate technology mecvement could, if combined with the
- political activism of the universities in the developing countries,
have truly revolutionary political consequences, and this cannot
simply be brushed aside when one is trying to assess what part the
higher education system might play in appropriate technoelogy.

The involvement of umiversities in appropriate technology can
nf course be interpreted, somewhat cynically, as an attempt to neu-
tralise their cutside crltics and buy off their student dissenters.
“This view, which some very speclflc cases. may Justify, is neverthe—
'1ess rather unfair, in that it grossly understates the very genuine

fcontrlbuflon of higher education to economic and social development. e

'The universities also have a number of assets - intellectual, tech—

_“nolog*ral and organlsatlonal - which can usefully be applied to the
'¢evelopment and promotion of more appropriate technologies.




II., THE UNIVERSITY'S LIMITATIONS

Sefore irying to outline what the universities could do, a few
words of caution are necessary. The first is that the university is
primarily an institution of higher education and higher learning.
Its function is neither to act as an 1ndﬁstria1 entrepreneur or man-
agement consultant, nor te play the part which belongs institution-
ally to government agencies, industrial firms or non-profit associa-
tions. Faculty members may of course in their individual capacity
take on a number of activities outside the university - primarily
as advisers and consultants -~ but the institution to which they belong
is geared essentially to education and learning in the strict sense
of the term.

The second point is that even if universities did want, or were
allowed to play a much wider role than that for which they were orig-
inally designed, they probably coculd not. For che thing the task of
educating thousands of students is in itself a formidable affair.
The problem is particularly acute in the developing countries: one
need conly to look at the teacher/student ratios or their financial
situation o realise that education alone is more than a fuli-time
preoccupation. There is an obvious temptation to say that the univer—
sity can do everything. Does it not after all harbour some of the
country's best minds? The temptation however is at best illuscry,
and at worst poientially damaging to its educational mission.

In several highly industrialiged countries, universities have
played in some cases an important part in industrial and technological
innovation, and one can infer, by analogy, that the higher education
institutions in developing countries also have a role to play in their
lecal appropriate technology innovation system. By historical stan-
dards, this involvement of West European and American universities
with industry is a recent phenomenon: it started in CGermany at the
end of the last century, with the development of the chemical indus-
try, but it was only with World War Two that these links becams
institutionalised in a large way{l). At the same time that the uni-
versities were developing the basic knowledge used at a later stage
by industry and establishing closer contacts with the business world,

‘~he large firms were building up their own R and D laboratories and
trying thereby to systematise the innevation process.

University research was never a substitute for industrial
research; it was a complement, and while important in certain fields,
was nevertheless, and still is, a very small part of the innovation
system, What should not bte overlooked is that this involvement of

1} For a detailed discussion of these problems, see The Regearch
System, Vol.I, II & TIII, CECD, Paris, 1972-74.
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Furopean and American universities in the processes of industrial
and technological innovation was to some extent at least an acciden-
tal vhenomenon rather than the result of a deliberate policy. What
has worked in the past will not necessarily work as well in the
future. In fact, it is quite possible that these links, built up in
the last decadass, will progressively deteriorate as a result both

of the educational burdemns placed upon the universities and of the
inereasing diversity and pace of change of industrial technology.

In the developing countries, the establishment of close links between
industry and the universities has until now proven to be rather

difficult, and a national strategy for appropriate technology must
take into account the fact that the building-up of such a relation-
ship is not mecessarily the most effective way of promoting innovation.

Another point of caution esbout the role of universities is that
the development of new intermediate or appropriate technology does
not for the most part embody any radically new scientific or tech-
nological principles. There are of course certain exceptions: the
solar pump developed at the University of Dakar and further improved
by a French industrial firm belongs to the world of high technology(l)
and the gari machine developed in Nigeria did call for the development
of new fundsmental knowledge in chemistry(2). By and large, however,
appropriate technology belongs to the realm of the craftsman and
village artisan rather than to the world of the academic teacher or
scientist, and an exclusive preoccupation with what the university
might do can lead to a neglect of the crucial role played in the
innovation process by craftsmen and small entrepreneurs. as far as
educution is concerned, this preoccupation carries with it the risk
of overlooking the importance of secondary education, and notably of
secondary technical education, which produces the middle-level tech-
nical specialists required by industry. These specialists, which are
in very short supply in most developing countries, have a vital role
to play, and could be one of the most effective links between the
modern and the traditional sector, and could also form a basis for
the innovation system in appropriate technology.

Developing even simple hardware can be very difficult for the
local inventor - witness for instance the problem of increasing the
reliability of his products and minimising the technical risk to the

‘user. The technical capability of the university can be scaled down
to meet the specific problems faced by local craftsmen and entre-
_preneurs. One successful example in this respect is the way in which

1) See the study by J.P. Girardier and M. Vergnet, "The Solar Pump
and the Problems of Integrated Rural Development", in the second
part of this boock.

2) P.0. Ngoddy, "Gari Mechanisation in Nigeria: The Competition
Between Intermediate and Modern Technelogr", ibid.
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university teachers in 8ri Lanka have been zncouraged to act as
technical consultants to local blacksmiths(l). Another similar case
is that of Soon Jun University in Korea, whose mechanical engineering
department has contributed to solving many technical problems of the
local metalworking firms and, in the process, to diffusing this
improved technolegy throughout the industry(2).

ITI. APPROPRIATE TECHNOLOGY IN THE HIGHER EDUCATION SYSTEM

The students of today are the engineers, technologists, indus~
trial entrepreneurs and political leaders of tomorrow, and the type
of education they are now getting will determine to a large extent
the type of society that will exisl twenty or thirty vears hence.
This time-lag or production cycle of the educational system suggests
that if appropriate technology is to play an important part in the
development process, the students of today need not only to be famil-
iar with it, but also to have what N. de Silva called, rather poetic-
ally but nevertheless realistically, a certain 'sympathy' for it(3).
The shift in values and attitudes which this reguires cannst be
achieved in a simple and straightforward way, but a number of steps
have been suggested. One for instance is the Indian idea, already
mentioned earlier, of integrating intermediate technology in the
university curricula and eventually having degrees in this field.
This obviously poses a number of problems, as the experience of
Mindanao State University in the Philippines clearly shows(4).
Lcagemic curricula, notably in the engineering field, are designed
in such a way that it is difficult to add on new courses without
either suppressing some existing courses which are essential, or
lengthening by several semesters the total amount of time spent by
students at the university. &nd for the time being at least, it does
not seem possible to design a full curriculum focusing exclusively
on appropriate technology.

Another approach is to accept intermediate technology as a

legitimate subject for an engineering student's diploma work. Design—
ing a windmill, a palm-nut crusher or a water distribution system

1) See the study by D.L.0. Mendis, "The Reorganisation of the Light
Engineering Industry in Sri Lanka", in the second part of this book

2) Ross Hammond, "The Impact of Micro-Development Projects", ibid.

3) N.N. de Silva, "Rural Industrialisation in Sri Lanka" (mimeo).
?apzr prepared for the OECD Seminar on Low-Cost Technology, Paris,
19

4) 82e the study by Rufino S. Ignacie, "Intermediate Technology snd
Regional Development in the Philippines”, in the second part of
this book.




which uses only local resources and which can b¢ manufactured by
people with little technical education is just as challenging, diffi-
cult and instructive of the student's abilities as the design of a
diesel engine, a steel bridge or an electronic cireuit. Several uni-
versities have already explored this approach. One instructive example
in this respect is that of the Asian Institute of Technology in Bangkok.
Part of the research and development work for the low-cost water fil-
tration system, which is now being diffused to several Southeast Asian
countries, was carried out by graduate students and served as a basis
for several master's theses(1l).

Encouraging universities to develop intermediste technology requires
a modification of their reward and promotion system. In most instite-
tions, the evaluation of a faculty member's performance - which deter-—
mines his salary level and promotion prospects - is based to a large
extent on publications. This yardstick is perfectly legitimate if
research, preferably of a high quality, is accepted as one of the
main missions of the university. It is, however, strongly biased

against those who are very good teachers but poor researchers, and

it does little justice to the other missions of a university, and
notably to its educational role and its contribution to economic and
social development. One comsequence of the student unrest which swept
many wniversities of the world a few years ago has been a rehsbilita-
tion of 'consumer satisfaction' (e.g. through performance ratings
given by the students to their professors) as one of the bases for
evaluating & faculty member's salary and promotion prospscts.

Changes in the evaluation methods can and do take place, and
there is no reason why in the universities of the developing countries,
contributions to the development of intermediate technoiogy might not
also be taken into account. In fact, from a social point of view, such
activities are probably much more useful and rewarding than a publica-
tion in a recognised foreign scientific journal, and the knowledge
that they would also serve as a basis for the professional evaluation
at the end of the academic year would provide a powerful motivation
to do more.

The various steps outlined above amount in efrect to an institu-
tionalisation of intermediate technology. Thaet they could be useful
is more than likely. However, even if they were carried out, =mnd this
is beginning to be dome in some places, many problems would remain.
One of the most important is that the university as such belongs
essentially to the modern urbanised segment of society. Students and
teachers, even if they come originally from a rural commmity, have
for the most part lost contact with the farmers and craftsmen in the

1) R.J. Frankel, "The Design and Operation of a Water Filter Using
Local Materials in Southeast Asia", ibid.
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villzgges. If they are to help develop new technologies which are
truly appropriate to the daily conditions of the farmers and poor
people, they need some much closer contacts with those to whom these
new technolegies are addressed.

Without going as far and as forcefully as China has done in
compelling students to spend a vear of reai work in the farms and
factories and eliminating academic performance as a criterion for
granting degrees, there is a lot to say for enceouraging much closer
contacts between the university and the rural communities. One pur-
pose of such contacts is to make students realise what are the real
problems of the farmers and how difficult their daily life can be.
it can also serve to give them greater respect and more understanding
for their values, their culture, their skills and their technslogy.
One should not forget that the technologies developed by gensraticns
of farmers in the developing countries are in many respects very
sophisticated and ingenious, primitive as they may seem when compared
to what has been achieved in some industrialised countries. This
technological basis is in the process of disintegration, and vast
amounts of knowledge accumulated over centuries are now being lost
within a few years. Much of this knowledge could serve as the basis
for developing new and more appropriate technologies. The idea here
is not of course to preserve the past at all costs and furn remote
villages into museums, but to get farmers and craftsmen to partici-
pate in the process of development of new technologies with the help
of the uwniversity, and to encourage the university to identify,
evaluate and amalyse the vast pool of dormant technology which can be
found in the informal sactor.

Sending students off for a few months to the country is not the
most popular measure, and to do sc on a large scale and with little
preparation is to court disaster. One successful example is that of
the Pan-African Institute for Development(l). This institution, which
is net strictly speaking a university but rather a post-experience
management school for specialists in rural development, has a two-
year education and tiraining programme, a substantial part of which
is composed of field missions in various African countries. The pur-
pose of these missions is not only to study a specific problem, but
to achieve something useful and practical. The reports prepared by
the students - many of whom already have a number of years of exper-
ience behind ther - are of very high professional gquality and show
a rather remarkable perception of the social processes of innovation
and develepment. This work is in fact a very good example of the type

1) 3ee the study by John W. Pilgrim, "The Role of Non-Governmental
Institutions in the Innovation Process", in the second part of
this book.




of new social knowledge which higher education institutions might try

to develop and which is crucially important in the diffusion of appro-
priate technelogy.

IV. LOCAL RESEARCH AND [NFANT TECHNOLOGY

Among the many guestions which for the time still remain open,
one of the most important touches upon tie research and development
activities of the university, both in the industrialised and the
developing countries. The complexity of the gquestion can perhaps best
be expressed by summarising two apparently contradictory views on this
problem. Given the obvious need for much more R and D in the field cof
appropriate technoleogy and the technical capability of the highly
industrialised countries, the first view is that the universities in
these countries should increase their R and D effort and provide the
developing nations with the intermediate technology they need(1).

The opposing view is that technical assistance, foreign aid and the
introduction of foreign technology tend to paralyse the local inven-
tive and innovative capability. Bearing this in mind, R and D in
intermediate technology should be done exclusively in the developing
countries themselves by local scientists, engineers and technolog-
ists{2}.

Presented in this way, the dilemma may seem rather thecretical.
In fact, it is a very concrete problem, as the following recent exam-
ple clearly shows. In one East African couniry, a local avpropriate
technclogy group tried to develop a new type of irrigatic: =irs based
on indigenous materials to replace the imported plastic pipes wnich
had become prohibitively expensive as a result of the rise in oil
prices. The problem was urgent and technically complex. Ratlher than
address itself to the local university laboratory, whose technical
capability in this particular area was not very strong. the appropriate
technology group chose to call upon a Dutch university with a much
widar experience. As far as immediate results are concerned, this was
undoubtedly the better solution. But in doing this, a major opportun~
ity was missed to help build up a local technological capability.

The greater the R and D effort undertaken by universities of the
industrialised countries on appropriate technology, the greater the
temptation for developing countries to use this technolegy rather

1)} This view, shared by most universities in the industrialised
countries, is also supported by several groups in the developing
countries. See for instance B.A. Ntim and J.W. Powell, "Appropriate
Technology in Ghana: The Experience of Kumasi University's Tech-
nology Centre", in the second part of this book.

2) Se=e M.J. Hoda, "India's Experience and the Candhian Traditien®,
ibid.




tha develop their own. In fact, there are gtrong reasons to believe
that the patterns of technological dependence which characterise the
relations between industrialised and developed countries are being
replicated in the field of appropriate or intermediate technolegy.
It is a well known fact that more than 90 per cent of the world's
potential in science and technology is located in less tharn 25 highly
indusirialised countries, and that the developing countries taken as

a whole do not account for much more than cone per cent oi the world'!s
output in science, technology and industrial innovation. For the time
being it is difficult to determine if the same imbalance prevails in
the field of R and D in intermediate or appropriate technology. For
one thing, no sericus attempt has yet been made toc measure on a worid.
wide basis the total amount of money spent on recearch in this area.
Furthermore, as noted earlier, a large part of the innovations in
appropriate technology stem not from a formally organised - and there-
Tore quantifiable — R and D effort, but from the empirical development
work done by artisans, small entrepreneurs or innovative farmers who

belong to the informal sector.

However, 1f one takes into account ihe rapidly growing R and D
effort in appropriate technolegy undertaken in the industrialised
countries and the fact that many appropriate technologv groups tend,
like the one frowm East Africa mentioned above, to resort to appropriate
technologigs developed in Western Europe and North America, there are
reasons to belie¢ve tha'l the same patierns of dependence upon technology
transfers from trke industrialised countries could develop. What further
contributes to reinforcing this trend is the fact that appropriate ‘
technology is a non-proprietary technology, available in most cases
free of charge. Few if any of the products and processes developed
by appropriate technoleogy groups in the industrialised countries are
covered by patents or licensing restrictions, and those who have
developed them are, for very good reasons, eager to put them at the
disposal of developing countries(l).

Such fransfers can make an important contribution to development
but the problem of technological self-det=zrmination remains unsolved.
In the same way that government policies for industrialisation have
tried to build up local industries by protecting them through tariffs
or other means from excessive competition - this is the well known
"infant-industry' principle{2) - a peliey for appropriate technology

1) One instructive view of the role played by universities of the
industrialised countries in developing new appropriate technologies
for the less developed nations can be found in R.J. Congdon, i
Y"Appropriate Technology in British Universities" {(mimeo}, paper
prepared for the OECD Seminar on Low-Cost Technology, Paris, 1974,

2) This principle was first propounded by the German economist
Friedrich List at the end of the last century. See his National
S%ggem of Political Economy (1885) raprinted by Kelley, New York,
1 .
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in the developing countries should consider the arguments in favour
of tinfant technology', and in particular of infant appropriate
technology . Frotecting an infant industry is always expensive in the
gshort run: locally-made preducts are most costly and often less

. reliable than those imported from abroad. The same is true of infant

_ftecnnology, and one must accept the fact that the purpose of R and D

on aopropriate technology in the developing countries and notably in
their universities, is not merely to develop new technologies or new
products, but alse to build up a capability for technological inno-
vation. Mistakes are inevitable and inefficiency vory likely, but
this is normal phenomenon. As Victor Martinez has noted, before read-
ing Shakespeare, one must know the alphabet, and learning how to
master technelogy calls first for a mastery of the alphabet of tech-
nology{1l}.

V. THE NEED FOR APPROPPIATE MODERN TECHMNOLOGY

Umiversities in the developing countries may well be able to
make an important contribution to the development of new intermediate
or low-cost technologies, desnite their vrimary commitment to educa-
tion end their cultural bias towards modern technology. However, if
one considers the ways in which their R and D activities could bhe
mobilised for development, it is probably a mistake to leook exclu-
sively at innovations in low-cost or intermediate technology. Tech-
nologies of this type are no doubt important, but thev cannot solve
everything. There are a number of complex problems - in agriculture,
natural resources, transportation or public health - which can only
be solved through the most sephisticaced modern technology. One of
thege for instance is the eradicalior of bilharzia, a parasitic
disease which affects hundreds nf millions of peowle in the poorer
parts of the world{Z). Another is the mapping of underground mineral
resources by space sateilites. In the transportation field, there

‘are a number of alternatives to the traditional methods like ox-carts
.or the modern methods like trucks, but these parallel technoleogies
'(e.g. the zirship) still require a2 certain amount of development work
.before they can become economically attractive(3).

1) Victor Martinez, "Specialised Information Services for Technologi-
cal Inmovation in the Less Deveioped Countries" (mimeo}, paper
prepared for the OECD Seminar on Low-Cost Technology, Paris, 1974.

Recent developments of basic research on bilharzia illustrate very
well the role that can be played by universities in the developing
countries. An Ethiopian scientist working in his country has dis-
covered that the fruit of the local soapberry plant was a very
effective, and natural, means of eliminating the water snails which
transmit the parasite.

See rfor instance Alternative Transgort Technologies {mimeo), OECD
Development Centre, Paris, 1974.
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Many of the problems which are still umsclved could probably be
dealt with successfully in the next ten or twenty years through a
large scaie R and D effort involving the universities of the develop-
ing countries. The technologies required to provide new types of crops,
more efficient transportation systems, or a better utilisation of
natural resources are in many cases neither low-cest nor intermediate,
but highly sophisticated and very modern. Yet they are particularly
appropriate, in the sense that they try to seclve problems which are
crucially important to the developing countries but which have been
neglected by the research community of the industrialised countries.

The new appropriate technologies reguired by the developing
countries can either be low-cost and intermediate or highly sophisti-
cated and very advanced. In both cases, the universities of the
developing countries have an important part to play, both as educa-
tional centres and as R and D centres. Their educational mission
should not only be to train scientists and engineers and give them
the basic quaiifications for a professional activity in the modern
world, but alse to familiarise them with the social and technical

problems of the millions of people living in the rurzl areas. Their

R and D activities should probably focus more on the development of
technology, but this should not be at the expense of highly sophisti-
cated research in the scientific and technological problems which

are specific to ihe developing countries. Their 'modern' R and D
activities might well in fact serve as the basis for the creation of
new science-based industries focusing on the problems of development.




Chapter 5

BUILDING-UP_NEW INDUSTRIES

The work done by the various appropriate technology groups

shows that it is technically possible to develop new products, pro-
duction processes and services which are better adapted to the
requirements of the rural papulations in the developing countries
than those offered by the capital-intensive high technology indus-
tries. Perhaps the most important contribution of these groums is

to show that there are alternative approaches and that the technical
and human resources of the most underprivileged segments of the popu-

lation can be mobilised more effectively than they are now. Develop-
ing new technologies to meet what seem +to be very real needs is
however but one aspect of the inmovation mechanism. Technology is a
process, not an end in itself, and it must somehow be translated

into new products and new services if it is to be of any use. Producis
must be manufactured and sold, and this can only be done by an indus-
trial firm or, if the market is very small, by individual crafismen,
In the same way, a service must be brought to the customer, either

by individuals or by an organisation designed for this purpose, and
self-help technologies must be taught to the user.

I. INDIVIDUAL ENTREPRENEURS AND COLLECTIVE ORGANISATIONS

Two rather striking conclusions emerge from a comparative evalu-
ation of the work done until now by the various appropriate technology
groups working in the developing countries. The first is the enormous
importance of individual entrepreneurship in promoting innovation,
and a rather general scepticism about the role of government agencies
and co-operative forms of organisations. The second is that appro-
priate or intermediate technology, if it is to make any impact at
all, must be economically, socially and technically competitive.
Stressing the role of the individual entrepreneur may appear
like a return to Adam Smith and Joseph Schumpeter, and an implicit
eriticism of tne vrganisational forms and ideologies which have
governed the development effort of many countries in the last twenty
years. Or it might be viewed simply as a reflection of the pragmatism
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znd realism of the intermediate technology proponents. There is no
doubt a certain cultural and social affinity between the philosophy
of intermediate technology and the attitudes of the small entrepreneur
and this may account, at least in part and somewhat subconsciously,
for the major emphasis given by many low-cost technology practitioners
to the role of the individual entrepreneur.

The experience of the variocus appropriate technelogy groups
clearly seems to suggest that individual entrepreneurship is one of
the most effective channels of Innovation in appropriate technology.

This is even more true if one does not consider simply the work done
by formally organised appropriate technology groups, but also the
much wider informal sector. In that sector, represented by individual
craftsmen and cmall enterprises, individuzal entrepreneurship is per-
haps the single most important factor of success in innovation.
Despite the apparent superiority of individual entrepreneurship,
an increasingly large number of developing countries, for reasons
which are both ideological and political, have tried tc base at least
part of their development efforit on co-operative forms of organisation,
and public entrepreneurship is often viewed as the mainstay of modern-
isaticn. In Tanzania for instance, co-operatives are the main form of

ocrganisation of the country's economic and social life.

The difficulties encountered by the co-cperative movement in
many developing countries seem to be due to twoe types of reasons.
The first is the high degree of administrative and technical skills
required to operate such an organisation. As far as administraticn
anda management is concerned, the co-operative is in fact a 'high-
technelegy ' enterprise, in the same way that the small family firm

or workshop is a 'low-technology! organisatiorn. If all the members

of the co-operative are to take an effective part in its activities -

this after all is one of the basic principles of the co-operative

movement - they need to have a relatively high educational level,
and the central group of people, or the individual, who serve as its
managers must be skilled administrators and, equally important, they
need to be very highly motivated.

The second problem touches upon the very ways in which co-oper-

atives are formed. If we look at the co-operatives which, judging
from several decades of experience, have bheen the most successful -

for instance in the Scandinavian countries, in Switzerland or in
Israel - one of the main reasons for success is that they were

created by the people whom they benefit. One should not of course

take an overly idezlisec view of the social processes of crganis-
ational innovation: at the origin of a successful co-operative, there
is not only a community of people sharing the same vslues and inter-

ests, but alsc an institutional entrepreneur and social missiomary.

Yet despite the crucially important part played by such innovaters,
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the success of a co-operative depends very much upon the involvement
of the whole community.

The gradual building up of a co-operative is a long process
and quite understandably, many developing countries have tried to
accelerate the process by training administrative staff and estab-
lishing new co-cperatives by government decree. These co-operatives,
created by the government rather than by the commumities they are
intended to serve, are usually faced with tremendous administrative
difficulties, and as a result of their pelitical links with the
government, tend to be viewed with great distrust by the population,

especially in the rural areas. Large financial subsidies dc not make
them socially more acceptable. In fact, when they do have a lot of
public money at their disposal, their members will almost inevitably
interpret this as a private grant for their own personal use, Or as
a fair compensation for the exactions of the government tax collector.

In practice, it is often very difficult to compare the relative
merits of co-operative forms of organisation and private entrepreneur-
ship. Co-operatives are usually organised in the service sector (e.g.
agricultural marketing, distribution of food supplies or basic con-
sumer goods, etc.) while private entrepreneurs can more generally be
found in the production sector, and in each case the conditions are
very different. There is, however, at least one practical case where
a direct comparison can be made. In India, the Flanning Research and
dction Institute in Lucknow developed a very efficient small-scale
technology for producing crystal sugar(1l). This technology was dif-
fused simultaneously to private entrepreneurs and to farmer co-oper-—
atives set up for this purpose. A few years later, the results were
striking: four of the eight co-operative plants set up between 1958
and 1962 had ended up in bankruptcy and despite consid2rable encour-
sgement, less than half z dozen new units were created between 1962
and 1974. By contrast, the individual entrepreneurs were outstandingly
successful: they had created over 1,200 new production units in less
than fifteen years, and currently account for clcse to 20 per cent
of India's crystal sugar production.

This example does not of course mean that co-~operatives cannot

work as a matter of principle. In fact, there are a number of success-
ful co-operatives throughout the developing world. However, account

must be taken of the fact that co-operatives are inherently more
difficult to run than a private enterprise. One interesting example

in this respect is that of the light engineering industry ia Sri

lankz, which was reorganised on a co-operative basis, while at the

same time preserving individual ownership of the means of production{2).

1) See the study by M.K. Garg, "The Scaling--Down of Modern Technology:
Crystal Sugar Manufacturing in India", in the second part of this book

2) D.L.0. Mendis, "The Reorganisation of the Light Engineering Industry
in Sri Lanka", ibid.
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This approach, which tried to combine the advantages of private
entrepreneurship with the benefits of the co-operative {for instance
in the supply of raw materials, the marketing of the blacksmith's
proaucts and the development of new technology) appears to be one

of the mest promising in the diffusion and application of appropriate
technology.

IT. THE ROLE OF GOVERNMENT

Large public or governmental organisations tend to be beset by
bureaucratic inefficiencies and administrative weaknesses and there
are some justified doubts as to their ability to promote in a direct
way the development of appropriate technology. Government agencies
do nevertheless have a very important role to play. Perhaps not as
industrial entrepreneurs but rather as the indirect supporters of
low-cost technelogy. In every society there are entrepreneurs and
innovators. But what happens is that the initiative of such people
is cften systematically stifled by the government bureaucracy, the
banking and credit system, the marketing and distribution organis-
ations and last but not least the social pressures against inmovation
and change.

The guarantees required by the credit institutions for instance
are such that a new entrepreneur has practically no chance of obtain-
ing any financial aid. Import regulations and foreign exchange
restrictions make it very difficult for him to obtain from abroad
the egquipment he needs either to manufacture goods or to develop his
own i=chnology. When he does happen to have money, the priorities of
the national economic plan do not allow him to invest it as he sees
fit and he must spend vast amounts of time and energy trying to get
approval for his projects. ¥rom the entrepreneur's point of view, it
therefore makes much morz sense not to engage in industrial aciivities
and to devote his energies to socially less productive and personally
more rewarding activities like trading or speculation in real .estate,

" On2 of the tragedies of this situaticn is that while governménté

on the one side are trying very hard and often at great social and. '
financial expense to build up new industries, the institution§1:I '
cbstacles to entrepreneurshio on the other, céupled with thé compefi~:
tion from these highly subsidised industries, is stifling the creation
of new small firms and progressively destroying the economic and '
social bases of the local handicrafts industry. Many developing coun-
tries are spending vast sums of money to import foreign technolegy,

but at the same time these imports are contributing to the destruétioﬁ

of the existing techriological system in a large number of sectors.
Thus for instance the carpet manufacturing machines imported from




Switzerland by one North African country: they héve not only ruined
hundreds of families who had made their town famous for its carpets,
but have alsc made sure that in five or ten years time, the knowledge
of how to make them will also have disappeared completely.

Clearly the process of creating and diffusing new technology is
inseparable from the decay and disappearance of older technologies
and obsolete knowledge, and a complete preservation of the past can

only be achieved at the cost of ccmplete stagnation. But in many

countries, this process of destruction of traditicnal technology is
art.ficially accelerated by larze-scale industrialisation and, waat

is of much greater consequence in the long run, it is destroying hoth
socially and meorally the very class of people who have the technical
and inventive ability which is so important in the process of develop-
ment.

This is not to say that the action of government is necessarily
harmiul eor that large-scale industrialisation as such is an evil.
Governments can in fact do a lot, for instance by helping to create
a more favourable climate for the development of entrepreneurshin.
Before even considering what positive measures might be taken, it
would be useful to start by dismantling at least scme of the institu-
tional obstacles to entrepreneurship. These obstacles are innumerable,
but in most cases relatively easy to identify: it is only necessary

to ask those innovators who have succeeded in overcoming them. Such
surveys have seldom been conducted, and if followed up where possible
by specific remedies would probably be much more useful and effective

than the somewhat grandicse schemes for technical education, manage-
ment training or information services established by government
authorities, often on the advice and with the help of foreign aid
agencies.

What such surveys would probably show is that the disincentives
or obstacles to entrepreneurship are rather similar from one develop-
ing country tc another. Among the most conspicuous, one could mention
for instance the taxation system, which is often very favourable to
large enterprises - including foreign firms - and overly harsh on the
small company. Import regulations are another case in point. To give
a typical example: in one of the large tropical African countries,

a small entrewreneur had decided to start manufacturing aspirins. He
had managed to buy the necessary machines and to import in bulk the
raw materials he needed. But the refusal of the Ministry of Trade to
reduce the enormous duties on small glass bottles, coupled with the
duty-free imports of aspirin in tubes from Germany brought the new
enterprise to close its doors and ruined the man who had started it.
One may of course argue that he should have known about the structure
of import duties and import regulations beéfore starting. In this case
however - and this is not untypical -~ regulations are constantly




changing, and the entrepreneurs cannot count on the minimum of
etability which is required for building up new industries.

I1I. THE SOCIAL PATTERNS OF ENTREPRENEURSHIP

Creating s more favourable climate for entrepreneurship c¢an be
greatly facilitated by a number of relatively simple measures. There
are however a number of social factors which cannot easily be changed,
Ameong the most sensitive from 2 political point of view is the fact
that certain types of entrepreneurship are often associated with ﬁ
certain ethnic and linguistic groups. Tn Cameroon for instance, some ;
80 per cent of the trade in basic products like oil and soap is in
the hands of the Bamileke. In Kenya, the data show that 93 per cent
of new companies registered between 1946 and 196% belonged either
te Europesn or Indian settlers, while the total capital of the
African-owned companies amounted to less than 1 per cent of that of
all new firms(1l}. In Thailand, a large proportion of the entrepreneurs
whe have gone into the tractor rental business for the green revolu—
tion happen to be Chinese. In Zaire, the Balubas represent some 10
per cent of the population, but reportedly some 70 per cent of the
university graduates belong to that ethnic group.

Hundreds of similar examples can be found elsewhere. The social
tensions which arise from the ethnic or reiigious affiliations of a
country's entrepreneurs are not of course specific to the developing
nations, as the history of the Jews in Europe or of the Protestant

minorities in Catholic countries clearly shows. The promotion of
entrepreneurship, and in particular of entrepreneurship in inter-
mediate technology, cannot leave out the cultural, ethnic and
religious factors{2).

If ethnic or religious affiliations are an important determinant
in the patterns of entrepreneurship in a country, the same is also
true of a society's system of values or its social traditions, and
such things take time to change. That entrepreneurship is good for the

economy is one thing, but its social acceptability is another. The
motivations of the man who starts up a new enterprise are very com—
plex, and he will tend to go into activities which are approved by
the majority and which give him both financial rewards and social
prestige. These activities are not necessarily those which contribute

1) See H. Kristensen, "The Technelogy Problem in Rural Small Scale
Industries: A Case Study from Kenya" (mimeo), paper prepared for
the OECD Seminar on Low-Cost Technology, Paris, 1974.

2} One interesting way to deal with this problem is that of INADES in
the Ivory Coast; in that country, most of the trandesmen are g
foreigners - Lebanese, European or Maiian - and INADES has attempted
through its training programmes in the commercial field to build up i
a2 rlass of Ivorian merchants and shopkeepers.
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most to increasing the gross national product or to developing the

country's industrial basis. As P.D. Malgavkar has observed in his
study of the techno-entrepreneurs of the Poona area, one of the most
positive resuits of their work had been to bring about a gradual
change in values and to make industrial activities socially more
acceptable and more prestigious than they were a few years ago. This
in turn is motivating other potential entrepreneurs to start up new

firms(1).

IV. THE POLITICAL LEGITIMATION OF APPROPRIATE TECHNCLOGY

The growing interest of many governments and aid-giving agencies
in appropriate technology can contribute nct only to its development
and widespread diffusion but also, and this is in some ways inore
important, to giving it the social and cultural prestige which it
now lacks. There are clear indications that intermediate technoclogy
is now moving from a somewhat marginal position in development pelicy
to a much more central role. This process of institutionalisation
means that more money will be available for new experiments. Needless
to say, there are certain risks, and one of the main onesg is that of
bureaucratisation. Howsver one should not overlock the majer social
and psychological importance of this new irend.

As long as governments and aid-giving agencies, both national
and invernational, were concerned almost exclusively with large-scale
projects and modern industries, it required an enormous amcunt of
independence of mind on the part of the intermediate technology pro-
ponents and the few local entrepreneurs in the developing countries
to stand up against what everyone else, including the experts,
thought was right. Marginality is not of coursz a deterrent to the
true missionary, quite the contrary, but in this case it meant that
intermediaste technology had little chance of inveiving the millions
of people who form the silent majority, and who stand most tec benefit
from it.

The active interest of national governments and foreign aid
donors in low-cost technology could reverse this situation by legiti-
mising the efforts of local entrepreneurs and innovators in this
field and by providing powerful incentives to those who might other-
wise have gone into socially less productive activities. In a sense,
the social function of this institutionalisation of the appropriate
technology movement is not only to develop new techmologies, ilmpor-
tant as this may be, but to create the cultural and psvchological
conditions for the development of entrepreneurship and innovation.

i) P.D. Maigavkar, "The Role of Techno-Entrepreneurs in the Adoplion
of New Technelogy", in the second part of this book.
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In this respect, i%f is interesting to note the role which is

being played by the United States in the legitimation of appropriate
technology. For several decades, the industrial and technological
experiences of that country have played the role of model or yard-
stick for other industrialised countries, both East and West. Witness
for instance the way in which other countries have trieéd to match,
in relative terms at least, the American investments in research and
develcoment, their fascination with American management methods or
their attempt to build up industrial firms which were as large as
American companies. At the same time that these countries are trying
to replicate some of the United States' industrial and technological
experiences, the model country is itself undergoing very deep changes
which, as J.F. Revel has noted, are symptomatic of what may well be
the only true social and political revolution of the last half of
this century(l).

One manifestation of this revolution is the movement of popula-
tion away from the very big cities and, more recently, the return to
the rural areas. The latter tremd is now sufficiently. important to
have become statistically significant. The :aventeen mainly rural
U.5, statees (e.g. Maine, Minnesota, Towa, the Dakotas, Nebraska,
etc.) which between 1340 and 12370 had experienced very high rates
of emigration, have witnessed a complete turnarcund, and since 1970
have become areas of net immigration(2). Thls ruralisatien trend,
which iz associated to a large extent with the ecology movements and

with American scciety's critique of its industrial way of life is
having a direct effect upon the development of technology. Hundreds
of new industrial firms have sprung up in the last few years to meet
the needs of this new rural market, and now manufacture such products
as horse-~drawn ploughs, windmills, solar heaters and iow-cost food
storage eguipment.

Significant changes are also taking place in the political sphere
both at the federal and state level. California for instance is con-
sidering the ways and means to develcop appropriate technology to help
solve the precblems of its immigrant workers, and several rural states
(e.g. Montana) have established, or are planning to set up appropriate

technology centres. At the federal level, and notably witltin Congress,
theve is a widespread interest in alternative technologies and the
creation of a National Appropriate Technology Centre is under consider-
ation. This is likely to have a direct impact in the international
field; one illustration is the bill passed by Congress in September

1) Jean Francois Revel, Without Marx or Jesus, Doubleday, New York,
1971 .

2) William N. Ellis, "The New Ruralism: The Post-Industrial Age is
Upon Us", The Futurist, August 1975.
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1975 which allocated 20 million dollars to the Agency feor Inter-
national Development to spend cn the promotion of intermediate tech-
nology for the developing countries between 1976 and 1973,

The fact that this interest in intermediate technology is shared
not merely by marginal groups, as it was a few years ago, but also by
national policy-makers, is enormcusly important. In the same way that
American experiences in high technology served as legitimation and
Justification for industrial policies in Western Eurcpe(l) and in
many developing nations, the coming of age of intermediate *echnology,
which is rapidly being translated into institutional and technological
innovations, could serve as a powerful motivation for similar efforts
elsewhere, and notably in the developing netions. If the United States
is taking intermediate technology very seriously, this is a strong
indication that it is a viable proposition, and in a sense this
interest is the political and psychological breakthrough which is
necessary to turn intermediate technology into a serious alternative
for the development of low-income countries.

One should not of course underestimate the problems which this
legitimation of intermediate technolog is likely to cause in several
developing countries. Socially and politically, intermediate tech~-
nology is not neutral. One of the basic assumpticns of its proponents
is that it should be aimed primarily at the poorest segments of the
population, most of whom live in the rural areas. How this can be
done most effectively is not entirely clear. One of the means is to
try gradually, through education, extension services, financial
assistance and social rehabilitation to identify and stimulate the
entrepreneuriali and innovative forces which exist in all communities
but which have bheen weakened and repressed by the existing economic
and social system.

What must not be overlooked however fs that these entrepreneurial
forces, once released, will not focus exclusively on building up
small indusiries and developing new technclogies, but will also in
many cases address themselves to social reforms and political change.
The social background and the psychological dispositions which make
a man a geod potential entrepreneur are no grarsntee that he will
become an indusirial entrepreneur and thereby contribute to increasing
the gross national product. He may Jjust as well become a political
entrepreneur and a social revelutionary(2). This is not necessarily

1) This phencmenon has been analysed in Raymond Vermon {ed.). Big.
Business and the State — Changing Relations in Western Europe,
Harvard "miversity rress, Cambridge, 1974,

2) It may be interesting to note here that the psychological dis-
positions which make a man a good entrepreneur {inventiveness,
creativity, need for independence, etc.g are also characteristic,
as several recent studies have shown, of the successful criminal
and law-breaker.
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negative: it may in fact be one of the most effective means of stimu-
iating a real development process in the most underprivileged seg-
nents of the population.

V. THE LIMITATIONS OF PLANNING

Afnother political and social issue raised by the development of
appropriate technology touches upon the limitations of economic and
industrial planning. A large number of develeping countries today
have a national Plan and a large bureaucracy to implement it. Agide
from ideclogical choices and political fashions, one of the motiva-
tions for plamning is that market forces, both national and inter—
national, are not conducive to real development. Since human and
financial resources are limited, they should be charnelled in priority
into those areas which are likely to have the largest maltiplier
effect from an economic and social point of view. If the motivations
for planning are perfectly legitimate, the results are often dis-
appointing. For one thing, national economic or industrial planning
iz from an administrative point of view a 'high-technology ! activity
which requires not only an efficient information system, but also a

high degree of administrative ccmpetence. This means not only a large
number of highly-qualified people, but alsoc what might be called an
administrative or public service tradition. In many developing coun-
tries, none of these requirements are fulfilisd.

Planning inevitably breeds the idea that it is possible to con-
trol and direct all of a countiry's econcmic and industrial activities.
It may indeed be relatively easy to decide upon the construction of
a steel mill, a big dam or an electricity distributicn system. Such
projects can be analysed in terms of costs and return on investment,
and the technical gxpertise needed to carry them out is usuvally avail-
able from abroad. However they represent only a small fraction of the

economic and industrial activities in a country. What makes an economy
work are the hundreds and thousands of farmers, craftsmen, tradesmen,
repairmen and industrial workers who provide *heir fellownen, often

on a very small scale, with the vast range of products and services
they need.

To the economic plamners, the way in which these activities are
organised may seem irrational and inefficient, and there iz an almost
inevitable temptation to reorganise them in a more coherent way. For
instance by replacing th@ thousands of small trucking ccmpanies by
one large transport co-operative, by setting up price contrgl mechan-
isms for basic products like bread, rice or flour, or by bringing
all the small tradesmen to form a large marketing organisation. What
usually ensues from such reorganisation efforts is at best another
type of inefficiency, and at worst complete chans. Even in the most
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underdeveloped and undifferentiated society, the econocmic system is
probably too complex and diverse to be organised in a rational way.
What appropriate technelogy has to offer here is not a means of
controlling and operating the economic system in a coherent way, but
rather a series of technical tools to reduce the ineffiziencies in
specific areas. A very simple example can illusirate this. Tn most
developing countries, the small farmer sells part of his surplus
production on the open market. Since all farmers are deing the same
thing at the same time, prices collapse, and the farmer has little

incentive to produce more than he n=eds. To the economic planner, ﬁ
one sclution might be to impose some minimum price for agricultural
products. To the intermediate technology specialist, the solution
lies elsewhere, namely in developing a number of simple storage
methods which will allow the farmer to stock his surpluses for a

few weeks or a few meonths, and thereby to obtain a better price from
the consumer or the tradesmean.

V1., THE COMPETITIVENESS OF APPROPRTATE TECHNOLOGY

One of the most important yvet often overlooked factors in the
diffusion of intermediate techmology is its competitiveness. A tech-
nelogy will not be adopted by the producers or the consumer for the
only reason that it is new, quite the contrary. Novelty as such is
often an obstacle rather than an incentive to its diffusion, sapeci-
ally in the rural areas. What is important is that it should be
technically and economically more advantageocus than both the c¢xisting
traditional technologies and the modern technologies embodied in the

products of large-scale industry. It must also be commercially viable
and capable of producing a surplus for those people who will be using
it.

Two big difficulties arise here. The first is that the range of
intermediate technologies which can be developed is considerably
wider than the number of those which meet these basic conditions of

competitiveness. One can wonder for instance whether the cow dung
gas cooker, which has been in the process of development for some
forty years in India, is really ccmpetitive with the traditional
wood or coal cookers, or with the modern butane gas stoves manufac-
tured on a large scale by industrial firms. The same cbservation
might be made about the rainwater collection system promoted by 2
French organisation in West Africa(l). The plastic sheets covering

1) See P. Martin, "Technica’ Note on the Collection and Storage of
kainwater" (mimec), paper prepared for the OECD Seminar cn Low-
Cost Technology, Paris, 1974.




the traditional reoof may well be technically appropriate, but one of
the alternative solutions, namely the tin roof, is not oniy techni-
cally simpler, but socially much more prestigious: the tin roof,
guite apart from its practical convenience, is one of the most con-
spicuous signs of affluence and a top priority in a family's invest-
ments.

The second problem is that it is generally very difficult to
evaluate the competitiveness of intermediate technology. Part of the
probpilem stems from the fact that the concept of 'competitiveness?! or
tefficiency' covers three very different notions. The first is what
might be called the technical or engineering efficiency of a new
preduct or a new way of doing things. The second is its economic
viability, and the third its social and cultural acceptability. On
the basis of these three criteria, intermediate technology must then
be compared with the traditional technologies and with the large-
scale technologies of modern industry. Th: ., gives six criteria of
competitiveness which can be presented in the form of a simple matrix
as follows:

CRITERIA OF COMPETITIVENESS OF APPROPRIATE TECHNOLOGY

Competitiveness Competitiveness 1
vis-3-vis vis-a-vis
traditional modern
technologies technologies

Engineering efficiency

Economic viability

Social acceptability

In theory, the intermediate technology which stands the greatest
chance of success on the market is the one which, on the basis of
these criteria, happens to be the most competitive or the most effic-
ient. In reality things are considerably more complex and the successf'
ful innovator often has to rely more on his own experience and his
personal hunches than on rational economic and technical analyses.
This set of criteria does however suggest three important points.
Tne first is that social or cultural acceptability is oftem a major
factor in the success or failure of an innovation. Because it is so
subjective and ill-~defined, there is an obvious temptatien to favour

the more rational criteria of engineering efficiency or econonic
viability. The second point is that intermediate technoiogy has to
compete not only against the existing traditional technologies,
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' but also against the whole technological system of modern industry

which in many cases is remarkably efficient.

The third point is the dynamic nature of the technological sys—
tem. The criteria indicated here can give some idea of the competi-
tiveness of intermediate technology today. As time goes by, however,
they can change very substantially. What is socially acceptable today
may no longer be so tomorrow. For instance, in one cotton-growing
country of Africa, workers are no longer prepared to do the picking
by hand, and large-scale picking machines had to be introduced to
meet this problem. In the case c¢f Tndia, one may wonder if the plans
of some appropriate technology groups to make a much wider use of
cow dung as a source cof energy are realistic, considering the incon-
venience of collecting the raw material and the increasing reluctance
even of unemployed people to do this work(l).

Technology, and in paticular the modern technology against
which appropriate technology has to compete, is in a process of
constant change. And the basic economic assumptior 'rwom which an
inncvation is based - cost of labour, price of raw materials, import
duties, etc. - can change radically within a period of a few years.
Many entrepreneurs sense this very clearly, and it is irteresting
to observe that in a number of cases their techneological choices
anticipate by a few years what is likely te happen in their country.
Industrial wages for instance may be very low today, but most private
entrepreneurs expect them to rise, and this, coupled with the develop-
ment of trade-unionism, almost inevitably brings them to choose more
capital-intensive types of technology. This is the case for instance
in the Bolivian cigarette industry and the Cemeroonian seap industry.

What the shifting nature of these criteria suggests is that
approoriate technology, if it is to succeed, must not only be competi-~
tive today, economically, technically and culturally, with exXisting
technologies: it must also have what might be called an evolutionary
capacity. The problem is not merely to develop new technologies to
meet an immediate need, but also to build up an innovative capability,
or innovation system. What international technology transfers can do

“1s to introduce new ideas, new ferms of knowledge and new ways of

doing things. But what they cannot do is to help build up within the
importing country the entrepreneurial and innovative basis which in
the long run will ensure the widespread diffusion of appropriate
technology.

1) M.M. Hoda, “The Energy Situation in India" (mimeo), paper prepared
for the OECD Seminar on Low-Cost Technology, Paris, 1974,
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Chapter 6

POLICIES FOR APPROFRIATE TECHNOLOGY

The design of national policies for appropriste technology is
still very much in its beginnings, and there are no real models to

serve as reference points. A number of countries, btoth industrialised
and developing, have made some very interesting experiments and the
activities of the various appropriate technology groups have shown
what were scme of the main problems of innovation, and pointed to

the directions in which a2 policy for appropriate technology might
move. These experiences however are probably not sufficient to provide
a clear—cut answer to the question which national policy makers, aid-
giving agencies and private industry are begimning to ask, namely,
what can be done in practice to foster the developmewr™ and diffusion

of appropriate technology?

1. THE GENERAL PRINCIPLES

A certain number of general principles are nevertheless beginning:
to emerge. The first is the need to recognise that appropriate tech-
nology does not consist solely of what has been developed by the
existing appropriate technology centres. These organisations are
playing a vitally important role as pionheers, knowledge centres,
political lobbyists and social missicnaries, and will probably con-—
tinue to do so for a long time to come. But a national policy must
.take a wider view and try to enhance the vast stock of apnropriate i
technology developed by small: 1oca1 firms, ‘individual craftsmen and
irventors, farming communities, educatlonal 1nst1tutlons. charltable
organisations and institutional entrepreneurs. Along with this poql_-
of technology which belongs for the most part to the 'informal! .
sector, there is also a vast amount of technology from the 1ndustr1a1—

ised countries which in many cases is equally appropriate, and_wh;ch
could be used in a much more effective way. The appropriate technoiegy
groups represent in a sense the tip of the technological iceberg, “an ' '
one of the aims of a national policy is to explore and exploit that :

part of the iceberg which lies below the surface. )
A second general principle is that centralisation and co-ordin-
ation from above is not the most effective approach to innovation in




) aﬁpropriate techneclogy. What is needed is not a monopolisation of
the inventive process by government but a much greater degree of
initiative throughout the economic and political system or, to put
things somewhai differently, a form of technological federalism,
with initiatives and innovations coming from all levels. Phis diver-

.-8ity necessarily implies a certain amount of disorder, duplication

and apparent inefficiency. But innovation, like biological processes,
is inherently wasteful, and order grows out of disorder. )
What this means in practical terms is that a poliey for appro-
priate technology should involve a< wide a number of institutions
and people as pessible. For instance the banks, which have a major
part to play in financing new enterprises and industry, the school
system which shapes the children's atiitudes towards technology, and
the big industrial corporations which have a strong technolegical
capability, and whose growth is dependent upon their ability to meet
the changing needs of the market. It should also involve government
agencies which, like the Finance Ministry through its fisecal policy,
can have a major impact on innovation, or which, like the judicial
and legislative system, have an important role to ptay in social
. regulation. It might equally well involve the armed forces, which
' in many countries are actively engaged in technical education as
-well as in the transfer of sophisticated foreign technolegy.

The third general principle is that a policy for appropriate
technology, whether it is initiated by government, privste industry,
non-profit institutiomsor any other organisation, cannot and should
not focus exclusively on the development of new types of hardware.
Hardware is undoubtedly very important but so are new forms ¢f organ-
isation, more efficient uses of existing resources, and faster trans-
fers of knowledge between sectors and between regions.

Until now, the pioneering role in appropriate technology has
been played for the most part by private organisations - like the
Intermediate Technolegy Development Group in England, the Gandhian
Institute of Studies in India - or by semi-public instituticns like

. the universities. With the progressive institutionalisation of appro-
priate technology, the time has come to start thinking of the ways
1iﬁ_which national governments (including local authorities} could
become more effectively involved. Governments may not necessarily
-be the most appropriate institution to promote intermediate technology,
but their impact on innovation is considerable, and it can in many
cgses be made more effective.
: One of the first areas of government activity which can be con-
. sidered here is the national science and technology policy. The
~research system represents a substantial part of a country's imnova-
“.tive capability, and the future of intermediate technology depends
to a large extent on reorientations within the research system, which

in most countries is heavily if not totally svpported by public funds.




IT. SCIENCE POLICY AND THE CONSTRAINTS OF PENURY

Like any other political constituency, the research community
will try to obtain more money from the government, and national
science and technelogy policies have had little difficulty in adapt-
T ing in the 1950's and 1960's to rapidly growing budgets. The next g
ten or fifteen years, both in the industrialised and the developing T
countries, show every sign of bteing much less easy. Financial restric-
tions, coupled with a somewhat more sober assessment of what science
and technelegy can really achieve, have brought about not only an
effective halt in the growth of most national science budgets, but

also in many cases an actual decrease. The same phenomenon can be
observed in a number of large multinational corporations. This new

era of penury is not of course affecting the whole system in the same
way: changing national priorities have led te enormous increases in
research and development expenditures in a few selected areas - energy
is the most conspicuous case today - matched by equivalent decreases
in others.

) These changes have a number of implications for science and
technelogy policies in the developing countries. The first is that,
with the excepticn of some o0il producing nations, finsncial restric-
tions to the growth of R and D aciivities have become, or are rapidly
becoming, even tighter than in the industrialised countries. There
are two reasons for this. One is that R and D usually is much more
expensive to undertake in a developing nation than in a country with
a well developed technological infrastructure, and its produntivity
is generally much lower. The other is that the social cost, or oppor—
tunity cost of research, is ohe or two orders of magnitude higher
than in the industrialised countries. A rough estimate of this cost
can be obtained by comparing for instance the cost of a researcher
(including his training abroad and the equipment which has to be
imported for his work)} witk the income or production of an average
worker, or with the tetal amount of taxes paid by the latter to the
government. The figures show that in a typical developing country, a
researcher 'consumes' the economic surplus of between 1,000 to 50,000
farmers, while in an industrialised country, he consumes the surplus

of ten tc a hundred industrial workers.
The very high social ceost of R and D in the developing coumiries
and its relative inefficie.acy means that investment will increasingly

be allocated to immediately productive activities rather than to
research.

In the rewly-rich developing countries, the saine slow-down of
R and P activities is likely to occir, but for the opposite reasons. 5“
The large sums of money which have suddenly become available have led .
to enormous increases in industrial investments, which in turn are
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absorbing wmwost if not all the scientists and engineers who, under
other circumstances might have gone into research. The science and
technology system of the developing countries, which is still very
small, is thus threatened on two sides: in the poor nations by the
shortage of money, in the rich nations by the rapidly growing shortage
of qualified manpower.

In almost all the developing countries, population is increasing
rapidly, consumer demand is moving ahead, expectations are rising
anc social tensions, real or potential, show little signs of abating.
What itiis means is that the needs for innovation, and particularly
for industrial and technological innovation in the modern sector and
for agricultural imnnovation in the traditional sector, will continue
to grow rapidly in the years to rome. This demand for new technology
can be satisfied only in part oy imports: foreign technology is
expensive and it is often unsuited to the economic and social environ-
ment of the importing countries. At any rate the range of technologies
required by the develeping nations is sc wide that an exclusive
reliance on imports is in the long run untenable from a financial
gtandpoint, even for the richest of the developing countries(l).’

In other terms, an increasingly large share of the demand for
technological innovation will have to be met by the local science
and technology system. How this can be done in view of the very
iimited financial means available to the poorer countries, and the
dramatic shortage of highly qualified people in the richer countries,
is one of the difficult gquestions policy makers will have to face in
the vears to come. What is required in effect is a redesign of the
somewhat ineffective national policies for science and technology
which have been developed in the last ten or twenty years, ard the
development of what might be called appropriate or intermediate science
policies and technology policies.

The science znd technology policies which now exist in most
developing nations are practicslly a carbon copy of those which can
be found in the industrialised countries. Their institutional set-up
is the same, the methods of intervention are similar, and the R and
D objectives are not very different. Furthermore, as a result of the
communications networks of modern techmology, the research system of
the devrloping countries tends to be much more closely integrated
into the world research system, which is dominated by a few indus-
trialised countries, than into the local econemy. Finally, part of
the research performed in the developing countries is aimed at

1) This problem is cleariy illustrated by one oil-producing country
which is currently spending 40 per cent of its oil revenues on
the import of food, despite the fact that some 70 per cent of the
population is employed (or partly unemployed) in the agricultural
sector.




solving the problems of the industrialised countries, and consequently !
does not contribute much to meeting local needs. j
It would of course be completely unrealistic to ¢ ggest that the
developing countries should dismantle in a deliberate way the small
modern science and technelogy system they have managed to build up,
cften at considerable expense, over the last twenty or thirty years.
There are however a number of ways in which national science and
technology policies could help to make it more effective. The idea
here is that national policies for science and technology shou.d
take at least part of their inspiration from the principles and the
phtilosophy of the appropriate technology movement.

ITI. REGIONALISATIGN AND DECENTHALISATION

In most developing countries as well as in a number of indus-
trialised countries, the science and technology system is highly
centralised, both geographically and administratively. This form of
organisation, which usually results from history or from political
and social traditions, is perhaps justified in the case of certain
large-scale projects, but it is generally recognised ioday that the
less centralised systems sre more efficient. One of the poiicy innog-
vations of the late 1% . s and early 1960's was the idea of 2 national
science plan or technology plan, and the creation of central minis-
tries deazling with science and technology. One of the next innova-
tions, now in the process of development in several countries {United
Stat<s, Canada, West Germany, Brazil, etc.) is the concept of a
regicnal or provincial science and technology plan{l}.

The idea here is not simply to decentralise the research system byﬁ
government decree, but te stimulate, by both public and private means,'f
the creation of local systems which are financed, operated and indepen- .
dently controlled by local government authorities and by the local
community. This regionalisation of science and technology policies
has two advantages. One is the much closer convergence between the
real needs of the local community and the R and D activities of the
scientific establishment. The other is the possibility for the
regional system and its sponsors to initiate research in areas which
are unfashionable, or which have been neglected by the central govern-
ment, but which might nevertheless be of considerable importance to aé

particular region or community. One illustration here iz the research:
on sailships financed by the Hamburg City Council in West Germany.

1)} ¢f. The Research System, Vol.IIT, OECD, Paris, 1974. The 1inks
between regiocrialism, competition and creativity were discussed
in the first half of the last century by the French economist
J.C.L. Simonde de Sismundi in his Histoire des républiques
italiennes du moyen 2za, Paris, 1847%. For an excerpt from this
book, see ruturibles, summer 1375,
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Another is the research on oil sands and on coal conversion sponsored
by the Alberta Research Council and the Alberta Covernment in Canada.
This typs of decentralised or regionalised scierce policy seems to

be particularly well indicated for the development of intermediate
technology, at least in those countries which have more than a few
hundred thousand inhabitants. ,

Partly as a result of the absence of a significant infrastructure,
most if not arl the scientific and technelogical research activities
in the developing countries are controlled and financed by the central
government. The growing interest of many governments in appropriate
technology, coupled with the tradition of government monopoly in the
field of science and technology, carries with it the risk of a govern~
mental take~over of all R and D activities in intermediate technology
or, in other terms, of a destruction of the decentralised or 'federal'
type of orranisation now gradually being established by private and
non-governmental organisations. One of the basic aims of nationel
science policies should be to encourage, or at least tolerate, this
federalism rather than try To suppress it for the sake of co~ordin-
ation and rationalisetion. The research system is much too complex
and delicate to be organised in an orderly way, and a large part cf
its internal dynamism stems from duplication, competition and discrder.

It is well to note that decentralisation and local initiative,
wlhiile necessary to the large-scale diffusion of appropriate technology,
may stand in direct oppesition to political priorities. One of the
major tasks facing developing countries is to build up a viable
nation-state. The odds are of'ten enormous: time is short, the economy
underdeveloped, ethnic conflicts close to the surface, and communica-
tions difficult. Extreme centralisation is usually the answer, and
regional initiatives, whatever their origin or their object, often
tend to be viewed as a threat to a faltering national unity, or at
best, as an obstacle tc the smooth working of the cemtral bureau-
cracy(1). In this perspective, modern technology and the creation of
large-scale induastries are usually seen as a unifying political tool.

The intermediate technoslogy movement with its emphasis on local
initiative, diversity and self-reliance, its distrust of governmental
action and its scepticism about modernisation at all costs, clearly
represents a potentially destabilising political force. Poor farmers
who are gradually taught how to make new tools and run their holding
in a more rational way, very guickly learn that some of the big

1) The study by D.L.0O. Mendis,"The Reorganisation of the Light
Engineering Industry in Sri Lanka”,in the second part of this
book, suggests that the promotion of appropriate technology
requires working against the 'system'. In India, at least one
appropriate technology group has, at times, been subject to
considerable harassment on the part of the bureaucracy.




problems they face are in fact due, indirectly or directly, to the
central government's modernisation drive. And the ethnic groﬁps or
the regions which, for cultural or social reasons, are more apt than
others to seize the advaniages offered by intermediate techmology,
can easily come to represent a political and economic threat to other
groups, and notably to the ruling elites. One of the big problems
which many developing countries have to face is that of preserving

a certain balance between the centrifugal forces of diversity and

the centripetal forces of modernity, and any national or regional
policy for appropriate technology must take this into account.

IV, THE PROMOTION OF LOCAL TECHNOLOGICAL TRADITIONS

One of the fascinating questions in the social history of tech-
nology is the asscciation of certain ethnic, religious or social
groups with particular types cf technclogy. The case of the watch-
making industry in the Swiss and French Jura and the German Black
Forest is a classic example. The same phenomenon can be observed in
almost every country: witness the Thai meial working tradition, the
Jewish Yemenite silversmiths, the Afghan or Norta Cameroconian leather
works, the Iranian carpets, or the firearms manufacturing tradition
in Northerr Pakistan. Ir most cases, we do not know why a particular
town or secial group came to develop such a tradition, and little is
gniown about the cultural and social procaesses through which it is
transmitted and impreoved from one generaticn to another. Most of
these technological traditions are disappearing rapidly although
they have in some cases been successfully revived: for instance, the
Indonestan batik industry. Along with the technolozy, what also
disappears is its underlying culture, its values, its svstem of
learning ard such important things as pride in cne's work and social
considerstion. ’

One of the aims of a national poliey for intermediate technology
might be to try teo identify thesge local traditicns, and attempt to
use them as a basis for the development of new but scmewhat related
technolsgies. The idea here is not to return to the past and to
rebuild an industry with little future, but to help those who have
generations of experience behind them make the tramsition and adapt
in an innovative way to the new needs of the community. The craft of
the silversmith can be irmensely important in making or repairing
small machines, the art of the potter can be useful in building up
a water distributicn system or an irrigation network, and a tradi-
tional gun-maker can learn how toc make more complex metal-working
equipment.

There are no simple ways of building-up such local technelogical
traditions, and time is often the determining factor in success or
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failure. Several appropriate technology groups have been quite suc-
cessful in upgrading and developing a local technological basls. Cne
very good illustration is the work done by the Planning and Research
Institute in Uttar Pradesh: the traditional skills of the lccal
potters have been systematically upgraded, new products have been
developed with the help of extension agents, and this 'new' industry
has become sufficiently competitive to be able to meet on equal termr
the competition f_om largs-scale industrial firms(1l).

What is often overlooked is the fact that these technological
traditions carry with them a certain psychological image, which from
a marketing point of view can be extremely important. This image ol
a product or a technology often survives leong after the technnlogy
has disappeared. Most people in Eurcpe have heard for instance of
the steel blades which made the town of Toledo in Spain so famous,
yet the technology was lost several generastions ago. Many of the
traditional technologies which have survived in developing countries
todey are well known outside their area of origin, and the reputation,
or image, which some of them still have, is a major asset which could
be exploited in a much more effective way.

It is quite clear that all the existing traditional technologies
cannot be systematically upgraded and improved. Furthermore, the dis-
appearance of technology is a normal social phencmenon which is
~losely linked with the overail processes of technolegical change.
Yet it is surprising to see tha*t virtually no systematic attempts
have been made to draw up inventoriss of these existing stocks of
technelogy. Without such inventories, it is difficult to know what
exists, let alone what could be improved and developed. New nations
are always anxious to discover,or rediscover, their past(?), vet
few of them have really tried to take stock of what they nad in the
field of technology. Drawing up such inventories is one of the many
tasks which a national policy for appropriate technolcgy might try
to tackle.

V. TEE SCHOOI SYSTEM AND THE UNEDUCATED INNOVATOR

Modern science and technology, and national science policies
are clotely asscciated with the universities which supply the system
with the highly qualified manpower it neads and perform the greatest

1) See M.K. Garg, "The Upgrading I Traditional Technologies in
Inaia: Whiteware Manufacturing and the Development of Home Living
Technologies"™, in the second part of this book.

2} It may be interesting to note in this cemnection that one of the
fastest growing 'industries' in the developing countries today
ig archaeolegy.
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part of a country's fundamental rescarch. In the same way that the
university is the cornerstone of modern science and technology, the
primary and especially the secondary school is a basic element in
intermediate technology. One of the functions, unfortunately rarely
fulfilled, of the primary and secondary school, should be to give
children a certain feeling for technology ir general, and for the
appreopriate technelogies useful in everyday life in particular. With-
out trying here to outline how this might be done - there are in fact
a number of very interesting experiments now going on in many develop-
ing countries(l) - one can suggest that the schools and the teacher
training cotleges snould be one of the main centres of attention of

a national policy for intermediate technology.

One of the most widespread assumptions about the science and
technology system is that innovators are primarily highly educated
people and that most innovations come from large research laboratories.
As a result. national science policies 2re almost unanimous in stress-
ing the need for training more university graduates anu, until quite
recently, in emrtasising the vital importance of greater expenditures
in research. Industrial history however clearly shows that a large
numter of important innovations are made by individuals with little
if any wniversity education, and even today the correlation in most
irdustrialised countries between inventiveness and educational level
is far from beirng conclusive.

What this suggests for national policies vis-3-vis intermediate
technology is that the promotion of inventicon and innovation should
focus in priority on this vast pool of formally uneducated entre-
prensurs and innovators which exists in every society, but which is
being either neglecied or repressed as a result of the unduly optimis-
tic belief in the virtues of higher education. The idea tha* science
pelicy or technology policy should be based uposr people with no train-
ing in science and only =z very empirical knowledge of modern tech-
noclogy may be anathema te science policy makers who, for the most
part, are themselves eminent scientists or engineers in the modern
gense of the word. But it may well Le more appropriate.

VI. DUALISTIC POLICIES FOR TECHNOLOGY

Ir the same way that the promotion of appropriate techneclogy
shouid avoid bringing sbout a dismantliement of the modern technalogy
system which exists in a number of developing countries, an inter-
mediate technology policy along the lineg suggested above is not a

1) See for instance,Développement de mEthodes et de techrnicues
adspt®es aux conditions propres aux pays en voie de developpement
{mimec), UNESCO, Paris, 1975.
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substitute for modern science policies, but rather a complement. The
idea here is to nave two parallel policies, and not to replace one
by the other. One observer has suggested that a country like India
needed a Cow Dung Commission rather than an Atomic Energy Commission.
Tn fact, the two are probably needed, and each has a different func-
tion to fulfil.

The dualistic policy suggested here is but a reflection of the
social and technolegical dualism which characterises the economic
system in the majority of the developing countries. The question
which has tu be considered here is whether the existing science
policy establishment should be given the responsibility for develop-
ing a national policy with regard te intermediate technology. To put
things in & somewhat caricatural form, is the Atomic Energy Commission,
or ancther similar organisation, the one most suited for establishing
anda operating a Cow Dung Commission? At first sight, the obvious
answer seems to be negative.

The science and technology policy organisations which were
created in the last twenty years in the developing countries were
geared, like the universities, to the development of modern science
and technology. To accuse them of having almost totally neglected
intermediate technology is somewhat unfair, since this was never
their aim. Their activities were in fact but a reflection of national
priorities at the time, and dissenters notwithstanding, corresponded
+to the ideology and dominant values of society. Times have changed,
so have values, and in the more advanced of the developing countries,
even the strongest proponents of modern science and technelogy have
come te realise its limitations. The growing understanding of peolicy
makers for low-cost technology does not mean however that they are
the pecile most suited to be entrusted with its promotion, nor does
it mear that the institutions they have helped to create are the
moest adequste For developing new appropriate technolcgies.

Imnovation in generzl, and institutional innovation in particu-
lar, does not generaily take place through a transformation of exist-
ing organisations, but by the creation of new ones which by-pass them.
Intermediate technology, in its institutional and policy aspects at
ieast, has developed and will probably continue to develep along
parallel paths rather than in the mainstream of existing orgaaisations.
If innovation and originality are to be encouraged, this parallel
approach should be emphasised. Although th-re are at present no clear
models of interaction between modern technology policies and inter-
mediate technology policies, one can envisage for instance that cen-
tral government authorities would continue to be in charge of the
modern science and technology syetem, and that local or provincial
authorities, supplemented by private organisations, would have the
main responsibility for intermediate technology.




There are some good reasons to believe that national policies
for the promotion of intermediate technology can best be carried out
by institutions which are not directly concerncd with large-scale
industrial develcpment or with highly sophisticatsd modern tachnology.
This is not teo say that the modern sector should be cut off from the
new developments taking place in appropriate technology, quite the
contrary: large industrizl firms, university research centres and
government cdepartments stand much to gain by becoming more familiar
with the work of the intermediate technology rrowonents, and there
must be some sort of cross-fertilisation betwzen the innovators in
the modern sector and those in the intermediate sector.

Among the many problems which will have to be tackled by a
naticnal policy for appropriate technology, one of the most frequently
overlccked is that of the risks of innovation. Ever since the begin-
nings of the industrial revoiution, governments have taken measures
to safeguard the community against the risks and dangers of innovation.
National legislation on new pharmaceutical products or safety regu-
lations for industrial machinery are typical examples. What should
not however be overlooked is that innovation almost always implies
a certain risk, and that a society must be prz=pared to accept certain
risks if innovation is to take place. This is true not only of modern
technology, but also of intermediate technologv. what seems to be
kappening in several developing countries, however, is that new tech-
nologies are increasingly being subject to guality standards and
safety regulations which are so strict as to mzke innovation, if
not impossible, at lerst extremely difficult. One objective of an
innovation policy might be to relax scme of these standards, if only
temporarily, in crder to stimulate the development of new indigenous .
technologies.

A national policy for appropriate technology cannot be carried
out exclusively by government. It should be a collective effort
involving as wide a number of institutions as possible, both public
and prive*e and within the public sector, lecal and.re_ional avthe.oi-
ties have as important a part to play as the central government.

With the possible exception of China, no country has yet developed

a comprehensive national policy for appropriate technology, and it

is far from clear what the most effective approach might be. A number
of interesting national experiments have been carried out, and the
most successful among these point very clearly to the need for taking
a rather wide view of the problem of aporopriate technology: the

real izsue I: not 5o much to develop new hardware, but to build up

an innovation system.

One very important element in this respect is the credit system.
At present, there are relatively few intermediate credit institutionms,
i.e. organisations or groupings which are neither traditional (like

-~ 108 -




the local moneylenders or the private person-to-person credit
mechanisms) nor oriented primarily towards large-scale investment

in the modern sector, as are most of the banks. One intermediate
organisation is the credit co-operative. These co-operatives, which
played & major part in mobilising the existing financial resources

for the development of agriculture and small industry in nineteenth
century Burope, could be one of the most effective tools in the
development oy intermediate technolosy. Several very successful
co-operatives of this type have been established in Latin America

and in several Asian countries(l).

As the example of the light engineering industry in Sri Lanks
clearly shows, one of the key factors in the successful upgrading
of the village blacksmith's production metheds has been the avail-
ability of inexpensive credit, mobilised through a co-operative
organisation(2)}. This example suggests by the way that credit is one
of the areas where co-operative forms of organisation are the most
appropriate. To-operatives are seldom good industrisal entreprsesneurs,
as the story of th~ small-scale sugar plants in India shows, but in
the credit field, where the problems are very different, they can
be remarkably effective(3).

The mobilisation of a community's resources can alsoc be approached
in other ways. One interesting examplie is the way in which one of the
Indian appropriate technology organisatioms has undertaken to educate
the local managers of both public and private banks to the problems
of risk capital, industrial entrepreneurship and agricultural
developament (4).

A second area of interest for an appropriate technology policy
is that of testing and evaluating new technology. A large part of the
equipment developed by appropriate technology groups and which is
currently available on the world market, is untested. Its reliability
is still too often open to question, and the economic risk tu the
user as a result excessively high. Testing and evaluation require
time and money. No country has yet set up such testing and evaluation
facilities, and this is one of the problems which could be solved on
an international or inter-regional hasis.

Cne of the basic principles undéflying the appropriate technoiocgy
movement is to try to make a much more effective use of existing

1) See C.L. Kendall, "Accumulating Capital at the Grassroots Level",
Co-operation Canada, No.20, May-June, 1975.

2) See D.L.,0. Mendis, "The Reorganisation of the Light Engineering
Industry in Sri Lanka", in the second part of this book.

3) P. Dubin, "Education as a Low-Cost Technology", ibid.

4) P.D. Malgavkar, "The Kole of Techno-Entrepreneurs in the Adoption
of New Technology", ibid.




resources,be they human or material. One of the aims of a national
policy should therefore be to investigate in a conprehensive way how
these resources could be better used. For instance by identifying,
and hopefully removing, the vast array of institutional and organis-
ational cbstacles to entrepreneurship snd to the diffusion of inro-
.vation.

VII. THE ROLE OF FOREIGN AID

4 growing number of aid granting agencies, both international
and national and public as well as private are coming to the conclus-
ion that appropriate technoleogy is, if not the wave of the future, at
least a potentially very effective tool in the development process.
Thiz evolution coupled with the growth of the intermediate technology
movement in the developing countries raises a number of questions,
both for donors and for receivers. What for instance should be the
relationship between the suppliers of appropriate technology in the
industrialised countries, and the users of this techmsalogy in the
developing countries?

An excessive reliance on intermediate technologies developed
ebroad, and in particular in the industrialised countries, could in
the long run be self-defeating. The function cf foreign assistance
should hot be merely to introduce a new piece of technoliogy, attrac-
tive as it may be, but to help initiate, within the receiving com-
mmity, & process of innovation and self-sustaining growth. Such
processes are very complex, and the social and cultural mechanisms
which underlie them are often very fragile. Im many cases, it needs
very little to throw them completely off balance, and the sudden
introduction even of a seemingly wunimportant piece of technology is
scmetimes enough to do just this. Needless to say, this is not always
and necessarily the case. In many communities the ecosysten of inno-
vation is amazingly resilient, and the introduction of a new technology
can serve as the starting point of a self-sustaining process of innd-"
vation. The difficulty of course is that it is very difficult to knéw__
beforehand whether the existing innovation system is particularly
weak or potentially strong.

In the case of intermediate technology, it may well be .that the
problem of foreign aid and technical assistance is stated in terms
which are far toc crude and which reflect to an excessive extent the
experiences, often rather disappointing, which have been made in the
field of modern technology and large-scale industrial development.
This can perhaps best be gauged by locking at the ways in which the
various apprepriate technology groups working at the international
level have been operating in the developing countries. Their work




does not consist simply of bringing in a new piece of technology
from an industriaiised country or ancther developing nation, but
rather in developing new technologies on a multinational and trans-
cultural basis. Intermediate technology today is probablv one of the
few fields where the cencept of international co-cperation is more
than an empty catchword er a convenient verbal substitute for total
dependence.

The growing institutionalisation of intermediate %echnology will
inevitably reflect upon the patterns of foreign aid. iAlready today,
mpny aid-giving coum*ries and agencies are trying to focus more of
their assistance programmes on appropriate technology. Thiz is un-
doubtedly a positive change and it should allow for a censiderable
widening of the technology spectrum. In fact, in a few years time,
the !consumer® of appropriate technology will probably find himself
in the eguiwvalent of a supermarket, with dozens of different tools
or technologies to meet every single one of his needs. This will be
very different from the somewhat spartan shop of today where many
technologies are missing, unavailable, un-invented or mislaid by
history.

Technical assistance programmes as they now stand conszist by
and large in helping developing countries to acquire and use as
effectively as possible new or obsolete technolcgies originating in
the industrialised nations. As far as intermediate technolegy is
concerned, there are some serious doubts as to the validity of this
pattern, and in fact the ways in which the various groups active in
appropriate technology are now interacting with one another seem to
indicate that the concept of foreign aid or technical assistance is,
if not obsoclete, at least very largely inadeguate. There are several
reasons for this.

In the field of appropriate technology, which is addressed mainly
to the most under-privileged segments of the population and notably to
the rural poor, the delivery system of technology is comparatively
more important that the technology itszelf. Developing new construction
materials or more adeguate agricultural tools for instance is far from
simple, but the most difficult problems usually lie eisewhere, and in
particular in the social processes which lead to a commmity's adoptionf_
or rejection of an innovation. The industrialised aid-giving countries v
are in many cases better equipped for developing the hardware — the
case of SOFRETES's solar pump or the windmills now being designed by
some large aircraft corporations are good cases in point. This cem-
parative advantage does not however attach to all types of hardware.
In fact, it probably disappears almost entirely when it comes to very
simple low-level technologies. The Directory of Appropriate Technology
published by the Gandhian Institute of Studies is a good example of
the areas in which a country like India prcbably has a comparative
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technological advantage over a Buropean technical university or a
large American industrial firm.

When it comes to the softwsre or the delivery system, there are
no reasons to believe that the industrialised countries and their
aid-giving agencies, public or private, are better equipped or more
effective in initiating innovation processes. Some foreign aid-giving
organisations have been very successful, but their effectiveness has
resulied mainly from their intimate knowledge of local conditiens.
Insofar as the knowledge of local conditions is concerned, there is
little doubt that the insiders - local extension officers, social
workers, eic. — enjoy a large potencial advantage over the outsiders,
be it only that of language and culture.

What this suggests is that the delivery system of appropriate
technology is prebably the area where the developing countries must
do most of the werk themselves. There is also another justification
for their active participation in the diffusion of low-cost technology,
and that is the relative weazkness of the various intermational groups
which are now trying tc promote intermediate technology. The history
of foreign assistance shows that aid-donors can exXert a considerable
influence upon the national policies of the ~eceiving country. With-
holding a hundred million dollars for a big dam can bring about sub-
stantial changes in the economic poliey of a developing country, and
it is a well known fact that the granting of aid by some multi-
lateral agencies is often subject to basic economic and sociszl reforms.
Intermediate technology groups obviously do not have the szme leverage:
withholding the introduction of a new technology for crushing peanuts
or for collecting rainwater is at best an umpractical means for getting
the government of a developing country to initiate naw policies for
the promotion of low=~cost technology. In fact intermediate technology,
contrary to large-scale modern technology, is probably one of the
fields in which a country can assert its sovereignty in the most
effective and positive way. This means that national governments in
the developing countries will have a great impact, positive or nega—

tive, on the diffusion of low-cost technology.




Part Two

THE PRACTITIONERS! POINT OF VIEW




I. THE MOBILISATION OF KNOWLEDGE ON LOW-COST TECHNOLOQGY:

OQUTLINE OF A STRATEGY

by

George McRobie*

Mobilising knowledge on low-cost technology and communicating
it to potential users in a practical form can be envisaged as a three
stage process. First is the task of diagnosis and understanding: what
is the need for technology, at what level can this need be identified,
what is the kind of technology we should be concerned with? Second is
the problem of securing the knowledge itself {sources, methods, organ-—
isation}; and third is the question of communication: how do we get
the knowledge into the minds of planners and administrators, and into
the hands of those who can turn it into action? Each of these three
aspects may be given different emphasis by industrialised and develop-
ing countries, but these are in essence the questions to which all
practitioners are addressing themselves.

DIAGNOSIS AND UNDERSTANDING OF THE BASTIC NEEDS FOR TECHNOLOGY

There is tcoday a widespread recognition of the need to develop
and introduce low-cost technologies. This understanding however is
not matched by anything like correspondingly widespread action on
the part of those who control the mainstream of aid and development
programmes. Most if ncot all practitioners in intermediate technology
share the view that the choice of technology is probably the most

critical problem confronting developing countries. With the onset of
the energy crisis, this preblem of choice has become even more criti-—

cal, and is now also confronting the rich -ocuntries. There is a grow-
ing recognition that our present economic system is based on the
ruthless exploitation of non-renewable resources and that economists
have committed the cardinal sin of confusing capital with income.
Fossil fuels are a capital, but we have been using them as an income.
Agriculture has been operating as an increasingly energy-intensive

* The author is Director of Communications of the Intermediate
Technology Development Group (ITDG) in London.
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system, and the over-exploitation of our income resources may well

turn them into ncen-renewable rescurces.

As far as the developing cocuntries are concerned, there seems
to be & fairly general acknowledgement of the following facts:

a) the source and centre of world poverty lie primarily in the

rura! areas of poor countries, which are largely by-passed
by aid and development as currently practised;

b) the rural areas will continue to be by-passed, and unemploy—
ment will continue to grow, unless self-heip technologies
are made available to the poor countries and assistance
given in their application;

c) the donor countries and donor agencies do not at present
possess the necessary organised knowledge about appropriate
technolegy and do neot kave the communications system which
would enable them te contribute to rural develcopment on the
scale which is reguired;

d) unless the disease of poverty is tackled at its source in
the rural areas, outside the big cities, it will continue
to manifest itself in three ways - mass migration intoc cities,
mass unemployment, and the persistent threat, or even actu-
ality, of mass starvation.

Within the framework of conventional aid and development pro-
grammes, there is in practice no majer political or commercial
impetus to offer to the poor countries any real choice of technolo-
gies. This is especially true when it comes to small-scale squipment
that can be wholly made loec2lly and which uses indigenous materials
and serves local needs. In the Intermediate Technology Development
Group (ITDG) we are thinking along the lines of Mansur Hoda's three
'levels' of technology that are required to fill this gap: the tech-
nology that suits the family, the village or community, and the
market town or small regional centre, in ascending levels of cost,
sophistication and volume of ocutput{l).

Within these catesories it is possible to enumerate a very large,
even daunting number of possible technologies. But there azre certain
basic and fairly universal needs to guide us in setting priorities.
These are the manufacturing and processing activities related to food,
clothing, shelter, health, culture, about which detailed, prartical
information would go a long way towards filling the existing "inform-
ation gap™ and giving choices to people whe at present now have none.
The following list is not exhaustive, but serves to illustrate the
range of new activities that could be develeped in rural areas within
the modest ambit of basic human nsgeds {the procedure is broadly that
adopted by ITDG's specialist panels).

1} Eee M.M. Hoda's article in this book, "India's Experience and
the Gandhian Tradition'.




———- RANGE OF BASTC TECHNCOLOGIES REGUIRED FOR RURAL DEVELOPMENT

Agricultural production: tools and equipment for ground preparation,

planting, weeding, harvesting, along with the basic tools and
techniques required for their manufacture (metalworking and wood-
working).

Water supply for agriculture: equipment for storing, lifting and

moving water.
Crop processing: shellers, winnowers, mills, oil extractors, decorti-
cators, fertiliser and feedstuff manufacture, and by-products

{this would include processing of a wide range of products from
biological rescurces).

Storage: storage equipment approoriate for different crops, using
local materials.

Food preservation: metal and glass containers, cooking utensils,
equipment for smoking and sun-drying: packaging for different
foods.

Ciothing: equipment for ginning, spinning and weaving cotton and
wool; manufacture of dyes and finishing materials; tailoring

equipmernt; leather tamning and manufacture of footwear and
animal harnesses.

Shelter: brick and tile making, lime burning, cement substitutes,
small-scale cement production; soil stabilisation; timber
production and by-products; cast and forged metal fittings.

Other consumer goods: household utensils, equipment for pottery and

ceranics, furniture, soap, sugar, domestic water supply {including
water purification and sanitation), cooking stoves, fuel, toys,
etc.

Community goods and services: school and medical clinic equipment,

roadmaking, bridge-building, water supply, power sources and
equipment, transport; data and equipment required to operate
institutions such as health clinics and co-operatives, work-
based education, and training-thrcugh-preoduction programmes.

For each identifiable manufacturing activity - and there are
obviously many more than this list suggests - we should aim at
providing at least two or three levels or types of technology, to
cater both for people who are wholly or partly outside the market
economy, and for those who are already within a market system.

The first step is to mobilise the existing knowiedge on inter-
mediate technologies. The second, to indicate obvious gaps, or areas
where new research and development work needs to be done; and the
third to outline proposals for carrying out this work. The aim is
to start with a 'state of the arts' survey, which shouid briefly
describe the conventional high-cost 'modern' method, present existing
alternatives, indicate their limitations or deficiencies and propose
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a)

b)

cl

work programmes to improve them, or devise new technologies to fill
the gaps. ’

This approach lends itself to dealing with the three types of
situation which are familiar to the intermediate technology prac-—

-titioner:

Those where there is a range of technologies which, on the
face of it, are reasonably adequate to meet the needs of
small, poor communities. There are for instance many types
of water pumps and hand-looms already in existence. The task
is to identify the pros and cons of each type of equipment,
indicate how they are made or where they can be bought, and
what they can and cannot do. Foundry work is a gecod example.
The same applies to hand-made bricks; enough is known - on
the basis of experience - to adapt this technology well down
the size-scale;

Those where there are no obvious, reascnably efficient small-
scale technologies, as cement manufacturing or cotton spin-
ning. In these cases we have to 'point up' the gaps, and
suggest ways of filling them. In cases like cement, the
alternatives are to work on redesigning a plant to make it
small as was done for paper—pulp machines, to provide a sub-
stitute (e.g. lime-brick mortars) or to combine the two
approaches.

Those where the technology‘is relatively new and there is

no body of current or recent experience to draw upon, as in
the case of most forms of unconventional power sources and
devices, or the application of modern scientific knowledge
te 0ld arts like chemicals from biological sources. In such
cases, a state of the arts survey needs to be followed by
specific programmes for design and field testing.

It is only through a sustained and systematiec effort along these
lines that an adequate flow of self-help technologies can begin to
reach the potential users: people whose problem is not that of the
rich - how to get best value for money - but quite a different prob-
lém — how to turn their labour into something useful.

SOURCES OF KNOWLEDGE AND METHODS OF MOBILISATION:
ITDG's FXPERIENCE

Ways of acgquiring the necessary knowledge of low-cost technelo-
gies will obviously depend, among other things, on the history of
the technology and the pattern of development in the country where
.the work is started. At ITDG, we have developed a structure of Panels
““and Working Groups of advisers. Within each we try to get a mix of




expert knowledge representing the professional and adminisirative,
academic, industrial and commercial aspects of the particular subject

under investigation. The aim is to appeoint, as soon as funds permit,
a full-time project officer -~ gualified and experienced in the subject -
to carry out a work programme under the Panel's guidance and super-
vision. Currently, project cfficers are working under our Agriculture, 3
Construction, Buildinz Materiale. ¥Water and Power Panels, and a small
tear of engineers opsrates the Group's Industrial Liaison Unit. The
Panels on Chemistry and Chemical Engineering, Co-operatives, Forestry,
Rural Health and Transport are without full-time project staff, but
are nevertheless pursuing work pregrammes which have resulted in
useful publications and, in the case of chemistry, in consultancy

work overseas,

Through the Fanel membership, liaison with & number of university
research departments has been built up, as well as collaboration with
British government research establishments, notably the Building
Research Establishment, the Road Resesrch Laboratory, the Tropical
Products "nstitute and the Overseas Liaison Unit of the National
Institute of Agricultural Engineering.

The systematic investigation and sifting of material already
vubiished is obviously our major source of practical data. Much of
the Group's published information alse derives from practical R and D
work carried out by its own staff or associates: innovative R and D
work, ranging from complete redesign and production to relatively
minor modification, has been done on z small-scale paper-pulp manu-
facturing unit, brick-works, a wide range of agricultural and hospital i
equipment, ferro-cement boats, water catchment tanks and pumps.
Original work concerned with organisation, training and business
procedures has also been carried out - and the results published -
on ithe construction industry, co-operatives and rural health. Most
of the results of this work are aiready included in the Group's
publications; a set of more detailed accounts of the work programmes
completed, in progress and planned is currently being compiled and
will be published as soon as possible.

THE SYSTEM OF COMMUNICATICN

Low-cost technology lacks an effective communication and delivery
system. Information on high~cost, energy-intensive technologies is
promoted by government aid, by large companies, by the education
system, and by media of all kinds, The task of communicating low-cost
technology is much more difficult, not only because it is less familia?:
to design-makers, but also because we are trying to reach people in '
the field where there are no clearly established channels of communi-
cation, and where more effective methods of communicating are unknown
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Above all, and this requires particular emphasis, we are deal-

ing with a situation where the demand for low-cost technologies can-

not arise

independently of the supply of infermation about them. All

over the world, pecvle simply do nmot know that there are low-cost

alternatives. This applies almost universaily to people in rural areas.

As far as
have been
that they

administrators and decision-makers are concerned, if they
educated in the rich countries the chances are not only
do not know about such alternatives, but they may well be

prejudiced against them - the familiar 'second-best® argument. The

nrimary task of organisations such as ITDG is to make it known that

effective, low-cost alternatives do exist or can be developed. Until
this has been done, it can hardly be expected that a demend for them
will arise on a large scale.

While nc one could claim to have discovered all the answers to
the problem of communicating information and knowledge about low-
cost technolegy, the methods developed by ITDG are probably of a

fairly general significance. These methods fall roughly into four
categories: the exploitation and diffusion of pubiished information,

field projects, consultancy assignments, and finally the development

of closer

1inks with intermediate technoleogy groups operating in the

developing countries.

a) Published information comes under three main categories:

detailed specifications and drawings of eguipment, e.g.
agricultural machines and implements, or hespital equip-
ment ;

guides to sources of equipment, 'step-by-step' manuals
{e.g. for animal-drawn equipment, construction materials
and water supply systeas), annotated bibliographies and
other source material, and finally industrial profiles
(e.g. for foundry or leather works);

detailed project reports of field operations, as in the
case of ITDG's agricultural eguipment projects in Zambia
and Nigeria, water catchment and storage work in the
Caribbean, Brazil and Ethiopia; reports of consulting
assignments (for instance a small-scale chemical develop-
ment project im Pakistan);

reports on any of the lines abov: published by other
organisations and distributed by ITDG's Publications Unit
by arrangement.

The recently-launched Journal of Appropriate Technology is

in a

special category: it is intended to serve as an international
forum for news, exchange of informetion, previews of major reports,

and a means of linking practitioners in the field of low-cost
technology -
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b) Field projects. These have mostly taken the form of one, two

or three-year programmes with clearly defined cbjectives,
designed to identify needs, develop app:opriate technologies
and demonstrate their practical use. They are not intended

to be, and are not, development pregrammes as conventionally
understood. This must be emphasised since the Group is some-
times criticised for not undertaking extension work and for
not launching major programmes to that end. ITDG is primarily
a knowledge organisation with strictly limited resourées.

Even if we had the resources, we could not and should not
attempt to do extension work or launch such programmes through
the existing organisation. Nothing could be more fatal to the
work of a knowledge centre than to bz burdened by the pressures

of implementing a programme on a ‘'development' scale (as
distinct from a 'demonstration' scale). It hardly needs to be
emphasised that extensior work and the widespread diffusion
of new methods and technologies is of crucial importiance and
that part of the communications task is to ensure that those
aid and development agencies which are equipped to undertake
such programmes get the fullest amount of information on
relevant technologies. As far as ITDG is concerned, some
involvement in implementation is in fact taking place but
through separately-organised subsidiaries, !'Intermediate
Technology Services' and 'Development Techniques', specific-
ally concerned with consultancy and with technical development.

c) Consultancy. In addition to the routine answering of technical
enquiries, this work includes the provision of technical inputs
at the appropriate level to other agencies, governmental or
non-governmental . During the 1973/74 period, ITDG has operated
in this way in twelve different countries (Brazil, Canada,
Ethiopia, Ghana, Iran, Jamaica, Kenya, Pakistan, Rwanda,
Swaziland, Tanzania, and Zambia}.

d) Overseas intermediate technology units. In the longer run,

by far the most important way of communicating information is
through the development of indigencus intermediate technology

organisations in the developing countries themselves. Only
through such centres can the knowledge and practice of low-
cost technology become widespread and form an integral part
of the development process. Focal points of this king are
now imcreasing in number(l) and ITDG has been associated with
the growth of some of them, notably in Ghana, India and

1) Several of these centres were reprasented at the OECD meeting in
September 1974,
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Fakistan(1i). The further development of such centres is high
on our list of priorities. These may start as focal points
for the assembly of infermation on low-cost technologies
from outside sources but can rapidly develop indigenous
resources for R & D, the dissemination of knowledge and the
promction of field applications. In ocher instances they can
immediately begin tc mobilise sources of information and
innovation within their own countries and help to draw on
cutside sources. Ideally an appropriate technology unit of
this kind should be brought in at the inception of every
government plan for development.

THE POSSIBILITIES FOR CO~OPERATION

At first sight it is extraordinarily difficult to get effective
collaboration between the various organisations now working on low=
cost technology. They vary widely in size, degree of specialisation
and form of organisation. Each has its own source of funds - always
inadequate - its ocwn lines of commiiication with other countries,
and its own priority subJects.

The simplest form of communication is through the exchange of
literature, and this is already proceeding. We hope that the Appro-
priate Technoleogy Journal can increasingly helvp in this process,
and contribute to the diffusion of knowledge as to who is doing what
and where in the field of low-cost technology. But are there ways in
which co-operaticn between the work programmes of each organisation
could be made more fruitful? Are there ways of securing for each of
them some of the advantages of a larger international effort without
the constraints which attach to international organisations? Co-oper-
ation should not seek toc merge the identities of the organisations
concerned, but try to make them more effective.

A suggested list of topics on which more information and know-
ledge would be of particular use to practitioners in both rich and
poor countries might include the following:

Methods of identification of needs and resources.
More comprehensive state-of-the-arts reviews.
Sources of relevant data.

Jdentification of paps in knowledge.

New R and D work in hand and reguired.
Normalisation of ways of presenting data.

1) The Appropriate Technology Centre in Islamabad, Pakistan, has
recently been started up with government support.
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Locations for field testing and demonstration.

Joint publication of results of work done.

Joint appreoaches to funding agencies.

Joint approaches to fuger! agencies (governmental,
non~-governmental and internaticnal).

In operational terms, cone could envisage for instance a meeting
of practitinners concerned with small-scale water supplies, construc-
tion and building materiais. or agricultural equipment. They could
compare work programmes, identify gaps in knowledge, make proposals
for filling these gaps, arrange for field trials, and =im at develop-
ing a comprehensive 'package®' of new knowledge. Technologies appro-
priate to different climatic zones could probably lend themselves
particularly well to this form of collaboration. Once such work
programmes have been harmonised the propcsals could be published in
order to facilitate fund-raising and secure appropriate requests
from developing countries to participate in the work.

CONCLUSION

Over the past twenty years, aid policies have treated the poor
counttries as if they were rich, and the intrcduction of modern tech-
nologies in the developing countries has contributed to widening the
gap between the affluent urban elite and the great majority of the
people living in the rural areas. The dominant view has been that
the poor countries can only become rich by accepting the technologies,
the institutions and the culture of the industrialised countries,
Education has only reinforced this: most of the policy makers in the
developed countries have been trained in Europe or North America. As
a result, it is difficult to envisage that there may be different
paths tc development.

Over the last one hundred and fifty years, development has zon-
sisted mainly of sucking life from the rural areas. The time has now
come to change this and to foctus our intellectual and techmological
resources on the rural sector. This can be done by developing a wide
range of new technologies which will have to be adapted and modified
by the pocr countries. The task of the rich countries is to iLelp
identify, in clese contact with local innovators, the types of tech-
nology which are most urgently required. Most of these technologies

will obviously have to be concerned with agriculture and rural develop-

ment. No country afier all has ever developed except on the basis of
an agricultural surplus.

How this can best be done is not yet entirely clear. One of the
big problems is to foster much closer contacts between the three
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different types of practitioners in intermediate technology: those
who are concerned with the practiecal work of developing new pieces
of equipment, those who focus on the field application of new tech-
nology, and finally those who, at the national or international level,
are try.ng to mobilise all the available knowledge on more appropriate
technologies.

In fact, the time is now ripe to start thinking of an overall
strategy for intermediate technology. Five years ago, this would
have been inconceivzble: the number of people involved was much too
small, and the whole idea of intermediate technology seemed absurd.
This first stage then gave way to a much greater acceptance of the
idea, but apart from a few rather isolated groups, there was and
5till is 1ittle action. We now seem to be entering a third stage.
which should be marked by a large-scale and systematic attempt to
mobilise existing resources, develop a wide range of new technologies,
and establish an efrective information network. The fourth stage,
which has yet to come, should be that of widespread application and
diffusion.

In terms of strategy, the crucial problem today is to make s
successful tramsition from the second to the third stage. One tool
would be to establish a really effective communication systemzin
intermediate technology. What has heen done until now has certainly
been useful, but this is usually insufficient, largely for
finanecial reasons. The communications system which must be built up
should go beyond the existing community of practitioners and cover
the people and institutions which in one way or another can influence
the pace and direction of development.




~
=

. BRATE RESEARCH INSTITUTE'S HANDBOOK OF APPROPRIATE TECHNCLOGY

by
T.A. Lawand, F. Hvelplund, R. Alward and J. Voss¥*

The Brace Research Institute is primarily an engineering organis-
gtion. However, from the experience gained in the field, we have
evolved into an institute of practitioners of appropriate technology.
This evolution led to our participatien in the preparation of the
first handbook on this subject. The departmental poiicy and history
of the Institute are studied in order to identify the reasons why we
were involved in the preparation of this handbook. This paper traces
the transition of the Brace Institute from 2 technical operation to
one concerned with the development and implementation of appropriate
techrology.

Why did this transition take plaee? What led us to adopt appro-
priate technologies? What lessons have we learned, and what new
policies have our experiences created? And perhaps most important,
what does an analysis of our evolution to appropriate technology
suggest for future policy actions in developing areas? These guestions
are the real subject of this paper.

THE INSTITUTE'S DEPARTMENTAL POLICY

The Institute was set up on the bequest of Major James Brace,
who was primarily interested in making arid or desert lands availakle
and economically useful for agricultural purposes. It was his desire
that the results of this research would be made freely available to
all the pecoples of the world. The Institute has fulfilled and is
contlnuing to fulfil his wishes. The policy decision made in 1959
was to concentrate on the problems of water and power scarcity affect-
ing the individual persons and small communities in erid, developing
areas.

*T.A. Lawand is the Director of Field Operations of Brace Research
Institute in Quebec, Canadaj F. Hvelplund is a Visiting Economist

at the Institute and a Research Fellow of the Handelshojskolen in
farhus, Denmark; R. Alward is a Research Associate of Brace Research
Institute; J. Vess is an Environmental Economist at the Institute
for Man and His Environment of the 3tate University of New York,
Chazy, New York.
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In the meantime, the Institute has built up a unique facility,

the value of which is out of all proporticon to its size. It maintains
an active interest in the whole field ¢f water desalination. Tt is

now recognised as an international research centre for the application
of solar and wind energy {especially with regard to solar distillation})
and for the development of wind turbines. As an extension of its work
on varicus methods of saline water conversion, the Institute has begun
research ihto controliled-environment agriculture as a means of reduc-
ing the water recuirements ¢f plants in arid areas. It has undertaken
studies on the use of greenhouses in colder climates.

The Institute has become a centre for Information on appropriate
technology, and one of its most valuable assets is the Brace Library,
which contains collections of reference material on desalination,
solar energy and wind power. These collections are considered to be
among the most cemprehensive and thoroughly indexed sources of inform-
ation available in their respective disciplines. Extensive information
has more recently been gathered on greenhouse agriculture and on
appropriate technology in general.

Although the Institute concentrates primarily on the technological
aspects of water and power problems facing small communities in arid
areas, it is fully recognised that the 'tcol' or !'system' is only cone
facet of the problem. A clear appreciation must be made of the cul-
tural, social and political context in which the equipment is io func-
tion in order to establish its appropriateness to the community it
will serve. It is essential to recognise that for a technolegy to be
appropriate it must be directed ftowards the betterment of the commun-
ity, in both its direct and indirect implications.

The basic philesophy has been to develop saline water conversion,
pumping and cother equipment whick uses as much as possible local
energy, material and human resources so that the technology can iden-
tify within the infrastructure of the local community. This policy
was adopted in order to secure particivatioa of the indigencus popu-
lation in all phases of the construction and assembly of the equip-
ment. This ensures continuity by developing their ability to handle
its operation and maintenance. The equipment is characterised by its
simplicity and ease of maintenance. Stocks of simple replacement
components ensure continuity and dependability. The annual operating
costs are comprised primarily of the amortisation of the capital
investment, a fair proportion of which is made up of local labour
and material charges.

This basic type of undertaking is generally referred to as
appropriate technology. There are hundreds of millions of pzople
whoge everyday life is little affected by modern fechnological
achievements and who lie outside the mainstream of development. The
objective is to provide them with an option - or an alternative -
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so that they may solve their own technological problems with systems,
methods, energies and materials under their own contrel. In making
use of what is Ly and large loceally available, and in adapting the
technology sc that the individual villager himself feels part of

the overall achievement, appropriate technclogy takes into account
that facet of the human equation which is so often neglected -- the
dignity of man. For whatever we design, construct or discover, the
final proof and justification of its merit is its acceptability by
man.

THE EVOLUTION OF AN APPROPRIATE TECHNOLOGY APPROACH

Why did an institute working primarily in the field of engineer-
ing become invelved in appropriate technology? There are severaj
reasons. The first is financial: research and development and even
field applications are relatively inexpensive. Hence, it is often
pos.ible, even with a modest outlay, te come up with simple techni-
cal soluticns teo the problems of the rural populations of the Third
World. The second is scale: appropriate technology, by its very
nature, deals with small villages and peasant farmers, and develop-—
ments are themselves on a small scale. This is within the scope of
a relatively smz1l organisation such as Brace Research Institute.
The scale of these activities also means that funding can often be
more easily found so that in effect a wider approach can be realised
with the direct involvement of the local inhabitants.

In 1960-61, a research test facility was built in the island
¢f Barbados in the West Indies, where abundant quantities of sea
water, sun and wind combine to provide an excellent proving ground
for eguipment development. This overseas mission which lasted until
1967, and which has expanded into other parts of the world, did more
than just provide a convenient physical milieu for experimentation:
it provided an insight into the real needs of the rural populations
of the Third World.

In surveying the needs of these rural areas, it was evident
that in maximising leocal resources, considerable attention had to
be paid to the development of alternative indigenous energy sources,
such as solar and wind energy. As a result, developments in the
following fields have been studied:

— small scale desalination equipment - solar distillation
units, vapour compression and reverse osmosis desalination,
using windpower a2s a motive force;

-~ direct solar energy applications for heating water, heating
air and drying crops;

- solar ponds for solar energy collection and storage;
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- solar powered organic fluid rankine cycle engines;

- storage of thermal energy;

- the development of environmentally adapted greenhouses for
arid areas to reduce water consumption, using saline water
as a feed source;

- the development of environmentally adapted greenhouses for
colder regions to reduce heating reguirements through a more
efficient use of solar energy;

- low—cost housing, and the integration of solar and wind energy
sources directly into the structure for the provision of
services; _ '

- low-cost sanitary technology with a view to reducing water
consumption;

- the development of a large windmill for water pumping, irri-
gation or electricity generation:

- the development of small-scale windmills using the Savonius
rotor and sail mill principles.

After the initial R and D in the West Indies, and while working
on some of the above problems, the Institute focused on a few speci-
fiec applications such as solar dryers tc process corn for a feed mill
in Barbados, a solar distillation plant and some solar cockers in
Haiti.

TFE CULTURAL DIMENSIONS OF TECHNOLOGY

These applications in the real werld pointed to the need for a
more comprehensivé approach: enthusiasm accompanied by good engineer-
ing design is not always sufficient. *

We had reached a critical crossroads in moving from research
and experimentation te the application of technology in developing
areas. This required a move beyond the narrow confines of purely
technical solutions to an approach based on a much broader range of
inputs - cultural, social, political, and economic. Although we did
not recognise it at the time, this led us to the adoption of what
ie now called the appropriate technology approach.

If the goals of the Institute were to be achieved, the following
preconditions would have to be fulfilled:

- The technolegy must meet the fundamental needs of the commm-

ity and be recognised as such.

- For the community to respond and accept the technology, a
sufficient amount of 'animation sociale' of the local popu-
lation has to be undertaken.

- The economics of technology has to be fully understood and

&

appreciated. §




— The cultural and social values of the local population have

to be considered as an integral part of the innovation pro-
cess.

In order to accomplish these tasks and achieve some measure of
success, the Institute staff as practitioners have evolved, through
trial and error, some basic principles of operation. Firstly, wherever !
possible, local technologists should become involved in all the phases
of the development process, from research to application. The Insti- '
tute has tried to help local technologists appreciate the importance

of studying the fundamental problems facing their own rural popula-
tions. This is essential, since they can communicate in the same
'language'’ as these target communities and ger :rally understand
their culture and values.

Secondly, local social workers have a very important part to
piay in getting the indigenous population to appreciate and accept
the technological innovation. The installation of a fresh water
facility for ekample, decreases infant mortality rates, and creates
new problems of birth control. The solution of the latter problem
is often beyond the scope and capabilities of the well-meaning tech-
nologist. Thirdly, economists must be brought in to provide a more
comprehensive evaluation cf the costs and benefits of a given appro-
priate technology in a local context. In view of past develcpment
experience, it is obvious that both the shert and long run conse-

quences of @ specific technolegy need to be considered. Economists
can hopefully specify more comprehensive social welfare functions
for each region of a developing area.

Our experiences as practitioners of appropriate technology has
led us to appreciate that even the appropriateness of a given tech-
nology is not a sufficient condition for its widespread adoption.
We have come to realise that no matter how simple, inexpensive or

appropriate to the needs and resources of the local people, a new
technology must be viewed within the cultural context in which 1t
is introduced. Between the identification of the need for an appro-’
priate technology and its successful application lies the critical
problem of cultural adaptation. :
Technology by its very nature is optimistic and presents what
could be accomplished. From experience we discovered that the frus-
trating gap between what is technologically feasible, and what is
adopted in practice, most often results from a basic scientific
neglect of the critical role played by the other side of the cul-
tural coin ~ societyt!'s attitudes and values. Values are shared
beliefs about what is right and wrong. Technology determines what
is poesible, but values and attitudes determine what is socially
acceptable. The criterion of social acceptability either limits or
enhances the probability of adoption of a given technology. For
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axample, even though population control is technologically possible,
social attitudes toward family size or religious values with regard
to birth contrel limit the range of technological rolutions to the
problem of ever-population.

our field operations throughout the world have led us to appre-
ciate the sritical relationship between technology and values “n the
development and application of appropriate technolegy. In our own
fashion, we nhave come to realise that conceptually, appropriate tech-
nology is no more useful in the development rrocess than an inappro-
vriate technoiogy if it cannot become acceptable to the individuals
and the groups to whom it is proposed. Apnlied technological change
implies social acceptability and the degree of acceptance and rate
of adoption depend in turn upon a thorough knowledge of values and
attitudes. 'Value competence' or 'cultural competence' must accompany
the development of appropriate technology, and precede its successful
applications.

TUE TECHNICAL AND INSTITUTIONAL BACKGROUND OF TEE HANDBOCK

The Institute has been collaborating Tor years with organisations
such as the Intermediate Technology Development Group (ITDG) in the
United Kingdem and the Volunteers in Technical Assistance (VITA)
in the United States. This Lias given us sccess to great amounts of
information and technology. Through our educational programmes and
exchange visits, we have set up working relations with a number of
groups and individual techneologists working in similar fields in a
number of countries.

Tt is not always possible to help the many technicians who write
from Third World areas for information on the purely technical and
sclentific aspects of alternative energy sources. As a result we have
embarked in the last few years on the preparation of a number of
state—of-the-art surveys. These surveys deal with solar ponds, solar
refrigeration and air conditioning, low-cost sanitary techneology and
commercially available and experimental windmills.

In 1974 we worked on the preparatiocn of a handbook of so.ar
agricultural dryers which includes an evaluation of the theory, design,
construction and performance of such dryers, an assessment of the
operating performance of the commercial and experimental dryers, and
finally a bibliography and list of problems which remain to be solved.
This handbook, which will be available in English, French and Spanish,
has been an internmational effort: it has involved more than 30 tech=-
nologists in all parts of the world who sent in their illustrated
contributions. It will partially substitute for the lack of proper
library facilities generally facing the technelogist in developing
areas.




The rnext step in the Institute's work has been the preparation
af a more comprehensive handbook of appropriate technology. The
institutional crigins of this work can be traced back to the first
Canadian seminar on intermediate techrnology organised in March 1672
ty the Canadian Hunger Foundation. Interest in the subject had been

growing in Carada for =z number of years, particularly amongst the
non-governmental organisations dealing with project-oriented develop-
ment aid in the Third World. The guests of honour at this meeting
were Dr.E.F. Schumacher and George McRobie of the Intermediate Techno-
logy Development Group with which the Brace Research Institute had
been in contact since the mid-1960's. Following the meeting, a work-
ing grrnup based primarily in Qttawa was set up to look into inter-
mediate technology and recommend future action. One result was the
submission in March 1973 of a proposal to the Canadian International
Development Agency (CIDA) in Ottawa to provide counterpart funding
for the publication of a loose-leaf handYock on appropriate technology.
The non-government orgsnisation division of CIDA accepted the
proposal and gave financial support towards its execution. This Joint
undertaking shows that Canadian non-governmental organisations can
work together and collaborate more closely in their development pro-

grammes. During the summer of 1973, the Canadian Hunger Foundation
entered negotiations with the Brace Research Institute with a view

to securing their collaberation in the prevaration of the handbook.
The main reason for approaching the Brace Research Institute was the

fact that it has been an active practitioner in this field for the
past 195 years. There were few other organisations in (anada, cr indeed
elsewhere, to which the Canadian Hunger Foundation cou’d turn.

From its past experiences with interdisciplinary projects, the
Institute recognised that it had to broaden its technological inter-
ests. Staff was expanded accordingly, ard a number of contractual
arrangements were made to enlist the services of outside specialists.
Among these new collaborators, there were economists with varying
backgrounds irn development (socio—economic questions, values, etec.),
sociologists specialised in social work and community development,
technoiogists from Third World areas, and a political scientist
dealing with the political implications of appropriate technology.

In addition, as part of the preparation of the handbook, gues-
tionnaires were sent to a number of organisations and individuals in
different parts of the world. This has resulted in a considerable
amount of informatior. dealing with the experiences cf other practi-
tioners in appropriate technology.

QUTLINE OF THE HANDBOOK

The handbook has been designed to allow for a wide variety of
uses. The first section presents the theory and philesophy of
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. appropriate technology. It discusses the criteria by which a system
[oean be dged appropriate or not, the various contexts within which
.;-approprinte technologies may or may not work and the mechanisms of
g implementation and diffusion. It also outlines the numerous factors
. which must be considered in order to evaluate the potential appro-
. ﬁria:eness of a technology in a given situation.

The second section contains a series of case studies in which
n: -attempt is made to weave the theory and the technologies together
1nto meaningful examples so that the reader can learn from the exper-
jence of others. Each of the case -‘uilies has been selected *5 illus-

--ﬁf?ﬁe important ideas from the prereding chapter. In add.iiiurn. enough
'inrdrmation has been providzs to aliow the reader to get staited on
.a'spédific task or process, or *o build certain tools.

Section three contains a catalogue of 2 number of tools that
are available tnroughout the sorld to meet a wide variety of needs.
'-HThis section is viewed mai~'y as an 'information exchange', and its
aim is to make pecple aware of some of the devices others have used
to improve their situatlti.~.

The final section i.u the book gives an indication of the new
“and experimental fteools or systems that are currently under consider-
ation in the field of appropriate technology. It also outlines possi-
'Ble new areas of research and future additions to the handbook. The
appendices included irn a reference section give the names and addresses
of .several groups and people involved in one way or another with
approprlate cechnolugy so as te facilitate international exchanges

partlcula'ly between the developing countries. There is also an
extenslve, though by no means exhaustive, bibliography, a suggested
sjstem_pf classification and a glossary of terms used throughout the

... It must be stressed that this handbook should only be regarded
as: ihtroductc“y Appropriate technology is many things teo many people
and we have found ourselves in areas about which little is understood.
Proolems have been investigated that have not been thoroughly worked
out. in order for this book to function as a dynamic and appropriate
ool,_*t has to allow for the inclusion of new problems and new

1o 5. Wa'are therefore anklng ior.and relylng on the comnents,
__‘ Jd sﬁggestlons of tne ‘rezder. The looseleaf format has been
sed'to permlt 1nc¢u51on of any fur+her ;n;ormatlon. :

' qmount of : fundlng at the dlsposal of the Institute and its
collaborators for ‘the preparatlon of ‘the handbook was extremely
modest and the book ig only a preliminary effort designed to familiar-
sg the llkely agents of change with the concepts and potentials of
ppropriate technology.




THE CRITERIA OF A TECHNOLOGY'S APPROPRIATENESS

The criteria of a technology's appropriateness presented in the
first section of the handbook have evelved from an intensive state-
of-the-art survey. Since the field is relatively new, viewpoints
~iffer as to what constitutes an approrriate technology. Our selection
has been eclectic and the following list is by no means exhaustive.

!:T§ropriate technology should be compatible with local cultural and
eccnomic conditions, i.e. the human, material and cultural resources
of the community.

The tocls and processes should be under the maintenance and opera-
tiocnal contrel of the population.

iAporopriat» fechnology, wherever possipi., should use locally avail-
able resources.

If imported resources and technology are used, some control must be
macde available to the community.

Appreopriate technology should wherever possible use local energy
S0Urces.

It should be ecologically and environmentally sound.
It should minimise cultural disruptions.

Tt should be flexible in order that a community should not lock itself
into systems which later prove inefficient and unsuitable.

Research and policy actioen should be integrated and locally operated
wherever possible in order Lo ensure the relevance of the research

to the welfare of the local population, the maximisation of local
creativity, the perticipation of local inhabitants in fechnological
developments and the synchronisation of research with field activities.

Cbviousiy, in practice, it may not be possible to meet all these
criteriz. They dn, however, provide general guidelines or goals to
which appropriates technology practitioners shoulc aspire.

CASE STUDIES INCLUDED IN THE HANDBOOXK

The case studies incluued in the handbook 2eal with a variety
of sgubjects and have been carefully selected to illustrate these
criteria of appropriateness. The following examples will give an
idea of the types of issues raised in the kandbook.

a) Solar distillation

This case study traces the more recent historical develonment
of a small fishing village on the island of La Gonave, Haiti. Defoii-
ation of the land and subsequent climatic changes beginning in the
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eardy 1950's have breught unprecedented hardship. By the mid-1960's
there were several major problems facing the commmity, one of which
was the lack of potable water. Water for cooking and drinking pur-
poses had to be chtained from wells, the closest of which was a day's
walk there and back. In 1965, a community development programme was
initiated in an attempt to raise the village economy to a level some-
what higher than its current subsistence level. As a part of the
overall programme a solar desalination unit was constructed to supply
the village with a continuous source of fresh water. The introduction,
design, construction and utilisation of this solar still are discussed
in the stucdy. Also included are a basic description of the solar still
and sufficiently detailed plans and specifications to permit the con-
struction of a similar water desalination plant.

b) The integrated waste-fuel-food cycle

This paper is the result of many years of studies on integrated
rural planning. Although it is not technical, it tries to c¢larify the
problems faced by most developing countries in the world, where
foreign investmenic have by-passed the large majority of the people
in rural areas. The government of Papua-New Guinea has established
an eight-point development programme, which is aimed at counter-
balancing the growth of industry and cities through a healthier
rural development. A very good set of recommendations are made to
explain how small villages can enhance their economic activities
through the use of local resources and better educatior.. A fresh
approach towards waste handling and processing is described. It shows
that energy recovery goes hand in hand with better health and an
improved quality of life.

¢} Beekeeping development in Kenya

After a thorough study of traditional practices in beekeeping
and a8 comparison with the methods and equipment used in the Western
world, the authors have developed transitional types of bee-hivsas
which lend themselves to the hardy type of local bees and to better
bee-management practices. Widespread use of these hives has proven
them to be very successful. Construction procedures and specifica-
tions are discussed and design advantages of this hive are analysed.
A set of good photographs together with a brief bibliography of the
subject complete the study.

d) Small bio-gas plants

This study is an introduction to the development of bio-gas
rlants as an alternative source of energy in rural communities in
India. The anaercbic decomposition of animal waste is used to produce
methane gas. The blological process, eccnomics, installation and
construction procedures together with clear and comprehensive
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szleulations and drawings have been included. From these one can
readily obtzin an idea of the usefulness of this 'new' energy source
in agriculture or for domestic purpeoses and how it can be used to
raise the standard of living in some regions of the country.

e) 0il drum cupola foundry

This study describes a small~scale iron foundry built in
Afghanistan to improve upon traditional techniques of steel produc~
tion. A brief history of the project is given together with the
reasons of introducing this improved technology. A description of
the unit, costs and performance to date is discussed.

£) The Gujarat Industrial Investment Corporation

This study describes the activities of an investment corporation
which has been set up in india to assist small~scale enterprises by
providing loan: for the acquisition or construction of buildings and
machines, and for working capital. This governusent-sponsored insti-
tution has been remarkably successful in stimulating local small-
scale industries, In spite of the fact that it gives loans to people
without requiring collateral in the form of fixed assets, its success
rate has been as good or hetter than that of the conventional commer-
cial vank which insists on fixed assets as guarantees before granting
loans.

z) Intermediate adaptation in Newfoundland

Avpropriate technology can also be important for rich countries.
This is particularly true for some of the less developed and mainly
rural areas. Newfoundland, one of the provinces of Canada, is a case
in point. It has one of the highest unemployment rates in the indus-
trialised world “n spite of significant industrial growth. The autkors
of this case siudy discuss the potential for an appropriate technology
strategy in Newfoundland and analyse in detail two specific examples:
'longliner! boats for fishing, and contrelled fish curing techniques.
The final section of this study deals with the relevance tc Newfound-
land of approoriate technolegy and long-term planning.

h) Seiar coffee dryers in Columbia

The solar dryers described in this case study are mainly used
for drying noffee seans but they are also used to dry maize, beans
and cocoa. The sun drying of coffee is widely practiced in Columbia.
About 70 per cent of the national production of dry parchment coffee
is dried this way. The reason for this is that the method is ideally
suited to requirements of the thousands of small-scale producers.
This study gives the operational characteristics and economic details
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en a variety of small-scale dryers as well as the necessary informa-
tion on construction materials. Also included are a set of seven

photographs of solar dryers currently in operation.

SUGGESTED POLICY ACTIGNS

Our experiences show that practitioners and scholars of develop-
men have become disenchanted with the existing de- elonment policies.
Thes~ policies are not only creating cultural and economic disloca~
tions, but also by-passing the large masses of the population waich
stand .ittle to zain economically from these programmes and which
often suffer severe penalties in other aspects of their lives. The
less fortunate groups of the population are left to fend for them-
selves, ari foreign aid often does them little good. If ecoromic
developmeni is toc take place, and if cultural neritages are to be
preserved, 'development from within' becomes a serious policy alter-
native. This requires working through local people, local ‘esources,
local structures, and using a technology that accommodates these
low-cost indigenous inputs.

Practiti.ners who have gravitated towards this position are
calling it the apprepriate technology appreach. Their problem has
been one of conceptualisation and communication: how can successful
but isolated experiences be shared and form an empirical basis for
a viable alternative approach? This has led us to the development
of an appropriate technology handbook, for there is today no zuthori-
tative hook which adequately covers the totality of the subject.

This handbook. which has resulted from the dedicated team work of a
widely dispersed group of individuwals and organisations, and in which
Brace Research Institute has acted primarily as a secretariat, should
be viewed as an interim step in this direction.

It is essential that this preliminary =ffort, so modestly funded,
be continued on a more organised and rational basis. There exists in
the world today a vast amount of knowledge on appropriate technology
which needs to be collected and circulated. Thz task of exploiting
this information is gigantic. With our handbook a modest effort has
begun, and it would be unfortunate if the momentum developed in this
initial phase were not carried forth. It is equally essential to
recognise that the material collected should not be restricted selely
to technical, economic and social data emanating from sources in
developed countries. The subject is universal and it has universal
implicaticns.

The lcose-leaf format of this handbgook underlines the fact thet
we are dealing with a new and dynamic concept which cannot adequately
be covered in a single book. It must be continually revised, upgraded
and improved. It has also indicated the need for future activity on
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an expanded and meore vermanent basis. It is obvious that 2 journal,
review or gome other mechanism of communication, interdiiciplinary

in nature, and in a number of different languages is alse reguired
for the interchange of ideas. The subject matter must be neither
purely academic nor essentially scientitic. The larguage should be
simple and not restrict itself to the technical terms of one particu-
lar branch of study.

If the problems of the underprivileged elements ~f the population
in tke developing areas are to be sulved, the focus must decidedly
be placed on the development of man. In order for him to progress,
he must find out what processes, technologies, equipment or teools
are used by other groups or individuals to improve the quality of
their lives and raise their standards of living. The inforusition
must be made available in a form which is easy to understand snd
hence to apply.

Cur handbook obviously has not been written for the ordinary
citizen of the developing areas of the world: ne first effort in
dealing with such relativelv new concepts could succeed in being so
universal. It is hoped however that the message will .2ach those in
an administrative, technical and catalytic capacity in boih developed
ant developing regions who can act 2= the agents of charnge. The intro-
duction of approuriate tecimology must necessarily be a slow but sure
process. Only in this way can the coverall awareness of the people be
raised, and thereby help them to develop in an autonomous way.
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ITII. THE IMPACT OF MICRO-DEVELOTMENT PROJECTS

by

Ros3 W. Hammond*

There are a great many organisations around the developing world
working on micro-development projects. These a~tivities are being
carried out in agriculture, mining auad extraction, and commerce, as
well as in the manufacturing sector. However, this paper will selec-
tiely focus on micro-development preojects related to small-scale
ind.t1rcry development as opposed to these other economic activities.

The existing body of small industries in the developing countries
exhitit: great differences in organisation, capital structure, employ-
- ment, mechanisation and product lines, in addition to operating in.
-}-@iffering-social, cultural, economic, and govermmental milieux. Hence,
‘it is difficult to generalise about small industry operations because
of fhe'diversity and complexity of the body of industries and the

"wvaryving business climates.

Regardless of these problsms, it is always desirable, and fre-
TQuently required; that an evaluation be made of the impact of a micro-
:development project, Some of the most frequently used techniques to
.‘evaluate such projects include cost-benefit analysis, direct and in-
L_7d1rect esployment generation and income distribution, capital invest-

‘ment or value added.
The sm«ll industry sector in developing countries does however

‘have a number of speciél'chafagteristics which make accurate assess—
_.ments of tne impact of micro-development projects more dgifficult.
-_Smal‘r industries are 1nherent1y hlgh—rlsk actlv1t1es.and the proporh
t;on 0f bu51ness fallures 1s considerable iBy th L ime st L dr
trles seek’ 3551stance ﬁ fu problems, 1t is frequently too 1ate fo
'effectlve actlon Thelr communicat:.one system 1§ usually noor and
'nef*ectlve.“Thﬂ small 1ndustry sector 19 geographlcally dlspersed
.“d lacks nomogeneity3.+he small and weak unlts whlch comnose 1t
produce a great varlety of grods nrlmarily for 1oca1 markets and
the1r only COMIEON denomAnator is small 51ze. ' )

=The aufhor is c“.ef of the Industrial Development Division of the ,f
‘Engineering FExperiment .St at;on, Georgia Instltutn of TﬂchnoJogy ’
in Atlanta, Georgia,jU.a.A. R : - .




The mes surable results of micro-developament efforts {(e.g.
managerial and technical assistance) with one company are miniscule
when t2lated to a whole country or even a region. Hence, an evaluation
of micro-development efforts must be an aggregate encompassing resuits
with a grea® many enterprises which have been provided with assistance,
generally on a short-term basis. This means that the resulis of a
small industry development programme are freguently slow in appearing.

These characteristics of the small industry sector raise a num-
ber of guestions which will be discussed in this paper: Is micro-
development prohibitively expensive? How can technology be effectively
disseminated? How can the visibility of micro-development projects
be evaluated? What mechanisms «re needed for more effective micro—-
developaent efforts? Can sn original target group of small industries
develop an innovative capability? Some discussion of these issues
seems appropriate. In order to do so, I will draw from the 1l8-year
experience of the Industrial Development Division of the Georgila
Ins*“itute of Technology.

THE COST OF MICRO-DEVELOPMENT PROJECTS

Direct technical assistance to small-scale industries tends to
be preoblem-oriented and short-term in nature. The problems may be
important to the industry in question, but they are normally amenable
to solution by a small expenditure of staff time on the part of the
assistance organisation. The example of one Korean metalworking firm
will illustrate our point. The technical problem facing the company
was that twe raw materials, small diameter steel rod and steel pipe,
frequently were not exactly round. As a result, the quality of the
products was poor, and the spoilage high. A simple hand~held shaving
die was designed to permit the raw material to be made truly round
before preccessing. The prototype die was designed and built in the
mechanical engineering laboratories of Soong Jun University and it
is now avzilable to other metalworking companies in Korea. Problem
identification, analysis, and the design and construction of the tool
were done in few man-days.

Qur own experience, both domestic and international, with about
4,000 companies is that small indusiry problem-solving may infreguent—
ly take considerable staff time, but that, on the average, an exvendi-
ture of two man-days is required per problem. This translates into a
cost of approximately $200 in the US economy, but much less when the
service is provided by a technical assistance organisation in a
developing country where salaries are lower.

Other evaluation methods can be used to provide an approximate
quaiitification of relative costs of micro-development projects. One
analysis we did looked a2t 429 companies to which problem-solving
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zesistancs was provided in 1972. Direct Jjobs cisated or saved in
th2ze companies amounted ¢ §,41% at the end 2f ine year. Tozal
project costs were $251,580, which amounts to z cozit of $39.21 per
job created or saved. Full responsibility feor cresting or savipg all
these jobs could rnot be claimed by the programme =since the amcunt of

services varied with each company and other develcpment organisations
were sometimes involved. However, since neither indirect Jjob crsstion
nor multiplier factors were taken into account, it is believed that
the $32.21 Tigure represents a fair evaluatien of the cost per Job.

A numher of other evaluations of micro-development projects
have been carried out and the results terd te vary. In the ageregate,
however, the conclusion of the evaluators is that the retﬁrn on the
investment made in the project is many times the cost. In fact, small
industry micro—-development orojects need not be prohibitively exnen~
sive if an experienced and well-umotivated staff is aveilable to
impiement the programme.

THE TMPORTANCE OF THE TECHNOLOGY DELIVERY SYSTEM

There appear to be three prerequisites fir a successful programme
of technclogy dissemination: reservoirs of information and expertise,
a technology delivery system, and recipients of the technology.

Reservoirs of information and expertise exist in various public
and private organissiions in many developing couniries. These include
the information banks and professional staffs of public sector organ-
isations such as ministries, state and local governments, libraries
and other institutions. In the private sector, industries often have
much information znd expert staff personnel which may be tapped
through arrangenents of various sorts. The develcpment banks can also
often serve as sources of information and assistance for small indus-
try. The extent and relative availability of such sources will vary
from country e country, but in most cases access channels to tech-
nological information exist in some measure. -

In all countries, there is also a small industry sector. These
firms, with their vazriegated and fragmented prsblems, freguently
require more information and there is no guestion that they form a
body of recipients in need of fechnical information. Even when the
technical resources exist and the small industry sector needs these
resources, the delivery system which conveys the needed information
to the recipients is usually the weak link. This delivery system nmay
exisi in full er in part, or it may even be totally absent.

In some developing countries, programmes of technical assistance
to small industry have been set up by the government but the mechanism
is oftern imperfectly developed. In one such country, technical assis-
tance personnel were placed in a number of major cities to provide
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varicus problem-selving services to small industries. However, these
beople were not provided with automobiles or other means to visit the
small firms in the relatively large areas assigned to them. Apparently
the assumption was that the entrepreneur in need of assistance would
find his way to the assistance office. In our exverience this does

not happen: entrepreneurs will not or cannot travel leng distances

to seek essistance. As a result, the industries in the immediate

proximity of the urban offices re:zeive advice and assistance, while
those farther removed are as isolated from assistance as ever.

A technolegy dissemination svstem is only as good as its staff
and i.. many places of the world gocd personnel are in short supply
or even non-existent. The well-recognised need for training industrial
extension personnel remains unfilled in many developing countries,
thus perpetuating inadeguate technology delivery systems.

While the situation varies considerably from country teo country,
the fellowing conditions have to be met if a technology dissemination
programme for small industry is te be effective:

- Technology needs and possible sources of information must be

carefully identified;

~- The authority and responsibility to act as a technology

delivery system must be clearly assigned to one or more
well-motivated organisations;

~ The delivery system organisatiens need some separate and

irdependent source of funding since the small-scale industry
sector in most developii g countries cannot support the costs
of technology disseminationg ‘

~ The delivery system organisations must have developed or at

least must be in a position to develcn an expec—ienced and
trained staff which is results-sriented;

- A reliable evaluation procedure must be established in order
to permit the assessment of results.

THE VISIBILITY OF MICRO-DEVELOPMENT EFFORTS

Cne of the inherent difficulties in increasing the visibility
of micro-development efforts is that the results of any one technical
assistance project for a small enterprise are rarely startling or
momentous or even newsworthy. If, as a result of a micro-development
effort, a company is able to hire 10 new employees, double its produc-
tive cepacity, increase its profits or develop some new p.oduct, the
impact is still small in the total picture of the developing country.
It is only when the results of many such activities are considered
that a substantial impact can be demonstrated.

By contrast, the funding and development of a large steel mill,
textile plant, or shipyard is a more visible and glamorous project
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from vhich the government can obtain considerabls press coverage and
recegnition. It is therefore not surprising if such large-scale
projects, which usually invoive foreign capital and technical assis-
tance, receive preferential consideration by the governments of many
developing countries.

Efforts to strengthen and build up small and medium firms, which
are more likely to be locally-owned and managed by local people, tend
toc strengthen indigenous industrial and technological capabilities.
Developing couniries are beginning to realise the importance of a
domestically-owned and operated industrial sector, and there is today
a greater willingness on the nart ol governments to extend financial
assistance and technical support to the small industry sector. However,
the basic problem of visibility still remains, and it is only when
many micro-development results are apggregated that impressive statis-
tics related to the generation of employment, capital or income can
be demonstrated.

THE CONDITIONS FOR A SUCCESSFUL MICRO-DEVELOPMENT EFFORT

The effectiveress of the mechanisms désigned to stimulate the
small- and medium-scale industry sector in th2 developing countries
is very variable. Success or failure depend upon such factors as
organisational structures, level of funding, staff capability and
motivation, and ease of access to technological information. However,
the truly effective miere -development programmes usually owe their
success to the presence of four institutional elements.

The first is the existence of governmental programmes arising
out of a recognition by governments of the importance of small indus-
tries, and aimed at providirg incentives and support to small firms.

The second is the existence of institutional mechanisms, both
public and private, to analyse and solve micro-development problems
and to disseminate appropriate techncicvgy to recipients through
industrial extension activities or other means. An essential element

" here is the presence of public or private lending institutions which
have some respomsibility for, and which are willing to work with,
small industries.

The third is the existence of informational systems, which serve
as data centres and provide access to R and D information from many

sources, either as part of the institutional mechanism or available
to it. An essential element of such informational systems is a
‘current awareness capability' to ensure that information is avail-
able on recent 4developments in markets, products, processes, or
equipment.

The fourth element is the existence of a personnel development
system which provides continual personnel training (formal and
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informal} and upgrading, in addition to field experience, This is
usually, but not necessarily, done through an instituticnal or tech-
nical assistance scurce.

THE DEVELOPMENT OF AN INNOVATIVE CAPABILITY

Innovative capabilities in the small industry sector do not
appear as frequently as in larger industries. Occasionally, small
entrepreneurs will demonstrate their innovativeness in the design
of equipment, new products or new processes. This however is largely
a reflection of individual ability and the nature of small industry
activities is generally inhibitive to innovation. Most small firms
are dominated by one entrepreneur who assum2s all the managerial and
technical responsibilities for running the company . The difficulties
of day-to-day operations do not usually give the average entrepreneur
enough time or opportunities to be greatly inno’ative. The larger
firms by contrast employ staff personnel who have the responsibility
for staying abreast of changing conditions and looking out for inno-
vation.

This type of staff support is largely non-existent in the small
industry sector. Wken an entrepreneur does develop an innovation,
this innovatisn is generally not made available to other companies
which might benefit from it. This may be due to the fear of competi-
tion, the absence of institutional mechanisms to disseminate infor-
mation about innovation to other companies, or to any number of other
reasons. However, when an innovation occurs in a wider institutional
frameworX, the barriers to the diffusion of the innovation to small
firms can be eliminated. For example, the low-cost rice machinery
developed by the International Rice Research Institute has been made
available to all interested manufacturers and is now in production
in 2 number of rice-growing couniries(l).

Another example is that of the 66 small metalworking industries
in the Yong Dong Po area of Seoul, Korea. These firms are linked
together in a tightlv-knit association. In such an organisational
framework, innovations developed by one company can be disseminated
te others through the association. This, however, is an umvsual
arrangement which is not often encountered in developing countries.

Can a target group of small industries develop an inncvative
capability? In the absence of some special organisational arrangement
such a question usually has to be answered negatively. An arrangement
of this type would ideally reward innovation and provide a vehicle
for dissemination of information about the innovation. It would also

1) See Amir U, Khan's paper "Mechanisation Technology for Tropical
Agriculture" in this book.
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assist in the adaptation of innovation to suit differing conditirns.
In many developing countries the industry sector is an important
contributor to employment and income distribution. It is also usually
a training ground for indigenous entrepreneurs. For these reasons,
it deserves more government support than it is presently given in
some countries. Qur experience suggests that properly motivated and
staffed public and private assistance organisations can provide
meaningful managerial and technical assistance to this sector at a
relaiirely low cost, and using the existing infrastructure of tech-
nology and expertise.




IV, INDIA'S EXPERTIENCE AND THE GANDHIAN TRADITION

by
¥*
M.M. Hoda

INTRCDUCTICN

Whenever we think andé talk of development in the poorer countries
we must be clear in our minds. Are we concerncd only with increases
in per capita income, a more favourabie balance of trade and higher
production of steel, cement and electricity? Or do we want to develon
the downtrodden masses living in the two million villages of the
Third World? The real measure of development iz the degree of well-
being achieved by the &5 per cent of the people living in the villages
and there should not ke any controversy that the central aim of any
development effort is the eradication of poverty and the rrovision
of better living standards for the masses.

Most development plans however focus on the urban centres,
reflect urban values and have largely by-passed the rural areas.
There are very few effective development schemes for the villages
and it is not surprising that the standard of living in the rural
areas is declining, the village structures breaking-up, and migration
to the cities increasing in a dramatic way. Unless this trend is
reversed, real development in the poor countries cannot take place.
The sophisticated and highly capital-intenszive technology invented
and used in the cities is unable to solve the probiems of the poor
pecple and we have to look for a technolegy which is less expensive,
more labour—-intensive and more appropriate to the situation of poverty.

TECHNOLOGICAL CHOICES AND APPROPRIATE TECHNOLOCY

The technological choices facing the developing countries have
generally been polarised between (a2} modern technology imporced from
the industrialised nations and (b) traditional indigenous technology,

* The author is the head of the Appropriate Technology Development
Unit of the Gandhian Institute of Studies in Varanasi, India.
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whi<h is primitive, inefficient and wasteful of skill and resources.
There has been very little interaction oetween these two types of
tecimology and they have evolved on two completely different planes.
Technology can be defined in terms of capital cost per work
place. The indigenous technology <ay be called symbolically the
'£1 technology', while the Western technclogy could be called the
*£1,000 technology'. The gap between the two is so enormous that =2
natural, organic transition from one to the other is impossible. In
fact, the introduction of £1,000 technologies has killed off tradi-
tional work places in villages at an alarming rate without providing
any alternative employment for the millions who lose their liveiikocod.
The village oilmen, potters, cobblers and weavers driven out of busi-
ness by the competition from the oil mills, ceramic plants, shoe
factories and textile mills, are Jjoining the unemployed labour force
in the big cities. Their £1 technologies are grossly inefficient and
the Western £1,000 technology is too expensive for them. It is meant
for those who are already rich and powerful. If effective help is to
be given to those who need it most, it reguires a technology which
is more appropriate to the conditions of poverty, and which would
range somewhere between the '&£1 technology' and the '£1,000 technol-
ogy'. This may again be called, symbolically, the '£100 technology'.
It would be more productive than the primitive indigenous technology,
but at the same time immensely cheaper and easier to manage than the
sophisticated technolugy of modern large-scale industry. Intermediate
technology can help to create much larger numbers of work places with
existing capital resources and meet the needs of the poor in the
villages. It should be small in scale, simple in use, rich in emnloy-
ment opportunities, sparing of natural resources and non-violent in
spirit. ’

INMDIATS RURAL DEVELOPMENT EXPERIENCFS IN PERSPECTIVE

The need to improve the technological level of traditional
village industries, acute as it may be, is not an entirely new prob-
lem, and India has witnessed many attempts to meet it in the past
hundred years. In the 189G*s quite a few centres for rural develop-
nent were started up in various parts of the country. They represented
a systematic effort to promote the development of specific rural
comnunities through the conscious application of technical knowledge.
By the end of the 1940's, a number of such projects embodying impor-
tant principles and approaches of community development were in
existence all over India. Some of them had been initiated by provin-
cial governments and princely states, others by private orgenisations
or grest individuals, including Christian missionaries. The mission-
aries who started their activities in the mid-19th century played
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& great role in bringing this development work (including educatinn,

hosoaitals and training in industry) to the remote and mostly tribal
areas of the country. Later on, Gandhian workers and independent

voluntary associations were to take the leading part in this effort.
Most of these experiences could have provided important guide—
lines for present-day planners. but no attempt has been made to know
more azbout these plans and to learn the lessons from them. These
projects were all systematicaily planned and scieutifically conceived.

They pioneered rew methods of working with people in rural communities
and made adequate use of industrial and agriculitural technology. All
the great Indian reformers, like Tagore 2nd Gandhi, saw this very
clearly. Before *hem (1885), Maharaja Sayajirac Gackwad TII of
Baroda and his »rime minister Raja Sir 7. Madhav Rao had carried
out their great experiment in Baroda for rural development. Tagore
established a "Shilvz Bhavan' (community) in Sriniketan and trained
artisans in new *tsoimelogies imported from far and wide. More than
any one else, Mahatma Gandhi made it a movement, because he bhelieved
that "If villiages perish, India perishes tooc". He organised the AllL
Indiz Spinners' Association and the Ali-India Village Industries
Assnciation. He made the 'charkha' (the spinner's wheel) a symbol of
new village technology ana started a systematic study of all the
village industries with a view to improving their technology and to
ziving them new dignity. Gandhi had appeinted many experts tc develop
viilage technolegies, which would help artisans and craftsmen to
improve their productivity and efficiency. Men like Maganlal Gandhi,
Satish Chandra Dasgupta and Jamnalal Bajiaj carried out their research
work and designed suitable machinery for spinning, weaving, oil
extraction, leather work and tiie use of carcasses. ‘'Ashrams' (rural
development units) were set up by Gandhi at Sabarmati, Ahmecabsad,
W¥ardha, Sodepur, Bardoli and cother places.

After Independence (1947}, Gandhi with the help of Dhirendra
Cr. Mazumdar and others set up a chain of village industrv complexes
1ike Sewapuri, Beénaras, Khadigram and Monghyr to train workers in
improved technologies and make them qualified to set up smail indus-
tries in their own villages. He also called on the State governments
to try to make villages self-sufficient in their own needs for cloth,
¢il, shoes, etc. and thereby reduce their purchases of consumer goods
manufactured by urban industries. As a result of Gandhi's effort,
There are at least one thousand such units set up in various parts
of the country. Men iInspired by Gandhi carried his torch alight after
his death. J.C. Kumarapa and Dr. Gadgil, known as Gandhian economists,
elaborsted his ideas further and pave it a concrete shape. In 1956,
a 'CSarvodaya' plan {community development plan) was prepared, which
can be said to be a true village development plan. Acharya Vinota
Bhave and Jayaprakash Narayan provided the leadership for the work
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o? village deveiopment through the Sarvodaya movement. In fact, the
village development programme has become an article of faith for all
Gandhian movements in the cecuntry.

In 1963, Dr. E.F. Schumacher, s British economist and former
adviser tu the British Coal Board, visited India at the invitation
of the Planning Commission and Jayaprakash Narayan. He was influenced
by the Gandhian ideas of industrialisation and technology, adanted
ther to modern needs and turned intermediate technology into a world-
wide movement. In 1956 he set up with other like-minded people the
Tntermediate Technology Development Group in Londen to collect infor-
mation osn such technologies which would be really bencficial to the
rural areas of the developing countries. This was the first organis-—
ation of its kind in a developed country which advocated cheap,
inexpensive and labour-intensive machines and equipment for the
developing countries, instead of sophisticated, modern and hignly
capital-intensive machinery.

Schumacher's movement of intermediate technology gave a new
lease of life to the concept of village development and the Gandhian
movement, reinforced as exvoe:-ted by Schumacher's ideas, took a lead
in giving a new meaning ar_ - scientific backing to the rural develop—
ment vrogramme. The Gandhic- Institute of Studies, set up by Jaya-
prakash Farayan to conduact research on social science problems in a
Gandhian perspective, advocated the view that technology could not
become meaningful for the poor masses if it was not confronted with
the general sccial and economic guestions facing the country and
made aware of its deep-seated rural problems.

The Candhian Institute of Studies has taken an active interest
in intermediate technology and organised many seminars on the subject.
Later on, it decided to establish an Appropriate Technology Develop-
ment Unit in the voluntary sector. This dream was eventually realised
late in 1972 when such a unit was set up at Varanasi in co-operation
with the Intermediate Technology Development Group of London.

THE GANDHIAN INSTITUTE'S APPROPRIATE TECHNO%OGY TEVELOPMENT UNIT

This Unit was set up with the zim to develop, crystallise and
make visible the appropriate technologies that will really solve the
problems of the poor in India. One has %o identify what the problems
_of poverty are and find solutions which fit into the conditions of
poverty. Technology must have a social gutlook. In India modern tech-
_nology has now reached the point where the establishment of an averége
work place in.industry costs between 20,000 and 50,000 rupees (£1,000 -
£2,50). We have to develop technologies which regquire somewhere
berwssn 2,000 and 5,000 rupees (£100 ~ £250) for setting up a work-
v.:0e. This means ten times more jobs for the same capital expenditure.
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The purpose of the Unit is to re-orient all such agencies,
institutions and leaders which are engaged in the tasks of socdia?! and
economic developmént of the rural areas to take up this new progr-wme
of work. It co-cperates in this task with a2li :.o0se concerned, b-
they government departments, the Plamming Commission. industrial
corporations, big and small, or international agencies; but its wrior-
ities are clear: it is the voluntary sector and the voluntary move-
ment in the rural sector which are of central concern. The Unit is
interested in the improvement of ind?~enous industries, village tech-
nologies and small industries, inu it is concerned with ail the
spheres of village activities (agricultural tools and implements,
food processing, material handling and transport, water and irriga-
tion, decentr .ised sources of ower and energy, construction, animal
husbandry, h- . h and hvgiene, .ducation and training, community
living and ¢ -ure). Emphasis : 111 also be put on the introduction

of appropriate hechnelogy inte the curricula of primary and secondary
schools.

Trhe Unit 7 roposes to become a 'knowledge centre'! where informa-
tion on such t. :hnologies can be pocled and farmed out to those who :
reguire them co oromote research, design snd development in this field.
One of its first priorities is to motivate the srientists and the
technologists, the students and the teachers of the universities,
engin2ering institutions, polytechnics, Institutes of Technology and
other ressarch and scientific instituticns to carry out the work on
appropriate technologies to help the poor rural communities in India.

The Unit also intends to set up a university liaison unit, which
will include besides universities all technical institutiens, poly-
technics and research institutes. The teaching staff in these organis-

ations will have to draw up original topics for student projects.
With its contacts in the field, the Unit should be able to submit to
them: interesting and valuable challenges that are directly related to
the real problesns of the poor.

With the active help and co-operation of the Intermediate Tech-
nology Group in lLondon, similar types of work are being done in many
other developirsg countries. The Unit at Varanasi will be 2 chain in
this international "system and through communication with other centres
will try to c¢btain the mosi recent knowledge and bring it to the

notice of the Indian people. But teo be useful as a link in the inter-
national chain, it will have to get the work done in India in order
to influence research and development work in the country.

THE RELEVANCE AND IRRELEVANCE OF RESEARCH TO DEVELOPMENT

The record of foreign assistance to the less developed countries
in the last two decades is so inadequate and lopsided that the
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ceveloping worid would have been bet er off wifhout such assistance.

The present level of aid is only ¢’ ~arginal significance and conmes
with so many project cenditions, - .ing of aid, foreign consultants
and sophisticated technology that it saps the initiative and ireec-a
of action of the developing world. The developed countries are only
interested in selling their turn-key projecis. nuclear power statioms,
supersonic aircrafis and of course armaments and defence equipment.

Science and .echnology in the industrialised cowmiries are now
progressing at an ever faster rate due *n the huge resources at their
disposal. This activity is naturally {irected towards the interests
of the developed countries themselves. Only to a vary miner, slmost
infi=itesimal, extent does it have a pearing ¢~ problems of direct
importance to the less developed couniries. Sclentific and techno-
logical advances in the West are having an impact on the Third Werl
countries that is detrimental to their development prospects. Most
of the technical innovations of the late 18th and 19th centuries
were mechanical inventions, which were simply the result of harness-
ing the traditional skills of blacksmiths, cleck-maerers, millwrigh*s,
etc. Nowadays inventions grow ircreasingly out of basic discoveries
concerning the structure of matter and energy, chemical processes,
metallurgy and so on. The successful adopticn and adaptation of
present-day technology requires a much greater knowledge of general
science, which in turn reguires enormous expenditures in equipment
and instruments.

Research in the developing countries Zs too much under the spell
of Western science aind technology and often its ambition is to produce
results more in line with the Westernm traditiorn than with the needs
of the developing countries.

The scientists and techknclogists of the poor countries are
engaged in solving the problems of rich societies. This phencmenon
affects the peor countries in two ways. In the first place, highly
educated and trained persons migrate to the West and all the money
spent on their education and training is lost to the nation. The
responsibility for this situation iies with the kind of training and
education they are given, for it makes them misfits in their home
country. Secomndly, even if they de not migrate they are mostly
engaged in a highly sophisticated research work, which is relevant
only to the industrialised countries and the modern Westernised
sector of their home country. The poorer people, who in India con-
stitute 90 per cent of the population, deo not benefit from thLis
research and this is one of the reasons why develorment of the broad
masses is not taking place.

If the industrialised cwuntrieg are seriocusly interested in
helping the less developed c¢ountries with more appropriate technolo-
gies, they will have tc¢ increase their research activities and direct

- 169




them towards the problems which seriously concern the less developed
countries. This would imply aid of another type and on a larger scale
than anything that has been done previously or contemplated until now.
The real needs of the people will have to be studied in depth, then
techniques and processes evolved to help them to work more efficiently

“QJand effectively. In agriculture, for example, studies are needed about

the nature of tropical soils and their reactions to different rainfalil
patterns, about drainage, irrigation and fertilisers, about improved
seeds, animal stocks, grazing pastures, cropping patterns, the use i
.of agricultural implements, the prevention of plant and animal diseases,t
fne storage and preservation of perishable products. Much more research
should go into the planning of irrigation schemes, and greater efforts
should be directed towards harnessing solar energy and wind power
instead of concentrating on large thermal, nuclear or hydraulic power
stations. Similarly there is a need for research inte small village
irdustries, low-cost housing, food preservation, grain storage, tex-
tiles, animal husbandry, etc.

FCOUR STRATEGIES FOR INTERMEDIATE TECHNOLOGY

The technical approach to appropriate technology must be based
-on the fundamental questions: "What are we really trying to do?"
"What are the real needs of the community?" "What are the obstacles
" that prevent soiutions te these problems?" "What, then, is the most
~appropriate way of acting?" Appropriate technology should be neither
a second best, nor an outmoded technolegy but a solution that fits
 :best the local requirements. Four solutions can be envisaged, and a
successful innovation policy would probably include some elements of
all four. These solutions are:

- the reviving of an old technology,

~ adapting a current one,

- inventing a new Gne,

'J— improving the traditional indigenous technology.

_ ) Rev1v1ng
;.:'f Some pecple may think that the methods of the 19th century
;englneers, when labour was plentiful and the large-scale industrial

rfdeve;opment in the Western world juct beginning, are suitable to the
"needs_gf less developed countries teday. But, of course, the reguire-
__méﬁts_afeichanging fast and the conditions in the developing countries
‘are not exactly similar to those of Western countries at any past
;”stage of their development. However, some of these are marvellous
* techno1ogies, eaven from modern standards, but they were by-passed

;by other technologles. By-passed technologies can make a contribution




Vand-éhnw unusual ways of solving a problem. It may he desirable to
“:go for the simplicity of gervicing and vepair cof 19th certury engin-
Leers without blindly copying their technelogy. Water wheels and wind

mills, for example, were abandoned in the 19th century as a result of

the introduction of steam engines, electriciiy and internal combustion

fengiﬁes, But with today’'s energy erisis they can bz made to serve a

usefdl purpose again.

b) Adapting

. A current technology can be made mwore appropriate simply by

o removing the labour saving elements. Substituting a hand lever for
“"an elecetric motor represents not just a financial saving but also an

employment oppcrtunity. More important, it extends the application

of the equipment to unelectrified areas and considerably simplifies

the problem of maintenance. The appropriate technology answer is not

to be found exclusively in smail-scale industry, although this might

appear at the upper end of our spectrum. l

Scaling~-down of a few important key industries such as cement,

.. sugar or newsprint, can alsc be immensely beneficisl to the less

'j:develqped countries. This would help decentralise industry and reduce
‘. transport and distribution costs. The problem of depletion of resources -

“and pollution could alseo be minimised.

“.¢) Inventing

There is a considerable scope here for both new research and a

' fb1ending-of past and present technologies to evolve new designs. The

statement of needs and definition of the problem will have tc come
~from the developing countries themselves, but the solution can come
f:frem_the industrialised countries and their highly sophisticated
‘research institutions. This-appfqach would direct the best of modern
scientific knowledge for the benefit of the poor people of the less
Jdeveloped countries. This could inciude information on new materials,
'technlques fc* worklng them or: the’:ways in which work is organlsed.
‘New 1nventlons can scmetlmes be dlrectly adopted 1n developlng coun :
ries on a small “scale; because largewscale introduction would need :
;enormous amounts “of money and the scrapplng ‘of costly machlnes Blo—
e_gas plants and utlllsatlon of solar energy can be’ 1nc1uded in: thls
'.categO“y Balasundram 13 wordlng -on, open—end Splnnlng whlch 15 the*
1 test, technlque developed in the world.. S

d) Imgrov1ng the 1nd15enous technologx : -

_ ' Thls approa\h w111 be most productlve in the developlng countrles
_themselves All the 1ndustrles and crafts wh;ch exlst 1n the v111ages
and sma]l towns could be studied systema lcale, and an organlbed :




effort be made to improve their efficiency and productivity. This
should be done with the help and assistance of research institutes
using modern equipment and the best of modern scientific knowledge.
The Western research organisations can also help in this to some
extent. This approach has been given great attention in India by the -
Khadi and Village Industries Commission. Individuals and some private LA
organisations have also worked in this field, like Balasundram in
Coimbatore, Mohan Parikh in Surat, Manibhai Desai in Poona and Anna
Sahib Shastrabudhe in Wardhsa.

THE DESIGN CONSTRAINTS OF INTERMELIATE TECHNOLOGY

Technology should be designed according to the needs and abili-
ties of the poorest people living in the villages, the small towns
and the slum areas of large cities. The people in the developing
countries are orften net used to the constraints of industrial disci-
Fline and regulated life. Other factors to be considered are the
educational level, cultural norms, religious susceptibilities and
habits of the population, the local climate and geography (humidity,
temperature, rainfall), commmication problems, energy and water
resources and availability of raw material and spare parts. &4 lot
can also be done by making use of the local traditional skills.

Bearing these constraints im mand, one can try to elaborate the
concept of a '£100 technology' and envisage the development of indus-
try on three levels:

a) home industriss with an investment per work place of some
£20, using local materials and operated essentially by
individual entrepreneurs in the villages. Information about
such technologies must be given in local languages and
through pictures;

b) village industries with an investment per work place between
£100 to £200. Such industries can be set up with the help of
village co-operatives and government extension workers.
Information can be supplied in local languages and Hindi;

c) small industries with an investment per work place between
£1,000 and £2,000, This group prebably represents the upper
1imit of the appropriate technology spectrum and includes
industries working for large urban markets.

INFORMATION, COLLECTION AND DISSEMINATION METHODS
One of the very important problems today is to esteblish a

communication channel at the level of appropriate technology. Any
small improvement in modern technology, like steel manufacturing,
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air transportation or nuclear power is immediately known all ove~

the world, but there is no channel through which improved technolo-
gies for villages developed in one part of the worlid is known to
another. Such technologies exist in thousands of places, but there
is no communication. It is useless for devoted village level workers
te reinvent the wheel. If in a village someone is doing absolutely
first class work and has invented some new tools or processes, the
shancss are that twenty miles away, no one knows about jit. We there-
fore need a communication system with 'knowledge centres'. There
must be an organisation acting on an international level as &
knowledge centre to collect and redistribute information on &
world-wide basis. But there should alsc be such knowledege centres

in every developing country to obtain information from abread and
disseminate it to field operators. This must be a two-way traffic,
and the problems encountered in the field must be brought tc the
knowledge of the national and international organisations. The field
operators must be trained in the art of identifying 'knowledgze gaps'
and 'information gaps'! and then the central organisations can be
more specific in their search for new technologies.

The dissemination of information about what is available in
machines, tools, plants and equipment, processes and new techniques
could be decne through government agencies. Informaticn could be
supplied in local languages, with properly illustratec charts,
pictures, posters, diagrams, and pamphlets. Extensive u=ze of mass
media (television, radio and movies) must also be made. In addition
to that, fairs and exhibitions can be organised to demonstrate the
uses of new eqguipment, new techniques and processes.

LOW-COST TECHNOLOGY AS A POST-INDUSTRIAL TECHNOLCGY

The meaning of intermediate or appropriate technology has been
aptly summarised by Gandhi. Soon after the independence of India,
Prime Minister Nehru went to the small West Bengal village in the
Noakhal: District where Gandhi was trying to bring about communal
harmony. Nehru went there to seek his advice and guidance on how to
run the administration and the government. "Just keep one smsll thing
in mind", said Gandhi, “when you are taking any action or making any
decision, try to Judge how this action or decision is going to affect
the poorest of the people in the country®.

Intermediate or appropriate technology should similarly be a
technology to serve the poorest of the peopl~ and its impact on the
masses should determine the appropriateness of the technology. For
the developing countries, in many cases it provides work and also
dignity to work. Cne of the lowest of untouchables cast in India
are the 'Chamars' who deal with hides and skins. They have to do the
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dirty work of removing the dead bodies of the animals, disposing of

the flesh, flaying and tanning their skins, and making various arti-
cles out of the skin, bones and horns. If some improved technology

is provided to them, for instance pulley blocks for lifting and load~
ing {instead of carrying the carcass on their shoulders), wheelbarrows
for carrying, gloves and gumboots to deal with the dirt and filth, it
would immensely raise their dignity in addition to making their diffi-
cult task easier. Similarly in every field, some simple technology
shculd be provided to the poorest men of the developing countries.

The governments of the deveioping countries should therefore

take a major policy decision tc support the village industries and
its technology by providing them with the following concessirns:

a) All the village industries should be assured a regular
supply of cheap raw materlals and they shnuld be protected
from the large industries which are devouring raw materials
from the village and forest areas.

b} Regearch institutes should be set up exclusively for develop~
ing appropriate technologies for the village crafts and
industries.

¢) A very intensive scheme of educaticn and training for the
technologies of village crafts, agriculture, irrigation,
communication and culture, etc. should be started.

The whole system of education should be oriented towards
achieving this objective.

d) Protection should be given to the village industries: the
large-scale industries operate with the help of cheap
electricity, cheap transport, cheap foreign exchange,
skilled personnel trained at government expense and high
tariff protection against foreign competition, but none
of these facilities are available to the village industries.

e) The village industries should be given support for the
preparation of feasibility studies for market research,
marketing and the development of a service infrastructure.

Due to the present energy and resource crigis, intermediate or

appropriate technology has become a survivai technology for bhoth
developed and underdeveloped nations. Tt is probably the only means
through which we can raise the general standard of living of the poor
communities and it will also help to restrain the industrialised
countries from overspending the meagre resources of energy and raw
materials we are left with. I think the bicyecle exemplifies this

very clearly. For poor countries where people have to walk miles on
foot and carry heavy loads, it represents an enormous advance. For
the rich countries, particularly in the overcrowded and over-polluted
cities, it also becomes a major advance to save them from congestion
and also psllution from fumes of the automobiles. Thus in a number




of areas, intermediate technology represents a sort of converging
point for richk and poor countries and aiso for a life of equality,
seace and permanence in the whole world. In this sense we night view
it as a post-industrial and post-modern technelogy.




V., THE SCALING-DOWN OF MCDERN TECHNOLOCY:

CRYSTAL SUCAR MANUFACTURING IN INDIA

ty
M.K. Garg*

Prior tec 190%, the most commonly used sweetening agents in India
wvere two prnducts manufactured by the age old iidigenous technology:
'khandsari' - a sort of raw sugar which has te be further purified
far direct consumption - and 'gur' or 'jaggery'! - a concentration
product of *the whrle cane juice without separation of mclasses. In
1505, importrs of crystal sugar started from Java in the then Duteh
East Indies. Initially, there was saome resistance to this new product
but graduaily imports began to grow, reaching a maximum figure of
half a million tons annually valued at £10 miilion sterling.

The wmodern large-scale vacuum pan technoiogy for manufacturing
crystal sugar was introduced during the First World War. Up to 1932
its progress was rather slow due to the very keeh competition with
the imported crystal sugar from Java. In 1932, the Sugar Proiection
Act was passed and the excise duty on imported crystal sugar sub-
stantially increased. Thereafter the industry grew rapidly and in
1975 there were 222 large-scale vacuum pan factories in operation
in India, producing close to five millicn tons of crystal sugar.

This modern sugar industry occupies an important place in the
national economy. It employs some 200,000 persons and contributes
about £50 million sterling to the national exchequer in taxes. To
meet its requirements in machinery, six companies are manufacturing
equipment in co—operatimm with foreign firms; their technical link-
ages however are limited to a few special fields.

THE iMBALANCES CREATED BY LARGE-SCALE TECHNOLOGY

In 1931-3¢ the large-scale sugar plants were consuming 6.6 per
cent of tke teotal cane grown in India. At present ther consume on an

*

The author hes been werking as a specialist on rural industries in
the Planning Research and Action Division of the State Planning
Institute in Lucknow, India. He is currently the hcad of Garg

Consultants, a consulting firm specialising in approoriate technology.
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average only 28 to 30 per cent of the cane crop. The main reason for
this low coverage is basically the agricultural pattern of India.
About 85 per cent of the land holdings are below one hectare. Sugar
...cane is the most highly paying cash crop; not only dees it bring in
._higher returns per hectare but it can withstand the vagaries of
nature much better than any other crop. As 2 result, the small land
holaers strive to use part of their land for cane. In 1971-72 there
were 20 million farmers producing 129 million tons of care on 2.t
million hectares. The cane crop is widely scattered and the opporiuni-
ties for establishing the intensive growth areas required by the
large~scale mills are limited.
The modern mills get their supplies of cane at a2 price which

ig fixed by the government. This price normally gives & ©° o 40 per
cent higher return to the farmer than the other means spagal of
cane crop, i.e comversion to gur by the farmer himsei - the sale
to the declining khandsari industry. The cane growers .. the mill

areas are much better off than those in the non-mili areas. Naturally,
this has led the latter to ask for more remmerative arrangements for
the disposal of their crop.

With the diffusion of intensive cropping cvcles (two to three
crops a year in place of the normal 2ae or one and a half) the farmer
no longer has the time to crush his cane for making gur by bullock
power and wants to save his bullock power and his labour for intensive
farming wiich is more remunerstive than gur or sugar processing. This
has created a strong movement in non-mill areas for the cash sale of
cane.

In the mill areas the situation has become egqually complex. In
order to meet the fluctuations in cane yields, slightly bigger areas
were allotted for the sugar mills to obtain their cane supplies.

There have been increases both in the area under cultivation and in
the yield per hectare: the land area under sugar cane has nearly
-guadrupled during the iast 40 years (from 635,000 hectares in 1931-32
~“to 2.6 million hectares in 1971-72) and the availability of fertilis-
ers énd better irrigation have increased the aversge vield from about

30 tons per hectare to 45 tons.

The increase both in area and yields has heen proportionately
higher in sugar mill areas than elsewhere due to the intensive cane
development work done by the sugar mills. As a result the cane avail-
able in these areas is at present about 175 to 180 per cent of the
installed capacity of the mills The mills are forced to extend their
working days from 120-140 to 200-220, well into the hot summer season
when recovery rates go down. Even then, the complete crop often cannot
‘be entirely crushed and in scme years even has to be partly destroyed.
This has resulted in a strong demand by the cane growers of mill areas
for alternative means of disposal of their crop.
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THE DEMAND FOR A LOW-COST MINI 7£CHNOLOGY

The imbaicnces brought about by the modern crystal sugar indus-
try have created a demand for an alternative technology. Four groups
are directly interested in such an innovation: the eane growers in
areas where there are no mills, who want to get a vettier return from
their cane crop and sell their cane instead of crushing it by bullock
power; the cane growers in sugar mill areas who want a means of dis-
posing of their surplus; the rural khandsari manufacturers who want
to stay in business; and finally the government which is trying to
find an outlet fer the periedic surplus of cane.

The problem of developing an alternative technelogy which would
eventually allow the cane growers to get the same price as that paid
by the large-scale mills was referred to the Planning Research and
Aciion Institute in 1955. The aim of this Institute, which was set
up by the Government of Uttar Pradesh in 1954-55 with a grant from
the Rockefeller Foundation, is to carry out action-research for
improving and developing techniques for rural aress both in production
activities and in home living.

A team was set up in 1955 under the leadership of the author to
study the three main aspects of the problem, namely product selection,
technology and organisational patterns.

The inherent strength of a large-scale technology is that its
products meet the requirements and needs of pressrt-day society. By

contrast, the old indigenous technologies in developing couniries
tend by nature to produce only a particular type of product which

is going out of use and which does not fully meet the new require-
ments of the market. This fact is not usually given enough weight in
the various schemes for renovating and improving indigenous technology.
Most of the attempts in this direction on the parit of research agen-
cies seek to improve workability, introduce new tools and increase
preductivity. As for the govermment, it tries to improve marketing
methods and provides financial measures for survival. Needless to
say, such efforts have not been as successful as expected in putting
traditional technology on its feet. To give an example, no improve-
ment in lime technology can make lime take the place of portland
cement. Unless the traditional low-cost lime technology can be geared
up to produce portland cement, its future remains in doubt. 0ld
indigenous technologies can, however, be one of the most promising

bases for new low-cost technologies, provided proper attention is
given to product selection.

Jaggery is a concentrated vroduct »f the whole cane Juice; it
contains about 80 per cent sucrore or cane sugar. Khandsari sugar is i
a powdery, yellowish product containing 94 to 98 per cent sucrose. I
The increasing preference of the Indian consumer for white crystal




sugar f{which contains 99.9 per cent of sucrose) led to the decline

of the khandsari sugar industry, but the anrual consumption of white
crystal sugar in India is still very low: only 5.8 kg per head, as
against some 50 kg in developed countries like tkz United Kirgdom,

the United States and Canada. The low consumptirn of crystal sugar

is partly due to the fact that a sizeable part of the rural vpopula-
tion uses jaggery, not only as a sweetenirg agent, but alsc as a food.
However, even in remote rural areas, the use of white crystal sugar

as a sweetening agent for drinks or for making sweets is increasing
steadily.

The problem as viewed by the team of the Planning Research and
#sction Institute wz2s not to improve the existing indigenous tech-
nology but to find or develop a technolog; for manufacturing crystal
sugar on a small-scale, comparable in quality and competitive in

production costs with large-scale sugar technology, if not on an
absolute basis, at least in special circumstances or locations.

THE COMPARATIV® JIFFICIENCY JF MODERN AND TRADITIONAL TECHNOLOGY

The manufacturirg of sugar consists of four stages: the extrac-
tion of juice from sugar cane (cruraning), clarification of the juice,
its evaporation and congentration into masscuite and finally the
formation of crystals and their separation from the masscuite to
obtain the final product. The team wade a detailed study of the
various types of plants and eguipment available for carrying out
cang processing on a small-scale and compared their efficiency with
the large—scale plant and machinery. It also studied the principies
and practices which help to grow crystal.

This work showed that with the large-scale technology, only
10 per cent of the sugar is lost at the crushing stage. With the
existing small-scale technologies (bullock crushers and 3- or 5-
roliler power crushers) used in the indigenous kKhandsari industry,
the losses are around 30 per cent, i.e. three times higher.

Clarifications in the large-scale technology is carried out by
chemical agents, principally lime which is used alone or in combin-
ation with sulphur dioxide or carbon dioxide. The three large-scale
clarification methods {defecation, lime sulphitation and lime carbon-
ation) remove between 35 and 60 per cent of the non-sugar component
of the juice. By contrast, the traditional system of bark vegetable
coagulant clarification in the gur and khandsari industry can remove
only 10 to 15 per cent of these elements which retard the crystallis-
ation of the sugar and give the final product a powdery consistency.

The evaporation and concentration is done in large-scale factor-

ies in vacuum pans while in the indigenous industry, open pan boiling
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is used. In the first case, sugar losses are around 2 per cent; in
the second, they reach 15 per cent, and in addition, there is a
significant drop in the purity of the product. In vacuum pan factor-
ies, crystailisation is carried out partly in the pan and partly in
crystallisers where the masscuite is kept in motion. Approximately

1l per cent of the sugar is lost in the process. With the static
crystallisation method used in the gur and khandsari industry, the
losses are between 4 and 6 per cent and the sugar is powdery.

The separaticn of sugar crystals from the mother liguer call-d
masscuite is carried out in the large-scale vacuum technology by
mechanically-operated centrifuges while in the khandsari industry,
it was done partly by static pressure and mostly by microbiological
action. The efficiency of centri:ugal separation is considerably
higher: only 0.1 to 0.3 per cent of the molasses are left in the
sug4r, as against 3 to 5 per cent with the traditional technology.

THE DESIGN PRINCIPLES OF A4 PILOT PLANT

After carefully considering the above facto—s, the team decided
te design a pilot plant based on the following technologies. For the
extraction of Jjuice, a S-roller power driven crusher was used. For

clarification, there was no choice except the chemical process, since

the objective was to manufacture crystal sugar.
The scaling-down of the lime sulphitation process used in the ﬁ
large-scale technology was experimented upon by a research unit set
up by the Government of India in 1936. The process did not prove
successful when commercially demonstrated. These research results

were carefully examined, changes in the design of the egquipment
(especially for the lime and sulphur-dioxide reaction)} were made and
the lime sulphitation process was incorporated in the preposed pilot
pilant Aesign.
: As far as evaporation is concerned, the large-scale vacuum pan
fgr system was found to be too compiicated ard capital-iniensive. Scaling-
i down was a big research problem in itself and was Jjudged umeconomic

as well. The only choice left was open pan boiling. Large numbers of
designs of open pan furnaces were available in various regions of
India but an examination revealed that hardly any of them were suit—
able for the type of pilot plant envisaged. Two of these designs did,
however, partially meet the requirements of the pilet plant and it
was decided to try both of them. Scaling-down the technology of
¢rystallisation in motion was simpler and a scaled-down model was
incorporated in the design. A suitable and well tested small-scale
centrifuge was available, and we accepted it as such for the pilet

plant.
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THE TECHNTCAL PROBLEMS OF THE PILOT PLANT

The pilot plant was established at Ghosi in the Azamgarh dis-
trict of Uttar Pradesh in 1996-57. Its capacityv was kent at 30 tons
of cane crushing per day. It operated for three months and produced
white crystal sugzar closely resembling the sugar manufactured by
large-scale plants. The product fetched a price about 1CG per cen
lower than that of mill sugar, while khandsari guality sugar used
to sell at a 25 per cent lower price. The sugar recovery rate on
cane was 6.7 per cent as against 5.5 per cent in khandsari and an
average 9.5 per cent in the large-scale sugar mills of Uttar Pradesh.
The price paid to the farmer for his cane was 80 per cent of that
offered by the mills and the working of the plant did not give any
loss.

These results were discussed in a technical seminar organised
in Luckriow in May 1957. The participants were technicians froem the
large mills, khandsari entrepreneurs and research agencies. An inten-
sive programme of action research was then engaged to improve the
technoleogy. This programme focused on the design and development of
a crushing unit comparable in efficiency with those used in the
modern mills and on a better co-ordination between the various pieces
of egquipment used in the clarificatfion process, while keeping instru-
mentation to a minimum. Development of better kinds of open pan boil-
ing furnaces was undertaken te cut down the sugar losses and check
the colour formation which is ancther hendicap in open pan boiling.

In spite of the development of a crystalline structure, the
arystal was not a true crystal but raiher a conglomerate of tiny
crystals. If a true crystal could be grown, losses would be reduced
and the sale price of the sugar would be higher. The masscuite pre-
pared on a smali-scale had a higher wviscosity than with the large-
scale method. The separation of molasses was incomplete, and changes
were made to siow down the acceleration time and increase the centri-
fugal force. If the travel time of the juice is too long, some sugar
is lost and the recovery rate falls. The design of the pilot plant
was accordingly modified to reduce juice travel to a minimum.

The prr~oess time required from the extraction of juice to its
boiling into masscuite in the pilot plant was 12 hours. This was
found to induce inversion of the sucrose. As a result it was decided
te adjust the size and capacity of the equipment so as to remove the
time lag between various processing stations and reduce the process-~
ing time to feur hours only. Sun drying of sugar was adopted in the
pilot plant. But i* was found that about 0.25 per cent of the sugar
was lost due to wind currenis. For this reason, hot air drying was
adopted.
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FURTHER IMPROVEMENTS IN TECHNOLOGY

Further research and develcopment work was carried out between
1957 and 1962. A new crushing unit with two mills »f three rollers
was developed in co-operation with the National Sugar Institute in
Kanpur. The juice extraction rate increased from 62 to 58 per cent
and the milling efficiency from 70 to 80 per cent. The frequent
breskdowns of the crushing unit were completely overcome and a regu- ;
lar crushing rate of 4 tons per hour was achieved. The clarifization Zi
equipment and practices were standardised so that the cperations :
could be easily taught to semi-skilled workers from rural areas.
Visual and simple chemical tests were evolved, thus minimising the
risks of poor clarification.

A new type of furnace cut down the bo:.ling losses from 15 to
1G per cent and increased the concentratior. rate. Not much headway
could be made in developing a true crystal and the problem still
remains. The changes made in the centrifugal design worked satis-
factorily. Two new types of layout {semi-open and closed) were
developed, and the Juice travel time was cut down by 60 per cent.
The readjustment of sizes and capacities, and the design changes in
the equipment resulted in cutting down the whole process time from
12 to 4-5 hnurs. Progress in the development of artificial sugar
driers could not be achieved due to the deterioration of the colour
of the sugar. This problem shovld, however, have been solved by 1975.

To improve the econcmics of the plant, its capaciiy was raised
from 30 to 60 tons per day. A comparison between the Institute's
mini-technoleogy and the other methods for producing sugar show that

the recovery rate (i.e. the percentage of sugar recovered and bagged
cut from the total amount of sugar available in the cane at the time
of the harvest) is between 57 and 64 per cent for *the intermediate
technology, as against 42 to 45 per cent for the traditional khandsari
technology and 75 to 80 per cent for the modern technology of the
large-scale mill. Further efforts are being made by the Planning
Research and Action Institute to narrow this gap between the inter-
mediate and the modern technology.

THE PATTERNS OF ENTREPREWEURSHIP

From an organisational point of view, the application of a
techneology cnuld be divided intc two categories: the entrepreneur-
ownership type and the producer-ownership type. Large-scale technology .
belongs almecst entirely to the entrepreneur-ownership type. The
responsibility for raising capital for management and for day-to-day
operations rests on a strong central group which has the required




experiise and incentives. Such an organisation hardly takes into

consideration the interests of the supplier or even the consumer and
at times an element of exploitation enters into it.

In the producer-ownership pattern, ownership is divided intec a
number of levels between the worker, the supplier and the entrepren-
eur. Capital investment is low and the management system is simple.
The surplus arising from such an activity is shared at various levels
in place of being collected in a centralised pool, and can be rein-
vested locally. This type of organisaticn can work at low efficiency
and survive even when the odds are high. This type of organisation
has allowed many of the inefficient indigenous technclegies to with-
stand the heavy competition from the sophisticated large~scale modern
sector.

In our small-scale crystal sugar plant, we considered the possi-
bility of a producer-ownership type of organisation, but there were
twe handicaps: the process we selected was of a typse which could best
be carried out under one rocof. Efficiency would be lost if the pro-
cess were divided into a number of levels. Management also had to be
centraiised. It was therefore decided tec try out both types of cwner-
ship rather than focus exclusively on the producer-ownership type
{co-cperatives).

THE FAILURE OF THE CO-OPERATIVE MOVEMENT

The cane growers were formed into a co-operative society whose
membership was limited to cane growers of the locality. However, in
order to foster leadership, a proviso was made to allow 5 per cent
of the total shares to be sold to other interested persons of the
region. 25 per cent of the capital was to be raised by the cane
growers, 25 per cent contributed by the government as share capital,
and the remaining half obtained as short and medium term loans from
co-operative banks. Management of the society was vested in a board
of directors partly elected by the shareholders and partly nominated
by the government. Top management persomnel were drawn from goverh—
pental and semi-governmental agencies, while the lower management
personnel were recruited locally.

The members of the co-operative would supply their cane in
proportion to the shares they held. No fixed price for the cane would
be set at the time of supply; however, advances could be made. The
price of the cane would be determined by the working results of the
co-operative at the end of the season. The available surplus, if any,
would be divided between the suppliers after deduction of a 6 per
cent dividend on the shares.

The first co-operative unit was set up along these lines at
Ghosi in 1957-58. Although the technical operation was only a marginal
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success, many demands to install such units came from cane growers
in other areas. By 1962, eight units in all were built by P.R.A.T.
Each of them was run initially under the administrative and technical
control of P.R.A.I. for two vears. Thereafter, the operaticonal
responsibility was transferred to the Co-operative Department. In
1962 +the installation and construction part was also transferred to
the Co-operative Department where a technical cell was formed. When-
ever needed, guidance was given by P.R.A.T.

To date, four of these units have closed down and four are still
working. The efficiency of three plants in this second group is guite
high. Aithough the Co-operative Department made a year-to-year pro-
gramme of expansion by providing capital loans, hardly half a dozen
units in addition to ths above eight were started in the last 12 years.;

This failure of the co-operative sector is due to a variety of
reasons. The first is that the supply of cane received by the co-
operative from its members was to be proportional to the share capital
contributed by each member. In general, cane growers could not find
sufficient capital to entitle them tc sell their complete crop to
the unit. The membership therefore had to be increased to collect
the necessary capital. The increase in membership led to a situation
where hardly 25 to 40 per cent of the members' crop could be pro-

cessed . The farmers therefore had to look for cther outlets Tor their

crop or continue to make jaggery, and thus lost interest in the
co-operatives. 2

The second reascon is that the cane growers did not feel ccenfident -
about getting a good price for their cane on the basis of the opera- g
tional result of the unit. They insisted on selling the cane outright
and to meet this requirement, the practice of direct purchase had to
be introeduced. In fact, the attitude of the cane growers vis-d-vis
the co-operative was rather lukewarm.

A third reason for failure was the problem of motivation. When
the programme was started, the administrative and executive responsi-
bility for these units rested with the Plamming Research and Action

Institute which quite naturzlly had the motivation to implement the
programme successfully. When the programme was transferred to the

Co-operative Department, the Department passed on most of the responsi-
bilities te the cane growers. The skill and expertise of the cane i
growers was not sufficient and the efficiency of the units began to :
fall. A fourth reason is that the management responsibilities remained';
in the hands of the Department's workers who were more or less forced ;
upon local society. They did not feel rusponsible towards the cane
growers and were more interested in working according to the depart-
mental ruies.

In two of the four successful units, the administrative and
executive functions were carried out by the Board of Directors in
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a competent manner without any management personnel from the Co-oper-
ative Department. In the other two units, the Board of Directors was
strong enough to control the Department personnel in the interests

of the units and it built up a strong local cadre of workers.

PRIVATE ENTREFRENEURSHIP AND THE ROLE OF INDUSTRIAL EXTENSION

Efforts to attract rural investors to take up this new technol-
ogy were made after the first plant operating onm a co-cperative basis
showed success. As a matter of fact, when the working results of the
pilot unit were published, some of the khandsari manufacturers
expressed their keenness to take up the new technology. In order to
promote the diffusion of this innovation a number of steps were taken
by the P.R.A.I.:

- Financial and other working data on the various co-operative

were made easily available by the P.R.A.I.;

- Pacilities were established for training prospective entre-

preneurs in the co-operative plants;

~ Designs and drawings were supplied free of chargé;

- Free technical guidance and supervision was given during

the erection and installation of new plants;

—- In the first six years cf the programm2, turn-key jobs were

carried out for some selected plants;

- Operational advice was supplied during the working of the

plant in the season;

— A training programme was organised to create a pool of

skilled workers from which the new entrepreneurs could
engage personnel;

- Technical literature in simple language was published to

give operational help and insight into the working of the
plant;

- The plant, machinery and equipment were standardised and

the manufacturing of the equipment was kept under strict
supervision of the Planning Research and Action Institute;

~ Visits of entrepreneurs to each other's units and free

discussions with regard to the handicaps and difficulties
encountered were organised along with demonstrations of the
solutions to technical problems. Technical experts from the
National Sugar Institute in Kanpur and from othes- agencies
were invited to these demonstrations;

~ TechnicAl seminars were organised to discuss the working

conditions, handicaps and inefficiencies of plant design and
processing techniques and to develop new solutions. Four
seminars have been held so far and each of them has beern a
landmark in raising the efficiency of the plants;
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- An association was formed to look after the interests of the
entrepreneurs and to obtain facilities from the government
and the development agencies dealing with the promotion of
small~-scale industries.

These extension metnods have been highly successful in establish-
ing the new technology. By 1973-74, 935 units had been set up by the
small entrepreneurs in the State of Uttar Pradesh. The P.R.A.I. was
also requested to help in establishing such units in other states.
250 plants so far have been set up in these other states where
P.R.A.I. did a turn-key Jjob for the first units. The programme is
expanding every year, and on the average growth rate of ‘hese units
has been around 47 pef cent a year.

TECHNOLOGY EXPORTS

Six plants were imported by Pakistan between 1962 and 1964.
Nepal and Sri Lanka have also imported a few plants. A team of experts
from France came to study this technology in 1966-67. In 1974 teams
from Tanzania, New Guinea and Papua came to explore the possibility
of establishing this technology in their countries Two plants are
under export to Ghana.

THE ECONOMICS OF INTERMEDIATE TECHENOLOGY

The first pilot plant was built in 1956-57 at a cost of 80,000
rupees (£4,000 sterling) and had a crushing capacity of 30 tons per
day. In the next three years, due to some changes in the design and
the introduction of some new machinery, the cost went up by 30 per
cent. The second design of the plant, worked ocut after 1962, cost
250,000 rupees (£12,500 sterling) and its capacity was 60 tons per
day. At present the plant cost has gone up to 1 million rupees
(£50,000 sterling) for 80 tons per day crushing capacity. The major
factor responsible for this has been the high rate of inflation in
the last two years.

Initially, the capital for estabiishing such units was provided -
by rural and urban entreprensurs. After Independence, changes in the

Indian fiscal structure had made a substantial amount of capital come
out of unproduct.ve activities, and some of this idle rural capital
wag invested in the new technology. Government financing agencies
also came forward and provided 75 per cent of the capital as loans.
At present, the commercial banks have started providing loans on easy
terms covering up to 80 per cent of the capital required. The tech-
nolozy has been accepted and is now included as one of the approved
industries for the technically educated unemployed. If they invest
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10 per cent of the capital required, the rest is provided by Govern-
ment funds under this special scheme.

a) Investment and employment

_ In January 1973, C.G. Baron from the Internaticnal Labour Office
in Geneva, made a comparative study of the low-cost technology (the
open pan sulphitation process) and the large~scale vacuum pan tech-
nology. His findings are summarised in Table 1.

Table 1

COMPARISON BETWEEN THE MODERN AND THE INTERMEDIATE TECHNOLOGY

Large-scale Small-scale
modern mill low-cost mill
Capacity (maximum cane crushing
{in tons per day) 1,250 80
Output of sugar in an average
sesson (in tons) 12,150 640
Total investment required
(in million rupees) 28 0.6
fotal employment (seasonal
and permanent) 500 171
Aversge investment per ton of
sugar of output (in rupees) 2,305 940
Investment per worker {in rupees} 31,100 3,530

These figures can be normalised: for the same initial investment o¥
28 million rupees, one can build one modern plant or 47 small mills.
Tn this case. the former will produce 12,150 tons of sugar for a
total employment of 900, but the 47 small plants will produce twe
and a half times more sugar (30,230 tons) and empley 11 times more
people (9,937 #s against 900). These ratios obviously depend upon
the assumptions about an avrrage mill's performance in an average

- _year. However rough they may be, they do show that the small-scale
- technology is more efficient in terms of capital cutput and employ-
“ment generation.

" b) Labour intensity
. Another measure of efficiency is labour intensity, i.e. the

ratio between the man-hours worked and the amount of sugar produced .
. 'Labour intensity varies considerably, even within the same region
.and with mills using the same technology. A 1962 study of the Indian
Y Preductivity Team for the Sugar Industry gave an average figure for

" the whole of India of 10.42 man-days of work per ton of sugar. The
. comparable figure for the Philirpines was 2.10, and for Puerto Rico, it
" was only 0.64. Within India, there are wide disparities: in the State
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of Maharastra, it varied from 10.3 to a low 2.6, and in Western
iJttar Pradesh from 20.7 to 9.3. For our smsll-scale intermediate

technology ti: zverage labour-intensity is 31 man-days per tonm of

sugar, i.e. ihrze times more than for the average modern mill.

c) Cost of processing and profitability

There are a number of variables which make it difficult to
analyse the cost of production on a standard basis. Two major vari-
ables are common to both small-scale and the large-scale technology:
the recovery rate, which varies from year to year and from mill +o
2ill, and the number of working days, which extends from 100 tc 120
in the case of small-scale technelogy and from 100 to 200 in the
case of large-scale technology. Then there are other factors like
the wage structure, labour benefits, management and other overhead
expenses.,

With the large-scale vacuum pan factories, depreciation is vary
variable for the reason that older mills were installed at a much
lower cost. The capital cost in 1965 of a vacuur pan factory with a
capacity of 1,250 tons per day was 18.9 million rupees but in 1873,
it had risem to 28 milli~zn. For these reasons, it is easier to make
a tomparison on the basi. of processing and converting a unit of
1G tons of cane into sugar. The data are summarised in Table 2.

For 10 tons of cane, the average recnvery rate in the large-
scale vacuum pan factories of North India is 9.5 per cent. With the
small-scale tecrknology it varies from 7.25 to 8 per cent. The cost
of producing 100 kg of sugar thus works out at 235:rupees with the
modern method, and between 223 and 236 rupees {depending on the
recovery rate) with the small-scale technology.

The sugar made in the large plants has to be sold in near and
distant markets whi~h means additional costs for transport and local
taxes. Further, there is aiways a delay in the disposal of the sugar
since a much bigger region must be covered by the marketing system.
These factors add 5 to 7 per cent to the cost and raise it to szbout
250 rupees per 100 kg. The mini sugar units which sell their product
in the local market do not incur these expenses. The Government of
India buys 60 per cent of the sugar produced by the 222 vacuum pan
factories for sale through the state distribution system. The price
of this levy is fixed on the basis of a2 production const of 260 rupees
per 100 kg. The remaining 40 per cent of the suzar is sold on the
open market at a price which ranges between 320 and 350 rupees.

If the research currently carried out is successfully implemented,
the recovery rate in the small-scale technology will rise to about
3.5 per cent and the ensuing reduction in fuel expenditure will
definitely tilt the economic balance in favour of the small-scale
technology.




_'COST OF PROCESSING 10 TONS OF CANE INTO SUGAR IN 1971-1972 (in Rupees)

Salerles and wages (1)
Tael and power (2)
Stores ‘and Jubricant
;Repalrs ‘and renewals
Depreciation
Overheads :

-Texes. Excise duty
“Purchase -tax

fCost of cane -

Transport charges on cane

.Capital cost

Large-Scale
Modern Mill

Small-Scale
Low-Cost Mill

164.35
57.70
103.23
48.77
200.00
39.23
123.50
50.00
1,200.00
47.50
200.00

151.00
66.50

62 .80

12 00
90.00
10.00
59.70
50.00
1,206.00

90.00

(3)

(&)

2,234 .28

1,792.00

; Notes._

B 1) The labour in the large-scale mills comes from the organised sector

" "and .works on a year-round basis. After the season, a retenticn
allowance is payable. In the mini sugar mills, labourers come from
the agricultural secter and have some slack time during the winter
months when the mills are in operation. These labourers used to go
to.the :cities, but now prefer to seek employment in the small plants.

: 4:Fue1 economy in the mini sugar mills is poor due to design factor
“oas well as to the non-continuous nature of their operations.

Tho ‘excise duty has now been doubled and the tax advantage is only
_;Amarginal.

“The mini sugar units are located near the farmers' fields and the

"/ .cane 'is brought by bullock cart. For the large—scale mills, the

~.cane 'is carted to the weighing station and from there it is carried
<o by truck and railway to the factories; hence the high transpert
.'-costs.

S0CIO-ECONOMIC FACTORS

) : THe small-scale sugar plants currently crush 10 per cent of
:'Indla cane crop, and in 1974-75 produced 1.3 million toms of sugar,
'as against 4.8, million tons for the large—scale factories. This mini-
technology based on local resources hasg: thus 1ncreased India's sugar
productlon capac;ty by a quarter. Some £24 million _sterling have been ' -
1nvested in the ‘rural areas. ‘A seasonal employment potential has been
created for 100 000 people who would otherw;se ‘migrate temporarily to
he c ties for has months or remain unemployed durlng the slack season.. 
The addltlonal tax revenues to the central and state governments amount.
to £1 mlllien sterllng.-_- _ :
"_ A machlne manufanturlng 1ndustry has been set up Its annual
_urnove“ is in the nelghbourhood of £5 million sterling. The amount
' .ron and steel needed to manufacture these small sugar plants is
only about 60 per cent of thet required by the large-scale industry




for producing the same quantity of crystal sugar. The machinery design
furtherﬁore does not reguire any imporied components thus saving
foreign exchange.

More than 60 per cent of the cane consumed by the large-scale
units is transported by truck and railway. Practically no such trans-
port is required by the small-scale units: they are within close dis-
+*ance of the csne growers, and transportation is done by bullock carts.
These units also act as 'centres of technical radiation' by providing,
among other things, repair services for the new types of agricultural
implements which are now being introduced.

These units which employ about three times as many labourers for
the same capacity as the large-scale mills, require only 40 per cent
a2f the capital for the same cutput. The price paid to the cane grower
is at par with that offered by the large-scale mills (or 25 per cent
higher than the traditional means of disposal of cane). The total
income thus added to the agricultural sector is around £10 million.

Some of the technological ideas developed for the small-scale
plant have filtered down to the gur and khandsari industry. The gur
industry has adopted ‘the power crusher and crystallisation in motion.
Both industries now use improved boiling furnaces and their efficiéncy .
has been substantially improved.




VI. THE UFGRADIIG OF TRADITIONAL TECHNOLOGIES IN INDIA: WHITEWARE

MANUFACTURING AND THE DEVELOPMENT OF HOME LIVING TECHNOLUGIES

by

4

M.K. Garg*

In 1900, 89 per ceat of the Indian population lived in rural
communities. Village artisans, which accounted for some 18 per cent
of this rural populatinn, were employed (or more usually self-employed)
in seven basic trades or community technologies: potters, carpenters,
blacksmiths, weavers, tanners, leather workers and vegetable oil
crushers. They provided basic household goods and agricultural tools
to the community, served as repairmen and sold some of their goods
to the urban areas. Farmers living near the cities and small towns
often supplemented their income with small cottage activities like
spinning, flour grinding, basket making and the preparation of milk
products.

The villages were practically self-sufficient; when cash was
reguired {e.g. for the payment of taxes), it could easily be obtained
by selling a few surplus goods to the urban centres, and the capital
base of the villages was generally strong. This position changed
gradually with the growth of large—scals mechanised technologies which
were to make a major impact in three directions: on product selection,
on technology and on crganisational patterns.

THE PROCESS OF DECLINE OF RURAL INDUSTRIES

The modern industrial firm, unlike the village artisan, had the
capacity to change and expand its product range to meet the new
requirements of the market. When the kerosene-fired hurricane lantern
was introduced by large-scale industry, neither the village potter
who made earthen lamps nor the village coilman who produced the oil
to light it could meet the chsllenge and modify their product range.

The author has been working as a specialist on rural industries in
the Planning Research and Action Division of the State Planning
Instituta in Lucknow, India. He is currently the head of Garg
Consultants, & consulting firm specialising in appropriate technology.




Ingustrial firms could also manufacture gouds at a much cheaper price.
The reason for this is not so much the often repeated argument of

scale of production, as the economies stemming from the use of modern
sources of energy. Mechanised power in the form of steam, diesel or
electricity is much cheaper than the muscle power, both human and
animal, of village industry. A bullock can generate only 0.5 to 0.8
hp for & to 6 hours in a day. On the present basis the cost of elec-
tricity is only 0.55 rupees per hp as against 2.66 rupees for the
equivalent amount of bullock power.

Mechanised power can be applied more intensively and in greater
quantities in the manufacturing process and hence increase process
efficiency. Muscle power has its own physicsl limit. In the village
o0ll seed crushing technologies for instance, one bulleck or at most
two can be used, and only 30-32 per cent of the oil is extracted.
With the same type equipment, 3 te 5 hp of mechanical power give an
0i1l yield of 34 to 36 per cent, and the cost of energy is lower than
with the bullocks. Mechanised power, unlike muscle power, has a great
versatility and this greatly facilitates the development of new
applications.

Aside from the inability to develop new products and the emer—
gence of better technologies based on mechanical power, the third
reason for the decline of village industries was the weakness of
their organisational structures {(ownership patterds. supply of raw
materials, marketing, financing and availability of technical know-
how including research and development facilities). Large-scale firms
are generally owned by entrepreneurs who havefsubstantial funds to
hire any kind of techmical skill, to innovate and to adopt new pro-
cesseg. The village industries were owned on a family basis by skilled
workers or master craftsmen and emsloyed the whole family. Labour
costs as a result were small but their weak cagital basis was a major
obstacle to innovation.

The raw materials came mostly from local sources and were avail-
able partly on a barter basis in exchange for community services, and
partly on a money basis. The large-scale firms, in a bid to get raw
materials in sufficient quantity for their ewn use or for export,
offered higher prices and thereby destroyed the supply organisation
of village industry. They also disrupted the marketing system: the
local traders, who used to sell the goods of the village artisan,
went te the cities and started to sell the new industrial goods for
which demand was growing rapidly. The artisans were left to carry
their goods to the cities themselves, sell them in open markets, often
at throw-away prices. and lose a lot of time which could otherwise be
used for productive work,

This disruption of the links between the artisans, the traders
and the suppliers of raw materials created a high degree of financial
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scarcity in the villages. The artisans had to turn to money lenders
who charged a very high rate of interest. large-scale industry, by
contrast, could obtain easy loans and overdraft facilities at nominal
rates of interest. They also had their stocks of raw materials and
manufactured goeds to offer as collatersal.

The greatest advantage enjoyed by the large-scale firms canme
from the machinery manufacturing sector. The latter carried out much
R and D werk, and could offer new technology packages to the user.

The government also supported R and D in the modern sector. By con-
trast, the technology of the village industries remained static.
Village artisanas could not finance any R and D, and hardly any govern-
ment agency carried out any such work for them.

The process of decline of rural industry continued on a low key
until the Second World War, but after Independence increased rapidly
{the percontage of artisans in the village communities fell from 18
per cent in 1901 to 7 per cent in 1971). The main emphasis of India's
Five Year Plans was to adopt as quickly as possible large~scale
mechanised technology in all industrial activities. This required an
infrastructure which was availabla only in the urban areas. Productive
activities as a result concentrated in the cities and changes in fiscal
policy coatributed to driving the available capital to the urban areas.

The development of agricultural technology in recent years. which
has brought about higher yields and allowed double or triple cropping
has increased the income of the villages. However, the ultimate wealth
left to the faraser after paying for fertiliser, diesel oil, implements
{including tractors), irrigation water and domestic needs is propor-
tionately much smaller. Though apparently there is a lot of money in
circulation in rural India, the capital base of these areas is still
very weak and production activities remain low. Hence the mass migra-
tion to the cities which has created very serious economic and social

problems.

Ancther aspect often neglected by the plammers is that large-
scale technolegy has dosiroved the pattern of self-employment and
given rise to a class of organised professional workers who can hold
society to ransom. Self-employment has an inherent flexibility to
absorb fluctuations in the economy. A professional labour class does
not have such a strength and this leads to instability and ineffiriency,
especially in a developing economy.

THE POTENTIAL FOR IMPROVEMENT

Despite the decline of rural industiies in the last seveniy years,
- there is still a large number of village artisans. The foliowing table,
. based on the 1961 annual survey of industries of Uttar Pradesh, gives




a2 reugh idea of the economic and technological potential of these
traditional indistries in a typical Indien state {Uttar Pradesh then
had a total population of scme 74 million).

THE ARTISAM CLASS IN UTTAR PRADESH (1961}

Total number Percentage
of artisans self-employed
Spinners, weavers, knitters
and related crafts Qi 700 86
Leather shoe makers 53,700 98
[.eather tanners and related
crafts 107,500 97
Potters 127,600 99
Blacksmiths 70,400 83
Oilmen 9%,500 100
Carpenters 93,3800 GS

Any scaling-up of thess technolcgies will directly benefit
hundreds of thousands of veople and will have a tremendous effect
both on employment and the development of rur:c areas. Eowever, if
enly big industrial units are established, they will provide ewnloy-—
ment at best to about. 1,000-2,000 peonle per unit and for the most
rart in the cities. The number of plants reguired will be limited
and the employment potential much smaller and considerably more
costly.

There are two facets of the problem of upgrading traditional
technologies: one may call them the 'current aspect' and the 'pilot
aspect?., The main function of the first is to 'hold the line' and
preveni a further deterinration of traditional cottage industries.
Most of the organisations, both natinnal angd international, which
deal wiih small industry are engaged primarily in this tvpe of work
through changes in machinery, financing, the bullding-up of market-
ing systems and efforts to increase productivity. This approach
suffers from inherent limitations and its effectiveness is limited.

By 'pilot aspect'® we mean a concentrated effort on all the
problems of rural industry - product selection, manufacturing tech- i
nology, organisational patterns (including the supply of raw materials), f
marketing and finance - with the objective of establishing sound manu- :
facturing units requiring nc subsidy. The products of cottage indus-
tries should be of the same quality and comparable in price to those
manufactured by large-scale firms. This can only be done through a
systematic action-research programme aimed at introducing mechanisa-
tion orn a selective basis and developing processes which can be
viable on a small-scale. Hardly any such processes are currently
available. Some basic elements do exist but they can serve as a
starting point only, and a complete system has to be built up throug:
pilot projects The story of the whiteware manufacturing industry
shows how this can be done.
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THE EARLY ATTEMPTS TO UPGRADE THE POTTERS' TECHNOLOGY

In 1901 there were 3 million viliage potters in India but by
1971 only 1.2 miliion were left and mcre than half of these are only
partly employed The traditional product manufactured by the village
potter was a nonporois ware made from local clays which after firing
at 800° to 500°%C gave a red-coloured product. These were used for
cooking, eating and sterage as well as for struetural purposes (roof-
ing tiles, floor tiles and drainage pipes). Today, the whiteware
articles made from China clay by the large-scale firms have replaced
these traditional table-wares, while cooxing and storing needs are
now met by metal-wares. In the structural fieid, ce.3nt concrete has
mostly replaced the red clay articles of the village potters.

Three alternatives for scaling-up the village potters! technology
can be envisaged. The first is to develop a glazed type cf red clay
ware which would have neesrly identical properties as the whiteware
or China ware and which would partly replace the unglazed red clay
wares, The second is to initiate the development of whiteware at the
village level; and the third is tc evelve on the basis of market
needs new techniques and improved products, especially in the field
of structural articles which can be manufactured by the village
potters.

A number of attempts in these directions were made by several
agencies and individuals, including the author. Glazed red clay wares
require a technolegy almost similar to that of whiteware manufacturing.
The glazed red clay wares developed as early as 1940 at Hala in the
British Indian Province of Sind {now in Pakisgtan) did not find accep-
tance, The articles, though improved in looks,. were poor in use. They
developed defects and berame dirty after 3-4 months. The cost of
production was about 70 per cent of that of whiteware, but the price
ohtained was only 60 per cent.

Between 1937 and 1945 an effort was made by the Uttar Pradesh
government to develop the manufacturing of household glazed red clay
in Chumar, a region which had been producing glazed red clay toys
since the 1900's {(this activity still continues today). This effort
did pot succeed either. Another attempt was made by giving a white
coat to the red clay ware and then slazing it. The product wac very
similar to the whiteware and had some of its important properties.
This work was done at Khurja in Uttar Pradesh between 1940 and 1942
by a family of hereditary potters. A special kind of bowl was manu-
factured in large guantities for troops in the field but when the
process was applied to other goods, it did not work. Productivity
was low, consumer acceptance limited and the cconomics of the civilian
market unattractive.




The only alternative which appeared to stand a good chance of
success was to initiate the manufacturing of whiteware at the village

potters' level. The work was carried out in four stages at four
locations. :

a) The Pottery Development Centre in Khurjia

The first atiempt was made in the township sf Khurja in Uttar
Pradesh in 1%42. The local government decided to mobilise the village
artisans to manufacture goods required by the defence forees. The
small colony of potters at Khurja was organised teo produce whiteware
hospital goods, but the quality of <he products did not meet the
requirements of the defence forces. Later the decision was taken to
organise a small factory. The potters were given piece wages for
shapirg the articles in their own cottage workshops and the raw
maierials were supplied to them directly. Subseguently, the materials
were #,ld nutright, and the goods purchased at a fixed price in the
unfired state. Firing was carried out in the factory kilns. Later
on, the potters were asked to fire their goods in the factory kiln
at their own risk, and the finished goods were purchased at a fixed
price. As time went by, the potters were encouraged to build kilns
in their own hcuse and become completely independent, except for the
purchasing of processed raw materials from the factory. This method
has paid dividends and now there are more than 250 cottage workshops
at Khurja manufacturing goods worth about $120,000 annually.

b} Chinhat

The work at Khurja created a sizeable cluster of artisans in

- what was & semi-urban locality. The objective of the project initiated
in 1957 ia the viliage of Chinhat near Lucknow was to tsst whether

e small cluster in a wholly rural area could also be successful. The
same methodology was adopted, i.e, starting with a centralised work-
skop leading to fully independent urits. At Chinhat two kinds of
technological innovations were also carried out: easy=-to-handle
decoration technigues and the development of a family kiln with the
same fuel efficiency as that of the kiln used in the large~-scale
factory. Both innovati~ns were very successful. Decorated Chinhat }ﬁ
ware now has & very wide consumer miarket, and the econiomics of manu-—
facturing have been substantially improved thanks to the new kiln.

¢) Gaura

Tae objective in Gaura, another village near Lucknow, was to
find out whether the installation of a centralised small factory
could altogether be avoided and whether manufacturing activities
eould start outright in the cottage workshops. For this purpose, a
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service centre was set up to supply the, rav and semi-processed

materials, provide cei.uralised marketing facilities, lend money for
investment and working capital and develop the necessary technical
know-how *Through R and D and advisory services. The work at Gaura
developed well but the lack of proper training to the village potters
and weaknesses in the financisl structure of the co-operative were

a big handicap. The activities remained at a low level but seen from
the viewpoint of a village's requirement, were probably sufficient.

d} Pheoolpur

Work in the wvillage of Pheoolpur near Allahabad started in 1970.
The objective of the Planning Research and Action Institute was not
to develop big clusters like Khurja, but to bring the whiteware manu-
facturing technology down to the individual potters by orgsnising
them in as small a cluster as possible in a number of villages. A
government—-owned service centre with better technical arnd: financial
facilities was set up more or less on the same lines as at Gaura.

Two types of workshops were established. The first were built around
the service centre with government finance and leased on a2 hire-
rurchase basis to those artisans who had successfully completed the
training programme. The second type of workshops were in the homes

of the village potters whose facilities were remodelled to manufacture
the whitewares. A well eguipped training centre was aiso built up in
the service céntre. thus alleviating the two main problems experienced
at Gaura, namely lack of training and weak financing.

The results of these various efforts to scale-up the potters?
traditioenal technology have been very positive. Ir the State of Uttar
Pradesh, some 15 million rupees worth of whiteware products ($1.9
million) are manufactured annually on a small-scale in cottage units
in the semi-urban and rural areas. Employvment for some 10,000 people
has been created. The programme has reached a stage of self-generation.
Nzw centres in other parts c¢f the State are being opened up at the
request of local development agencies and two such centres -~ one in
the eastern district and the other in Bundelkhand are currently being
set up. R and D work is being carried out at Phoolpur and in the near
future a porcelain type table ware and sanitary ware are expected to
be introduced for manufacturing. Low tension eleciric goods are also
being produced.

In any scaling-up programme of village technology, proper product-
selection and the improvement or developmenit of an adequate technology
are very important. Buit the most critical factor is the type of organ-
isational set-up reguired to initiate, expand and support such a
programme for at least a dnzen years or so. The artisans de not have
the necessary financial strength. Nor do they have the capacity to
locate or purchase the technical know-how. The sponsoring agency
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should therefore be in a positien to provide adequate funds as well
as facilities for the dissemination of technical know-how, together
with marketing and purchasing facilities. This can be done best by

starting a service cenire on a regional basis. Such facilities can

be provided on a 'no loss - no profit' basis or at a nominal profit
rate . Unless such an organisation is built up, the results obtained
have every chance of being retarded and lost.

THE DEVELOPMENT OF HOME LIVING TECHNOLCGIES

The potters'! technology, whose upgrading we have just analysed
here, is concerned primarily with production. Appropriate technology
also has what one might call a 'consumption dimension'; many tech-
nelogies are aimed not at the manufacturing of new goods, but at
providing basic services and amenities, mainly for the rural popula-
tions in developing countries. In this second group, we find a wide
range of “home living technologies! which deal among others with
house buflding and construction materials, water supplies, drainage,
the disposal of human faeces, kitchen fuel supplies and heme lighting.
The Planning Research and Action Institute has been invelved in the
development of many such technologies, and we will focus here in
two specific cases: the disposal of human faeces and the supply of
kitchen fuel through bin-gas plants.

Village reople in India have for generations been in the habit
of easing themselves in the open fields near the villages Even in
urhan communities one can find, in the early hours of the morning or
the late hours of the day, men, women and children easing themselves
in the nearby open space on the Iringe of buman habitation. Human
excreta often contains harmful germs, which cause diseases like
cholera, typhoid fever and diarrhoea, and intestinal parasites like
roundworm or hookworm. The practice of defecating in the fields and
in the open places allows the germs and parasites to be carried to
other persons by flies, drinking water or food. There are other
problems connected with this habit. The inconvenience caused to women,
children and sick persons when they go to the fields during rains or
bad weather is often very great, and the side lanes and back corners
of the villages are turned inte stinking, insanitary places. The
health and nuisance problems resulting from these conditions need no
further elaboration.

DEVELOPMENT WORK ON RURAL LATRINES PRIOR TO 1956

One of the first organised programmes for latrine construction
in the Indian subcontinent began with the Health Units set up first




in Ceylon and later in India by the Rockefeller Foundation in 1930.
Bore-hole latrines with precast squatting siabs were tried cut in
these centres in a number of states, including Utiar Pradesh. These
efforts met with some measure of success but there were practical
difficulties in getiing this type of latrine installed inside the
houses, and in mnving it to a new location once the bere-hole was
filled up. Theres were also other disadvantages, such as foul odours
and fly breeding, which were due to the absence of a water-seal. In
Uttar Pradesh, the idea of replacing the bors-hole by a simple septic
tank directly under the seal was experimented in the Pratapgarh
Health Unit.

Later on, the India Village Service, a voluntary organisation
in Uttar Pradesh, evolved a Junier septic tank but due to certain
defects, it ¢ould not be popularised. Tt was felt that more work was
needed on this problem. A number of agericies, both official and non-
official, were engaged ir designing a suitable type of latrine for
rural homes. Some work was initiated at Sevagram by Mahatma CGandhi
where efferts were made to popularise irench-latrines and the use of
the 'khurpi' {(a smail iron spade) for covering the nightsoil after
easing in the open fields. These practices, however, remained confined
to Gandhi's ‘'ashram’ (community) and the programme did not radiate
to the neighbouring areas. A few private firms also developed some
latrines but on account of their kigh cost, they could not attract
the attention of the village vneople.

THE P.R.A.I.'s DEVELOPMENT WORK

The problem of rural latrines was taken up first for study and
later on for development and extension by the Planning Research and
Action Institute in 19%5. In the first stage, various types of latrines
were assembled and their working and operational conditicns were
studied, primarily from the point of view of sanitary conditions.

This work showed that no latrine could be called saritary unless

there was a water-seal between the place where the person sits and

the place whtere the excreta is subseguently disposed. Without a water-
seal flies and foul odours will develop. Rural latrines would there-
fore have to be of the same type as the modern water closet and the
excreta removed by flushing or pouring ' ater. Flushing a water-closet
requires one to two gallons of water; viliagers, however, do not have
running water and at certain times of the year. water is in short
supply.

The next phase wr  to determine to what extent the water quantity
could be reducec. .... -velopment and testing of a number of models
showed that ~»ith an increased inclination of the pan and a smaller




siphon, the latrine cculd be flushed with a maximum of half a galion
of water. Another problem was the disposal of excreta after it has
been flushed from the pan. In the villages, there is no drainage
system and a septic tank would have to be kept out of contact from
the villagers. Various experiments showed that the alluvial and sandy
earths in Uttar Pradesh have an averrge water soaking capacity of one
galion per 40 sq.ft of surface area practically the year round.

Human excreta ferments and emits foul odour when the solid con-
centration is between 9 and 18 ner cent. If the concentration is
decreased by adding water ., as in the central drainage system or a
septic tank, fermentation and odour formation is nil. Similarly, if
the concentration increases (e.g. when the water vercentage is reduced
by soaking, drying or otherwise) the same conditions will obtain:
fermentation and odour formation will not occur. This knowledge about
local soils and the importance of concentration rates were combined
in the design of an earthen ‘kachcha' pit (or crude' pit). After
being flushed from the pan, the excreta is led to the pit, and *he
wall starts absorbing water, leaving excreta in a state of higher
concentration. The top of this pit was covered by a cement and con-
crete cover. To reduce the cost and to make the local manufacture
pessible, the pan and other parts were manufactured from cement and
concrete rather than from the porcelain used for city latrines.

The kachcha pit could be expected to fill up after a few years
ané would require cleaning. It may then not be completely dry, and
removal can present difficulties. Te provide for this emergency, it
was decided to build two pits side by side. The leading pipe from
the siphon was curved: once the first pit ic full, the curved pipe
is turned over so &s to lead to the second pit, thus leaving the
first one to dry. The excreta inside the pit dries up within six to
eight months and is turned into valuable manure which can be easily
removed., The cost of the equipment includins the pan, trap, leading
pipe and pit cover was 16 rupees (or about $2.0C) in 1962 and the
complete system could be built up for about 30 rupees. The cost at
present has increased to 40 rupees for the parts and 80 rupees
{about $10) for the complete lairine.

The *P.R.A.I. latrine', as this innovation was called, is well
suited for acceptance by the rural communities. Its low cost vuts it
within the financial means of the villager. The amount of water
required is not excessive. Sanitary conditions are good and there is

no excreta disposal problem. No costly provision like central drainage

or safety tanks is required. The latrine can be made locally, and the
skills required for manufacturing the parts, erecting the latrine and
operating it can be easily acquired by the villagers through simple

training.
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ORGANISING THE EXTENSION SYSTEM

Phe design and development of the P.R.A.I. latrine took two
vears. In 1958 it was ready for extension. The pilet project for
extension was taken up as a part of a wider environmental sanitation
project in collaboration with the World Health Organisation and the
Medical and Health Department of Uttar Pradesh. '

A manufacturing centre was set up in Lucknow. Training of masons,

sanitary inspectors, overseers and primary health inspectors was
arranged. Subseguently, manufacturing workshops were started in nine
divisions of the state. Individuals were alsc encouraged to take up
the manufacturing and installation work. Te make the design known to
villagers, audiovisual aids and publicity in exhibitions and in
villages were taken up. Literature in simple language was distributed.
Training camps for the villagers were organised.

As a result of all these efforts, the design has found very wide
acceptance both in rural areas and in small cities Wherever a central

drainage system is not available, government agencies have been in-
structed to put up the P,R.A.I. type of latrine, even in hospitals
and public buildings. By 1968, 200,000 latrines had been installed
in Uttar Pradesh and the programme is continuing to grow. Other states
have also taken up this technolegy and the Government of India intro-
duced it very successfully in the Bangladesh refugee and prisoner-of-

war camps.

THE PROBLEMS AND HANDICAPS OF THE P.R.A.I. LATRINE

Villsge houses are located close to one another. As a result,
the space required for the latrine and the pit is often insufficient
'[ and such households, in spite of their strong motivation cammot avail
themselves of this design. In some villages, the soil is very loose
.- and some cases of pit collapse have occurred. To remedy this, ckanges
~.. in the pit design were worked out. If the soil is very clayey, the
pit wall cannot absorb water at the rate required.

On the basis of experiments, it was concluded that the pits
should be at least 15 £t distant from the water source both in a
horizontal and a vertical direction. This distance was found to be
sufficient to prevent the bacteria from travelling to the water source.
In many locations, this rule could not be respected and the instal-
lation of the latrine had to be abandoned. In areas where the woter
level iz 1% meters from the surface, installation proved impossible,
since a pit depth of up to 2-2% meters has to be kept for getting
the regquired socaking surface.

The first pit fills up in four to five years. Once full, it is
:lefp for drying, which takes about six months. In some «ases where




the first pit was opened for emptying the excreta, it was found that
it had not dried up but was in a semi-liguid state. Removal of the
contents was extremely difficult. A number of devices have been tried
out but the proolem appears to be related to the soil's absorption
capacity. If the area of abscrption is increased and the surroundings
of the pit do not get any moisture from cutside the excreta dries up
completely but this requirement limits the scope of application of
the latrine.

THE ECONOMICS OF COW DUNG: FERTILISER COR FUEL?

In Indis Loth in urban and rural areas, wood was the main
kitchen fuel until arocund 1930. It was supplemented by dried -zakes
zade from animal dung. The availability of wood had gradualily
decreased, especially after Independence: the village forests have
been cut down and the land has been put to cuitivation to grow more
food. As a result, cow dung cakes began to be used in larger propoi-—
tien in the rural areas. It is estimated that at the beginning of
the century, cow dung represented hardly 5 to 10 vper cent of home
fuel consumption. This toltal increased to abnut 25 per cent by 1930
and 40 per cent by 1950. Today, it represents about 70 per cent.

Burning cattle dung as fuel is wasteful since it deprives the
£0il of valuable and inexpensive natural nutrients. According to
the estimates of the Plamning Commission, the 46 million tons of
ceal equivalent of dried dung burnt every yvear corrazspond to about
460 million tons of fresh dung. This guantity of dung is thre equiva-
lent of 1.38 million tons of nitrogen and 0:69 million tons of
phospherous pentoxide. In 1972 the total Indian production of nitro-
gen fertilisers in terms of nitrogen was 0.89 million tons and that
of phosphorous pentoxide was 0.13 million tens. If agricultural wastes
like leaves. grass, twigs, sterm and kernels are added, the amount
of availabie nitrogen and phosvhate could be increased by another
20 per cent.

The treatment of the soil with farmyard manure containing ©.3
per cent nitrogen increases the production of grain by 5 to 15 lbs
per 1b of nitrogen, depending upon the nature of the seil, irrigation
and other factors. Assuming an average increase of 10 1lbs of grain,
the 1.33 million tons of nitrogen contained in 460 miilion tons of
i:-sh dung could give an additional grain output of 14 million tons -
annually, azpart from other benetits like the general :mprovement of
s0il structure and higher fertility. Farmyard manure has a residual
effect: its beneficial effect on the crop is not confined to the
season of application tut persists ~ver a number of years.

The habit of using dried cow dung as fuel is deeply ingrained
i the villagers and it cannot be changed easily unless there is an
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attractive alternative. There are two ways of saving this dung for
manurial purposes: one is to provide a cheap alternative fuel, and
the other is to ferment the dung in a bio-gas plant. This yields a
sufficient guantity of combustible gas which can be used for cooking
and lighting and the residue can be used as manure without any loss
of its fertilising value.

At this stage it is too early to think of replacing dung by any
other primary source of energy (for example soft-coke) in the
rvillages because of the economic difficulties involved In order to
release the whole of the cattle dung for manurial purposes an addi-
tional 46 million tons of coal will have to be raised. This would
require a capital investment of about 3 billion rupees (#3275 million).
The carbonisation plants would probably need another 4 billion rupees
($500 million). The additional rail traffic thus generated would call
for a 25 per cent increase in the current rail capacity. Digtributing
the fuel frem the railway centres to the villages would probably -ail
for a 50 per cent increase in the present transport capacity of the
roads.

In this context the supply of rural domestic fuel is essentially
a local problem which necessarily has to be tackled at that level.
The develcpment of gobar gas or bio-gas plants in rural areas is the
only appropriate or leow-cost way to provide the villages with a
kitcten fuel which involves no health hazards, which is convenient
to use and which alss provides the much-needed manure. The problem
of house lighting can also be solved: the gas from such a plant gives
a brilliant light with the mantle type of lamp. The problem of elec-
trifving the village could thus be given a low priority. For these
reasons, the Planning Research and Action Institute decided to take
up this problem and estatlished a research station which operated
first at Lucknow under the Rural Industries Section of the Institute
and later on at AJjitmal.

THE GERMAN CONTRIBUTION TO BIO-GAS TECFNCLOGY

The application of anaerocbiec digestion to cow dung and farmyvard
manure was developed mostly in Cermsny. During the Second World Var,
three types of plants were used. The Schmidt-Eggergluse plant was
developed for farms ranging in size from 570 te 1,300 acres with a
cattle popuiation betweer. 100 and 300. The Weber plant was designed
by a Tarmer for his own 50 acre-farm with 26 cattle. It consists of
four cement tanks — two for fermentation, ocne for the storage of
digested slurry and one for the gas. The Kronseder type of gas plant
is very simple and cheap. It is meant for providing gas for cooking
purposes in small farms. A tub for liguid manure, split in the longi-
tudinal axis, floats in the cesspool once constructed on such farms
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for excreta. The liquid is covered by the tub and ferments. The gas
produced is caught by the tub and a rubber tube cenducts the gas to
the kitchen. Nothing more is required.

An analysis of the above technologies shows that they are not
really suitzbie to Indian conditions. These bio-gas plants require
25 to 150 cattle. ihey are fully mecnanised and need an energy input
in the form of electricity or diesel (this energy input comes to
nearly 33 per cent of the total energy generated in the shape of
bio-gas}. The cost of the piant is subgtantially higher than what a
poor village can afford. Such plants also require a high degree of
organisation and suitable mechanical and managerial skills. In India
their adoption would not only be difficult but vracticallv impossible.

More than 80 per cent of the agricultural holdings in India are
one hectare and below. A farming family of five people on the average
has not more than three animals - one cnw or buffalo and two bullocks.
These families live in scattered villages with about 150 hectares of
cultivabie land divided into 50 to 100 famiiies. Some farmers have
up to 5 or 10 hectares but the bulk of the cow dung is produced in
these scattered holdings.

DEVELOFMENT WORK IN INDIA

Social agencies have been very actively invelved in the develop—
ment and extension of gobar gas plants. The mzin ones are the Indian
Institute of Agricultural Research in New Delhi, the All-India Khadi
and Village Industries Commission in Bombay and the Planning Reswearch
and Action Institute in Lucknow. Useful work on cost reduction and
the popularisation of these piants among the village massesz has been
done by organisations like Messrs. J.P. & Co., in Bombay {(Gram Lakshmi
Plant), Khadi Pratishthan Sodepur in Calcutta ané the Rama Krishna
Mission, Belur Math, in Caleutta.

The various agencies working on gobar gas have concentrated on
a small and simple family-size plant which requires no energy inputs

- .and ro specialised skill fo operate. The main emphasis has been put -

on coat reduction so as to put the plant within the financial reach
. of an indivicual family. '

EXTENSION AND IMPFROVEMENT OF THE FAMILY GAS PLANT

The P. R A.T. took up the extension of the family gas plant.
(About 30 units were 1nstalled by giving part subsidy and pert loan
"to the farmers. A survey made after a year indicated that hardly 20

:fjpel cent of the plants were working. A subsequent investigation
-ghowed that there were a number of reasnns for this failure.




The volume of gas available was insufficient to n2et the entire
cooking needs of a family throughout the year, and after six to eight
months of use the generation efficiency n»f the gas plant went down.

The burning quality of the gas was not constant and the flame some-

- times went out. More time was required to cook food with gobar gas
:fhén with other fuels. The gas contained moisture, thus clogging the
pipe line which then regquired frequent clearing. Moisture spoiled
and cracked the porcelain ring of the mantle in the gas lamps. Finally
the cocking of 'chapatis' {pancake-shaped bread) proved to be difficult.
The survey alsc showed that most of the farmers were not feeding the
reguired quantity of cow dung because of its shoriage.

It was decided to examine these problems in detail and a team
was set up for this purpose in P.R.A.I. The group found out the reason
for these defects. It was also asked to develop gas plants working on
a feed of 50 pounds of cow dung - the quantity usually available to
the farmer with three cattle. Over a period of two years, the team
reported a number of findings,

a) Domestic gas requirements

For cooking purposes 12 to 15 cu.ft are required per person per
day. &4 gas lamp {40 candle power) needs 2% cu.ft per hour. On this
basis, a family of five needs 60 to 75 cu.ft of gas for ccoking and
20 cu.ft for lighting purposes (two lamps operating for four hours) .
The total daily reguirement for a family is thus between 80 and 95
cu.ft. The 100 cu.ft gas plants which were incstalled could have met
© this but actually the generation of gas was found to be only 30 to
50 cu.ft from November to February and 50 to 80 cu.ft from March to
October, with the peak in June.

b) Generation efficiency

The above gives a generation efficiency of 0.3 to 0.5 cu.ft of
gas per pound of cow dung in winter, and 0.5 to 0.8 cu.ft ver pound
"-in summer. In a controlled experiment conducted by C.N. Acharya of
fithe-Indian Agriculture Research Institute, a generation efficiency
“ of 0.5 to 0.8 cu.ft per pound in winter and 1.1 to 1.5 cu.ft in
Q{summer was reported. The various plant designs'were based on that

~expectation. The variation of gas generation from month to month is
‘“directly related to the inside temperature of the digestor. According

. to C.N. Acharya, the inside temperature is a function of atmospheric
E_temperature and it is 1 to 3°C higher than the atmospheric temperature.
. The best generation was reported when digestor temperature was about
 134°0. This condition obtained for six months in the gas plant run by

L oMr. Acharya.



¢) Digestor temperature

In the experiment conducted by T,R.A.I. the inside temperature
of the digestor never went beyond 24°c irrespective of the atmospheric
temperature. It was nearer to 22°C, hence the lower efficiency. In
an effort to raise the temperature of the digestor, insulation on the
‘outside surface was provided from local materials like straw and ash.
Wo improvement in the inside temperature of the digestor was neticed.
The reason appears to be that cow dung before feeding is made into
slurry by mixing an equal gquantity of water. The temperature of the
water drawn from the well or by hand pump is always nearly'16°c.
irrespective of the season, and the temperature of slurry was nearly
the same when it was fed into the digestor. The heat generated during
digestion raises the temperature of the slurry by 2-4°¢. The effect
of atmospheric temperature appears to be not more than twe degrees
in winter and about three degrees in summer. Thic means that the final
temperature ol the slurry will never be higher than 24 degrees in
summer and 22 degrees in winter.

d} Ground temperature

The digestors are constructed inside the ground with cement and
mortar bricks. In India, ground temperature belew 1 foot is 16°¢C.
Such digestors will naturally draw very little heat from the atmos—
phere since the top only is exnosed and that too is covered by the
gas collector. To benefit from the atmospheric heat, a digestor was
made above ground. The cost was higher but it did shew inside tempera-
tures up to 28 degrees iu summer. In June, it rose to 31°C for abecut
two weeks and the gas output increased to 0.9 cu.ft. The cost of this
digestor was 1% times that of the underground one.

e) Preheating of slurry

An attempt to heat up the cow dung slurry was then made, but
apart from adding another task to the farmer's family, it consumed .-
33]f6 40 per cent of the gas produced. The idea of a solar boiler
was then worked out, but such boilers, which are not available in

~ India, had to be imported from Japan, and as a resuli were beyond
the pocket of the average farmer.

f) Adjustment of the digestion cycle

Another attempt to raise fhe gas output was made by adjustiing
the digestion cycle. The plant originally designed had a 28 day cyclé
(the cow ding slurry stays inside the digestor for 28 days). During
this period, 90 per cent of the gas was reported to be available. In _
*,fact, the cycle was found to be too short and no more than 69 per
“cent of the gas was available. The digestion cycle was raised to 56,
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G0 and 106 days. 92 per cent of the gas was available in 106 days as
against 73 to 75 per cent eobtained in the 56 day cycle. The increase
in the digestion cycle required a larger size, thus raising the cost
of the plant. The increase in the cutput of gas was nominal.

g) Development o¢f mini-digestion

Development work was carried out on smaller digestors requiring
a cow dung feed of 50 to 60 pounds which is available from 3 cattle.
The smallest digestor had a diameter of 3 feet and a depth of 4 feet,
against the 100 cu.ft standard plant with a diameter of 4% feet ard
2 depth of 1z feet. Its feed requirement was 25 pounds of cow dung.
Two other digestors with a feed capacity of 50 to 80 pounds were also
constructed The efficiency on all the smaller digestors was found
to be at par with that of the 100 cu.ft unit. As a matter of fact,
in winter the gas generation per pound in the small digestors w-s
kigher than in the standard digestor of 100 cu.ft. These digestors
were placed on the ground, properly insulated and exposed to the sun
throughout the day. Internal temperature was found to be 3°C higher
than in the standard plant.

THE ALTERNATIVES : FAMILY PLANTS OR COMMUNITY PLANTS

If bio-gas plants are to be widely diffused. twe alternatives
can be envisaged: the installation of sophisticated community plants
at the village level, or the development of more efficient small
family plants. Community plants must be fully mechanised and require
a heating mechanism. Two such plants have been built on a pilot basis
in India with Hungarian collabeoration -~ one at the Pusa Institute in
Delhi, and the other at the National Sugar Institute in Kanpur. The
investment costs were about 500,000 rupees ($55,000) in 1962 and it
will now be about the double. Emnergy in the form of electricity or
diesel is required to operate the plants. Installing and operating
them calls for an efficient organisation. Such plants may nct be
workable in a subsistence economy based on the barter system, and
the transition to a monetary economy will create further~ complications.

The other alternative would be to further improve the efficiency
of the family gas plant, by increasing the gas generaticn efficiency
t¢ 1.2 to 1.5 cu.ft of gas per pound of dung and by getting 90 per
cent of the total gas out within a week or two. Achievement of such
high efficiency can probably only be done through biological means.

Anaerobic digestion is carriedé out by a colony of milliens of
bacteria, mostly of the 'verticalla' class of protozoa, which are
naturally germinated in the cow dung solution in the absence of
oxygen. The germ pushes away all the undesirable materials in the
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"i¢ow dung by its cillai (hair-like projections), selects and consumes
‘the suitable material through an aperture and suddenly whirls round

giving a corkscrew motion of its stem, during which process the gas

.. As liberated. The verticalla resembles a lotus stalk with a flower

an'top There are also other bacteria like *cynocriptat,
Teplstylis'; ete.

tenglema’,

Maybe a new gpecies of bacteria could be developed Thev would

- bave an active stage of working between 169 to 22°C in place of the

:present 30 to 33° ¢, and a muitiplication speed 5 tn 10 times higher
than_the present species. If such a species could be developed, the

:fgés plant based on three animals or 50 pounds of cow dung will provide
75-80 cu.ft of gobar per day, sufficient tn meet the needs of the

. ‘typical farmer family. The inerease in multiplication rate will lower

©* the digestion cycle; this would require a much smaller gas plant

‘whose cost will then be within the meapns of the farmer. Svch develop-
ment will constitute an appropriate or low-cost technology. Discussions

with a number of bacteriologists indicate that such a possibility
exists.




VII. THE ROLE OF TECHNO-ENTREPRENEURS TN
THE ADOPTION OF NEW TECHNOLOGY

by
*
P. P. Malgavkar

THE STORY OF PRAKASH: ENTREPRENEURSHIP INSTEAD OF BRAIN DRAIN

"Please send it by special truck positively today. Take compre-
hensive insurance for 100,000 rupees on our account". Prakash Jagtap,
sitting in his glass enclosed office in his twe-storey factory in
Poona, was giving instructions on long distance telephone *o the
principal of an engineering college situated some 160 km aw..y. The
much fondled and valued cargo was actually a twenty-five year old
800 hp dynamoc meter which had not been used for years and needed
thorough overkauling and servicing before it could be commissicned.

Prakash graduated in June 1969 with distinction in mechanical
engineering. Amengst five brothers and three sisters, he is the
youngest. Bis father is in the printing and publishing business.
Twenty-five per cent of his classmates after graduation went to the
United States for further studies and/or employment. Many advised -
him to go abroad. His father left it to Prakash whether to go abroad 2 |
or start a business. If he decided against leaving, the money ear- i
marked for sending him abroad would be placed at his disposal for
starting a business. His brother-in-law Salunke, Who was ailsoc a
graduate in engineering and had about ten years of experience in
running an industry, advised Prakash to decide once and for all
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whether he would go abroad or start a business of his own. After a
month's deliberation, Prakash decided to start a business. Having
burnt his boat, he was advised to select an item for preduction which
_could substitute for current imports, which was not consumer-oriented
and which had a high technology content. He noted that in Poona and
'its surfoundings a number of prime mover manufacturers were located.
Prakash therefore selected water brake dynamo meters which are used
for general testing, inspection and research by these manufacturers.
In September 1569, he established the Dynamie Engineering Co. His
assets: a letterhead and a 'factory' - a room in his father's house.

The criteria for product selection was based on the reasoning
that import statistics wauld easily indicate the demand within the
country and that consumer products required sophisticated marketing

ekills. Capital gonds, by contrast, meant contacting a selected
market where the buyer was more convinced by performance than by
brands. The high technology content would ensure product swecialis-
ation, thus raducing the risk of mishrooming competition. Another
reason for selecting a product which reguired a high technology was
to get away from mass production techniques where high material costs
always weigh in favour of large companies.

A search them began to fird out more about the dynamo meter.

He first consulted the textbooks which helped him graduate in mechani-
cal engineering. The books gave g general description of about one

and a half pages and nothing about design, parts and comnonent draw-
ings. Prakash approached his engineering college professor who author-
ised him to open the dynamo meter used in the cnllege laboratory.

He found that it consisted of a small number of castings and that
there was nothing very complicated about its construction and asgembly.
Thereafter, he called on foreign consulates and in a periecd of one
week in Bombay collected addresses of about 250 manufacturers from
21l over the world. Back in Poona, the letterhead of Dyvnamic Engin-
eering was shot out requesting information on products, types of
machinefy and designs from all these manufacturers. Literature

. started pouring in. He noticed that there was not much of a differ-
. ence between the college laboratory dynamo meter he had strioved
earlier and these new designs. '

Simultaneously, he visited the diesel engine manufacturers
association, got the addresses of manufacturers in India, asked what=_
type of dynamo meter they were using, what improvements they would :
like to have and the possibilities of their buying his dynamo meter
with improvements incorporated in its design. Some eighty manufactur;_
. ers repiied to his letter: the dynamo meter had become a necessity :
for testing and certifyihg the performance of diesel engines, especi-
. ﬁlly if these were to be exported. He further contacted personally
some 40 local diesel engine manufacturers.
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In December 1969, in the process of contacting manufacturers,
Prakash came across one of the leading producers of diesel engines
who had a dynamo meter of a well known foreign make relzgated almost
to the scrapyard. His offer of servicing it was willingly accepted
by the factory manager who promised to buy eight dynamo meters pro-
vided Prakash could gusrantee their performance. :Froud of the possi~
bility of an order and requiring space to strip fhe dynamo meter, he
shifted his factory to his father!s garage. He had seen a Japanese
catalogue referring to this particular type made in the West and he
argued that if the Japanese found it good encush to copy, it must be
really good.

During this preparatory time, he used to spend zvery day two to
three hours in his brother-in-law's factory to acguaint bhimself with
the machine shop practices and organisation. Simultanecusly he wrnte
to a number of machine tool manufacturers in India for their cata-
logues and prices which gave him an idea of the relative performance
of different types of machine tools.

He was now in a position to submit a proposal for getting finan-
cial assistance from a bank. He took his proposal to a number of
banks (at that time 14 banks in India had just been nationalised).

He wanted financial assistance to cover land and building, machinery,
working capital and bills facility to the tune of 180,000 rupees,

out of which Le would con*ribute 30,000 rupees which is father had

set aside for sending him zhroad(l). After discussions with & number
of banks, one of them showed interest in his proposal but at the last
minute, the manager asked him about his experience in this particular
line. By then he had spent about 7,000 rupees in developinrg the proto-
type dynamo meter which was ready in the garage and he could convinc-
ingly reply to the bank. The proposal which was submitted in Movember
1969 was accepted by the bank eight wmonths later.

Of course, manufacturing the prototype was far from smooth. The
first machine was way off the mark as it indicated 5 hp whilst absorh-
ing only 2 hp. Prakash checked all the castings, the patterns,
assembling, etc., till at last he succeeded by June 1970 in furning
out a dynamo meter performing to interrational standards.

The first vear was a difficult one. Tn 1970, with two engineers
helping him, his turnover was anly 5,000 rupees. In 1971, it went up
to 86,000 rupees and in 1972 to 140,000. By 1973, it had reached
400,000 rupees, and he was employing 40 people, of whom 12 were
engineers. He started with dynamo meters of 5 hp capacity. In 1973
his range of dynamo meters varied from 5 hp to 400 hp and he supplied
60 factories. The old 800 hp dynamo meter about which he was phoning
the engineering college at the beginning of cur story, was loaned to

1) Approximate rates of exchange: £1 = 20 rupees, $1 = 7.5 rupees.
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help him ersure that the drowings and design he had developed for a
simitar dynamo meter (to be supplied to the Defence Department) were
af the right kind. This dynamo meter is to be sold for 100,000 rupees.:
His target for 1974 is a turnover of one million rupees and he is now
recognised as an authority on dynamc meters.

Prakash went abroad in 1973 when he visited over 40 factories
making dynamo meters. This gave him confidence that his production
facility and product were as good as any in the world.

He owes a great deal te Salunke, his brother-in-law, for intro-
ducing him to financial discipline. Even though he started as a small
proprietory unit, his accounts were audited by a qualified chartered
accountant from the beginning. Further, he was advised never to sell
on credit but to send the documents through the bank. He was afraid
the big customers and factories wculd not accent documents through
banks, but having committed himself to such a policy he went on to
explain to the customers that being small and new, his bankers would
not accommodate credit sales. As the equipment was badly needed by
the big factories (including some vublic sector nrojects) thev
accepted his conditions.

The future for him is all exXciting. Having established his
mastery in dinamo meters, he has gone into making specia? alloy steel.
The stainless steel strip reguired for the vernier callipers made in
Salunke's factory has to be imported in India, which poses problems
and delays. This was a challenge to Prakash. During his 1973 visit
abroad, he had seen in Germany small manually-operated furnaces turn-—
ing out special-purpose alloy steels. He has assembled a 200 hp roll-
ing mill and a direct arc furnace of 100 kg capacity capable of heat-
ing up to 1720°C. He has improved upon the furnaces he saw abroad
(his furnace has an electrical control vanel) and employs two gradu-
ates in metallurgy for this project. He looks forward to supplying
special purpose stainless steel to Salunke who will have a ready E
‘supply of stainless steel strips to make the vernier callipers.

He ig now helping five other engineers to set up their own manu-
facturing uri“s, and he is restructuring his firm into a private '
limited cc.pany, since the new scheme of alloy steel which he has
undertaken requires long range instituticonal finance.

THE STORY OF VARTAK: FINDING THE MARKST NICHE

Vartak gradvated in 1965, specialising in electrical engineeringi
With the massive programme of electrification in the country, he

thought of manufacturing electric motors since these are the common:}
motive power for any other equipment. He therefore established in
1967 a partnership firm called Mark Elektriks with another graduate
in electrical engineering. Between 1967 and 1969 he manufactured
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standard types nf motors but he could not compete on production costs:
the bigger manufacturing units bought their materials in bulk which
gave them s ceasiderable advantage in price since materjals are the
major portion of the cost of standard motors. Nor did he have the
advantage of a well known brand to penetrate the market.

At that time a U.S. Peace Corps volunteer speclaiised in indus-
trial menagement was attached to his firm. He suggested to Vartak
that the partners should take advantage of their knowledge by going
in for special purpose motors which are generally not manufactured
by bigger companies, either because their collaboration agreements
with foreign firms do not cover special purpose motors, or because
development costs for special purpose motors are too high relative
to the size of the market. After 1969, Vartak started to manufacture
custom-built special purpose induction motors required bv the original
eguipment and machinery manufacturers making c¢ranes, hoists, washing
machines, etc. He also developed torgque motors. The yarn winding
machines which use such motors require a reduction in winding speed
as the yarn is wound. One way of achieving this is with eddy current
couplings. A client lent them one such coupling which could no longer
he obtained in India because of the ban on imports. Vartak is now
successfully manufacturing the eddy current couplings.

To know more about special purpose motors, Vartak collected
addresses of foreign manufacturers from the foreign consulates in
Bombay and asked for specifications and quotations from the manufac-
turer. In one catalogue, he noted that 42-volt motor:z were manufac-—
tured by a foreign firm for driving mercury pumps in the alkall indus-
try. He got in touch with alkali manuracturers in India to find out
whether they would like to have 42-volt motors. The alkali manufac-
turers were at their wits end since they could neither find these
motors in the country nor import them from abroad. They readily
responded by placing orders for such motors.

Later on Vartak went abroad to visit manufacturers of special
purpose motors. These trips tec America, England and other countries
made him confTident that there was ncthing extra special or formidable
with the foreigm manufacturers which he could not provide in his
factory. In fact he bagged a good order for toraue motors from a
foreign manufaciurer as he could offer them much below the price of
the foreign firm. The torgue motor requires considerable skill and
attention, where the Indian workers score, and the wages in India
are very much lower than in England.

As a service to industries in the Poona regicn. he tock up the
rewinding and repair of electric motors, an activity in which the
big manufacturers are not interested, since rewinding services have
to be as close as possible to the users of electric motors. He trained
eleven people from small towns where intensive electrification had
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taken place. Most of them have prospered and two of them now have

their own jeeps.

Vartak is now full of confidence with his geood turnover and
high profits. After running into losses during 1967-68, he turned
the corner in 1969 and his net profits in 1971 amounted to 71,000
rupees. ’

Having achieved success in special purpose electric motors, he
began to leook for new avenues. In 1969, he learnt that the principal
of an agricultural college was working for quite some time on develop-
ing a culture for nitrogen-~-fixing bacteria. The univarsity was
approached to let the principal act as adviser for the commercial
exploitation of the cultures he had developed. The nitrogen-fixing
bacteria called Trhizokium! and ‘'azotobacter' were developed and
tested in a number of government agricultural centres. With the use
of this culture, the crop production in the test farms went up by
10 to 15 per cent. The cost of this culture works out to less than
a dollar per acre. Vartak's target for 1974 is to cover half a
million acres.

His centribution to this new venture was to get the principal
of the college to act as the adviser and later as the research
director for the scheme. He had the bacteria scientifically tested
on more than a hundred farms, obtained direct reactions from farmers
to this innovation, turned the labaratory experiment into a commer-
cial scheme, and got a local firm to manufacture the shakers which
are required to keep the culture continually shaking. Vartak admits
that the shakers made in the United States are better, but if the
American manufacturer were to supply the technology for making the
shakers to the Indian firm, the latter wcald be able to manufacture
them at much below the U.S. cost and supply them to the American
firm for marketing either in the United States or in foreign countries

Vartak strongly advecates labour-intensive technolegy if, in the -
process, the overall cost does not go up. This is particularly impor-
tant since demand in the developing countries is limited, at least -
in the initial stages. He suggests that a fetish of quality need not
be made. Low-cost equipment which may not give the same guality and
output as abroad may well serve the purpose of a developing nation,
and is at any rate better than no equipment at all.

THE STORY OF SALUNKE: STIMULATING NEW ENTREPRENEURS

Salunke, a graduate in electrical engineering, is the managing
director of M/S Accurate Engineering Company which manufactures gaugég
instruments and tools. His slip gauges sre made to a pyecision of '
1/100C of an inch. During his visit to an Americen firm manufacturing:
similar gauges, he noted how they were finishing them and offered to:

- 194 -




supply gauges with the same specification at much below the U.S.coet.
Today he is supplying that firm with one million Tupees worth of

gauges a year, Salunke now has 60 qualified engineers in the age
group of 25 to 30 on his total payroll of about 200.

A dedicated person with a desire to adapt modern technology,
he established in February 1970 a 'Forum of Industrial Technoliogists!
in Poona with the support of the local Chamber of Commerce and Indus-
try and a State Government Corporation. The objective of the Forum
is to exchange views and ideas regarding industrial techneology. to
di=zcuss the latest technological developments in the advanced coun-
tries and the ways and means of bridging the technological gap be-
tween the developed and developing countries, to assist and guide
members in economising scarce resourcas and materials and te encour-
age young entrepreneurs to break new technological ground. The Forum
has six panels: mechanical engineering industry, chemical industry,
electronics industry, metallurgical industry, electrical indus:—y
and management problems.

The average age of the 137 technologists in the Forum is 33,
and 34 of the companies on its roll have developed new producte. The
Foruml encourages and supporis innovation through advice and facilities.
Its main focus is on the adoption and adaptation of technology rather
than on research. The diffusion of technology takes place through a
direct feedback from the Forum members, who share their problems and
difficulties in the use of existing eguipment, study imnorted machin-
ery and equipment with a view to developing an indigenous manufactur-
ing capacity and encourage fresh engineers to take up developmental
challenges.

Salunke has refined a method for technology development and
transfer: he entrusts a technical erirepreneur with the full responsi-

required for his own manufacturing facilities. Once this equipment

is successfully developed, he allows the entrepreneurs within his
firm to produce it on their own onh a commercial scale. One example

of this is the development of a precision watchmaker's lathe similar
to a Swiss model by three technical entrepreneurs in his factory.
Once the lathe met the accuracy arid performance tests, the engireers
who developed it were given the opportunity to start their own on-
cern and mapufacture it on a commercial basis. The first precision
lathe shown in a recent exhibition brought forth over 1,700 enguiries
and 50 firm orders. These engineers have been given a shed on a tem—
porary hasis in an industrial area and within a couple of years they
will move ocut to a growth centre in a backward area which Salunke is
develoning as chajirman of a public sector project. Similar units have
been set up for making diasl gauges and the wooden boxes which contain
the siip gauvges.
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The process of development of the watchmaker's lathe willi iead
to the establishment of small firms making the chucks, motors and
attachments reauired for the lathe., Efforts are being made to select
ten engineering students who will be encouraged to start up these
new industries.

IMPROVING THE FTRANSFER PROCESS:
THE SUGGESTIONS OF THE ENTREPRENEURS

These three techno-entreprenevrs made the following suggestions
for accelerating the process of transfer and adoption of technolcgy.

a) The problems of information

mMhere is ahgence of information within the country about new
products, machiinery, equipment and plants being manufactured in other
parts cf the world. If such information were readily available, indi-
vidual entrepreneurs would not have to search for addresses of outside
manufacturers and collect information in a haphazard way before going
into manufacturing®. (Vartak) _

"geal information centres whose main task would be to give help o
in locating sources of specialised information should be set up
throughout the country". (Vartak)

“Cheap editions of technical books and journals will encourage
entrepreneurs to have a reference library of their own". (Vartak)

b) Learning from foreigm designs

"The equipment, machine tools and componenis which are now being
imported should be analysed with a view to finding out the possibili-
ties for manufacturings them locally and meeting the countryts require-
ments in the coming vears". (Prakash)

"An agency recognised for its technical competence shoulid have
a certain allowance of foreign currency to import a few samples of
foreign machinery and equipment which is likely to be in demand in
the country". {Salunke)

An institution should be created to import foreign machines
with a2 high innovation content. This equipment should be placed on ]
¢isplay for about a year, after which it should be sold to interested
manufacturers at full cost for stripping it apart and developing new
equipment". (Vartak; ' g

"A more liberal trade policy would allow technologically innova—”T
tive industrialists to strip foreign equipment and components with a
view to manufacturing them in India. Vibrator motors with an amplitudef
frem 10 mils to 60 mils and freguency from 10 to 80 kes is a good :
example: knowledgeable menufacturers in India claim that they can
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produce such motors at half the imported price provided they are
Eiven copportunities of stripping one or twe such moters". (Prakash)

"The production of certain types of equipment often requires
specialised components. These are generally made abroad on a large
scale and it w.oald be uneconoric to produce them on a small scale
in India. The permanent infinitely variable drive, to take one exam-
ple, requires a special chain which would be easier to import than
te manufscture since local demand is too small to justify a full
gcale plant. The same is true of the special purpose bearings and
seals needed for certain types of machinery and equipment. Import
of components which account for less than 5 per cent of the cost of
the final eguipment should be allowed liberally". (Prakash)

¢) Picking up ideas from abroad

"Visits to foreign factories and exhibitions by an experienced
msnufacturer gives him ideas about the possibilities of improving
his products and develcoping new types of equipment for producing high
guality goods". {Salunke}

"Concessional foreign tours »n the lines of Group Travel Scheme
should be devised for techno-entrepreneurs to visit technolicgically
developed countries". (Vartak)

"Qualified engineers from developing countries should be given
opportunities to visit plants in developed countries and, if required,
they should be given some in-plant training in their own firms
beforehand". (Prakash)

d) Support for risk—capital

"it takes two to three years to develop a mazhine after strin-
ping an imported one. During this peried, techno-managerial counsel~
ling through voluntary agencies is more meaningful than through
governmental agencies. However, the support for developmental finance
will have to come from the finanecial institutions supported by the
government®. (Salunke)

"The development of new technology is 'a shot in the dark®' and
a risk capital agency should be established to support it". (Vartak)

d) Qo-operation with foreign firms

"A survey should be made of the material-saving, labour-intensive
and low-voltme manufacturing industries in Poona and later in India
with a view to finding out their potential for manufacturing machinery
and eguipment for export. Manufaciurers from industrialised countries
sould pass on their specialised technology to these industries with
‘an understanding that marketing outside India will remain with the
foreign companies. The latter will then get the products at cheaper
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"prices and make more profits whilst the Indian manufacturers will
be able to use their preduction capacity, skills and knowledge to
the full". (Vartak)

THE INFLUENCE OF THE ENVIRONMENT: POONA AS AN INDUSTRIAL CENTRE

The techno-entrepreneurs whose story has been told here come
from the +ity of Poona, about 160 km from Bombay. It was earlier
known as an educational and administrative centre. In 1941, it had
& population of 237,000 and there were some 135 factories. Thirty
years later, the population was over 1.1 million and there were close
to 1,500 factories. Industrial development started quite early: the
British Government established an ammunition factory in 1869 and in
1885 the first private industry - a paper mill - was set up. Later
came a copper and brassware factory (1888), a textile mill (1893)
and a glass blowing factory (1895). By the early 1950's Pcona had
several large industries 2long with conventional small industries
making consumer articles such as 'beedies' (local cigarettes), bricks,
coarse cloth, brass and copper utensils, stationery, perfume and soap.

The development of an engineering industry gave a fillip to
small-scale firms supplying components and semi-finished ?roducts as
in the c¢ase of the two engine factories set up between 1946 and 19%4.
This growth was further accelerated by the proximity of Poona to the
main Indian market in Bombay and by the State Government'!'s restric-
tions on industrial expansion in Greater FBombay. The growth of indus-
try in the Poona region from 1940 onwards can be seen from Table 1.

Table 1

THE GROWTH OF INDUSTRY IN THE POONA REGION - 1940-1971

Year Number of New Industries Cumilative Total
estabiished in the Poona .
Region

Before 1940 125 -

1940-1945 €0 195
1946-1950 128 323
1951-1955 Gl 387
1956-1960 188 575
1961-1965 391 966
1966-1970 465 1,431
- 1971-1972 42 1,473

“Total 1,473 1,473

Sourze: Data collected by Mahratta Chamber of Commerce and Industries
and published in B.R. Szbade, "Foona: The new industrial city®

Commerce (Bombay), 23 June 1973.
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These data show that about 60 per cent of the existing firms
were established in the 1960's. A4 further analysis indicates that
about 41 per cent of them are engaged in engineering. Metal proces-
sing, chemicals, textiles, printing, slectrical and electronics
instrumentation each account from between 9 to 10 per cent of the
total number of firms{l).

Besides the 76,000 workers in these industries, there are another
30,000 people working in the defence factories around Poona. Together
with their dependents, about 425,000 peovle {38 per cent of the
population in Poona) are dependent on industry. If one takes into
account transportation, banking and other industrial services, about
half of Poona's population can be said to depend upon industry and
ancillary activities.

Table 2 brings out the changes in Poona's industrial structure
between 1951 and 1970. Food and beverages, tobacce and textiles
declined to 13 per cent of factory employment in 1970, as against
more than 27 per cent in 1961. The machinery, chemicals and allied
industries gained ground and accounted for nearly 50 per cent of
factory employment in 1970 compared to 28.5 in igel.

Table 2

THE CHANGING INDUSTRIAL STRUCTURE OF POONA DISTRICT

Percentage share in total
factory employment

1961 1970

Food and beverages 13.6% 5,.8%
Tobecco 3.7 1.6
Textiles 9.9 5.6
Chemicals & chemical producis 5.3 6.2
Rasic metal industries 1.7 5.2
Machinery (except electrical) 16.7 30.C
Electrical machinery L.8 8.5
Other industries 44,3 36.2
100 % 100 %

Source: Commerce Research Bureau data, cited in K.V. Desai,"MIDC's
Aetivities in Primpri Industrial Area'y Commerce (Bombay),
23 June 1973, pp. 9-11. :

In 1960 the State Government developed a large industrial area
near Poona. Many new areas have been added and the present total
industrial area in this region is about 3,500 hectares. To quote
from a recent study: "Behind this industrial effort and supporting
it in terms of research and training, stands the city's complex of

1) For further details, see the source of Table 1.
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institutions - its social overhead capital. Thus there are the
College of Engineering, Government Polytechnic, the Sir Cusrow Wadia
. Institute of Electrical Technology, the Industrial Training Institute -
- and an Institute of Paints Technology. The National Chemical Laboratory
. one of the 35 national laboratories -~ is alsc located in Poona. The
State Government has put up its Industrial Research Laboratory and
Small Industries Research Institute at Poona"(l). For small-scale
industries there is an extension centre of the Small Industries
Service Institute. The Central Mechanical Engineering Research Insti-
tute has started functioning a few years ago in Poona.
A number of prefessional organisations like the Poona Management
Association, the Institution of Engineers, the National Tnstitute of
Labour Management and the Institution of Production Engineers have

opened up chapters in Poona and they extend special assistance to
industries in this region.

Young graduates in physics, engineering, chemicals and electron-—
ics are starting up new industries in increasing numbers. Formerly
these graduates would have sought employment in existing firms, but
with the industrialisation in Poona, industry has acquired respect-
ability and an ambitious young man today aspires to have an indepen-
dent enterprise of his own. This upsirge of ambition in men wanting
to be self-employed is the motive force which has brought Poona *o
prominence as an industrial city.

THE STORY OF BHADU: TECENO-ENTREFPRENEURSHIP AT THE VILLAGE LEVEL

The scene: a village of about fifty huts near Mangaldai -~ a
small tewn with a population of about 12,150 some 60 km. away frem
Gauhati, the capital of Assam, in the North-FEastern region of India.

" We landed in this village with the Entrepreneurial Development
Gfficers on tke morning of May 26th 1974 at 10 a.m. The village is _
on a cart track which could be approached with difficulty by a Jeep..
There is silence all around whilst a few farmers watch us from a
distance. Das, the Entrepreneurial Development Officer, leads us to
a farm the size of a hectare, where fresh transplantation had taken
place only the previous evening. The paddy seedlings were transplanted,
in regular rows and are standing in about 5 cm of water. 4n old lady
comes hurriedly and talks with Das in the local Assamese dialect.
bas explains to us that the lady and the villagers are frightened

" . because of our presence, egspecially as we had come in a government
jeep and are dressed in shirts and trousers. She was wondering if
anything was wrong. The soft and intimate manner of Das convinced
the lady that we meant no harm and that we had come to ses how her
son Badreshwar Barua ("Bhadu") was progressing in his experiment
with IR3, a new variety of paddy.

' i} Source: speclal issue of Commerce (Bombay), 23 June 1973.
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Bhadu, a young boy aged about 22, was sleeping like a log in
his hut, Was he drunk? No, he had been working the whole night in
the 1ight of a hurricane lantern lifting water from the pend with
the aid of a2 bamboo basket to water his freshly tran.planted crop.
The previous evening he had finished the transplantation, given the
"necessary dose of fertiliser and then saw to it that the crop would
be adeguately watered by working the whole night. Tired and exhausted
he was now asleep.

The neighbouring farmers by now had gathered around us. They
were closely watching this experimental introducticn of a new hybrid
variety of paddy in their village. They were men of experience who
had worked all their lives with traditional seeds and had waited for
monsoons for sowing their crops. They cultivated paddy by the broad-
casting method, never went near chemical fertilisers, and scoffed af
the igdea of double cropping. Bhadu learnt from the Entrepreneurial
Development Officers of the new hybrid varieties, the fertiliser
dosages and the possibility of double cropping. He had therefore
sown his seeds on raised seedbed in April and had just findshed
transplanting the seedlings. The elders were sure that this whole
business was a mad venture and that Bhadu would come to his senses
after meeting with losses and failure.

The Assam Government launched the Enirepreneurial Development
Programme under the guidance of S,.T.E.T, (Small Industries Training
Institute) in November 1973. It placed inter-disciplinary teams in
different parts of the State, inviting people for self-employment
schemes, screening the respondents on the basis of their risk-taking
abilities, need for achievement, and sense of efficacy, together
with their family background, past experience, knowledge, skill and
aptitude to start up a new business. Each team consists of four to
five people from different disciplines (agriculture, animal husbandry,
plant protection, horticulture, industrial extension, civil construc-
tion, roadé building, ete.). After screening the respondents, those

'-fysh¢w1ng possibility of self—emplpjment are given a three-week course

-on the social and psychologiéal’as?ects of entrepreneurship, the
economics of self-employment and the management of new enterprises.
Aiter the course, the respondeﬁts are giveh practical field experienqér

- for the appropriate length of time in the lines they have chosen.
“" Bhadu was one of the respondents who showed entrepreneurial charac-

i teristics. He went through the three-week training programme and was .
‘given field experience in one of the demonstration farms in Assam. _

: With all the agitation going around, Bhadu woke up. He changed - -
‘over frok loin cloth to trousers and bush shirt, and rubbing his eyes
" open, came to meet us. He told us that he had been working for forty-

sgight hours to ensure the success of his transplantation as timely
water was considered to be one of the important elements of success
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for the crop. We asked him why he did not hire a pump. Small portable

diesel pumps are hired out by the Agro-Service Centre for about ome
dollar an hour, but the farmer has to bring it from the city in his
bullock cart and deliver it back to the Service Centre. About 2 hourts

" run of the pump would give enough water to the field. But that was
i dollars, and Ghadu did not have any monev left. He would therefore

have to depend on his brawn and muscles till the monsoon would start
in a few days.

EBhadu matriculated in 1972, with great difficulty. He then snent
two yvears looking for a job ranging from "peon in the office to prim—
ary teacher in the village school", but with no success. Early in
1974, he read an announcement about training for self-employment in
the local daily newspaper. The advertisement published by the Senior
Special Officer for Employment of the lecal Entrepreneurial Motivation
Training Centre aroused his interest and he went to visit their office
which was only six miles from his home village. After completing the
motivation training in February 1974, he selected agriculture as his
main field. His father however tried to dissuade him from going into
what Bhadu calls 'business-like agriculture' on the ground that these
practices were very costly, too theoretical, and unsuitable for the
region and that the government would harass him for the repayment of
loans. The village elders were equally sceptical, but Bhadu was suf-
ficiently strongly motivated to withstand these pressures against
innovation and induced his father to give him 3 'bighas' of land
(approximati:ly one acre, or 0.4 hectares) for this experiment.

Das, whose background was in agriculture and plant protection,
gave him an idea about the new varieties of paddy and azbout chemical
fertilisers and convinced the local bank to give him a loan of one
hundred d+llars. Ten per cent of this amount was given by the State
Government as margin money to the bank, and the remaining 90 per cent
came from the bank itself. Against part of this money, the bankers
and Das provided Bhadu with hybrid seeds and fertilisers. The balance
"gcf the money was spenu in gettlng the land ploughed, since Bhadu had

‘. neither bullocks nor plough of hls ownt,

‘Bhadu  started. cultlvatlng summer paddy, which was unknown in the
v111age. This innovation became a maao“ topic for discussion in the f
“ﬁcommunlty but Bhadu kept out of “the dlscus=lons and transplanted. hlé
- seedlings. The first challenge came when the ralns failed to materlal?
-ise. The villagers laughed when they saw the paddy going nale, but ;”
3Bhadu solved the problem by apending two days and two nights waterlng

:?h‘a paddy with a 3amboo bucket When we came along by jeep from
Mangaldai on the mornlng of May 26, the villagers anticipated some
" trouble. They thought that Bhadu had committed a big mistake and that

a_:hiS property would be auctioned to pay back the loan he had taken.

But when they realised that we had come to see his progress, their
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attitude changed: "If government officials are taking such an inter-
est in Bhedu's experiment, there must be something unigque about it:
iet us observe it closely".

In the following weeks, the rice continued to grow, and the
villagers were happy when Bhadu counted twenty—five tillers per plant
on the average. Everything was going well until a new problem appeared.
One day, Bhadu observed some insects in his field. The neighbouring
farmers explained that these were 'gundhi bugs'(l} and that they would
suck the milk from the grain. He contacted the agricultural extension
officer who suggested dusting the crop with an insecticide. Bhadu
bought the powder but could not get a duster. He treated the cron
manually with a home-made muslin sieve, but was somewhat sceptical
about the outcome. He therefore followed his father's suggestion and
used the traditinnal practice: he caught a number of fish, chopped
off their heads and fixed the heads on sticks planted in the field.
Villagers believe that the insects prefer fish-heads to sucking the
milk from the grain.

4 few days later, Bhadu observed that several 'gundhi bugs' were
indeed sitting on the fish heads. He also set up a light trap for the
insects on two consecutive nights. By that time, the grains had become
hard enough not to be damaged by the insects, but the agricultural
extension officer who visited the field in August could not stop
Bhadu from going ahead with his 1light trapping programme., The crop
was now out of danger, but Bhadu had developed the habit of constant
caution.

Bhadu expects that the rice crop will bring him 200 dollars.
With that money he will repay the loan and use the rest for further
improvements. He has never been late on paying the interest on his
loan and wants to go on with his work. His father has given him more
land for cultivation, and he is now growing the local Tingri variety
of paddy with fertilisers. He has also left part of his field without
. fertiliser for the purpose of comparison. He has raised seedlings of
,3.}Manohar chatti®, another improved variety of paddy and hopes to grow
“wheat at some later stage. One of his next plans is to raise a loan
to buy a 1lift pump. ' .

The villagers are no longer as sceptical. The educated young
are arguing with the elders that Bhadu's experimeht is worth follow-
: 'ing by others and there are strong indications that if the vields are
... sufficiently high, the whole village will adop: the new technology.
:fBut_if he fails, the effects will e disastrous. It is therefore all
" the more necessary to ensure that this pioneering effort will succeed
-'at all costs. Failing fhis, the village will continue with its old

i 1} Or paddy ear-head bug, known in India as 'gundhi bug' on account
- of its offensive odour. The scientific name is fleptocorisa'.
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methods for the years to come. If a number of farmers take up a new
technolegy, it is not so very important if a few of them fail. But
if the first person to innovate does not succeed, the consequences
can be disastrous.

CONCLUSION

The three young techno~entrepreneurs frrm Poona were well gquali-
fied as engineering graduates and deliberately chose tc start a new
company. They came to the conclusion that +hey should select a product
with a high technolegy content which was badly needed by the indus-
trial sector, and for which the demand could be assessed from the
import statisties and the import substitution possibilities. Prakash
deliberately selected the dynamo meter on these consideraticns, and
Vartak shifted from standard motors %o specizl purpose motors oro-
duced in small -quantities and which require a lot of lazbour and
limited amounts of raw materials.

Having idemtified the product, the entrepreneurs found out more
abtout manufacturing through books, literature, foreign manufacturers
and a careful study of existing machines. The search for foreign
menufacturers is a time consuming process which could be made more
efficient if there was an Information Centre in India where all this
information is readily available.

The college professors played a leading part in giving advice,
offering opportumities to work in their laboratories and allowing
the opening-up of the machines in their workshops. This however is
at the discretion of the individual, and policy decisions will have
Lo be taken to ensure that techno-entrepreneurs are offered such
facilities by colleges and laboratories on a regular basis.

The techho-entrepreneurs then located prospective users within
the country, asked for suggestions about possible improvements, and
found out whether they would be interested in local machines which

met their specific regquirements. Thls market research could c;ear;yn‘
: 'Q%be handled more systematlcally by E: spec1alised agency '
ol ‘Not content with the theoretlcal tra;nlng in ‘the colleges, they3
'lgot down to work in. the workshops to famlllarlse themselves with -

_.IWOrkshop practlces, cost estlmatlons and groductlon olannlng ¢hey
” ¢150 saw Opportun1t1es ‘in odd sne01flcatlons. Vartak for 1nstance, T
found +hat h2-v01t motors were manufactured by a forelpn firm for 4"
.f.*spec1al purpose and used +hls knowledge to ldent;fy buyers w1th1n'f
. " the country for thJ.s odd voltage They overcame the prototype dlffl—
.“=cu1t1es with persevernnce, kept in cloqe touch w1th thelr cllents  -
and were on the 1ookout to'w1den thelr range of oroductlon. :

' They went abroad W1th the SpElelC purpose of seeing factorles




="'--lﬁal_-:inf:,r similar products, learning how to bring down costs and improv-
ing the guality of their products. They found out for themselves that
they were 1 vt in any way inferior to the well-known foreign manufac-
turers and used the opportunity to sell their products to their
counterparts abroad. Vartak is now supplying torque motors to a well-
'"khown forelgn maker and Salunke is shipping sliy gauges to an Acerican
firm. Equally Jmportant they realised the need for flnanﬂla] disci-
:pllne and tight budgetary control.

The ban on imports stimulated the adoption of technology by
. foreing industrial users to support indigenous development. However,

._3the import of certain machines (for stripping them) and of some mass-

produced accessories and components for final assembly would facili-
tate the adoption of new technologyv. Visits to exhibitions and fac-
tories abroad clearly stimulate innovative ideas. In-plant training
in high technology factories in industrialised countries could
certainly accelerate the transfer of techneoliogy.

Having succeeded in their original line, they d4iéd not sit on
their laurels but became real entrepreneurs. They jumped their
specialisation and selected a line which they felt was prestigious

'w.*Jdr_prdiitable. Prakash went in for special purpose steel because it

" was a challenge which, if he succeeds, will allow him to supply
iStainiess steel strips to his 'guru'. Vartak went for nitrogen-fixing
" bacteria. Salunke dedicated himself to developing new techno-entre-
~preneurs, and has an active interest in the development of backward

regions. He made the Forum of Industrial Technologists more meaning
- ful and acted as chairman of a public sector development project.

" Their suggestions for accelerating the process of adoption of tech-
nology deserve careful consideration, for they come from their hard
‘earned experience.

Bhadu's case on the other hand is from the rural environment,
where the level of technology is low, the environment unfavourable
~and the extension agents far away. The introduction of a rudimentary
B new technology and its success poses a host of problems whlch are
i somewhat dlfferent from tho$e of techno-entrepreneurs An an 1ndustr1alk

reglon but JuSt as complex and challenglng.




VIIT. THE REORGAMISATIONW OF Tre LIGHT
ENGINEERING INDUSTRY IN SRI LANKA

by

D.L.92, “=ndls

Sri Lenka's 1972-1976 Five Year Plan has presented the general
framewnrk for the country's economic development. This framework has
been further elaborated in sector plans for agriculture and for
industry. The Industrial Sector Plan stresses the need for a seli-
reliant approach to development. It recognises the ~xistence bnth
of a traditional sector and a modern sector. In both these secters,
the development of an indigenous machine-building industry has for
a long time been retarded by the unrestricted import of even the
simplest types of equipment. Very high priority has now been given
to the development of a dispersed small-scale lightuengineering
industry to act as an agent for spreading technolegical skills in |
the rural areas. Implicit in this policy statement is the recognitioﬁ
of an existing traditional technolegy which is basically an 1nd1genous,
low-cost technology. Although this recognition is itself w1thout
precedent, it will not serve the objectives of rapid economic develop

ment unless the progressive improvemen:t of this indigenous technology
is also planned and vigorously pursued. o
In both the public and the private sector in Sri Lanka, there
already is 2 considerable investment in modern technology vwhich is
comparatively highly productive and capital-intensive. The progre&?
" sive development of 'indigenous technology .in'the traditional secto
ﬂjheeﬂbeeniplanned*eo'ae to{gaih'from”liﬂkagee'with”thedhiéhdteeﬁdoiog:
dln the modern sector Thls contrasts w1th earller pollc1es when new
:1ndusur1al technologi es were 1ntroduced wlth 11tt1e rezard to ex1ft' g

low=-cost technolovles whose development a5 a result wac retarded
-Examples 1nc1ude the 1ntroductlon of modern power—100m= whlch com—
: peued with ex;stlnv handlooms, the development of mass—produced
lj~alum1n1um household goods whlch almost destroyed the tradltlonal
pottery 1ndustry, the settlng-up of a. State Hardware Corporatlon't

The author is Adviser (Technlques) in the Minlstry of Plannlng
and Econemic Affa;rs 1n ‘Colombo, 8Bri:lanka,‘and Visiting. Lecturer
at the Faculty of Englneerlng. Unlver51ty of Srl Lanka :
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manufacture various agricultural tools and implements and building

materials which were already being made by indigenous industries or
the production of soap by the local srbsidiary of a muliinational
corporation which almost eliminated the small-scale soap makers.

THE LOCAL LEVEL: DISPERSED PRODUCTION CO-CPERATIVES

The chief vehicle for implementing the new developmant policy

based on low-cost technology anc the imprcveﬁeut of indigenous indus-—
trial capabilities was the Divisional Development Council {DDC}. The
Council's projects are all in the form of co-operatives, One particu-
lar type is the Dispersed Production Co-operative. This is an organis-
ation of individual entrepreneurs and werkers in a given industry in

a particular region or administrative division. This type of organis-
ation offers a number of advantages:

a)

®)
c)

d}

e)

)

gl

h)

The individual worker is not coiifined to fixed working hours,
but may engage in productive work at any time of the day or
night that suits him;

In some cases, he may be assisted by members of his family;
The training of new workers (not orly famiiy members but
outsiders ag well) takes place on a person-to-person basis

in a comparatively small work-place;

The co~operative which is owned by its individual members
takes the place of the middlemen, so that there is no
possibility of expleoitation by such pecple;

The individual worker, if he is the owner, has every incentive
tc develop his work-nlace and improve his technology and his
productivity; and if he is an employee, he has the prospect
of ‘setting up one day his own work-place with the technical
and financial assistance of the co-operative;

Financial assistance for an owner to improve his work-place
or for an employee to start his own business, is more readily
available from the People's Bank through the co-operative

organisation than it would be for smal} independent individuals; i

Because of his membership in the co-~operative, the individual

'prbducer can tide over market fluctuatione more easzily than if

he were alone;
Since the co-operative arranges for the supply of inputs and
takes care of the marketing problems, its members can devote

. most of their time to actual production. This means a maximum

utiiisatirn of the available labour and technology.




THE REGIONAL LEVEL: MEDIUM-SCALE INDUSTRIA!. CO-OPERATIVES
Dispersed production co-operatives of village blacksmiths were
first set up on the basis of one for each Revenue Officer's Pivision.
Ry August 1974 more than 100 of these Light Engineering Industrial
Co-operatives, as they are called, had been established in a total
of 158 Revenue Officers Divisions all over the jisland. At the next
hizgher level of technology, co-operatives were set up for the owners
ard skilled workers of the small workshops which are very common in
orovincial towns. These are called Medium-Scale Industrial Co-oper-
atives, and it was proposed to have one such organisation for each
of the 22 administrative districts in the island. Later it was decided
to alsoc have Medium-Scale Industrial Co-operatives in each of the
Revenue Officers Divisions in the Colombo district. By August 1974,
some seven of these Medium-Scale Industrial Co-operatives had been
established. A Union of Light Engineering Industrial Cowoperatives
was alse formed as the apex organisation for the light engineering
industry.

The Union, as the representative bodv of the organised light
engineering industry in Sri lLanka, has broken into some new areas
of activity, of which ship-breaking is the most noteworthy. The
Union has also purchased a modern production factory which manufac-
tures motor and tractor spare parts, weighing machines and other
products.

Through the organisation of Light Engineering Industrial Co-
operatives in the rural areas, the traditional low-cost technology
of the village blacksmith has heen made more productive, and the
quality of production was improved. The co~operatives organised the
supply of raw materials including scrap iren and steel, charcoal and
small hand tools such as files. They also undertock the sale of
finished products through a commercial centre. Orders for various
tools and implements were obtained in advance from government organ-
isations as well as from the plantation sector, an important consumer
of such hardware in Sri Lanka.

QUALITY CONTROL

- With the organlsa+1on of supplies and markets for the village
.smlthy, the highest quality was demanded . Quality control is ensured .
. by a combination of traditional and modern methods. Traditicnaliy, - _
- the village blacksmith made and so0ld 1mplements to the farmer on the
- basis of a person-to-person guarantee. Thirs has been formalised in.
“the co-operatives by . g1v1ng each member an identification number
- which is stamped on every broduct which is then guaranteed for one
. month from the date of purchase. If a defective item is brought back -
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_oj the purchaser, the co-operative replaces it and returns the defec-
tive item to the manufacturer. If the defect appears to merit special
attention, the problem is referred to an outside consultant. This
consultancy service is provided by metallurgists in the University's
Faculty of Engineering and the Sri Lanka Institute of Scientific and
”ﬁIndustrlal Research.

THE PRICING MECHANISM

Since the blacksmith obtains his raw materials from the co—oper-
' -ative, he is liberated from the clutches of middiem=n who had pre-
viously suppiied the inputs and purchased his products, and generally
retained an unconscionable profit. The producer now enjoys a maximum
profit. In order to give a fair deal to the consumer, a Price-Deter-
mining Committee has been set up in each co-operative. Usually this
committee consists of three blacksmiths representing the producers
and three local farmers representing the consumers, with an official
of the Planning Ministry as the chairman. The committee examines the
. -amount of raw materials and labour necessary for manufacturing the
~products on the basis of the blacksmith's low-cost technology and
““arrives at the prime cost of production. A reasonable profit margin
‘is allotted to the producer and a further mark—up of between 10 and
15 per cent is zllotted to the co~operative to.determine the selling
'price to the comsumer. Profits accumulated in the co-operative will
‘in future be used for the progressive development of technolegy.

IRVESTMENT AND EMPLOYMENT

With this type of organisation, productivity has been consider-
ably improved. Today a2 master blacksmith and two assistants can
produce more than 2,000 rupees {about $250) worth of digging forks
per .month. us;ng the slmple technology of the village smlthy which _

'epresents a: total capltal 1nvestment of some 5,000 rupees (aboutf_g;”
-$630) at uodaf s prlces New employment has been generated 1n two,
__1fferent ways Flrstly the master blacksm1th Wll1 take ‘on more 5
fhelpers to 1ncrease his productlon. Secondly,_skllled blacxsmlths} _

ho are worklng as helpers w111 be able to set up thelr own work—llﬂ

1ace N The co-operatlve ercourages thls tyne'of development ﬁlth__b

nd1v1dual loans from the People's Bank . Somewco-oneratlves have_;.}~
re'than doubled thelr membershlo through thib process in the last




THE ROLE OF THE TECHNICAL CENTRES

Once a co-operative has been established and has started to
‘function, steps have to be taken to set up a technical centre. This
centre will be equipped with tools which are not generally available
"in the small work-places of the co-operative's membersz such as a
power hammer and power saw for reducing large scrap into the smaller
billets which are issued to members. It will also include a lathe,

a drilling machine and both electric arc and gas-welding equipment.

This equipment will be used for certain specialised operations like

the production of some component parts for small agricultural imple-
ments. An assembly unit will atso be set up in the technical centre

to make small agricultural machines.

THE PROGRESSIVE DEVELOPMENT OF TECHNCOLOGY

The progressive development of technolegy in individual work-
places has been plarned through the technical centres. At the village
Jevel & blacksmith is usually equipped with a hearth and a pair of
pellows, an anvil, a number of sledge hammers, a vice, several pairs
of tongs which Fe usually makes himself, a tew files and sometimes
a grinding wheel, and finally a manually-operated drill. With this
equipment he can make a wide variety of tools and impiements. In
general he was dependent ou traders for the supply of raw materials
such as scrap iron, steel and fuel (usually charcoal}. The trader
alse sold him the tools of his trade that needed periocdic replacement
like the files and the grinding wheels. Likewise the blacksmith was
dependent upon middlemen for the sale of his products. As a result,
he invariably functioned at a low economic level and did not have
the capacity to generate sufficient savings to develop his technology.

With the organisation of industrial co-operatives, the village
blacksmith is now able to put aside a certain percentage of his earn-
ings and invest it in the development of his technology. The progres
sive development of technology can be described as step‘by—step

'-1mprovement of the tools of his trade. This improvement will in tﬁe

first stage allow hlm to use the physical energy available to him 1n
a more productive way. Thereafter, it will enable him to add mechanl
-cal energy to his productlon process. He will be able to pay for '
Lmechanical nower with hls own savings and w1th credit facilities ke
-made available thrrugh the .co-operative. Next, using mechanlcal power
he will be able to maaufacture products on a more systematic ba51s
" and in larger grantities, and go into a production-line type of manu—
facturing if regular orders for his new products are forthcoming.
' - In practice, when a blacksmith produces more and increarces his
'savings, he will probably have priorities other than the improvemeﬁt




of his technology. Settling old debts, improving the house, and

purchasing movable property like furniture and jJewellery generally
take precedencze over improvements in the work-place. The first black-
smith who takes steps to Improve his technology is a pioneer whose
example is watched closely by the others before they decide to follow
suit. The interest of the co-operative is therefore to ensure the
success of this and the consultancy service available through the
technical centre must be used to maximum effect at this stage.

The technoicgy of the village smithy can be systematically
improved in a number of ways:

a) By introducing a more efficient hand-operated blower to

replace the bellows;

b} By the better conservation of heat in the hearth and the
use of was:e heat for tempering and perhaps feor annealing,
and by the use of s specially-designed oven plesced above
the hearth;

c} By introducing a mechanical finishing hammer {manually
cperated in the initial stage) to achieve a better finish
in a more economical way;

d} By using grinding wheels to save on filing;

e} By introducing mechanical power which may be used initially
for the mechanical finishing hammer, the blower, the grinding
and finishing wheels and a drill; power may be used later to
operate a simple lathe and a power hammer.

It is preferable to introduce mechanical power when the black-
smith already has a certain amount of eguipment such as a mechanical
finishing hammer, a blower, and a grinding and finishing wheel: at
thiz stage, mechanisatior is an economic proposition. Mechanical
power can also be used for other types of equipment, for instance,
for the simple home-made hand-operated lathe which is introduced
sooner or later in almost every smithy and which is used to turn out
wooden handies for knives and other implements.

It has been found that such a planned step-by-step development
of technoleogy is well within the bounds of reality, when the produc-
tive capacity of the village craftsman has been liberated by the
organisation of co-operatives, when the middleman has heen eliminated
and when regular markets have been made available. At = later stage
it is expected that the village blacksmith will be able to purchase
and use more sophisticated eguipment, including welding plant and
machine shop plant. He will then have qualified for membership in
the Medium-Scale Industrial Co-cverative at the district level.

INNOVATICN IN THE MEDIUM-SCALE INDUSTRIAL CO-OPERATIVES

Medium-Scale Induscrial Co—operafives were set up to harness
the un-utilised and under-utilised production capacities in workshops
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" have all successfully manufactured and tested protoiype two-wheeled

dispersed all over the island. These include small machine shops,
repair garages and foundries. It has been pessible to produce small
machines such as two-wheeled tractors by farming out the manufacture
of compcnent parts to members of these organisations. This particular
project has been tried out in no less than seven co-operatives which

tractors {the engine, the chain and the main bearings of these
machines are imported). The project has been launched in the teeth
of oppesition from those who believe that the only way to make a two-
wheeled tractor in Sri Lanka is to set up a Joint-venture with a
foreign firm. The success of the preject is therefore to be measured
not mereiy in terms of the number of tractors manufactured in this

way, but in terms of the number of individual! entrevpreneurs and
skilled workers who have been given an opnertunity te use their
talents to create a commercially viable product. This is a very
impertant element in achieving & self-reliant attitude to development.
The first priority has been given to the development of the two-
wheeled tractor, but the need for local manufacture of water pumps

has been repeatedly emphasised by the members of several co-operatives
One such pump has been developed locally; it iz mounted on the frame

of the two-wheeled tractor and driven by the same power unit.

At the begimning of this project the Ministry of Planning set

up ad hoc committees of individuals who were known tc be interested
in it in order to launch the manufacture of this machine through the
industrial co~operatives. This group of individuals brought in their
varied expertise and gave the necessary initiative for developing the
prototypes. This method has been quite successful . Prototypes have

also been manufactured in public sector organisations under the

dirsction of these ad hoc committees. It is expected that some of
these public sector institutions will alsc undertake batch production

of these machines in the future.

Cther machines which have heen developed in small workshops as
a result of the organisation of the indusirial co-operatives include:

a bicycle and a water pump. Both are now in batch production. Several
protetypes of single cylinder air--cooled internal combustion engines;
have also been made but none of them have yet been taken up for batch

production.

The reorganisation of Sri Lanka's light engineering industry by .

the Ministry of Plamnning and Economic Affairs under the Divisional
‘Development Council's programme has met with such success that the

same approach is being used for other indusirial sectors. Steps are
being taken to organise village potters who have been unfortunately
discriminated against: bureaucratic ignorance has promoted other
industries that tend to suppress the traditional vottery industry.
Simzlar werk in organising the traditienal textile industry can be
_fexpected in the future.




IX. MECHANISATION TECHNOLOZY FOR TROPICAL AGRICULTURE

by
*
Amir U. Khan

INTRODUCTION

In tropical regions where farm income is low, farm holdings are
small, and lsbour is cheap, many attempts have been made to mechanise
agriculture with equipment from the industrialised countries. However,
. farm equipment from the advanced countries, having been developed for

conditions of either large farm holdings and high labour costs, such

as in the United States, or for smrall farm holdings and high farm
incomes as in Japan, is not well suited to the agro-eccnomic conditions
that prevail in the developing countries. Consequently, mechanisation
of tropical agriculture has been slow and limited mostly to the larger
farm boldings which constitute a small pari of the total arable land.

It has been argued that a wide range of farm equipment is readily
available from the industrialised countries and that the problems of
mechanisation in tropical agriculture lie primarily in the proper
selection of farm equipment. A closer analysis reveals that this
assumption is based only on the operational considerations and does
not take inte account the other aspects that have an important bear-
ing on agricuitural mechanisation. The economic, social, and cultural
_needs of the farmer, lack of foreign exchange to import eguipment,
local manufacturing capabilities, and the compatibility of the mechan-
isation technology with the resource endowments of the country are
important factors and must be considered accordingly.

Because not enough appropriate farm equipment is available for
individual ownership by small farmers, efforts have been made to
introduce larger equipment through various forms of Joint use. Such
efforts have met with marginal success in only a few countries,
'_méstly for equipment for the difficuit farming operations of land
’preparation and harvesting. Chancellor studied the contract hire
services in Malaysia and Thailand and found the sales of small two-

* Dr. Khan is head of the Agricultural Engineerin% Department of the
International Rice Research Institute in Los Bafios, Philippines.
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wheel power tillers to individual farmers ravpidiy increasing in
Malaysia, even when large tractor hire services were economically
available{1l}. Tt seems thet the desire to retain control of the
sroduction operations and the prestige of ownership are strong fac-
tors that favour individual eguipment ownership by farmers. The power
tillers provide the farmers with greater flexibility, for these
machines can also transport persons and haul goods.

MECHANTSATION COMRTRAINTS

Twe distinet agricultural mechanisation technologies have evolved
to suit different sets of agricultural and socio-economic conditions.
The Western approach emphasises dryland farming with large, high~
powered equipment. This capital-intensive technolegy is primarily
aimed at replacing agricultural labour with machines. Its introduc-
tion is not desirable in the populated irnpical Asian region and has
been seriously guestioned by many social scientists. Wumerous attempts
during the last 30 years to introduce this technology in many develoo-
ing countries have had rather dismal results. In India, where large
tractors of over 35 hp have been continuously marketed since the end
of World War II, cnly one per cent of the total arable land is worked

with such tractors today.

Mechanisation in Japan has not foliowed the Western apnroach.
Rice, a major crop in that country, is grown under wetland conditions
on small farm holdings. The high support price for rice and the rising
standard of iiving, coupled with rapid industrizi growth and widespread
opportunities of part-time industrial employment in the rural areas,
have resulted in the mecranisation of Japan=se agriculture with small
but gquite sophisticated ard costly farm machines. The eguipmen:,
developed to meet the requirements of the relatively rich Japanese
farmer, is far too complex and uneconomical for traopical Asia.

Recently introduced Japanese combine harvesters and paddy trans-
nlanters are excellent examples of functionally suited but economic-—
ally unacceptable machines for the troopical regions.

Besides being complex, farm eguipment in the industrialised
countries is developed for manufacture with canital-intensive mass
production methods, Production technology to manufacture such designs
is not readilv availauvle in the developing countries. Since the design
of a product is closely related to the production vrocess, the scope
for the production of imported farm machinery designs in the develop-
ir.g countries is severely limited. Unless appropriate farm machines

1} W. Chancellor, A Survev of Tractor Contractor Operations in

Thailand and Malsysia, The Agricultural Development Gouncil,
Wew Yore, 1970.
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are mede available to suit the low-volume production techmology in
the less developed countries, low-cost machines would be difficult
to produce and machanisation will continue to be a luxury only a few
rich farmers could afford.

With the introduction of new varieties, problems of drying and
processing have assumed new proportions. Technology for drying and
processing agricultural crops in large central plants is available
from the industrialised countries. The establishment of such plants,
however, requires a well-developed infrastructure that often is lack-
ing in the tropics. The shortage of economically viable drying and
processing systems for farm- or village-level operations is a serious
probler in the developing countries.

Rapid technological develcpments in the industrialised countries
are making it increasingly difficult to transfer mechanisation techno~
logies to meet the needs of the farming communities in the developing
countries. In the Westerr countries, the trend is toward higher powered
machines with more sophisticated and automated control systems. To
some extent, mechanisation developments in Japan are following a
similar trend.

Generally mest imported farm egquipment in the developing coun-
tries seil at two to four times its price in the country of origin.
Furthermore, since this expensive equipment must compete with low-cost
local labour, the economic yardsticks on which the farm machine 1s
originally based are no longer present.

The high cost of imported farm equipment limits its market to
a small number of relatively rich farmers and hinders the development
of an effective sales and service network in the country. For example,
hefore power tillers were locally produced in the Philippines in 1S7C,
less than 1,000 units of power tillers were annually imported und
these were distributed among six different makes and over twelve
different models. With such a limited market, manufacturers could
not establish effective sales and service networks in remcte parts
of the country. With the recent production of locally designed simple
power tiliers, the market has multiplied several-fold and service and
parts for such machines are becoming readily available all over the
country.

Most developing couniries are undergoing varying degrees of
balance-of-payment problems. Large-scale importation of equipment to
mechanise tropical agriculture is not pessible because there is a
lack of foreign exchange in most developing countries.

MECHANTSATION STRATEGY

The author believes that the slow pace of agricultural mechanis-
ation in the tropical regions is largely caused by the non-availability
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of appropriate mechanisation technologies to meet the cverall require-
ments of the small farmers in the tropics. If mechanisation is to
succeed, suitable technologies will have to be dev:loped to suit the
agricultural, industrial, and socio-economic conditions of the develop-
ing countries.

Small- and medium-sized farm holdings of up to 10 hectares con-
stitute a large segment of the arable land in the tropics. Farmers
with such holdings find it difficult to operate economically with
animgl-drawn tools, but the larger tractors cof over 30 hp are toc
iarge for their needs. Ironically, this large group of developing
country farmers have hardly any access to appropriate farm equipment.
To be successful, agricultural mechanisation must be introduced on
the smaller farms in the tropical regions and must be considered in
this particular frame of reference.

Almost all past nati-nal and international efforts to mechanise

opical agriculture Lave been concerned primarily with the utilisa-

Y
ion of imported machines. Agricultural mechanisation and indigenous

production of farm equipment are two facets of the same problem and
must be leoked into simultaneously. The establishment of a viable
farm equipment manufacturing industry is a prerequisite to widespread
agricultural mechanisation in a countrv. The availability of farm
machinery designs that could be produced locally will favourably
affect the development of indigencus farm eguipment manufacturing
industries in the developing countries.

There is 1ittle doubt that the desire of the developing countries
t0o industrialise and the socio-economic implications of agricultural
mechanisation will require the local production of farm equipment.

To maximise employment in the manufacturing sector, it would be desir-.
able to preduce farm machines in the small-scale indusirial sectors
throug!. low-volume, labour~intensive production methods.

Sccial scientists have understandably pointed out the dangers
of displacing farm labour with agricultural machines. Unfortunateliy
their analysis is generally based on the field labour displaced
© directly through the introduction of large, high-powered agriculturqi 

“machines. It is unrealistic to base such conclusions on a mechanisgtio
1-fechnology that is completely inappropriate for most developing couﬁ— 
tries. Certainly the introduction of mammoth eguipment, such as that f
used in the Western countries, will displace labour and would be '
~highly undesirable in most developing countries. On the other hand,
agricultural mechanisation through the introduction of small, indi-
.vidually owned farm machines, such as is done in Japan, does not
"necessarily disnlace labour hut rather permits more intensive and
timely operations, thereby impreoving land and labour productivity.

L It is interesting to note that among 11 Asian countries, Japan has

. +the most mechanised agriculture (3 hp/ha) and yet is amung the
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‘countries with the highest labour input (1,400 man-hr/ha) in the
production of rice in Asia (see Table 1). &n agricultural mechenis-

ation strategy based on the indigencus production of small individu-
ally-owned farm equipment will provide additional employment in the
7'ppoduction, marketing, and servicing functions.

LOW-VOLUME MANUFACTURING

One often hears the popular argument that farm machines canmot
be economirally manufactured in the Zeveloping countries unless a
substantial local demand develops. This erroneous conclusion is
drawn because the product designs and the production processes avail-
zble from the developed countries are often not able to tap the full
potential of low-cost labour that is available in the developing
countries. Undoubtedly the eccnomies of scale are important in the
industrialised countries where labour costs are high. Economical
production, however, can he organised in the developing countries
with labour-intensive methods if the machines are appropriately
. designed for low-volume production.
The many interesting examples of low-volume production that are
beginning to appear in some developing countries strongly substantiate
o:this thesis. The low-volume production of the jeepney, a locally
' adepted version of the Jeep, by small metalworking firms is a good
- gxample in the Phil opines. Most of the jeepney components are manu-
ﬁffactured all cver the country with manrual methods using simple tools
and jigs. The complete body grill and other sheetmetal parts are
hand made; in quelity they are comparable to, and at times better
than, machine-stamped parts. While the engines and the transmissions
are imported, numerous other components and the chassis are produced
by large metalworking shops in the Greater Manila area and supplied
to small Jeepney shops all over the country. The production of the
i jeepney has resulted An the development of a .sizeable automoﬁlve
fcomoonent manufacturlng 1ndustry 1n the Phlllpolnes Whlch has aub-_ .f
':stantlally helped in the local manufaﬂture of other makes ‘of auto— .
Jmoblles The Jeepney 15 among the 1owest—pr1ced automo iles and is s
'the most popular mode of tranSport in the country. ' ' .
L Another 1nterest1ng example of apnroprlate nroduct development ...
“ids the motorlued lowlift. pusmp . This pump was developed by a-wvillage '
':farmer-mechanlc in Vletnam 1n 1963 In. 1ess ‘than four years, nearlyh
5&3 per cert of the farmers in the v111age had purchased such a C
fpumn(l) Different verSLOns of thls lowllft pump are now manufactured
and the Phlllpplnes ’

.:1n low volumes in Vletnam, Thalland

ﬂl) R L. Sansom,"The Motor Pump. A Case Study of Imnovation and
: Degelopmenﬂ' foord T"t:om:nnif.: Papers (New Series), Vol.21, No.l,
1969,
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SOME AGRICULTURAL MECHANISATION INDICATORS FOR 11 RICE-PRODUCING COUNTRIES IN ASIA

Table 1

1963, Vol.II.

Arable Agricul- Labour Net domestic
land tural N Hp per hours agricultural

Country holding | working Horsepower per hectare agricul~|for rice production USg
(ha) popula-— Mech- tural |cultiva- { Fer Per

tinn/ha | Human | Animal anical Total worker |tion/ha |person |hectare
Sri Lanka 1.59 1.20 0.120 ¢.148 0.110 0.378 0.0C9 N.A. 293 352
Taiwan 1.11 1.95 ¢.195% 0.164 0.164 ¢.505% 0.074 1300 349 696
India 2.62 0.90 0.037 0.204 0.008 0.249 ¢.009 1000 148 133
Iran 6.17 0.37 0.090 0.048 0.154 0.292 0.418 N.A. 417 154
Japan 1.06 2.16 0.216 0.120 2.664 3.00 1.231 1400 626 1350
Korea 0.90 1.96 0.196 0.236 0.003 0.435 0.0013 830 244 L77
Nepal 1.22 2.49 0.249 0.480 0.004 0.733 0.0016 N.A. 99 236
Pakistan 2.37 1,05 0.109 0.283 0.013 0.410 0.012 N.A. 154 169
Philippines 3.65 0.71 0.071 0.104 0.023 0.198 0.030 300 242 186
Thailand 3.64 1.10 0.1.0 0.184 0.054 0.348 0.050 M.A. 102 112
Vietnan 1.57 2.1¢C ¢.210 0.244 0.023 0.477 0.004 N.A. 203 421
Source: APN Expert Group Meeting on Agricultural Mechanisation, APO Project SYP/IIT/67, Tokyo, October




Another interesting example is the high~speed air-cooled engines
in a rural area of the Chachiengsao Province in Thailand. The owner
of the company that manufactures the engine is an innovative indivi-
dual who incorporated into the engine design many ideas from popular
makes of imported engines. He also has developed simple production
equipment to produce these engines with labour-intensive methods.

“In 1974 this company was producing 1,500 engines a month in the 10-.
“15-, and 20-hp sizes and was marketing them for use in motorboats,
irrigation pumps, and power tillers. In addition to these examples,
there are many interesting cases of lgw—volume production of diesel
engines, water pumps, machine tools, moter rickshaws and other
machines in India, Pakistan, Taiwan, Thailand, and Sri Lanka. These
examples tend to indicate that fairly complex machines can be econo-
mically produced in the developing countries if the product and the
production process are appropriately adapted to low-volume production.

DEVELOPING NEW EQUIFPMENT

Product development is essential in the transformation of engin-
eering research into a commercially useable form. This field is
almost exclusively catered to by industry in the advanced countries.
The academic institutions usually conduct basic research and industry
often uses the results in developing a wide variety of products that
eventually generate industrial activity. Product development requires
risk ecapital which the struggling small-scale industry in the develop-
ing countries cannot afford.

Manufacturers in the industrialised countries have the resources
to develop new farm equipment, but for many reasons, they do not find
the development of farm equipment for the tropical countries very
attractive. Understandably their strategy has been to develop new
equipment for their domestic markets and to expand its sales later
in the tropical regions. Funds for research are primarily availabdle
to the academic and research institutions in the developing countries,
. which are mostly in the public sector. Such institutions in the less
'hdevelnped countries have therefore the responsibility to cater to

5-_fthe product developmeni needs of small-scale industry.

IRRI'S MACHINERY DEVELOPMENT PROGRAMME

In 1967 the Agricultural Engineering Department of the Inter—
“national Rice Research Institute (IRRI) initiated a programme on the
development of low-cost farm machines for use and manufacture in the
“tropical rice-producing countries. Under this prograrme, engineering
“drawings and other technical assistance are provided without cost te

~; manufacturers who are willing to produce such machines.
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S8ix IRRI machines - the 5 to 7 hp tiller, axial flow thresher,
rotary power weeder, batch dryer with rice hull furnace, seeder for
pregerminated paddy, and extendible blade-lug wheels - have generated
much interest and are now reg.larly being produced commercially.

' .a) 5 to 7 hp tiller

This tiller was developed to compete with the simplest of the
imported power tillers. It was designed to make maximum use of loc-
ally popular standard machine components, such as engines, roller
chains, sprockets, bearings and seals. 7Tt simplified the manufac-
turer procurement problems and minimised parts problems for the end-
users. The other components of the tiller were fairly siﬁple and
could be produced by small metalworking firms in most developing
countries. Care was taken to limit the production operations to
simple cutting, bending, welding, and machining operations. & range
of attachments has been developed for transporting, irrigating, and
cultivating upland and lowland crops. The tiller, now produced in
six Asian countries. sells for approximately half the orice of com-
parable imported power tillers. As of December 31, 1974, over 7,000
IRRI power tillers have been commercially produced in the Philipp.nes.

The success of the 5 o 7 hp tiller and the continuing need for
a larger power tiller has led to the development of another IRRET
power tiller with a 10 to 12 hp diesel engine, multispeed trans-
mission, and steering clutches. This larger tiller was recently
released to six companies in the Philippines and these manufacturers
are now fabricating their units.

b) Axiszl fiow thresher

Experience with two earlier holé-on type threshers - the drum-
type and the table-type threshers - indicated that farmers were
interested in a high-capacity throw-in machine for threshing wet and
dry paddy and other crops. This led to the development of the axial
flow thresher which has rapidly gained popuiarity and is now being
produced in eight countries. The threshing material moves in an axiél
direction in the threshing drum and this prolongs the ﬁhfeshing action.
Preliminary separation of the grain and straw cccurs in a full—circié'
concave that extends to the full length of the threshing drum. This
thresher has an output of about one ton per hour vith a three-man
threshing crew. It can thresh rice, sorghum and soybeans. With some
modifications it can thresh wheat.

¢} Power weeder

Zince paddy fields in the developing countries are small and
have no headlands at the end of the rows, turning of s groundwsupported




mec'hirie is difficult. The IRRI power weeder is a portable lightweight
{22 kg), three-row machine that can be lifted off the ground at the
end of the paddy rows. One Japanese company that started producing

' this machine in 1971 has found an excellent market for it in areas
where the soil is so soft that the fields cannot normally be worked

l“w1th .power tillers. The company has developed 14 attachments for
'thls machine for a varlety of uses.

.Ejd).Tractor lug wheel

. Cage wheels with fixed lugs have been popularly used with large
'*ﬁractors in wetland conditions to improve traction. Since the lugs
.are welded at a fixed radius, the wheels cannot be adjusted to suit
the varying soil and field conditions that are generally encountered
in the tropics. The IRRI extendible lug wheel has l4-inch wide metal
blades mounted on a wheel frame that can be radially extended to
cbtain better traction and improved mnbility in difficult field con-
ditions. When a tractor bogs down in soft fields, one or two lugs
can be fully extended to extricate the tractor from the bogged con-
dition under its own power. The bogging down of a tracter is a serious
+.v problem for tractor contract operators since it requires winches or
“’other tractors that are difficult to obtain in the countryside. The
LZIRRI extendible lug wheel has become sn popular in the Philippines
“that almost all makes of large farm tractors sold in the Philippines
;'for paddy cultivation are equipped with such wheels.

e) Batch dryer
brying of paddy during the wet season is a serious problem in
:developing countries. Simple batch-type dryers are popular in Japan
for farm-level drying; however, such dryers are expensive to import
and difficult to fabricate in the less developed countries. The IRRI
batch dryer was designed with features similar to those of the
Japanese dryer but it can be easily fabricated by most small metal-
. working shops in the developlng countrles. A s:mple pot-type oll :
f'fburner W1th an uutomatlc fuel" cut-off valve PETMlta safe operation.
_fThe macnlne can dry one ‘ton of paddy ;n 5 to 6 hcurs. The standard
:drylng bin is made of sheetmetal hOvaer, plans are avallable for
_iwooden bins to reduce costs Three cnmpanles are how manufacturlng
“‘the IRRI batch dryer in the Phlllnplnes,_lt is also nroduced 1n
'HTalwan._ S : : LR : =
: : Because of 1nerea51ng costs of burner fuel, an alternate rlce'
hu_l furnace was developed fqr_use with this dryer The furnace con—eV
sists of ‘an ‘inclined. grate.bufnerg'a hoppei for rice hull, and an
aéh trap. Hulls can be_fed eiﬁher_maﬁually or automatically by cenf'
3nect1ng the feed mechanism to .an eeCentrle drive pulley driven from




the blower fan. This furnace is produced by the three dryer manufac-
turers and is finding an increasing market in the Philippines.

The IRRI machinery development programme has demenstrated that
public research institutions can play a significant pert in develop-
ing local industiry by chamnelling research effeorts to solve specific
research and development bottlenecks that small-scale industries are
facing in the developing countries.

INDUSTRIAT EXTENSION

During its early years, the IRRI machinerv develonment vrozramme
encountered considerable difficulty in encouraging manufacturers to
rroduce the IRRI égricultural machines. Advertisements offering free
agricultural machinery -designs were placed in the leading Philivnine
papers with little success., Subseguently orders were placed with some
selected manufacturers for the supply of a few IRRI-designed machines.
This prodded some companies to produce these machines and hel=ed in
developing their interest. As the manufacturers gained some confidence
in the IRRI machinery programme, commercialisation of the machines
became relztively easier. After one of the IRRT machines achieved
some commercial success, manufacturer interest increzased ranidiy and
many companies now actively seek machinery designs from IRRI.

The commercialisation of the designs that originate from most
industrial research institutions has been a chronic problem in the
developing countries. Experience indicate~ that distribution of
engineering drawings and technical information te manufacturers is
in itself not sufficient for successful commercialisation. Most small~
and medium-sized metalworking firms in the develoving countries are
not used to working with engineering drawings and prefer duplicating
actual sampnle machines. These firms have very limited capital to
undertake any risks on new unproven machines and they prefer to
produce machines for which there is an assured order. .

To encourage the introduction of IRRI machinea among small manu-
facturers, a design-release procedure was adopted under which engin-
eering drawings and prototype machines were loaned to the interested
manufzcturers. These manufacturers were requested to submit their
quotations for supplying a few machines to IRRI along with their long-
range manufacturing and marketing plans. Orders were then placed with
some selected firms for the supvly of a few, uszually one to six,
machines to the Institute. This approach nrovided the manufazcturers
with some additional business and permitted them toc evaluate their
production capabilities for producing IRRI machines without taking
any risks.

Such a strategy was possible since most TRRI machines were so
designed that no special tools, materials and processes were reguired
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in their manufacture. An added advantage of this strategy was that

the design weaknssses and production problems were pinpointed and
rectified early during the limited production phase. The manufacturers
were encouraged to medify the IRRI designs as they saw fit either to
sult their production facilities or to improve the machine's perfor-
mance. Almost every IRRI machine underwent some degree of modificatien
at this stage.

Each manufacturer submitted its first machine to IRRI o be
evaluated and checked against drawings. The manufacturers were in-
formed of the test results and given the appropriate recommendations
for improvements wherever necessary. If the first machine performed
satisfactorily, the manufacturer received approval to proceed with
the production of the other machines ordered by IRRI. The manufac-
turers were encouraged to test-market some of the machines being
fabricated for IRRI and any inquiries received by TRRI were channelled
to them. Even before they could complet: the IRRI order, the manufac-
turers were often able to sell 1 few of the more promising IRRI mach-
ines. Such sales provided the minufacturer with a strong incentive
to enter regular production.

To facilitate marketing in the early production stage, IRRI
provided leaflets, instruction manuals, sales literature and test
reports to the manufacturers. Attractive decal labels, indicating
that the machine was based on an original design from IRRI, were
provided for attachment to the commercially produced machines, and
these helped in the introductory sales. The machines received from
the manufacturers were exteasively field-tested in various part of
the Philippines and in other countries through co-operating subcon-
tracting organisations. Manufacturers were informed of any design or
production defects during this stage. N

Once satisfactory field performance was obtained, the manufac-
turers were given the go-signal to produce the machines regularly.
This design-release procedure was guite surcessful and is now the
standard method for releasing all IRRJT designs.

Because of the limited resources available to the programme, it
was difficult to organise a major industrial extension effort for
zemmercialising the IRRI machines in countries other than the Philip-
pines. Co-operative arrangements were made, through subcorntracts, in
nine Asian countries, with organisations that indicated an interest
in extending the IRRI machines. These organisations were provided
with those machines which had gained some commercial success in the
Philippines and a modest amount of funding for hiring some technical
staff. Engineers working with the IRRI co-operator were brought to
the Philippines for short-term training in the use and production of
IRRI machines.




Some useful experience has been gained in extending the IRRT
machines to menufacturers in other couniries through the co-operator
approach. It shows that the agriculftural and industrial research
organisations in the public sector are interested in testing and

crevaluating machines but are not as effective in working with local

'.fmanufacturers. These organisations seem faced with problems somewhat
similar to those of the academic institutions. Lack of interaction
with local industry and insufficien* motivation to commercialise

-machines are common difficnlties. On the other hand, manufacturing
firms are primarily interested in the specific machines which suit
their own production plans and are reluctant to devote efforts to
encourage local manufacture of all the IRRI machines. A good example
is that of a manufacturer in India who spent all his efforts unsuc-
cessfully in installing his own make of diesel engine on the IRRI
pover tiller rather than in extending the complete range of IRRI
machines to other manufacturers. In all cases the subcontractors!
ergineers, who obtained training at IRRI, were the key persons in
the programme and success or failure was highly related to their
motivations.

MANUFACTURING DEVELOPMENTS

Progress in the Philippines has been guite encouraging. A size-
able industry for the manufacture of small farm equipment hag been
established tc preduce IRRI machines. Eighteen companies are now
manufacturing IRRI machines in the Philippines. The productien of
some IRRI machines has also started in 10 other countries. In the
relatively short period of 4 years since the release of the first
design, over 20,000 IRRI-developed agricultural machines have been
commereially produced in Asia. Table 2 indicates the number of IRRI
machines that were produced in Asia as of June 30, 1974.

Nearly half of the menufacturers of IRRI machines had not pre-
viocusly produced or marketed any agricultural machines. The rest had -

been either importing farm machines or manufacturing rice-processing :
or construction egquipment. )

In the Philippines, a sizeable ancillary industry has developed
to supply componenis to the larger firms. The power tiller cage
wheels, plows, harrows and trailers are produced by small metalwork-
ing shops and more production specialisation is beginning to occur.
IRRT is alsc experimenfing with a decentralised production approach
by licensing one company to produce the power tiller transmission
only. The strategy is to provide a low-cost power transmission
assembly which is difficult for small metalworking shops. The small
firms would produce the remaining components and market the tiller




Table 2

IRRI AGRICULTURAL MACHINERY DEVELOPMENT PROJECT, 30 JUNE, 1974

Asian manufacturers reporting
1 2 3 4 5 6 7 g S 10 Total
L. No.of machines manu-
factured +ill June
30, 1974:
Power tiller 3,900 11 1,234 7 L57 - - - - - 5,609
Batch dryer - - - 35 - - 4 - T4 - 113
Axial flow thresher 20 - 2 8 20 &0 9 9 - - 108
Table thresher - - - - 84 - - - - - a4
Grain c¢leaner - - - 20 - - - - - - 20
Bellows pump - - - 100 - - - - - - 100
‘Multihopper seeder - - - 232 - - - - - - 232
Single-hopper seeder - - - 338 - - - - - - 338
Power weeder - - - - - - - - ~ 7,500 7,500
2. Production capacity
utilisation:
Current 85 NR 50 95 75 70 100 NR 95 NR
Before start of
IRRI machines 70 . NR 20 g0 - 45 50 75 NR - 0 MR
Percent change 15 NR 30 5 30 20 25 NR 5 HR
3. No. of new workers
employed 339 4 90 65 42 138 12 5 L5 NR 680
4. Additional capital )
Jf e investment {USH) 75,000 BR |120,000 (10,000 {8,300 1,400(22,000 | 1,500 | 3,800 NR |233,000
tov5iAdditional eapital
o Minvestment  per ' ]
worker '(Ussgg 199 § © NR 1,330 154 157 78| 1,000 300 B4 MR 3%0

: Not reported by manufacturer.
£.60 pesos.

- Us$1

T

- These manufacturers have received engineering drawings and technical assistance from the IRRI project.
. However, additional manufacturers are now producing IPRI or similar machines by indirectly acquiring the
designs for.which no data have been collected.

s Prototype -units of some IRRI machines have been fabricated by manufacturers in Indonesia, Korea, Prkistan,

8P, Lanka, Thailand, and Vietnam. Commercial production has started in some of these coumtries. A total of

::llfggianZEngineeps have ‘received short-term training under this programme.




in nearby markets. It is felt that a decentralised production can
considerably reduce the price of the power tiller.

In the Philippines, three larger companies, the Marsteel Corpor-
ation, the IGRI Industrial Sales Corporation and the Durasteel Indus-
tries Cerporation, have developed tools, dies, Jjigs and fixtures
" to preoduce the power tiller and the axial flow thresher in larger
quantities. These companies have modified the machinery designs to
suit large-volume production. The original fabricated power tiller
transmission casing, which was formed manually, has been replaced
by a stamped casing to permit mass production. The first two compan—
ies have replaced the primary chain transmission with spur gears
anc are developing steering clutches for their machines. These changes
will no doubt result in improved machines although it is not clear
how these developments will affect the smaller firms which may not
be able to incorporate such changes.

Three companies, Oberly & Company, Kaunlaran Industrial Shop
and C&B Crafts, have made many improvements on the axial flow thresher.
These improvements include the installatien of oscillating screens
for improved grain cleaning and the recycling arrangement for semi-
threshed material.

Manufacture of IRRI machines ocutside the Philippines has started
with the production of either the 5 to 7 hp tiller or the axial flow
thresher. These machines are now being manufactured in 10 countries
in Asia. A company in Chana and another in Ecuador are also manufac—
turing the axial flow thresher and the grain cleaner.

In India one firm is manufacturing the axial flow thresher and
the machine is being marketed for 5,500 rupees (US$ 733) without the
engine. This company has recently modified the axial flow thresher
for wheat threshing. In many countries tenderised wheat straw is used
as cattle feed and the modified axial flow thresher does a good Job
of tenderising tne straw. The use of this machine for wheat opens a
large market for it in almost all develaping countries,

In Indonesia, a company has fabricated the axial flow thresher
and is currently modifying it to handle the panicle-harvested rice
“varieties which are quite difficult to thresh manually. Another com-
pany is now fabricating a prototype power tiller. & large fertiliser
manufacturer in Indonesia is now setting up the production of IRRI
machines in that country. Five engineers from this company who
recently completed a short-term training in the production of our
machines at IRRI have raturned to start the production programze.

In Japan the power weeder has found a ready market. The Ohtake
Company has been successfully producing this machine since 1970 and
as of December 31, 1974, has produced 14,550 minicultivators. It
developed 14 attachments for weeding and cultivation in soft paddy
fields. Recently two other Japanese companies started producing
similar weeders in Japan.




In Pakistan the axial flow thresher is being produced by Messrs.

Habib Industries, Karachi, and is sold in the paddy areas in the
state of Sind. The company is now adapting the machine for wheat
threshing with the assistance of IRRI.

In Vietnam three manufacturers, the Vietnam Agricultural Mach-
inery Company,  the Than Nong Cong Ty, and the Binh-Duc Cong Ty, are
producing the power tiller and the axial flow thresher. The manufac-
turers' response on the IRRI machines has been very encouraging in
Vietnam and the information received just before the end of the war
indicates that many new companies had started the productien of TRRI

machines. )

In Sri Lanka a machine shop co-operative, the Nugegoda Medium-
Scale Engineering Co-operative Scciety, which has 22 members, recently
started producing the power tiller. Each machine shop produces some
parts of the tiller and the machine is assembled and marketed by the
co-operative., The Sri Lanka Government - zcently organised over 1,000
light industrial co-operatives and if this initial experiment succeeds,
more co-operatives will soon be producing TIRRI machines in the country.

In Taiwan, one firm is producing the batch~type drver and is
marketing it as the ' IRRI/TARI Dryer'. The Taiwan Agricultural
Research Institute (TARI) is our subcontractor and has been responsi-
ble for introducing this machine in Taiwan.

In Thailand, two manufacturers, J-Chaorenchai in Ayudhaya, and
the Anusarn Company in Chiengmai, are producing the IRRI tiller.

Three manufacturers have started to produce the axial flow thresher
and other manufacturers in Thailand are highly interested in it.

PROGRAMME IMPLICATIONS

The increased production of the IRRI machines has resulted in
considerable new industrial employment in the countries where such
machines are being produced. As of December 31, 1974, seven manu-
facturers in the Philippines aad directly hired more than 700 addi-
tional workerz in the manufacturing operation at an additional invest-
ment of US$ 200 per Jjob. Many additional jobs in material procure-
ment, management, marketing, and servicing operations have been
created. Many of the IRRI machines are heing used in coatract oper-
ations and their overall impact on employment is difficult to
estimate.

In the early stages, most TRRI machinery manufacturers were
located in the Greater Manila area, but as the IRRI machines became
popular, many firms in the smaller towns started production, thereby
creating employment in the provincial areas. IRRI is now encouraging
production in smaller towns by limiting the release of the machinery
design to onliy a few manufacturers in the Metropolitan Manila area.
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Some of the publiec policies in the Philippines were changed as
a result of the local production of IRRI machines. The tariff cn
small air-cocled engines was reduced and a higher tariff was levied
on imported power tillers te encourage local manufacturers., Many
IRRI machines were approved for International Bank for Reconstruction
and Development loan financing and local banks now provide loans to
farmers for the purchase of such machines. Interestingly IRRI did
not make any representation te the Philippine Government for these
changes in policies. These changes occurred after some IRRI machines
gaired popularity in the local market and the government realised
the need for encouraging local farm machinery industry.

¥hile the machinery development programme was initially directed
toward meeting the need of the intermediate-size farm holdings of
approximately 2 to 10 hectares, it is becoming clear that the IRRI
machines are being used for contract cperations and are benefiting
even the farmers whose holdings are less than 2 ha. The power tiller
and the axial flow thresher are being widely used by farmer-owners
for contract cperations to provide services to neighbouring farms
or by tillage or threshing service contractors. The contract oper-
ators are providing a much-needed service to small farmers who nor-
mally cannot afford to purchase the machines. This makes modern
mechanisation technology available to farmers who would normally
have continued to use traditional methods.

The farm machinery marketing structure in the Philippines is
undergoing some rapid changes. Most large companies have their own
sales organisations with dealership netwerks in the major rice-
producing areas of the country. In the case of the small manufac—
turers, often the provrietor initially handles the sales funciion
and markets the machines directly to farmers in selected areas. As
sales increase, these small manufacturers start to sell through
independent farm equipment dealers or develop their own sales organ—
isations. Because of increased farm machinery sales, many indepen~. .
dent farm equipment dealerships are now being set up in most small ;

. towns and a national retwork of independent machinery deslers is
" slowly evolving.

The project has been instrumental in stabilising the prices of
some of the imported power tillers in the Philippines. One well-
known 4.5-hp imported power tiller, now sold at a rather attractive
price in the rhilippines, competes very well with the 8-hp IRRI
power tiller. Such competition with imported machines is healthy
because it provides local manufacturers an incentive for improving
the machines they produce.

The local production of agricultural machines has resulted in
considerable savings in foreign exchange. In most IRRI machines,
the engine, bearings, and chains are imported components. These
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'bomponents are often less than 20 per cent of the total cost of the
machine.
Some Philippine manufacturers of IRRI machines have started to

. o.cexport their products to Malaysia and Indonesia and are looking for-

Qafd to increased expért:markets.

CONCLUSION

The experience gained from the IRRI machinerv development pro~
gramme has many important implications for the technology transfer
and industrial development process in the developing countries. The
programme has demonstrated that it is possible to develop an indigen-
ous industry in the less developed countries through carefully tail-
ored research and development programmes in public institutions. Low-
cost, demand-oriented products that could he economically manufac-
tured with existing simple production processes should be developed.
These are critically needed by the small-scale industry sector. The

. programme was sharply focused on the specific research and develop-

-ment needs of the small metalworking firms and it assisted such manu-
‘__facturers directly without going through the normal industrial assis-
tance institutions in the public sector.

The programme's strategy was to focus attention on the cestablish-
ment of an indigenous farm equipment industry rather than on conduc-~
ting a wide variety of research on agricultural mechanisation. The
programme was highly market-oriented and in executing it, IRRI gave
the needs of the farmers and those of the manufacturers appropriate
consideration. The programme's leadership guarded against the tendency
to conduct research for knowlpdge and continually maintained the focus
on hardware development.

The programme emphasises the importance of pre-project evaluation
and market studies. In the nroduct development process, factors that
':bear heav1ly on the acceptance of new technology, such as the end-’
;userﬂ' needs, production capabllltles, and the econcmic and 1ndustrla1j
}structure of the society, were fully kant in mind. :
In the selection of technology, many ‘social scientists emphas¢se
the socio-economic objectives but quite often disregard the most
-1mportant factor of market accepiability. It would be unrealistic to
introduce a technelogy, no matter how effectlvely it may meet the
fJ5001al objective, if it cannot become commerclally viable in a soc1ety.
' The popular socio-economic criteria of waplovment generation,
"resource utilisation, asnd income and wealth distribution are importanf,

but secondary to the market factors. The significant role that the
'”market signals play in the assessment, development and transfer of
: é_commercially viahie technology has been well demonstrated by this




programme . Whatever the social and economic benefits were, the natural
outcome was the introduction of a commercially viable technology.

The programme has demonstrated that agricultural mechanisation
.based on the Japanese pattern in which small farm machines are 1nd1v1~
"Mua?ly owned can be successful in the developing countries if appro- -

priate machines can be made available to the farmers at reasconable
prices. The indigenous preduction of farm machines can be instrumen-
tal in lowering the cost of mechanisation in the developing countries
if existing low-volume production technology is used in the manufac~
ture of such machines. Apparently there is considerable entrepreneur-
ial potential in the developing countries but critical technical
assistance is needed to develop it.

While metalworking shops did not develop new machines, when
faced with competition they were able to substantially improve the
designs originating from IRRI., As soon as a machine demonstrated
some ccmmercial potential, some manufacturers demonstrated the capa-
bility of developing fairly sophisticated machines comparable to
imported ones. Providing local firms with simple machinery designs
seemed to overcome a psychological barrier that had previously kept
them from manufacturing some of the impcrted designs. The selective
aoproach to industrial assistance offers considerable potential when
applied to many other industrial sectors in the developing countries.




X. INTERMEDIATE TECHNOLOGY AND RECIONAL DEVELOPMENT IN THE PHILIPPINES

by
*
Rufino S. Ignacio

THE UNIVERSITY AS A FOCUS FOR REGICNAL DEVELOPMENT

Mindanao State University (M.3.U.) is located about 500 miles
from the capital city of Manila, in the midst of a culturally dis-
tinct and socially deprived area of the Southern Philippines. It is
committed to the integration through education of the cultural com-
wunities of Mindanao, particularly the Muslims, inte the national
body politic. It is alsc committed te providing the necessary profes-
sional manpower for the development of the island.

The growth of M.S.U. has been phencmenal. It started in 1962
with 828 students and a budget of 700,000 pesos ($1.3 million), in
1975 it had some 7,000 collegiate ztudents =and 8,000 high =chool
enrollees and its budget totalled 60 million pesos ($10 million).

The main campus is located in scenic Marawi City, in the province

of Lznao del Sur; external units were gradually established in Lanao
del Norte, Cotabato, Sulu, Tawi-tawi, Misemis Oriental, and Davao.

These external units have programmes geared specifically to the edu-
cational and ¢ulitural needs of the area they serve: the Iligan Insti-
tute of Technology for instence offers variocus 3-year technical _
programmes for the burgeoning industrlial complex of Northern Mindanao,
and'the Sulu College of Technology and Oceanography in the province

" .of Tawi-tawi gives courses in deep—sea fisheries and oceanography.

A String of community high schools exist at strategic locations to
better equip young Muslims for entry into college. The standard of
scholarship i= generally high since the students, Christians and
Muslims alike, are well sesiected ffom the different high achcols in
the region. Various remedial and specisal programmes have been devised
to assist the less gifted students. '

Young &s it is, Mindanao State University has proven its worth
as a school of good standing and in some programmes like engineering

* The author is Vice-President for Academic Affairs of Mindanao
State University in Maraw! City, Philippines.
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and education, could compare well with the best universities in the
country, on the basis of criteria such as the quality of faculty and
students, faculty pay and incentives, research facilities and scholar-
ship, performance of alumni, and the flexibility and relevance of its
programmes . ;

The university is developing very well as an instrument, or
venrue, for the direct development of the region. Its informal pro-~
grammes, alongside and in co-ordination with the core zcademic pro-
grammes, are designed to meet the immediate needs and demands of the
region, M.5.U. has informal programmes on tourism, adult education,
executive development, public leadership, science training for ele-
mentary and high school teachers, manpower training in engineering,
agriculture, forestry and fisheries, and others. An integrated pro-
gramme for the develcopment of small and medium industries was estab-
lished in 1974 under the name of Regional Adaptive Technology Centre
{RATC) .

THE ORGANISATION AND PROJECTS OF THE RATC

The RATC is a university-based organisation which is directly
concerned with the enhancement and growth of small and medium-scale
industries in the region. The Centre's programmes focus on appropriate
technology, entrepreneurship, oend the formulation of public policies
for industrialisation. Theses thematic thrusts have resulted from a
long association and close interaction with the Technelegy and
Development Institute {PDI} of the East-West Centre in Hawaii. The _
activities of the Centre include training, consultation, research
and development, surveys, and the establishment of pilot and train-
ing plants to demonstrate the viability of a new industry. Crganis-
ationally, the RATC is divided into a software and a hardware division
The software division works on the literature used in the various
training programmes, condiicts surveys and helps Sormulate the neces-~
sary delivery ang functional linkages with the community and the N
local agencies. The hardware division undertakes research and-develgbﬁ
ment on technology and conducts the various training programmes for -
specific industries. '

One of the RATC's projects on the University campus is a cera- '
mics centre which serves both as a training centre and as a demon- '
stration plant. A brassware centre is being set up in Tugaya, 50
miles from the campus, in co-operation with government agencies like
the National Science and Development Board, the Mindanso Development:
Authority and the tovn council of Tugaya. A low-cost housing projecﬁ,,

~initiated by the M.5.U. College of Engineering, is being promoted by
the RATC through training and technical assistance for the establish-

ment of low-cost housing villages on s self-help basis. An integrated




‘coconut charcoaling and copra drying plant, invented by a local arti-
' san, is being improved by the University through the RATC: in co-oper-
ation with private entrepreneurs, the Development Bank of the Philip-

pines and the Fhilippine Coconut Authority, the RATC is currently
working out the installation of similar plants in the most suitable
careas of the region. The Naawan Fisheries Station, a marine fishery
résearch unit of the University, which has made a breakthrough in the
spawning and culture of prawns (Jumbo-shrimps)} is training the local
“fishermen along the lines of the RATC concept of technology dissemin-
ation and entrepreneurship development.

TRAINING PROGRAMMES AND THE PROMOTION
« OF LOCAL TECHNOLOGICAL TRADITIONS

As the RATC is a new corganisation, different technigues and
methods of training are being experimented on; only at a later stage

will it be posszible to evaluate and compare their effectiveness.

a) The Ceramics Centre

The province of Lanao del Sur, as revealed by a recent survey,
abounds in family-owned and family-operated cottage industries like
weaving and brassware. The villagers, both young and old are craft-
oriented. The ceramics industry is being introduced by the RATC
because of these basic artistic skills of the villagers, the presence
of abundant sources of fine clay and the projected demand for cera-
mics products. A family-based skills trzining programme wes thought
to be reasonsble. In the Ceramics Centre, groups are divided on a
family basis: children and parents work together, with the latter
playing the role of work leaders, and duties are distributed among
mewmbers of the family. Traiaing is conducted in the local dialect
end when participants do not know how to read or write, illustrations
are used.

. The first batch of trainees have yet to 'graduate!. Ehe RATC
plans to loan out the potters' wheels which the itrainees are now

.. using in the Centre, and is envisaging the poss;bllxty of lending

them some glazing materials to produce ceramics wares from their own f
local clay deposits. The ar*isans could then bring the wn-kilned
wares for treatment to the large kiln of the RATC and the fees for.
this service will he paid after the sale of products.

The longer-range plan of the RATC is to get the villagers to
organise production and marketlng co—operatlves and to build commun-~
. ity kilns of their own. The interest shown by the families in their o
training and the gqual:ty of their products and designs give the RATC
.+, staff puch hope for introducing the industry in inhe province.




" 'b) The Braesware Centre in Tugaya

Brassware manufacturing is an age old industry among the Menanao
Muslims but has never really developed on & large-scale because of
the low quality of preducts (the artwork however is excellent), the
. lack of capital, faulty marketing and other problems. Using its own ;
f_resources and a grant ‘from the National Science and Development Board"
'(NSDB), the RATC is conducting a research project to improve the
manufacturing process and find solutions to the problems of the
industry.

A Brassware Development Centre, aimed like the Ceramics Centre
at training and production, is planned to be built ass socn as possi-
ble in Tugaya, the town of the brassware artisans. The Centre will
serve to demonstrate the improved yet simple new technology of brass-
ware manufacturing. Similarly, marketing co-operatives are in the
process of formation. Financial inputs irto the Centre are coming
from the NSDB and the Metal Industries Development and Research
Centre. As in the case of the Ceramics Centre, training wiii be con-
ducted in family groups.

THE DEVELOPMENT OF INDIGENOUS INNOVATIONS

a) Ihe coconut charcoaling and drying plant in Tiigan

Coconut charcoal and dried coconut meat {copra) are two major
products of the Philippines and there is a tremendous domestic and
foreign demand. In concert with the local inventor of an integrated
coconut charcoaling and copra plant, the RATC has been working on
proposals to improve the invention and diffuse it within the country.
The RATC discovered that this plant is the only one of its kind in
the Philippines and possibly in the world. It had the technology
patented in favour of the inventor, an unschoolad hut very experienced_:
man in his fifties. The invention, according to experts of the Philip- .
pine Coconut Authority (PCA) and the United Nations Development Pro
'.gramme (UNDP), could revolutionise the coconut industry in the country
i used Widely on tne farms. ' . : s
] Manufacturing plants of tnis type could be installed in strategic

;-areas and operated on commercial bas;s. Proposals to this erfect are
. presently being prepared by the RATC in co—operation with the Depart»
“ ment of Inddstries The staff has prepared the financial projections
_fand plans, and has even: completed the 1ncorporation papers for two o
| groups of farm—cwners who wish to have ‘the plant on their own holding
-F:The ‘PCA also plans to install a similar plant in its demonstration S
“site in Leyte Island 200 miles north of Mindanao. S
S Simple training packages on the maintenance, repair and upkeep
'of the plant and 1essons ‘on the formation of ca-operatives are_[:




programmed by the RATC in co-operation with appropriate government
agencies. Local entrepreneurs are &8lsec given guidelines on the plant’'s
economic and financial aspects.

b) Low-cost housing technology

The M.5.U. College of Engineering has done resgearch on low-cost
construction materials for a number of usages, including housing,
feeder roads and irrigation. Building blocks made from soil mixed
with cement and bamboo roofing have been explored quite successfully
in the laboratory. The RATC, in co-~operation with the Collegé actually
built a 10-house village on the campus using scil~cement and bamboo
roofing. The idea was to encourage local people to use such materials.
Students and trainees from various localities did the construction;
both groups got trained in the technology, and at the same time the
project saved a lot of money for the university.

A much larger village of 50 cottages is planned to be constructed
on a self-help basis in the remote town of Lumba-Bayabao, 50 mileg
from the campus. Low-cost feeder rnads using these new materials

veloped in the laboratory will service the area. The RATC staff
and the researchers of the College are in charge of the project.
Housing-related industries are made aware of the project.

¢) The jumbg-shrimp industry

In 1973 the M.S5.U. Fisheries Station in Naawau (60 miles from
the main campus) made a major breakthrough in the spawning and rear-
ing of prawns under controlled conditions. The experiment has tremen-
dous economic implications to the country since the jumbo-shrimp is
a major commodity food item with a demand that far exceeds supply.
The Fisheries Station has graduated to commercial-sized hetcheries
that are capable of supplying the fry requirements of the region,
but the new technology must be taught to the people. What the RATC
is doing, concurrently with the Fisheries Station personnel, is to
- spread the good news, convince pond-owners to convert their preseht
fishponds to prawns or open new ones, and invest some of their money
in the new technology. Eventually, marketing co-operativeswill have
to be formed, and storage facilities and other services will have to

be developed.

One offshoot of this project is a much larger hatchery-research
complex bullt by the Philippine government with financiel inputs
coming from six other countries in Asia. The complex is located on
the island of Iliolo, 200 miles north of Mindanac.

d} Other projects
The RATC is currently looking inte the manufacture of simple
machines using junk vehicle parts, food processing equipment and

low—coat scientific instruments.
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THE GROWTH FAINS OF AN INTERMEDIATE TECHNOLOGY CENTRE

The above summary of the RATC's activities after one year of
operation suggests that it is indeed an active organisation. But as
 with any new institution there are scme growth pains, and a number
of problems remain to be solved,

a}) The place ¢f RATC in the university

Some hard-core academics in the university tend to consider the

RATC as & low-priority project and several deans of colleges think
that the RATC's activities could very well be done by other govern-—
ment agencies and not principally by the M.S5.U. It is true that there
are government agencies responsible for the development of small and
medivm-industries in the country, but their resources are too central-
ised in Manila aud there are not many meaningful projects in Mindanao.
Added to this predicament is the precarious peace and order situation
ir the island. With this in mind, it can be argued that the university

» duty-bound to do something for rural industrialisation and that
the RATC is the most appropriate instrument. Linkages are being estab-
lished with Manila-based agencies like the Department of Industry,
the National Cottage Industry Development Authority and the UP-ISSIT
{Institute of Small-Scale Industries of the University of the Philip-
pines). At the international level, the RATC has tie-ups with the
East-West Centre ia Hawaii and the Internaticnal Development Research
Centre in Canada.

b} Curriculum development

The integration or introduction ¢f courses on small-scale indus-

trialisation, entrepreneurship and similar problems into the curricula ™

of the colleges is promising but not easy to achieve. Some headway
has been accomplished in this regard. The research thrust of the

"~ College of Englneerlng for 1nstance is on the developmont of appro—r

' 'pr1ate technologles, and the newly-created Institute of . Development
 ‘gives courses on . small 1ndustry development What makee it dlfflcult
' ‘to really re—orlent ‘the: educatlonal system is the fact that the
ﬂxistlng curricula ;o;aow the staneard unlver51ty patterns whlcn for

o most part are weetern—oriented Enﬂxneering, for example presupposes

studies on big induetrlal plants, their de51gn and eff1c1ency, and .
does not focus on ‘the processes and technologles obtainlng in the

) 3PE§10n, as for the currlculum on busi ness admlnistratlon, it deals .

with big companies and large-scale investments. The practice so far
has been to plug in two or three courses on small-scale industry

into the already heavy curricula of the colleges. In ~ther wurds, _
small and medium-scale industry development as a target'discipline '
. in itself, is not yet suff101ent1y wide to form the basis of a
;.complete curriCL*um..
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¢} The availability of qualified personnel

Qualified staff members to develop, run and maintain the RATC's
projects are not readily available mainly because of the newness of
“:the programme. A dynamic programme of staff development has therefore. . .

: ggﬁﬂestabiiéhed, and ‘ten people have so far undergone crash training
‘1ﬁ'Héniié and Hawaii. This has got to be supported on a continuing
 bdsis. Another problem is the rapid turnover of staff in RATC: one
key staff member has becomé vice president of a bank, and unother

went to UP-ISSI in Manila.

4} Financing

One of the crucial problems is the availability of money to
support the RATC's programmes. From the way it looks, the RATC is
an expensive proposition indeed: publications, travels, seminars
and conferences cost a lot. It is premature at this stage to expect
the benaficiaries of the HATC to plough back some of their resources
into the programme, but efforts are currently being made along these

lines.

At this early stage, three preliminary conclusions could be
drawn. The first is that there are positive signs that the RATC is
making a direct contribution to development. The second is that the
RATC is a viable and relevant programme based on the university. The
third conclusion is that this experiment could prove to be & useful
instrument for formulating a science and technology policy on a

regional level.




XI. THE DESIGN AND QPERATION OF A WATER FILTER USING
LOCAL MATERTAIS IN SOUTHEAST ASIA

by
Richard J. Frankei'

An appropriate technelogy for Southeast Asia was developed to
pro-ide potable water for rural communities using local filter
materials. A series fiitration system using these materials produced
a sparkling clear water from highly turbid surface waters without
the aid of coagulants. Effluent quality is comparable to that ob-
tained from the best slow sand filters.

THE SITUATION IN SCGUTHEAST ASIA

In Southeast Asiz, economic development is clesely linked with
improved social welfarzs of the massive rural population. The techno-
logical priorities appear to be transportation, commumnity water sup-
Ply, and rural electrification, ir that order. These nations have
imported conventional water treatment methods {coagulation, sedimen-
tation, rapid sand filtration, and chlorinatior.} as their approach
for providing potable water to rural communities.

For several reasons this technology has proved to be a dizillus-
ioning experience. Capital costs are high, and each plant must gener-
ally be tailored to a local set of conditions. Thus design and con-
struction are time-consuming and require well-trained personnel.
Operating costs are likewise high and operational d43ifficulties are
numeraus. 3ased on a recent evaluastion of rural water supply projects,
ihe following problems were found typical: laboratory egquipment was
not available for daily or weekly jar tests to determine the proper
chemical doses; operators were not sufficiently trained to verform
or understand the coagulation jar +test results; chemical costs were
high in rural areas and operators often tried to cut back on the use
of chemicals to reduce water-treatment costs; chemicals ran short,
and ordering in advance or obtaining additional chemical deliveries

* Dr. R.J. Frankel is presideant of Southeast Asia Technology Co.Ltd.
(SEATEC) in Barngkok, Thailand.
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L
on time was always a problem in distant communities; wiéhout proper
dosages the chemical coagulation-sedimentation portioﬁs-of ihe plant
operated ineffectively with the result that turbidity loads were
almost entirely handled by the rapid sand filters; understanding of
why or when +o back-wash the rapid sand filter was generally lacking:
mud bulls and short—circuiting were typical in many filters; proper
gizing of sand was found iacking; and lack of sufficient operating
funds often curtailed the use of chemicals and limited daily plant
operation to 2-3 hours of discontinucus produrtion. These difficul-
ties left village leaders ond villagers alike feeling cheated and
deceived when what they received was seemingly an out-of-place and
unworkabls technoslogy. .

Thus, a proven technology in the devéloped world is not neces-
sarily an easlly exported commodity for the developing countries.
The need for a new approach is evident in rural water supply, even
in the seemingly well-proved areas of conventlonal water trsatment.
This study deais with a suggested approach for treatment of surYace
waters in Southeast Asia - su approach that has been under test for
three vears in Thailand.

The high levels of organic poliutants and colloidal particles
found in surface waters of Southeast Asia contribute to the health
hazards endemic in the region. The role of filtration in the total
water use-reuse cycle is essential, so research was carried out to
develop & simple, inexpensive filtering system, using local filter
media, for the efficient removal of undesirable contaminants from
water sources. The primary concern was for removal of colloidal and
suspended particulates and microorganisms.

Various potential filter medis were studied using local materials,
including pea gravel, charcoal, coconut husks, bagasse ash, jute,
ground corn hisks, and rice husks. Sand was used as a control media
for comparison. Single and series-filter systems were studied.

LABORATCORY EXPRRTIMENTS AND DESIGN

4 six-month preliminary study ~zs carried out in search of
efficient filtering material. Filter media was scught for both a
primery. or rougking, filter and a seccndary, or polishing, filter.
Criteria for selection were abundance, ease of preparation and
storage, filtering efficiency, service life, and low cost. Emphasis
was placed on the natural state and size in which such materials
were found locally in order to avoid complicated methods of premar-
ation and to maintain simplicity in design and operation of the
filters.

Use of the local filter materials as filter media for the
treatment of surface waters was carried out in two stages: stage one
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at high-rate filtration and high turbidities in the range of 100 to
400 otu (Jackson turbidity units); and stage two at a slow rate of
filtration with turbidities in the 15 to 40 Jtu range. Stage one was
carried out to establish the effectiveness of the media as roughing
filters -~ that s to rewove a considerable portion of influent tur-
bidity for a sustained period of time at low head-loss. Removal of
other pollutants was considered secondary. In the testing of stage
two, the prime obJjectives were to meet the drinking-water standard
of clarity and to test the bacteriological removal efficiency of the
filter media. When necessary, synthetic turbidity, in the form of
kaolin clay, was added to the influent river or municipal water to

insure a constant range of turbidity levels.

LABORATORY RESULTS

a) The primary {roughing) filter

The most successful filtering material found for the roughing
filter proved to be shredded coconut husks. The raw husks are found
throughout Southeast Asia and have litile market value, except in
araas where the husks are shredded for packing material and used in
suzar making. Cost of obtaining the raw husk is generally transport
cost only. In Bangkok shredded coconuf husks were obtained from a
cocenut coir mill fer US§ 0.125 per kg. In Figure 1{(1) the efficiency
of shredded coconut husk is shown for various depths of filter media.
At the filtration rate of 1.25 m3/m2/hr, removal efficiencies of
turbidity were consistently above 90 per cent. Duration of filter
run increased directly with increasing depth of medium. Effluent
quality was improved with greater depth of medium during the first
hours of filter operation. Differences in effluent quality diminished,
however, as the duration of filter run increased. The filters were
operated over a twelve-week period. Penetration of influent turbidity
was substantially deeper than that of cther media. Clogging started
at the top layer, but the particulate matter penetrated deeper into
the bed za the filter run progressed. The shredded-coconut-husk
filter appes =4 to operate in a manner similar to an icon-exchange
column. Once the exchange capacity of the upper pertion of the bed -
lad been exhausted, influent turbidify was removed in the lower por-.

tions of the bed. Head loss building was slow and was proportional
to the depth of penetration of collioidul and suspended materials.
An accumulated head loss of 1.2 m was used as a limiting criterion

1) Source: N. Jaksironont, Development of a Series Filtration Water
Treatment Method for Small Communities of Asisa, esls for

WS degree (mimeon), Asian Institute of Technology, Bangkok, 1972.
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forr duration of all runs. In ne case did a deterioration in effluent

quality occur prior to reaching the limiting head loss.

Operation revealed that the media were complicated to clean
because of the deep penetration of particles into the filter bed.
The coconut-husk fibires would require complex cleaning methods as
well as large volumes of back-wash water. Therefore, wasting of media
after clogging was more practical than clsaning and would be more
applicable in rural opsrations. No back-washing of the filter was
carried out. The need for additional walves, piping, a backwash pump,
and & storage water tank was thereby eliminated. The availability
and low cost »f the medium also favoured discarding the husks rather
than cleaning them. Ideal operations would require the operator to
replace the filter media about once every 2-3 months.

©t) The secondary (polishing) filter

A secondary filter medium was required to polish the water to
the World Health Organisation's (WHO) standards (for turbidity colour,
and odour) and to improve microorganism removal. The most successful
filtering wmaterial found for the poiishing filter was burned rice
husks. Raw rice husks were obtained from local rice mills. The husks,
which represent the largest milling by-product of rice, constitute
about 20 per cent of the paddy weight and can be obtained free of
charge on payment of transport costs or at a nominal price ($1-2/ton).
flice husks are disposed of as waste, although a large amount is used
as fuel by the mills in Thailand. Elsewhere in Southeast Asia, where
the mills are run by diesel or oil-fed steam boilers, some husks are
brick :llns. The burned rice husks are not burned tv a white ash
because combustion is incomplete at low temperatures in the boiler
(1ess than 350°C). The husks are burnt to a blackened ash which
consists of about 90 per cent silicon dioxide, 6~7. per cent oxides
of magnesium, aluminium, calcium, and iron, and the remaining 3-4
per cent organic matter (mestly carbon). The medium shows a low den=-
sity of compaction over a wide range of moisture contents, a specific...
gravity of 2.3, a very high surface-area-to-volume ratio, absorptipn;
properti 1 [

‘‘meability and very low cohesion, making the ash highly suitable as
filter material.

Performance of the control sand filter and the burned rice husk
is shown in Figure 2(1) using raw water from the Chao Phya River
with an influent turbidity of 25-85 Jtu. A slower filtration rate
of 0.25 m3/m2/hr. was used to compare turbidity renewal efficiency

Ge grml 3
Do Simyiar

o activated carbon,; small pore size; high perw

1) Afcer Alberto S. Sevilla, A Study of Filtration Methods for
Previding Inexpensive Potable Water to Rural Communities in Asia,
Thesis for the egree (mimeo}, Aslan Institute o echnology,
Bangkok, 1971. ‘

- 242 -~




Figure 2

CGMPARISON OF SAND AMD BURNT RICE HUSK
AT THE SAME FILTRATION RATE AND INFLUENT TURBIDITY
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with that of a slow land filter design. Operation was stopped when
the head loss reached 1.2 m. Throughout the lengtk of run, effluent

quality was excellent with a residual turbidity less than 0.5 Jtu.
Penetration of the filter medium was superficial, since most of the
turbidity was removed in the upper 2-3 cm. Thus, ideal operation
would require scraping off the upper 5-10 cm of the medium about

once every 2-3 months. Because the burned rice husks are plentiful
and inexpensive, discarding the medivum after use appears far more
attractive than washing.

Numerous tests at filtration rates of 0.1-2,5 mjlmthr. were

made comparing burned rice husks with sand as filter media. The
results are plotted in Figure 3(1). In all tests using burned rice
husks a 25-35 per cent longer filter run was achieved without sacri-
ficing effluent quality. Thus, it appears that the burned rice husks
can be substituted very effectively for sand in water-treatment
filters operated at slow to medium filter rates, thereby eliminating
the sizing prublem associated with sand.

PILOT FILTER UNITS CONSTRUCTED AND OPERATED

This research project was carried out under the auspices of the
Mekong Committee. The United Nation's Economic Commission for Asia
and the Far East (ECAFE) funded the construction of one small village
size filter uvnit in each of the four Mekong Basin countries (Laos,
Khmer Republic, Vietnam and Thailand) and one large village umit in
Thailand.

A summary of the pilot plant units, indicating their lecation,
capacity, number of persons served, construction costs, and initia)l
operation costs are given in Table 1. For the smell village units,
the largest single investment cost was the pump. In all four coun-
tries the pumps were imported; in three of the four countries, the
pipework was imported. In all four countries, the filter boxes were
made locally. The support structure and storage tanks were always
made of local materials. Hence, the local peortion of the total investf
ment cost varied from 45 to 85 per cent. 5

For the large village size unit, the single most expensive
imported item was the steel reinforcing bars. Essentially all other
items were locally produced. The total unit costs (including all
materials, equipment, labour and transport) ranged from #0.30 -
$2.60 per capita. This is considerably less than the #6.00 - £8.50

1} after N. Jaksironot, op.cit.




Figure 3
COMPARISON OF SAND AND BURNT RICE HUSK AS FILTER MEDIA
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Table 1

SUMMARY OF CONSTRUCTICN AND OPERATING COSTS OF THE PILOT WATER FILTER PLANTS
{(in 1973 US dollars)

Construction Costs, & Investment Village Operating
Location of Capacity Equipment and Cost per {Operating| Costs per
Pilot Plant 3 Materials Capita Costs per; Family
a” fhr Transport [Labcur | Total
Local | Imported month (1) per(ggnth
Ban Som, Thailand
{830 persons) 1.25 330 74 105 126 635 0.80 26 0.30
Kambual, Khmer Republic (3) (3)
{800 persons) 1.50 105 124 N.&. 11 240 0.30 26 0.35
Hamlet Leng Thong B, (&)
Vietnam 1.00-2.00 373 6C 28 64 h2s 1.10-2,60 20 .50
(200 persons)
Nong Tha South, lLaos
(500 persons) 1.25 235 250 N.A. N.A. L85 .95 N.A. N.A.
Ban Nong Suang,
Thailand ( 5 )
{5,000 persons) 15.0 3,660 2,000 530 1,600 7,450 1,60 115 ¢.15%

Notes: N.A.

= not available.

1) Baeed on one full time operator 8 hours per day, 30 days per month.
2) Assuming on equal charge per family regardless of water use or number of family members.
3} A1l construction labour and transport supplied free by Ministry of Public Health.

4) Pilot unit was designed to serve 500 persons.
to complete the distribution system to serve the other 300 persons. Henc

An additional expenditure of only about US$#30.00 was needed
e the two values of per capita cost.

The pilot unit in Vietnam includes a distribution system to public fountains throughout the village.
5} Assuming "contact" filtration using 120 mg/l of alum as coagulant. Operating costs estimated.




per capita figure required teo build conventional water treatment
plants in Northeast Thailand(1l).

Operating costs for all units remained low and varied between
$0.15 ~ $0.50 per family per month. These costs included labour, fuel,
filter media rerplacement and pump repair (and in the speciali case of
Ban Nong Suang, chemical costs). Even at the low ievels of income

found in these communities, villagers indicated their willingness

and ability to pay for the operation of the unit. In Ban 3Jom, for
example, the average water charge per family per month reguirea to
maintain the system was 4 Baht {Us40.20). The average family income
for comparison was 2,000 Baht (US$100)per annum. ¥hen the villaga
began to operate the system on its own and pay for total operating
costs, the village headman set up a dual price system of S5 Baht per
family per month after the rice crop was harvested and 1.5 Baht per
fapily per month during the growing season when cash on hand was at

a minigum. Insufficient time was available tc observe how effectively
the villagers would finance the system on their own. However, in
comparison with other water systems operating in Northemst Thailand,
the water charges needed to operate and maintain the water filter
unite were one fourth to one half the normal rates charged in similar
vitlages(2). 4 village-wide survey made after four months of filter
operation in Ban Som indicated that the average villager's willing.
ness to pay was 10 Baht (US$0.50) per family per month.

EXAMPLE RESULTS OF PILOT PLANT GPERATIONS

a) Ban Som, Thailand

Operation of the pilot filter unit at Ban Som was successful
throughout the first year of operation. The media were changed first
after 590 hours of filter operation {equivalent to about five months
as the filters were operated only 2-5 hours per day}. The coconut
fibre was washed in the raw stream water and reused in the filter.
The burnt rice husks were replaced with additional burnt husks
obtained from the rice mill outside Khnrat. The same fibre and husks
were still working effectively when the media were changed for the
cecond time some 418 hours of operation later. Water quality of the
treated water was very good throughout the 9 months of operation and

1) C. Athikomrungsarit, Benefits and Costs of Providing Potable Water
to Smzll Communities in Thailand, Master's thesis (mimeo), Aslan
Tnstitute of Technologys BangEoE, 1971 . The values relate to water
treatment plant costs only, and would be considerably higher when
sdjusted to 1974 dollars.

2} Richard J. Frankel, Evaluation of the Effectiveness of the Commun-
ity Potable Water Project in Northeast thailand, Asian Institute
of Lechnology, Eangﬁoﬁ, 1375 (Report submitted to the Environmental

Health Division, Ministry of Public Health, Bangkok).




generally met the recommended WHO International Drinking Water
Standards for clarity, colour, odour, and taste. The bactericlogical
content of the treated water varied from 0-72 coliforms per 100 ml

as measured by the Millipore filter test. Removals of coliform micro-
organisms varied between 25 and 100 per cent, with greater than 90 per
cent being most typical. Unfortunately, many field test results were
discarded because of poor sampling or incubation fechniques in the
field. More data are required before conclusions pertaining to bac-
teriological removal efficiency can be drawn.

Operational problems encountered included {a)} insufficient
treated water for the villages, the operator continuing to run the
plant only 2-5 hours per day rather than increase the number of hours
of plant operation; and (b) three pump breakdcwns, totalling 16 days
of plant shutdown, primarily due to the inability of the operator to
repair the pump and his lack of tools to handle any such repairs
(tools were later purchased). An additional 3 day shutdown was in-
curred when the operator went into Bangkok on personal business, and
neglected to appoint a fellow villager to run the unit during his
zbsence.,

Acceptance of the water supply by the villagers was excellent
throughout both the wet and dry seasons. In the dry season the fil-
tered water was used exclusively for drinking and cooking. Villagers
claimed they liked the taste of the water and had no complaints about
taste or odour. The true test of acceptance was made during the rainy
season to determine whether or not the villagers would use the fil-
tered water as rain water equivalent. The results of a survey cover-
ing 100 families in the village are shown in Table 2. Eighty-three
per cent of the families continued to use the filtered water for
drinking and cooking, and were using it for washing and bathing,
also knowing that sufficient rain water was available to meet all
needs. Seventeen per cent of the families were not using the filtered
water because they had to walk too far to fetch it {(they lived close
to the siream running by Ban Som) and had sufficient rain water stor-
age to meet their drinking and cooking needs. In fact all families

stated that during the rainy season they preferred rain water because

they did not have te waste time in fetching the water (the villagers
catch the rain water through roof gutters which convey the run-offto
earthen or concrete storage jars). Interestingly enough, 75 per cent
of ail families stored both kinds of water. Fifty per cent stored
rainwater and filtered water in separate Jjars; 25 per cent of the
families stored the two waters together in the same jars. The other
25 per cent stored rainwater only.

b) Hamlet Long Thong B, Vietnam

The pilot filter unit at Hamlet Long Thong B worked well from




Table 2

RESULTS OF QUESTIONNAIRE ON FAMILY WATER USE IN BAN S0M
September 1973

Questiong posed te some 100 families during the rainy season:

(1) How often do vou use rain water for drinking?

- ... every day

- ... when it rains
100 ... until the supply is exhausted

(2) During the rainv season do you use filtered water from the
water project for drinking?

- ... every day
30 ... sometimes
53 ,,. only when rain water is exhausted

17 ... do not use the filtered water because pilot
filter project too far

(3) Do _you store both rain water and filtered water at the house?

25 ... only rain water

52 ... both rain water and filtered water but in separate
Jars
23 ... store both waters in the same Jjar

{4} Apart from drinking, what else do you use the filtered water for?

8% ... cooking
83 ... bathing
83 ... washing dishes, clothes, house, etc.
- ... gardening
17 ... have sufficient rain water for all househoid uses

(5) Do _vou prefer drinking rain water over filtered water?

... No
100 ... Yes
Give reason why?

Because do not have to waste time in fetching the water. Also
rain water has no colour or taste.




the time it was cpened. Noil one single day of shutdown was reported
during the first 6 months of operations. Supervision of the unit and
technical support for the cperation by the Ministry of Public Health
ves excellent. The quality of filtered water met the recommended WHO
Internaticnal Drinking Water Standards for clarity, colour, taste,
and cdour. The data showed the dilution effects of the rainy season
in the level of chlorides in the water, which are neot removed by
filtration. The villagers consumed water of 400-2000 mc/l chloride
content during the dry season (the recommended WHO International
Drinking Water Standard is 250 mc/1), and of only 10-40 mg/l chloride
content in the wet season.

Turbidity levels during the high flow period of the river were
higher than in the dry season months. The filter unit generally
removed more than 90 per cent throughout the entire & months of oper-
ation. Bacteriological removal was erratic. Values of zero to more
than 2,400 coliforms MPN/100 ml were reported in the filtered effluent.
The raw water celiforms count always exceeded 10,000 MPN/100 ml.

scceptance of the water by the villagers was tested by an inter-
view survey of the 42 families using the water. All 42 families
responded that they used the water for drinking and cooking purposes,
that they 1iked its taste and had ne objections to its taste or odour.
Nine families indicated that the filtered water had no taste.

CONCLUSIONS AND FUTURE RESEARCH NEEDS

The findings of the work to date may be summarised as follows:
a) Successful field testing of several different sizes and design
of fiiter units have been accomplished in the Lower Mekong

riparian countries. Two small village-size units, each
serving several hundred persons in Thailand and in Vietnam,
have operated continuously, almost trouble free, for a total
testing time of 18 months. Units in the Khmer Republic and
in Lacs have not operated sufficiently long te judge opera-
tional effectiveness. A large village size unit has been
constructed and operated in Thailand for approximately 5,000
persons.

b} Field data have indicated that the filters are capable of
treating almest all surface waters successfully without the
need for chemicals, except for those waters with abnormally
high colloidal turbidities. However, these waters can bhe
satisfactorily treated by the use of small dosages of coagu-
lant chemicals. The required dosage is less than the standard
coagulant demand, and that amount is sufficient to begin to
induce particle agglomeration.




"“¢) The physical quality of the treated waters was generally
sparkling clear, with a turbidity of less than 5 Jtu, colour-
less, odourless, and cf pleasant taste. Turbidity removals
were generally greeter than B0 per cent and as high as 97 per
cent. Colour removal war similarly effective. Iron removal,

. ;ﬂwhere hlgh 1ron contalnlng waters ex1sted was sufflclent :
'vo ‘reduce all watere to w1th1n recommended llmlts. In general,
treated water met WHO Internatlonal Drlnklng Water Standards

'Zfor clarity, colour “taste, and ouoar
The bacterlo¢oglcal quallty of *he treated waters was gener-
1ly 90 per cent or more improved over the unireated raw
wate*s, a remcval rate which compared very favoursbly with
removal efficiencies obtained from conventional water ftreat-
ment plants prior to disinfection. A small dosage of chlorine,
provably less then 1 mg/l, would be sufficient to meet the
recommended WHO Internaticnal Drinking Water Standards.
However, chlorination was not used because of the possible
rejection of the water supply for drinking purposes by the
villagers, and because of the guestionable need for a ’pure’
water supply, given the sanitation condition and water use
habits typical of the villages. '
Lengths of filter runs exceeded all expectations based cn
projections of lahoratory findings. The variability of the
turbidity loads and the greater renge of particle sizes
found in the field, as oprosed to the more uniformly con-
trolled laboratory raw water gquality, allowed for longer
duration times of filter media use prior to build-up of the
design head loss without loss of filter efficiency or
decrease in effluent guality. Thus filters were operated
4-5 months without & change of filter media, whereas in the
laboratory the filter media had to be changed every month
to six weeks.
Operational problems were minimal. The coconut fibre can be
washed and reused The upper portlon of the burnt rice husks,-”
. some . 5-"3 cm dept}*; can 'De 'scraped off and discarded. Addi- i’
tlonal burnt rice husks can then be added teo malntaln the -
szme depth of fllter medlum. Pump breakdown was the only
'signlflcant operatlonal problem, ‘which accounted for some.H-:~
S 15 days productlon loss during the. pllot studies.
‘Con51derab1e Anterest was generated “both in the v111ageb
:_near the pllot projects, and in several of the Minlscrles o
-responsible for prov1d1ng ‘water. supply to rural communltles,'
to bulld and operate other fllter plants of 51m11ar dealgn.-~.




. Reeearch Nééds

*

Several unanswerad questions present themselves as attractive

research areas for fulture work as a result of the successful operation
of the pilot plants. These include the technigques used to extend the
T.s=rv1ce llfe of the fther media, .to =xpand the range of waters that ¥

'-ﬂ,can ‘be treated by the two-stage filter to 1nclude a11 types of tur-

: b1d1tle1 of varylng characterlstlcs and partlcle size distributions,
and to szmpllfy de51gn and lower capltal as well as operating costs.
'These research areas 1nc1ude the following'

a) Development and field testing of the individual family size
jar filters not previously tested in the pilot studies;

b) A systematic programme of research and development for study-
ing the basic phenomena by which the coccnut fibre and burnt rice
husks achieve their removals of turbidity, colour, bacteria, and
other impurities in water, with the objective of developing basic
design criteria so that it will Le possible, based on tests of g
raw water, to design a filter system which will positively achieve
the desired removals. The initial stages of this work would be
limited to removal of clay turbidities of various types and particle
size distribution. Further stages would investigate removals of
bacteria, colour, oils, organic pollution, etc.

It is envisioned that the two-stage filter system, using both
coconut fibre and burnt rice husks in series, with or without chemi-
cals, representg an essentially new tool available to the engineer,
competitive with the traditional rapid sand filter process, and which
has a vast potential for application, both in water and waste proces-
sing, and in industrial filtration processes.




XIT. THE SOLAR PUMP AND INTEGRATED RURAL DEVELOPMENT

by
J.P, Girardier and M. Vergnet*

The drcught and acute famine in the countries of the Sahel have
drawn attention to a very serious yet ancient problem: the lack or
unsuitability of facilities for pumping water in desert areas.
Professor Masson, Dean of the University of Dakar, and one of the
authors of this paper (J.P. Girardier) develcoped a pump appropriate
for these countries in 1964.

This pump runs on solar energy only. The plane solar collectors
act as the hot source and the ground water as the cold source. Using
this very small tempersture difference, of the order of 20—30°C, an
organic fluid working in a Rankine cycle transmits the energy to a
gas expansion engine. This engine then drives the water pump and the
auxiliaries necessary for the operation of the whole system.

The installation was designed to operate in arid areas, with
minimal maintenance and supervision. This dictated certain basic
parameters, particularly the use of plane collectors. These have
considerable advantages: since they are statiomary, they are not
liable to break down, and they absorb solar radiation in its entirety.
These features are highly attractive in areas where the atmosphere
always contains sand in suspension.

The first solar pump was built in Dakar and was gradually im—

..proved and developed by J.P. Girardier, first in co-operatlon w1th

- “the Dean of the Unlversity, and then w1th1n the Mengln Company and
g3athe 8001été franralse d'etudes thermlques et d'énergle solalre
_“(SOFRETES).
' . In view of the essential requlrements of rellability and endur-

.'fl ance this equipment would have to meet, tests and experlments went

::gon for a very long time. After the development and optimisatlon of
.'the working cycle, all the components had to be tested under the
most ‘severe conditions.

J.P. Girardier spent several years at the Dakar Institute of
Meteorological Physics and is at present Chairman and Managing
Director of the Mengin Company and of SOFRETES.

M. Vergnet, an engineer trained with the French Department of
-, ::waterways and forests, worked ‘for a number of years in Africa on
~+-problems of water systems and solar. pumps.
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During this development pericd, SOFRETES extended its co-oper-
aticn to other solar energy research establishments in African coun-
tries: the Netional Solar Energy Board (ONERSOL) in Niamey (Niger),
the Solar Energy Laboratory at Bamake (Mali), the Inter-State College
for Rural Engineering (EIER) at Ouagodougou (Upper Volta) and the
Faculty of Science at N'djamena (Chad).

This technical co-operation made it possible to determine the
weak spots and improve those parts of the engine which were subject
to the greatest amount of siress. By dint of considerable research
in specific fields and particularly lubrication, this equipment is
now operational under the most severe conditions.

The first practical outcome of this research was the pumping
station at Chinguetti in Mauretania. This station is located some
700 km inside the Mauretanian desert and supplies water to the popu~
lation of the ocasis. Built in June 1973, the plant is an integrated
unit whicn includes a school whoss roof has been converted into a
solar collector. This was made possible by the efforts of a group
of architects who worked on the architectural integraticn of the
buiidings and designed collectors based on locally available com-
ponents (e.g. cement asbestos panels of the 'canaleta' type).

THE BASIC TECHNICAL OPTIONS

Although a great deal of research and testing has been done on
the conversion of solar energy into mechanical energy, industrisgl
developments have been rather disappointing. if not practically non-
existent. The energy policies pursued by the industrialised countrizs
did not encourage the development of solar energy. In any case this
substantial but low-density source of energy was considered inappro-
priate for countries with a very highly concentrated industrial
structure. The true value of solar energy did not become clear until
people became aware of the particular problems of the develeping
countries.

More recentlv, the energy crisis has considerably broadened the
interest of the industrialised countries in solar power which until
then had been considered marginal. In 1974 France spent 30 million
francs on eolar energy research and the United States has voted a
substantial research budget to this effect(i).

A working party under the leadership of Professor Masson, sup-
ported by academics and architects, very soon became involved in the
vroblems of applying this form of energy. The most appropriate regions

1) For further details on research expenditures in solar energy, see
Energy R & D - Problems and Perspectives, OECD, Paris, 1975,
(Editer's note).




for the development of solar energy are clearliy t'e desert and sewi-
desert areas, where sunshine is abundant and, above all, regular
throughout the year. From the economic and human standpeint, these
regions experience enormous problems in pumping their vital water.
The transport ¢f energy and spare parts is considerably hampered by
the dispersion of sites and the difficulties of access, and caosts
rise accordingly.

The exploitation of solar energy is to a large extent a problem
of storeze. In the particular case of the solar pump, the solution is,
if not elegant, at least simple: the water pumped from the aquifer is
stored and can be used when required. The pumping and storage of
water thus largely solves the problem of opsrating solar energy
installations in desert regions. The design and construction options
selected were therefore dictatsd by considerations of maximum suit-
ability to the climatic and technical conditions in these regions.

The first choice had to be made between plane collectors and
concentrators. The obvious advantage of the concentrator iz that
high temperatures are obtained and hence a fairly high potential
Carnot efficiency (of the order of 30 per cent). However, such a
concentrator uses only the direct radiation, which on the average
is equivalent te 70 per cent of total radiation. The reason is that
the sand suspend«~d in the atmosphere diffusez about 30 per cent of
the sun's energy on the average throughout the year. If direct
radiation is to be used, the concentrator has to be reorientated
either daily or at least on & seasonal basis. The turning mechanism
must be eftremely strong to withstand the frequent and vielent windis
in these areas. It must also be sandproof if it is to have a long
life.

In ordef to ensure a high degree of concentration, the reflect—~
ing surface must be kept very clean and perfectly recular. These
conditions are very difficuit to fulfil in desert areas owing to the
sand (cleanliness and surface erosion) and problems of transport and
difficuities of construction (risks of damage).

The advantage of plane collectors is that they trap solar radi-
ation in its entirety, an important feature when skies are frequently
overcast. They operate well even in medioecre conditions of cleanli-
ness. The collecting surfaces are made of easily assembled, pre-
fabricated sections; transport ic thus relatively easy and final
erection can be carried out on site. These units are simple and
robust, and as a result have a long working life.

On the other hand, the thermal characteristics of plane collec—
tors give temperatures of the order of 70° only and the Carnot effic-
iency for this reason is no more than 12 per cent. Since the temper-
ature difference between the hot source and the cold source (the
water pumped from the aquifer) is very small, the use of plane
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collectors reguires very careful study of the thermal cycle in order
to make maximum use of the little energy available. In choosing the
collecting system, the decisive factors were efficiency and long
working life; for this reason nlane collectors were chosen in prefer-
ence to concentrators.

4As far as the utilisation of the two sources of heat were con—
cerned, the thermodynamic cycle was an obvious choice by virtue of
its simplicity. An organic fluid moves between these two temperature
sources and converts the available heat energy into mechanical or
electrical energy.

TECHNICAL CHARACTERISTICS

a) Solar cells

A bettery of static solar cells of & rudimentary design collects
the solar radiation and converts it into heat. Each cell consists of
a plate acting as a "black body". Tt is thermally insulated from the
environment and placed under glass in order to benefit from the
greenhouse effect. This plate gives up its heat through a heat trans-
fer fluid, usually water, which circulates through the cells.

b) Thermal converter

The heat produced by the solar cells has to be put into a form
suitable for conversion, in this case a thermo-dynamic potential.
For this purpose, the heat transfer fluid collecting the heat from
the cells gives up its energy to an organic liquid which is near its
boiling point. The pressure resulting from the evaporation of this
fluid at a suitable temperature operates an expansion-type thermo-~
mechanical converter (either a piston engine or a turbine). After
expansion in the converter, the fluid is liquified in a condenser,
and its heat is removed by the water.

¢) Pumping

Water is drawn from a well or from a run-of-river inlet by =&
pump operated directly by the engine shaft in the case of the piston
engine or by a centrifugal pump driven by an alternator keyed to the
turbine,.

d) Performance

On the average the piston engine can deliver 30 cubic metres of
water a day at a head of 20 metres. This equipment can easily be
adapted to other heads, as shown in the following table:




Heads 10m 15m Z0m 25m 30m 35m 40m

Average Hourly Delivery 3 1z a8 6 5 4 *.5 3
Average Daily Delivery(m”) | 60 40 30 25 20 | 17 15

The first turbo-zliternator supplying electricity directly is
cuTrently in service in Mexico. It has an installed capacity of
25 kW, and provides water to the town of San Luis de la Paz. Selar :
power stations rated at 50, 100 and 15C kW will shortly be buii® in P |
Africa and Latin America. The design of this equipment was also
governed by a concern for reliability and simplicity of coperation.
411 the components are derived from equipment which has operated
satisfactorily over a long period.

FIELRE QF APPLICATION AND THE DIFFICULTIES OF INNOVATION

Setting up a rational water infrastructure is a basic feature
in any policy for economic and social development. The use of solar-
powered pumping equipment allows for a new approach to the delicate
problems of supplying water for human needs, livestock and irrigation.
These sealed systems are highly reliable and do not require mainten-—
ance which in any event would be difficult to previde without skilled
staff; operating costs are low which is an advantage for a communitv
whose resources are limited. These qualities are essential for equip-
ment installed in the course of development programmes for arid
regions.

a) Village vater supplies

The solar purp provides a simple selution to many econcmic
preblems but its introduction does bring about fundamental social
changes.

In the Sahel area, the job of getting water by traditional
means usually occupies the children aged between & and 15 for a
large part of the dey. They and a few old people gather round the
well where discussions take place in a kind of traditional school.

'Installing a pumping station in a village released the children from
this job and breaks this traditional bond. It seemed important there-
fore to associate the installation of a pumping station with the
creation of a school to replace the 'informal' school which developed
around the well. The group's architects, J.M. and G. Alexandroff,

- studied the problem and succeeded in integrating the solar installa-

tion and the school, primarily by fitting solar cells to the roof of
the newly-built school. (The roof is composed of rigid !canaletas’
panels). This integration has a twofold advantage: it cuts capital
costs by using the roof a= a collector, and it appreciably reduces
the temperature inside the building, by 6-8°C at Chinguetti.




Ancther application of village pumping equipment is for improv—

ing bush dispensaries. These are integrated in the sams way as the
school; the system provides the basic sanitation needed for this
type of building as well as keeping ii cooal. The possibility of
intreducing a small amount of refrigeration for improving the effic-
iency of these dispensaries is under study.

In Mexico, the installation of solar pumps is part of a vast
programme for colonising the arid areas in the north of the country.
Each new pump becomas a development pole around which the peasants
rapidly gather and organise a communitv life.

The induced effects of a new solar pump, whether architectural
or soclological, is attracting increasing attention from national
authorities and is now being systematically investigated whenever
regional develcpment plans are being drawn up. Fairly advanced
research is in hand in Seregal, Mexico and Brazil.

b) Water for pasture

The peolicy of establishirng central water points for large graz-—
ing areas in the Sshel has been in most cases a failure and it appears
preferable to establish a larger number of widely scattered small
water holes. The fragile ecological equilibrium in these areas rapidly
breaks down as a result of the excessive density of livestock around
the water hole. The flora degenerates and in the present state of
drought this phenomensn is virtually irreversible.

Pumping stations, which are completsly self-contained and highly
reliable, make it possible to build up a more balanced pattern of
water holes, which give due regard to the constraints of epidemiology
and, particularly, agrostology. In addition to pastures deserted
through lack of water, these stations can also serve as supply points
for goods traffic or transhumance.

c) Water supplies for agriculture

An essential problem of development in the Sahel countries is
to increase agricultural production. Soil studies have revealed an
unlimited water potential which can only be exploited through pump-
ing. Selar powered pumping stations are particularlv well suited

both to large settlement areas, which require capacities of 50, 100 3
or 150 kW, and teo small village-type development projects. 4

OBJECTIVES

The first stage of developing pumping installatiens based on
solar energy is coming to an end with some 30 stations currently
completed or under construction in Africa and Latin America (Upper
Volta, Mauritania, Chad, Niger, North Cameroon, Mexice and Brazil).
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__ The feasibility of thess systems is now proven and two new
" approaches have been adopted. The first is to improve them and te

" produce them on an industrial =scale. This task is being undertaken

within SOFRETES, enriched by new and important partners: the Régie
Rensult through its sub51d1ary Renault Moteurs Develappement with .
5, ma“ketlng expertlse and 1ts 1ndustr1a115at1un know-how; the
Commlssarlat & 1’Energ1e Atomlque with 1ts important interests in
fheat éxchange and conversion; and finally the Total group which will
Fwork in particular with the Technigaz Company on aid conditioning,

i refrigeration and heating.

The second approach is that of the transfer of technology. The
design options which were chosen (plane cells, thermodynamic cycles
of the steam engine type) are paving the way to the gradual develop-
ment of local manufacturing. Senegal and Mexico are already consider-
ing building 50 per cent of these systems locally.

The research co-operation with the diffe-ent countries will
have to be extended to cover furthor modifications and improvements
and to use existing industrial facilities or those vwhich are in the
process of being set up. ’

CONCLUSION

Lifeg is gradually disappearing from these immense regions
despite the fact that they have an inexhaustible source of energy
at ‘their disposal. Underground, they have in abundance the water
" which is lacking on the surface.
They do, however, lack the appropriate means to extract water
~and the industrialised counftries have nct for the most part tried
‘to meet this need. The development of these regions could be greatly
. Tacilitated by new installations which have been designed and buillt
~ specially for them. '




XI1X, GARJ MECHANTSATICON IN NIGERIA: THE COMPETITION
BETWEEN INTERMEDIATE AND MODERN TECHNOLOGY

by
*
P.0. Ngoddy

INTRODUCTION

Gari is a dehydrated food product made from casseva, 0Of the
traditional staple foods of West Africa, it is certainly one of the
most widely known and it is eaten particularly among the communities
along the coastal belt, where it is known to contribute as high as
50 per cent of the tetal calorie intake(1l). The present pattern of
production in Nigeria has evolved over the past 75 yvears and a reason-
ably stable egquilibrium in the division of labour and the structure
of rural-urban trade relations has been established. However, two
significant sets of factors threaten to disrupt this state of affairs.
The first is a rapid increase in the demand for gari in the country
in the face of what appears to be a static, or even a contracting
supply. The second is the imminent likeliheood of a partial or total
mechanisation of the production process. These two developments are
interlinked, with the first generating the second.

in a free economy, and in the absence of any form of govern—
mental intervention, the potential for innovation is related to the
opportunity for earning a considerable private profit in mechanising
what is at present a labour-intensive method with a low productivity.
Given the wide divergencies which exist between net private profit
and soclal benefit, 1nnovat10n 1n fhls case assumes a’ great 1mportance'
oot only because of the - pre—enlnence of garl 1n the socxo—economic )
“framework of the country, but also because garl 1s .the first staple
food in the proce531ng of whlch mechanlsatlon 1s belng 1ntroduced on'.
a 51gniflcant scale. What happens 1n garl mechanlsatlon could set R
1mportant precedentsz:in the proce551ng of other ba51c foodstuffs.

Dr. Ngoddy is Senior Lecturer ip Food Engineerlng and Proce551ng
at the University of Ife in ngerla.

1) W.0. Jones, Manioc-in: Afrlca, Stanford Unlver51ty Press, Stanford,
1959.




We are faced here with a classic dilemma of contemporary growth

in a developing economy. A technological innovation is generated in
response to a genuine national need. The introduction of such an
innovation is accepted as one instrument for accelerating economic
growth while achieving a measure of modernisation in the local society.

However, each step in the innovation process implies a series of
trade-offs which must be made in social terms, and the challenge is
to maximise the overall benefits of the innovation while minimising
its ill-effects.

It is in quest of an answer to this dilemma in one specific case
that an interdisciplinary research project was initiated at the Uni-
versity of Ife in 1972 to examine the impact of innovation in gari
production in a number of spheres of the Nigerian economy. This
project was undertaken in co-operation witli the Science Policy Research
Unit of the University of Sussex and is receiving general support from
the Canadian International Development Research Centre (IDRC). When
completed it is hoped that a set of policy proposals will be produced
for the Federal and State Governments of Nigeria. At this stage, only
a preliminary phase of the study ha

s been completed and the present
paper will therefore focus only on those aspects of the main issues .

which have been covered so far.

CASSAVA IN TROPICAL AGRICULTURE

Cassava, also Known as manioc, is a widely grown tuber of the
tropical world. It growsbest between latitudes 20° North and 20°
South but can also be found as far North as 30° and as far South
as 30°, Precise statistical data do not exist at the moment on the
total world or regional crop. FAD estimates have placed the 1969
crop at a world total of 91 million tons, grown on 9.7 miliion hec~
tares of land(l). Africa with 36 million tons and South America with
35 million tons were reckoned in that year to be the major producing
areas. The other big producing centres are South-East Asia and India.

Cassava is attractive to producers in these regions for a number
of reasons(2):

a) It is a hardy crop, able to resist extreme drought, and it

is aftacked only by leafy mosaic. It is grown in many of
these areas as a reserve foodcrop which farmers harvest when
other more attractive crops {e.g. yams) are out of season or
destroyed by drought.

1} FAO, Production Yearbook 1970, Rome, 197C.

2} See T.P. Phillips, Cassava Utilization and Potential Markets,
Research Publication No.020, Internatiecnal Development Hesearch
Centre, Ottawa, 1974.




b) It is easy to grow. Smali mounds are prepared, and a cutting
of the cassava stem is planted. It is weeded once or twice
and subsequently left unattended until it is harvested any-
where from twelve to twenty-four months later.

c) Its yield is high, ranking only second to plantain banana
as the highest source of carbohydrates per acre of any
tropical crop.

d) It has a wide range of uses, ranging from industrial starches
and glues to aznimal feeds and processed foodstuffs. As food,
it is used in a variety of forms - flour, fermented mash,
gari or simply boiled.

GARI AS A FOODSTUFF

In West Africa, and in particular in Nigeria, the most commonly
eaten form of cassava is gari. There are no precise statistical data
on the production and consumption of gari in Nigeria. However, various
sources have estimated that the naticnal consumption is between 1 to
1.5 miliion tons per year(l). This would indicate that more than
70 per cent of the total cassava crop goesg into gari manufacturing.
Market turnover is estimated to be somewhere between 100 and 120
millien naira ver year (i.e. $150-180 willion){2). These figures
suggest that gari ranks among the top two most important staple foods
in the country. It is without question the most important food in the
South where it is often eaten once and sometimes more than once daily
among the low-income, and someiimes the middle-income family groups.

There is strong evidence that the spread of cassava has depended
to a large extent on the diffusion of technologies for processing it
into safe edible products(3). Historical documents show that cassava
was introduced to West Africa in the 16th century by Portuguese slave
merchants, but it was net accepted widely as a food until three cen-
turies later when freed slaves immigrating to this region from Brazil
introduced a method of processing it into gari. With the advent of
gari came a steady expansion in the nroduction and consumption of

1) 3e22I.A. Akinrele, "Nutrient Enrichment of Gari", West African
Journal of Biola and Applied Chemistry, Vol.10 (I}, . H
1.A. Akinrele, H.M. Joseph, R.0. Okotore and F.O. Olantunji,
"Perspectives of the Protein Enrichment of Industrially Prepared
Gari", paper presented at the High Protein Foods Symposium,
University of Ife, 1971; and Federal Institute of Statistics,
Food Section, Production of Major ang Some Minor Crops 1960-1569,
Lagos, 1970.

2 I A. Akinrele, M.71.0. Ero and F.Q. Olatunji, "Industrial Specifi-
cations for Mechanised Processing ¢f Cassava Into Gari", FIIR
Technical Memo No.26, 1971.

3) D.G. Coursey, "Cassava as Food: Toxicity and Technology in
B.Nestel and R. McIntyre (eds.), Chronic Cassava Toxicit , IDRC
Research Publication No.0QlC, Ottawa, 1973,
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cassava throughout West Africa. The basic formula for concsrting
cassava into !'farinha de mandioca' (a gari analogue still w{lisly

* - eaten in South America) appears to have crigimated from Indiszn ethnic

groups of tropical America. It was one variani of a range of techno-
'1ogies devised by Amerindians to detoxicate the wore polsonous varie-
ties of cassava.

The traditional processing method consists i “he following
stages. Both the corky »uter peel and the thiczi cortex of the cassava
root are removed manually with the aid of & Witchen knife and the
root is then graied by hand on home-made raswers into a pulp. The
grated mash is dewatered on a2 primitive prezs consisting of weighted
cloth bags in which the pulp is left for 3 ar 4 days. During this
time fermentation and de-watering take nlace simultanecusly. Home-
woven vegetable fabrics are used as a sieve to sift out the fibres
and the ungrated ends and stumps. The dewatered pulp is then fried
in a large cast iren pan over an open fire, with or without the
addition of palm ¢ll. The finished product is & dried granular mass
with a moisture content of between 10 o 15 per cent. Besides its
characteristic sour taste, one of its critical features is its
ability to swell in water. Gari is usually consumed in two forms:
either reconstituted in cold water and eaten more or less like a
porridge or reconstituted in boiling water and worked physically to
a soft dough which is =aten with vegetable soup and meat. In both
forms it serves as a precooked convenience food, easy to keep znd
easy to prepare.

The demand for gari has increased steadily since the turn cf
the century and particularly since World War II. This growth in
demand is attributable to the rapid rate of urbanisation and in
particular to the growth in the cities of a new class of landless
poor who consume income-inelastic foods. Since the Nigerian Civil
War, all these trends have become more proncunced and have been
reflected in the price structure. In Lagos for instance the price
. of gari has risen from about N100 per ton in 1968 ($150) te above
. H200 (%300) in 1971. This rapid rise is far higher than that of the
general price index (from 123 in 1968 to 165 in January 1971) or
that of the food-price index {(from 117 in 1968 to 186 in January
1971(1). This disproportionate rise is directly related to the in-
elasticity of supply which in turn results from the place of cassava
in traditional agriculture and from the relationship between agricul-

ture and other sectors of the economy.

1) Report of the Federal Office of Statistics, Lagos, 1972.




THE LINK BETWEE!

TECHNOLOGICAL INNOVATION AND MARKET NEEDS

For a long time following its initial introduction from Brazil,
gari production remained primarily a household operation character—
ised by low decily output and high labosur requirements. As long as
the purpose was to serve the immedliate requirements of the farmer's
family, there was no compelling pressure for far-reaching innovations.
- Things began to change with the development of the cities — a
u'trend which can correctly be traced to the establishment of a per-
manent colonial administrative capital supplemented by a number of
"Tegional headquarters. These 'townships', as they were then called,
constituted new cenires of gravity, attracting people to new oppor-
tunities for Jjobs and training. However the full momentum toward
urbanisation was not realised until after World War II. Once military
conscription got urcer way in thHe war, the low cost and ease of pre-
paration of gari combined to make it the most important component of '*
the raticon in army barracks. A4 scale of trade in gari completely '
‘menown prrior to the war got underwav in an effort to supply the
large requirements of the army. In order to earn some cash, small
producers {villege housewives in most instances) started to make
more gari than was absolutely necessary to meet the family's daily
~.requ1rements

~The first recorded attempts at innovation in the manufacturing
;of garil appears to have occurred in Francophone West Africa{l). Some-
‘time during World War II, the French assisted the Togolese in build-
‘ing small 'factoriest! for ménufacturing gari and tapioca. These were
éféénsiderable advance over the usual manual method. Each factory
consisted of a small hand-fed rotary grater driven by a gasoline
fengine, batteries of concrete tubs for starch sedimentation, and a

* row of low wood-Tired cookers for drying the product. The women in
the villages used this improved egquipment to prepare their own gari
or tapioca.

The engine~-driven grater is believed to have found its way into
Nigeria in the 1940's. This improved technology was welcomed in a
handful of areas where its superior output brought demonstrable
economic advantages  to -the producers:supplying gari to the. towns. -

mdg—'sd_g_lgﬁ:f ﬁE'CHANI's_ArIoN EFFORTS AND THEIR SPILLOVER

Innovatlon 1n garl productlon was conflned to the mechanlsatlon
_ f'the gratlng stage until ths early 1950's when the newly establlshed
Fed ral Instltute of Industwlal Research (FIIR) in Lagos initiated a

1)_Se=: W 0 Jones. og.cit.



major effort azimed at medernising the technology for gari processing.
Evidence shows that full mechenisation was the geoal from the outset(l}.
The justification for the project was to alleviate the drudgery of

the traditional method, improve bDoth hygieme and guality in the pro-
ces.. and attain large-scazle production of a basic food required to
feed the rapidly growing populations of the urban centres. The aim

was also to assist industrialisation in whatever way possible by
genarating atiractive commercial oppertunities which either private
investors or the government could exploit.

The earliest effort was directed 2t the development of a mechan-
ical fryer. Failure to produce & product acceptable to consumers as
genuine gari ied the Institute to the conclusion that its understand-
ing of the chemistry of the process was incomplets. Fundamental
research was henceforth undertaken to study the biochemical changes

whick accompany the conversion of cassava pulp into gari. Co-operative
work between FIIR and Professor Collard of the Department of Bacteri-
ology at the University of Ibadan was initiated and subsequently
elucidated the full sequence of changes in the fermentation of

cassava pulp(2). While this fundamenial work was in progress, engin-
eers at FITR, somewhat impatient with the slow pace with which resuits
evolved nn the biological side of things, completed detaziled plans

for a fully mechanised pilot plant arcund 1954. However, owing to
Jlack of funds, the impiementation of these plans were abandoned till
several years later. It was apparently in lieu of this mechanised

- pilot plant that a decision was taken tc develop a completely hand-
operated process which would be superier to the existing village
method. A comprehensive report giving the engineering details of

the hand-operated system was published in 1958(3).

' Two major contributions were made by the research effort embodied
in this report. The first was a detailed and simplified guide, includ-
ing working drawings, for the local comstruction of mechanical graters.
This development was quickly pepularised in the gari pioducing communi- ¢
ties of Southern Nigeria through the active promoticn of government
agencies concerned with rural development(4). Rural carpenters and
blacksmiths were soon manufacturing mechanical graters and the

l) Report of the Department of ”ommerce and Industrles, Lagos, 1950—51.

2) P. Collard and ‘5.S. Levi, "A Two-stage ‘Fermentation of Cassava“"f
Nature . (London),_Vol 183, PD.. 620- 621 (1959) :

3) S“S ‘Levi.and C.B. Oruche, Some Inexpensive Tmprovements in V111a'
Scale ‘Gari Maklng, FIIR Research Report No._ 1agos, -

.-h) M Th. Zwankhulzen The Im*rovement and Utillzatlon of Copra Cassavau
RERRS i), Rice and Casﬁew Nuts Suitable for an tion in Rural Inﬁustrie

eport No. to the Government o

'Lagés, 1962. T




motorised wnit capable of grating several hundredweight of cassava
per hour rapidly found its way intec village co-operatives. Pural
entrepreneurs were encouraged by parallel developments in the milling
of maize and 'lafun' {a dehydrated piece-~form cassava) where private
owner-cperators of disc-attrition mills were doing a profitable busi-
ness cperating on a 'mill-and-charge! basis.

This type of operation is now commonplace in all rural communi-—
ties where gari is produced for commercial purposes. Large-scale
co—-operative producers have their own mechanical graters. Alterna-
tively, privately-cwned graters mill the cassava delivered by cus-
tomers in the neighbourhsod. Privately-owned milis of this nature,
which are used in the grinding of a wide vrsiety of food items (beans,
cereal grains, yams, pepper, tomatoes, onion:. cassava, etc.) must
rightly be seen as the .arliest and still the most important form
of grass-roots food processing in many parts of West Africa{l). New
arrangements to encourage the use of mechanical graters =sre continu-
ing to be evolved by private owners, One interesting development
which has gained increasing importance in recsnt years is the intro-
duction of an engine-driven mobile grater mounted on a 4-wheel or
2-wheel trailer which is wheeled from one place to ancother to serve
the custome:'s. i

High user satisfaction has sustained a sieady climb in demanc
for grating eguipmeni. As a result, a wide variety of indigenously
manufactured graters are now available. The Western Nigerian Techni-
cal Company in Ibadan is the biggest manufacturer with an estimated
annual output of 300 to 400 machines. There are other small companies
making 20 to 50 units annually. The overall development in cassava
gratiné‘thus appears to be a balanced and effective one, not only
from the standpeoint of economic success but partizularly when viewed
from the standpoint of the potential linkages with indigenous tech-
nological capabilities.

The second significant contribution made by the FIIR work was
the development of a successful multiple frying range for gari. The

range consisted of four frying pans in a row. In the process of fry-
ing, gari is transferred successively at 6-minute intervals from the -3
coldest pan next to the chimney to the hottest one next to a woddvfed
- fire-tox. Sanitation and general working conditions were improved. '
- Fwo women ~perating the range achieved an houriy output siightiy mo;é
-than double the traditional fryer. It is not clear whethe: the mul- -
. %iple-range frying technique was promoted as vigorously as the mech—
ical grater. For if in fact it was actively promoted., it remains
 unexplained why gari producers, and in particular the co-operative

1) Francis Aylward, Report to the Government of Ghana on Foods and
Nutrition, ETAP Report No.Jh4S, Accra, 1961,
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onerators have not taken advantage of its superior productive capa-
city{1i). The situation is rather interesting: her2 is a case of two
coneurrent innovations with demorstrable labour productivity advan-
tages, originating from the same source, in more or less identical

circumstances. One of them makes a tangible impact, while the other
turns out “o be a failure.

Around 1957 the collaborative work with Preofessor Collard began
to yield definitive results and the two-stage fermertation of gari
was elucidated. Armed with this knowledge, FIIR proceeded to develep
a seeding technique suitable for use in large-scale mechaniszd pro-
duction. These first significant successes gave a much needed impetus
te the project. The 1954 proposals were revised, equipment ordered
and trials on a pechanised pilot plant initiated in 1960. The engin-
eering problems proved no less difficult and protracted than the
eariier fundamental research. By 1964 the hardware had undergone a
series of rodesigns, culminating in a pilot plant which functioned
more or less as follows. The cassava roots were placed in a water-
filled concrete mixer adapted with wocden mixing arms. When the arms
were set in motion, the rubbing of the roots against one another and

against the side wall removed the outer ceorky tissue. The roots were
grated in an impact mill and the resultant mash was put into aluminium
tanks seeded with f4-day old cassava ilquor and left to ferment for

24 hours. Next, the mash was centrifuged to reduce its moisture con-
tent to absut 50 per cent and then granulated and sifted to separate
the particles and remove as much of the fibre as possible. The parti-
cles were 'garified' - a process involiving partial gelatinisation and
drying to between 6~8 per cent moisture content in a cascading louvre
éryer eguipped with a patented garifying section.

In 1965 this l-ton/day pilot plant was loaned to a group of
entrepreneurs in Ijebu-0de(2). Beset with rising cassava prices,
difficulties in the frving process and fregquent breakdowns, the plant
was returned to FIIR in 1966. The Institute, which had made cost
projections on a 10-ton/day plant, continued develcpment work at a
rather low profile on the frving unit. Progress is believed to have
been significantly slowed down by staff dislocations and other diffi- . .

. culties associated with the civil war. Consequently it was not until
the very end of the 1950's that the first major redesigmed ffying
hardware, embodying a separate garifier and a separate dryer, was :
"supplied by Newell Dunford Engineers, a British firm with a reputation

'L} According to officials of the Eastern Nigeria Development Corpor-
.ation, efforts to promote the adoption of the multiple range fryer
did not yield much results. It was believed that the equipment did
not work satisfactorily. See P. Kilvy, Industrialisation in an
QOpen Eccnom: — Nigeria 1945-1966, Cambridge University Press,
Cambridge, .909,

‘2) S5ee P. Kilby, op.cit.
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1) S=e 0. Adeyinka and C,D. Akran, Improvements on the 1'Ton{Da1'”-.
vari Plant. FIIR Research Report No.29, lagos, . . el
2) I.A. fkinrele, M.I.O. Ero and F.L. Olatunji, Industrial Specifi-
cations for Mechanised Processing of Cassava into ﬁari, FIIﬁ R
- !I-’agos! : . o

in dryer manufacuuring. This firm became increasingly involved in

the hardware construction aspects of the project since it had supplied
the first louvred drying kiln in 1960. That kiln Fkad by now undergone
a2 serles of redesigns(l). Further modifications wers to follow, lead-
ing in the 1970-71 period to a 3~ton/day capacity plant still in
operation at FIIR and giving quite satisfactory results(2).

At the beginning of 1969, a Lebanese entrepreneur frow Gambia,

Mr. Masri, approached the Tropical Products Institute (TPI) in Londen
asbout setting up a starch factory(3). The TPI suggested that he might
consider gari production and put him in touch with Newelli Dunford,

who supplied Edgar Masri and Co.Ltd. with a 10-ton/day plant based

on the FIIR design. The performance of this plant was faulty, sug-
gesting that the developmental work on the hardware {the garifier

in particular) was incomplete. After =z dispute between the two parties,
Newell Dunford undertook to bring ths machine up Lo the specifications
of the contract. This was achieved bv 1972 with the active collabor—
ation of FIIR.

A number of high level technical staff at the Institute visited
Gambia during this time on the invitation of Newell Dunford to assist ]
the intensive R and L effert in progress there. The end product of ]
this co-operative effort was the Mark ITIT Newell Dunford gari plant.
Its estimated cost in 1972 was £55,000 sterling - a considerable
mark-up from the original £13,000 which Edgar Masri and Co.Ltd. had
paid fer the Mark I plant in 1969. The present situation is that the
Mark IIT plant is functi-na!ly successful although its operation is
hampered by the lack of =d--uate supplies of cassava. There is also
the problem of developing ¢ local market for the product in Gambia.

The fully mechanised technique as embodied in the Mark IIT hard-
ware is in the process of being introduced in Nigeria for the first
time{4). The Ide (Ibadan) Co-operative Farming and Produce Marketing
Society Ltd. with a membership of 132 farmers has completed plans
for a vertically integrated programme involving 5,000 acres of plan~
tation which will supply all the cassava requirements of a fully

Technical Memorandum No

3) 4 visit to Gambia by'ﬁwo members of the gari project team from
the University of Ife enabled us to interview the owners of the
Gambian gari plant.

4) Chief Obafemi Awolowo gave a press conference on the 9th of
November 1973 at the launching ceremony of the co-operative. The
statement was later carried in several leading national dailies.




mechanised gari processing plant. Planting on nearly 2,000 acres of
this land was completed in 1974 and the instzllation of the Mark III
plant was in progress in 1975.

THE ALTERNATIVE APPROACH: INTERMEDIATE TECHNOLOGY

Because of the overriding commitment to full mechanisation from
the start, it is not surprising that the logical progression from a
completely hand-operated process through a range of intermediate
developments to the fully mechanised process did not materialise
either at the FIIR or collaterally with its work elsewhere. Instead,
intermediate technelogy appeared on the gari scene as a one-~sided
reaction to the large scale, high cost and considerable sophistica-
tion of the technoiogy resulting from nearly 20 years of research
effort at the Institute.

The first sustained effort to develop an intermediate technology
for gari processing has its roots in the Nigerian Civil War. Early
disturbances in 1966 had resulted in large-scale repatriation of
people of Eastern Nigerian origin from other parts of the Federation.
Among these refurnees were many scientists and technical people, =ome

of whom had been involved in early developments of gari mechanisation
at FIIR. Several of these scientists became part of a 'think-tank!'
set up by the then Eastern Nigerian Government. For much the same
reasons that make-shift refineries and distilleries were developed
by this group, preliminary designs on a low-cost mechanical gari
fryer were initiated. Unler the circumstances of the war it would
have been logical not to give priority to the development of a itech-
nolegy for which a labour-intensive but otherwise effective aiterna- .
tive existed., The development was in fact postponed, but after the
disturbances, the East Central State re-establiished this activity in
a unit called PRODA (Products Development Agency). Since 1970, the
work at the Agency has progressed through three prototypes.
Some of the technicians of the 'think-tank! drifted back to the
Mid«West State, where in collaboration with others they became in-
s wolved in the mechanisation of gari. They formed a firm called
':Fabrication Engineering and Production Company {FABRICO} whose prim-
ary activities were in metalworking and furniture manufacturing.
FABRICO then developed a motorised gari fryer which has been in com-
mercial operation at Issele-Uku (55 miles East of Benin) since 1971.
..:The first sale of the gari fryer to a government-owned company was

“‘made in the East Central State{1l) and FABRICO is currently developing

" three other machines for co-operatives and private operators.

1) The customer was the Agricultural Development Authority (ADA)
of the East Central State Government.
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Both the PRODA and FABRICO machines are of similar design. They
are simple and low-cost when compared to the FTIR design (which served
as a catalyzer in their development). Both machines represent a con—
siderable advance over the traditional method: in each case tha fryer
can handle one ton of finished gari in an 8-hour shift. The traditiomal
technique, by contrast, has remained a manual operation, and the only
significant innovation in the last 75 years has been the introduction
of mechanised grating. For the rest it has remained totally insulated
from modern scientific and technological improvements.

The heart of the FABRICO machine, and its most significant imme-
vation, is the frying unit. The man-hour output of 150 1bs is clearly
phenomenal when compared with the 5 1b ocutput of the traditional fry-
ing process. This fryer can be described as a modified horizontal
feed mixer. The original inspiration for its design had dawned on one
of its developers while watching a horizontal feed mixer in operation.
The machine is remarkably simple. All its components are locally
fabricated. It is fired with wood and housed in an ine¥pensive open
structure.

The contrast with the ND machine in Gambia is striking. The ND
machire is characterised by its relatively sophisticated technological
inputs stemming from Newell Dunford's long history of industrial
expertise in the drying field. The ND-MK III plant is a package of
20th century technology housed in a well built modern factory. The
garifying unit is a patented innovation, but the rest of its hardwezre
is available for purchase as standard equipment in the internatiomai
process engineering market. The main thrust for its development has
been of the integrative engineering type. Although most of the basic
research and much of the development work took place zt FIIR, the
hardware as it now stands is basically an imported technology.

THE ECONCMICS OF INNQOVATION(1)

As could be expected; the ND-MK IIT plant costs a great deal
more than the FABRICO plant. There is some difficulty in valuing
each one since the commercial market has not yet msterialised. How- -
ever, on the basis of conversations with the respective parties, we
have valued the installed Sambian machine at N120,000(2) and the

®

1) This section is based on a detailed analysis prepared by Raphael
Eaplinsky of the Institute of Development Studies of the Univer-
sity of Bussex with the assistance of the author. Ttz full study
will in due course be published elsewhere.

2) Or approximately $180,000. Newell Dunford published a feasibility
projection on the MK IIT plant in 1971. However the Ido (Ibadan)
Co-coperative Project has estimated the cost at a much higher level.
See Chief Awawolo's press release.




FABRICO equipment at ¥10,000(1). If anything, these figures over-
state the cnst of the local intermediate technology and understate
that of the ipported fully-mechanised technhology. When operating at
full capacity (three shifts per day), the FABRICO plant produces

3 tons of finished gari a day and requires 4. workers; the ND plent
produces 10 tons of gari with 83 peecple. '

Both techniquesﬁare‘basically efficient: the FABRI{0 machine
has a somewhat higher. produttivity of capital, but this is counter-
balénced by the higher productivity of labour in the ND machine, aad
all other things being equal, one technelogy 1is as good as the other.
This first conclusion must be qualifi@d. If sne assumes that the two .
machines are operating not at 100 per cent capacity, but at 33 per
cent {a wore realistic assumption}, the production costs per *ton of
gari are relatively higher with the N2 machine(2)}. A number of fac-
tors account for this: the “FABRICO machine's comparatively high
efficiency in terms of capital productivity, the smallness of ND's
advantage in labour productivity, the efficient use of raw materials
in the FABRICO process, and the relatively high wages paid tc workers
of the ND plant.:

An entrepreneur planning to set up a gari factory can choose
either one of the two technologies, but the decision is far from
simple. Viewed in the perspective of private oﬁtimality, nis choice
will depend on a number of factors, and in particular on the cost of
labour znd the interest rates en borrowed capital. IT the piant is
to be set up in a rural area. where wages are low, the FABRICO
machine is clearly more profitable. In urban areas, where salaries
are higher but a gquaiified labour force more easily available, the
ND machire is a better choice. The higher the prevailing interest
rates, the greater the comparative advantage of FABRICO's inter-
mediate tecimology. Taking tﬁese two constraints into account (wages
and interest rates); one can draw a boundary line between the two
technigues and show at what level of salaries or interest rates a z
switch-over from one techknique to the other becomes inevitable.

The choice betwesn the two technigues can alsc be made on the

_ basis of social optimslity. In this case, the criferion is not the
profit made by the individuasl entrepreneur, but the benefit accruing
+6 the country as a whole. Measurements of social optimality tend o
be rather shalkly, for they are based not éh market prices {for wages,

1) Or approximately £15,000. The ADA paid K3,500 (%5,250) foi the
FABRICO machine in 1973. Two additional FABRICO units were sold
to a private owner fer W11,000 ($16,500}. 8

2} At full capacity, the production cost of one ton of gari is N97.5
for the ND machine and ¥74.6 for the FABRICO machine. If capacity
utilisation falls to 33 pur cent, the costs are N112.7 and H81.8
respectively. In the first case, the ND machine's production costs
are 31 per cent higher, and in the second case 378 per cent higher.




raw materials, etc.) but on 'shadow' prices and ‘opportunity' costs.
Furthermore they introduce a certain number of gualitative factcrs -
for instance the social value of indigenous innovations or the need
to penalise imports -- which can be guantified only in a very rough
way. Despite their shortcomings, such calculations are important both
for the policy-maker at the national level and for the managers of a
country's R and D laboratories, for they try to take into account
what might be called the national interest. They also show that the

social utility of an innovation is not necessarily the same thing
as its private utility.

in the case of the ND and FABRICO machines, these calculations
of social optimelity - based on shadow wage rates, forsign exchange
conservation, the value of indigenous innovation and the effects of
innovation on the price of gari - all tend to "show that the FABRICO
machine is more attractive than the imported ND maciine. In other
terms, the conclusions yielded by a social optimality analysis happen
to go in the same direction as those suggested by the earlier private
optimality analysis, This of course does not mear that privates entre-
preneurs will necessarily all choose to use FABRICO machines in their
gari plants: in a free market economy, it is very difficult to inte-
grate social optimality into the price system, and business decisions
are not based entirely on a rational analysis of the available
economic data.

OBSTACLES AND INCENTIVES TO INNOVATION(1)

The fact ttr .t there have been some immovations in gari production
in Nigeria over the past 40 years confirms that there are profitable
oppertunities for innovation. However, there are alsc a number of
institutional, crganisational and managerial obstacles. The FIIR
suffers from the traditional weaknesses of scientific institutions
in developing countries. Poor financing, red tape, excessive staff
mobility and the lack of internal co-ordination are among the main
obstacles to the application of science and technology. What is per-. -
haps even more important is the fact that these weaknesses effectively
prevent or slow down the development of what might be termed a
"realised demand" for scientific and technical knowledge.

0f equal interest to our current concern are some of the more
subtle and largely unexplored aspects of underdevelopment. There is
evidence to suggest that in the case of gari, the basic simplicity :
of the necessary innovation may have been obscured by the professionai

1) Many of the ideas discussed in this section have resulted from
interaction with various members of the Institute of Develspment
Studies, University of Sussex, England.
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complexity of the work done at FIIR and Newell Dunford. The high

degree of scientific and professional attainment ol FIIR staff is

at the basis of the high level of scientific inputs in the ND tech-
nigue. The preoccupation with full mecnanisation from the start is
partly a reflection of the dominant national mentality at the time,

- but alsoc partly a reflection of the fact that resevarch officers con-
fronted with a problem have gdelved into their vast stock of techno-
logical knowledge far an answer. Armed with a comprehensive knowledge
of a wide assortment cf processing operations, they were inexorably
propelled in the same dirsction. The outcome is a technelogy package

which appears to have given very scant attention fto the environmental

conditions in which it is to be used.

The obvious discrepancy between the resource-mix for which such
modern technology was designed, and the actual resocurce-mix which
exists in a developing country like Nigeria places this tephnology
at a fundamental disadvantage. This approach to design also presup-
poses the ready availability of complementary production factors
like workshops, materials and highly qualified manpower. Because
these factors were not available, Newell Dunford Engineers became
- involved as co-developers. The outcome of this relationship raises
Cioa nagging question: to what extent have FIIR in particular, and

Nigeriz in general, gained from their share in the inventive and
" innovative process? The term fgain' referred to, here does not pertain
primarily to property rights, although this is important, but concerns
the development of an indigenous technolegical capacity and the
ability to make it a cumulative and self-sustaining process. At the
moment, the answer to this question remains at best uncertain.
- In contrast to the above picture, and precisely because it
lacked high-powered scientific and engineering skills, FABRICO was
able to see through the t*skeleton' of the problem. As a consequence,
the simplicity of the FABRICO hardware blends it naturally into the
rural environment in a way that the ND technique cannct. Qualitatively,
it represents a purposive development in the historical process of
w~innovation but-it does -not conform to the slow pace of change which..
s generally characterlstlc cf tradltlonal technology It has been-
:alded from" abroad in 1ts conceptlon but retalns its indigenous char-'
;acter In this sense,a ‘positive transfer of technology has taken
Zplace and there havé'béén indisputablé'gains in indigenous techno-
:1og1cal capacity at the grass-roots level.
' The weight and orlentatlon of science and technology in the
”advanced countries might have a decidedly negative impact on the
:development of technologies which are appropriate to the specific
frequlrements of the developing countries. In the gari case, there
‘has been a double-edged 'blinding' effect which derives directly
@frqm modern engineering approaches to process design. The spectrum




of available high-cost components from which sub-units were selected
by FIIR and KD for the integrative desigh effectively precluded a
consideration of low-cost, labour-intensive alternatives. In the
FABRICO case, the lack of conventional engineering knowledge, par-
ticularly of modern techniques of design optimisation, resulted in

a relatively efficient, low-cest and labour-intemsive machine whose
functional potentialigies, we strongly believe, has not been fully
exposed. We cannot, however, condone the ignorance implicit in
FABRICC circumstances as a means of 'setting the mind free' to inno-
vate without the sometimes stifling effects of formal technical edu-
cation. The continued lack of these basic skills will, in the long
run, impede the development of the inmovative potential of organis-
ations such as FAPRICO.

Under present conditions everything appears to conspire to
prevent developing countries from selectidg. even from the existing
spectrum, the capital-saving and employment-generating technclogles
which may be optimal. The consulting firms which they employ in
preparing projects, making feasibility stvrAies, drawing up specifi-
cations and examining tenders are all steeped in the technological
outlook and traditions of the richer countries. The same is true
also where local professionals are employed since their basic out-
look derives from the same dominant monolithic orientation in science
and technology. What is needed among other things is to politicise
scientists and engineers in research institutions like FIIR to a
point where social optimality takes on a new importance in their
design considerations.

THE SOCIAL IMPACT OF INNOVATION

We can now attempt to evaluate the likely impact of innovation
in cassava and gari production. At the one extreme are the existing
traditional techniques for producing cassava and gari. The processes
-are very labour-intensive but there is no clear idea of the oppor-

" tunity cost of this. labour. The distribution of income is largely el
& reflection of the division of lanour beiween the sexes (men produce
" cassava, women make and sell gari). The concentration of income is -
not great but there are indications that distributive margins have
increased in real terms, thus transferring income from producers., to
marketers. There is no clear idea of the saving propensities of trese
two groups but it is unlikely that a significant proportion of this
money is reinvested. At any rate, investmen. is likely to be located
within the immedijate areas, and most of it probably goes to exbanding_
marketing activities. Innovation is neither rapid nor widespreaé and
the pattern of social relaticns, while by no means static, has evoi?gd:




over the past 100 yvears in such a way that the production of cassava
and gari has become an integral part of the social system.

At the other extreme, the fully mechanised plant is likely to
have wide-ranging consequences. The plant producing 3,000 tons of
gari per year requires only 83 workers and will displace a large
number of people. Thefe will also be a substantia’. displacement as
a result of mechanisation in cassava production although the extent
of this i= not known. The effect of this upon other creps depends
on the ssasonal availability of agricultural labour. Income from the
production of gari will be redistributed from women producers to the
ownters of the plant and its workers, and only a small number of the

latter could be the same women.

In the prodaction of cassava, income will be redistributed from
peasant farmers to the owners of the plantations, the agricultural
labourers (some of whom could be the same fu.rmers) and the producers
of the equipment, who are predominantly foreign. The concentration
of inccme will increase significantly, since it is very likely that
both mechanised cassava production and mechanised gari manufacturing
will ®e in the hands of the same entrepreneurs. The growth of employ-
ment and output will depend on the investment propensity of this
innovating group. The total investment will at any rate be higher
than with the existing producers.

The location of new investment will depend on profit opportun-
ities, but it is unlikely to be a: 1 cally-centred as it would be
with small-scale producers. The trickle-down effect of innovation
on peasant producers will be virtually zero. However, the success of
this innovation will influence future innovations by the same entre-
preneurs or others organised in an identical fashion. The displace-
ment of peasant farmers will increase the speed and extent of class
formation in the rural areas. If the fully mechanised plant i=
owned by a co-operative, it will have less marked effect on the con-
centration of income and the extent and location of new investment.

. Co-operative ownership will slow down and change the pattern of rural .
}fciasg_ﬁqrmation_but is unlikely.to result in significant differences,;3
“with regard to other factors. The organisation of successful co~oper—
‘atives must be recognised as onme of the main difficulties here.

) “-Intermediate technology innovation in cassava production can
take either one of two institutiomal forms - peasant co-operatives

or core-plantations complemented by peasant producers. In each case,
ffmthere is no major imﬁerative for mechanisation, although the private
g: prbfit inherent in mechanisation may make it ettractive to individual
‘  innovators. Growth of oﬁtput and employment will be affected by the
.. investment propensity of the groups involved, but the core-plantation
arrangement is more likely to result in investment outside the
- loeality. Both forms of organisation will affect social relations and
Z-the_pbocess of rural class formation, but the co-operative system
:_should be less disruptive.
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XIV. APPROPRIATE TECHNOLOGY IN GHANA: THE EXPERIENCE OF KUMASI
UNIVERSITY'S TECHNOLOGY CONSULTANCY CENTRE

by
B.A. Ntim and J.W. Powell

DEVELOFMENT GOALS AND THE PREREQUISITES FOR DEVELOPMENT

In a recent conference on international co-operation in rural
-~ development in Africa(l), it was generally agreed that the basic aim
of development was to raise the social and economic level of the
rural populations and that in order to achieve this, there was a
need for better infrastructures in fields like education, health,
'*i_ehelter, water supplles and employment. The conference also stressed
Qrthe follow1ng elements of an 1ntegrated rural development strategy..
g a) At the local: devel; ~there isa maaor need for detailed sur~ -
‘veys of the economlc. s001al and technical resources of: the_
communlty Such surveys which must be made as far-as p0551b1e
with full: partlclpatlon of the local populatlon are the f”'
jbasxc way. to: identlfy the most urgent needs and to help in:
othe. 1mplementatlon of new development proaects._'.'
_ iSlnce the Mmain: occupatlon ln developlng countrles is agrl-f
" culture;” tbe star”lng po;nt for development 11es in ‘the dif.
) fu51on of 1mproved productlon technxques the supply of more
:;appropriate agrlcultural_1mplements,'a w1der use of- fertilis—
ﬂ:_ers, better anlmal'husbandry‘and the provxslon of serv1c

of_Science.end Technology in Kumas

) Report of.the Th rd,Sub,Regional ‘Workshop ‘on International
‘Co=operation’ “iniRura ‘Development  in: Africa; ‘sponsored: by th
~Economic’ Commission for frlcas(Re rt . No: E/CN A/SWC 66)
wNovember 197&1




d)} Continued intemsive multi-disciplinary research programmes

on rural development should be set up to identify the major
innovation needs. The objectives, scope and nature of such
programmes must in the first instance be explained to its
potential beneficiaries.

e} United Nations agencies, national and international voluntary

sgencies could, whilst co-operating with governments, play

a useful role in the promotion of rural development by under-
taking and financing the feasibility studies for cuch projects,
providing technical experts to help in the promotion of rural
development, and assisting rural training centres and national
information services in the collection and dissemination of
information on rural development.

Essentially the conference called for an integrated approach
to the development of rural areas and emphasised the fact that the
choice of technology to be applied in these areas must teke into
account the nature of the production process, the availability of
raw materials and manpower, the size of the market and other economi.,
social and cultural factors.

During the early years of technology transfers from industrial-
ised nations to developing countries,‘much frustration was suffered
by the latter group because whole industries were imported unmodified
without due regard to the local economic and technical resources.

The case of agricultural machinery is a typical example. After inde-
pendence, a great many countries increased their imports of agricul-
tural equipment for supposedly boosting up agricultural production.
This machinery could not be used and maintained for any length of
time, due mainly to the lack of technical know-how and to insufficient
maintenance, not to mention the fact that most of the machinery had
nearly reached the end of its useful working life. Furthermore, agri-
cultural pilot projects which were financed by industrialised coun-
tries and directed by foreign experts used equipment and methods
which were completely umknown in the vproject area and which met with
the disapproval of tne local poruiation. Failure was the inevitable
‘end result.

It is not surprising therefore tha® = call was made at the
United Nations for UNCTAD to lay down some conditions for the trans—
fer of technology to developing countries and in particular for the
inclusion in any transfer of those elements of technical know-how
which are normally required in setting up and operating new production
facilities.




“-low capital costs per work place, per unit of output and per machine,

MODERN TECHNOLOGY AND ECONOMIC DUALISM

We are all aware of the growing gap between rich and poor nations
and, within developing countries, of the gap between the towns and
the rural areas. High rates of unemployment, massive migrations to
the cities and excessive dependence on imports from the industrialised
countries are common to almost all develeping countries. These vroblems
are among the many well known manifestations of what has rightly been
called a dualistic economy. What is perhaps less obvious is that this
dualism has 2 lot to do with technelegy, and in particular with the
import of capital-intensive labour-saving technology which requires
a high level of skills, a sophisticated educatiosnal infrastructure
and a well developed maintenance and support system.

It is obvious that developing countries need certain large-scale
industries based on modern technology, were it only to produce the
goods which would otherwise have to be imported. However these indus-
tries do create problems, and their promotion must be analysed in a
more critical way than heretofere. This is particularly true in the
case of a country which, like Ghana, suffers from a chronic shortage
c¢f foreign currency. In that country, the cement, sugar, beer, tobacco
and =soap industries, which rely either on foreign raw materials sup-
plies or on foreign maintenance support, are all operating today =zt
less than 80 per cent of their capacity, and in some cases even much

less. After several years of operation, the production level of the
sugar industry for instance is still at 10 per cent of its meximum.
Cane production has not managed to keep up with the demands of the
care crushers and it is doubtful if the full capacity of the machinery
will ever be used before the best part of it is scrapped.

The use of highly productive modern technologies in situations
where their products compete with those of indigenous crafts (e.g.
textiles produced by weavers or pottery made by local potters) results
in the destruction of these crafts and reduces the number of people
required to satisfy the need concerned. This is often without any
overall economic gain to society. Modern factories have +to be located
in urban centres; the little employmert they offer is created in the
metropelitan areas whilst their establishment causes unemployment
‘mainiy in the countryside. '

'The widespread adoption of highly advanced technology as a means-
of development in all sectors of the economy is not possible because
of the constraints imposed by the lack of capital, the shortage of
technical and managerial manpower, and the cost of processed raw
materials.

The problems of modern technology may be met by adopting a
strategy based on appropriate or low-cost technologies which involve




and a heavy reliance on local inputs, both in manpower and materials.
The experience of the Technology Consultancy Centre in Kumasi, Ghana,
shows how such a strategy might be irplamented and brings to light
some of the problems of diffusion of low-~cost techrology.

OFF-CAMPUS BUSINESS GENERATED WITH THE DIRECT ASSISTANCE
OF THE TZCHNOLOGY CONSULTANCY CENTRE

The Centre was set up at the University of Science and Technology
in January 1972 to make available to the public the expertise and
resources of the University and to promote the industricl development
of Ghana. The Centre has concerirated much of its effort on the
development of small-scale incdustries, as can be seen from the follow-
ing case studies.

a} The manufacture of srider glue -~ Mr. 5.K. Baffoe sought the
he'p of the Centre in 1972 fcr the development of a formula to manu-
facture paper giue from cassavs starch and alksli from plantain peel -
two raw materials which are in abundant supply on the local market.
The Centre provided the technical know-how, built a production plant

. capable of producing 40 gallons of glue a day and assisted the entre-
‘preneur in obtaining a fipancial loan. Within a year, the entrepreneur
was supplying the best part of Ghana's needs for glue, thereby saving
substantial amounts of foreign currency. Additionally, this project
is providing employment to some 25 rural dwellers who would otherwise
be unemployed. The currently envisaged expansion of this project is
likely to bring an end to imports of glue and the prospects for
exports are very bright. In fact, the entrepreneur has concluded an
agreement to manufacture the product in the Ivory Coast, and Senegal
has placed a token order to sample the local market. This project is
likely to lead to the development and adoption of other technologies.
For example, there are arrangements to manufacture locally the plastic
ccntainers which have $c be imported and which often run short on the
-~ local market. -
; The glue project . is outstanding in that after the development
.ffof the_g1ue formula, most of the rema;nlng work (production, know—hqﬁ"
' 'and market research) was carried out by the entrepreneur who kept .a -
"_ close contact with the Centre for advice on industrial production
methods and management. B
_ b) The Schocls Scientific Import Substitution Enterprises (SSISE) .
In October 1973 the Centre 1mported two machine tools for SSISE. The
first was an 8 inch centre lathe and the second a high~speed wooden
: héndle'turﬁing machine. The latter is capable of producing wocden
_.haﬁdles for chisels, files and screwdrivers at a rate of 200 per hour.
. ‘Some instruction has been given to SSISE employees in the production




of handles and the fitting to chisel blades. The use of good quality
tropical hardwoods should enable the handles to be exported to Britain,
which has already placed a large order. The only problem now is to
produce these items at competitive export prices. SSISE have also
con*ributed enormously to the building of soap plants originally
designed in the Centre and which are being instalied in most parts

of the country. They have manufactured all the platforms, scap moulds,
cutting tables, lockers, duck boards and tressels. Another project

in which SBISE has been involved is the manufacture of the broadlooms
for village weavers. More than 45 of these looms, which cost about
%100 a piece, have been produced by SSISE since the middle of 1973,

c) Other projects — The Centre has given assistance in various
forms to numerous other pecple. In many cases, there was no feedback
concerning the effect of technical advice or other assistance rendered.
In several cases, products were submitted to the Centre for analysis.
This work was unacrtaken in the Faculty of Science and the client
was advised if the quality conformed to the National Standard and,
if not, how an improvement umight be made.

The chemical starch production for laundries was a typical case
of the above reguest. A local enirepreneur presented to thz Centre

a sample of laundry starch prepared from cassava starch and the

alkali from a wild plant. The sample was tested and found successful.
The Cen*re then proceeded to advise on a process plant for commercial
production, and market research was conducted in the commercial
centres of the country. Presently sufficient orders have been received
for purchase of the chemical starch and arrangements have been final-
ised to secure a bank loan to produce the starch on a permanent
commercial basis,

Sone clients ask for help to improve their existing skills,
others for technical assistance to set up import-substitution produc-
tion units and still others want to know where they can obtain pro-
duction equipment or packaging materials. Sometimes these guesticns
are quickly answered but in other cases they entail lengthy enquiries.
Often, no satisfactory answer is available because of the difficulty
of importing essential equipment or materials.

ON CAMPUS PRODUCTION UNITS AS A MEANS
OF PROMOTING SMALL-SCALE INDUSTRIES

When the need for a new product is identified, but local indus-
try is reluctant to take it up for various reasons, the Centre some-
times chooses to establish a small-scale production unit. Basically,
these units have the following aims in mind:

- to train craftsmen and managers in the skilis of the new

indusiry;
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- to complete prc’ + development under production conditions;

- to test the m~-w¢- for the product; and

- to demonstrate t - .trepreneurs the viability of a new
industrie . activiiy.

Sa fe: chere are three of such units in the Centre ‘or the
manufacture of nuts and bolts, pale bar soap and weaving i*ams.

a) Nuts and belts

In the case of nuts and bolts, as much as half a million dollars
worth are imported into the country each year, and until the Centre
started up production, there was no establishuent in the country
which produced them in any quantity on a regu.ar basis. The little
amount which was produced by local blacksm:™*: was usually of very
poor quality. With the establishment on the campus of this production
uriit, which uses second hand imported machines, all the production
and commercial problems associated with the enterprise have been
studied, analysed and documented{1). The guality of the products ic
as gcod as the imported item, and marketing is the least problem.
What remains at this stage is the transfer of the technology from

. the campus. Several enquiries have been received from interested

entrepreneurs who, at a glance, perceive the advantages of pilot
-production units. The difficulty with the transfer of this technology
lies with the importation of the necessary machinery. However, efforts

are being made to secure import licences for entrepreneurs to bring
into the country machines similar to those used in the pilet produc-
tion unit.

b) Soap production

The soap market in Ghana is guite erratic. The main producer
of soap in the country is Lever Brothers Ltd. who use mainly imported
raw materials {oils, caustic soda and additives). At the present
world-wide high inflation levels, these imported materials are rising
in costs. However, the price of soap products is state controlled
i.and consegquently there are . frequently tlmes when these products can- &
;not be. produced at the controlled prices. As:a result there are
~shortages of soap, espec1ally in the rural areas. . .7 - e _
The Centre unerefore embarked upon a proaect to develop a. 51mp1:
'~_p1ant for making soap in bars from locally available raw. materlals.
::Its ~"ant uses caustic soda produced from local slaked lime and ' )
:s¢_ .z -carbonate. The forﬂer is. a waste product from a local firm
Lowhe -0 .8 the latter is imported but it is easily available at prlces

1) Technology uonsultancy ‘Centre, Second Annual Report on_the Steel
Bolt Preduction Unit Kumasi, ‘Apr




much lower than these of imported caustic soda. 4 pilot soap plant
has been built on the campus and it is being used to instruct poten-
tial soap makers who are planning to install plants in different
parts of the country. Additionally, a soap factory has been built
by the Centre to house a soap co-operative society in a village five
miles from the campus. A follow-up of this proJect at the v111age=:_:
level is the establishment of an o0il palm plantation and an o0il mill‘
to feed tlie factory. The successful implementation of the plantatldn
and the m:1l shouvld completely eliminate unemployment in this v1llage,

¢) The Broadlocm Weaving Project

The traditional loom of the Ghanaian weaver is capable of weaﬁQ
ing a width of 4 inches only. The development of the 40 inch broad-
loom on the campus arese frem the need to increase *+he productivity
of the village weaver. The produciion unit on the camp 15 hes trained
a numbe; of weavers oa the broadloom who have returned to their
villages. The cost of the broadloom with all the accessories is only
about $150 and consequently the rate of transfer of this technoiogy
has heen much msre }apid than it has been for nuts and bolts and

. soap production. However, the high cost of yarn makes the weaving
 venture rather unprofitable. :

ECONOMIC ANALYSIS OF THE CENTRE'S FROJECTS
AND THE NEED FOR TECHNOLOCE PACKAGE -

The following table shows some of the ba51c data on the pLOJects:
-undertaken by the Technology Consultancy Centre or with 1ts dlrec
~assistance. The glue and nuts and bults are manufactured in ex1sting
buildings and the figures have been adJusted to make provision for
housing these projects in a factory, as 15 the case of the . soap :
manufacturing co—operative. P 5 ST

The small scap plants and the glue and weaV1ng projects are
_typlcal cottage industrleb, as may be deduced from the_flgures of

. The nuts’ and bolts_man“* sture is qulte learl ‘a capita
 51ve v=nturu, relying.”as it does, on the imnortation ‘of ‘machin




BASIC DATA ON THE TECHNOLGCY CONSULTANCY CENTRE'S INDUSTRIZ . PROJECTS

Nuts Small Soap ]| Weaving

& Plants Project
Bolts
(1) (2) (3) (3)

Total ‘Invest-
ment Required
(Land Build- 50,000 150,000 ’ 4,000 4,000

100,000

45 15 24

3,300 s 167

530 750 125

300,000 | 144,000 200,000 50,000 24,000

orker . .. | 6,000 3,200 13,000 | 12,500 1,000
Profitability | 'Good /| -+ Fair Cood Fair Poor

1i*fi§dféé“éfe=gi#éﬁsin Cedis; 1 Cedi (¢) = $ 1.15
l) ‘Additional - capltal costs ‘in building have been added to the
;-upresent 1evel of 1nvestment.

: hls level of productlon whlch w1ll provide 30 per cent of the
ountry's requlrements, 1; about ten times the present level of
_production._._-g

3) Production is at the cottage 1ndustry level, and only needs a
-Shed as *helter

tools, even though the raw matertﬂl inputs are locally available.
There have been several inqulrles from entrepreneurs who want tc go
Jnto this venture ‘but’ unt11 now the technology has not been trans-
_erred Thls is. c;early due to the large initial capital requirements,




. ‘Centre should always be ready, when the need arises, to extend its
assistance on production and management.

The above factors came intoc play in the successful establishment
of the glue project which now has a production level of $20,000 per
month and supplies about 80 per cent of the country's requirements.

In this case, the Centre hnelped in the development of the glue formula,
built a process plant, assisted the entreprensur in securing a2 banking

o loan, assisted in costing the commercial product and finding a market.

“Many projects, however, have failed because of the disregard of the
above guidelines, and in particular because of the lack of regular
contact between the entrepreneur and the agent of chang=.

INTERNATIONAL CO-OPERATION IN RURAL INDUSTRIAL PROMOTICN

International co-operation is indeed not new to developing
countries. In the case of the Centre, much help has been obtained
from external sources in the United Kingdom and the United States
through the Intermediate Technology Development Group, VITA, volun-
tary agencies and universities. In the specific field of development
of low-cost technolegy, four areas for co-operation may be identified:

a) Research

International co-operation could be improved in a number of
ways. The research laboratories in advanced countries could accept
for instance, as one of their tasks, to undertake research work
directed to the development of technologies for rural areas in
developing countries. Developed countries could also assist in the
financing and establishment of research and development activities
in develnping countries directed to the development of specific
technologies, with suitable arrangements for secondment of experts
and counterpart training.

b) Manpowsr Training

- In the developing countrles there is a shortage of technical .

"f.manpower capable of developlng approprlate technologles +to suit local_

:fneeds Internatlona1 co-operablon could be 1mproved if 1ndustr1allsed
‘ocountries were to accept an expan51on'and 1mprovement of . thelr fa011—
~_1t1es for educating and training technical people from developing

S nations.f

,.,c) 1ona1 Co-operatlon

Technlcal contacts between individual developlng countries and
_1ndustrlallsed countrles are w;deepread However, there is 1itt1e S
=conta‘t between nelghbouring developlng countrles and ronsequently




“"there is much duplication ¢f activities in development work. Agencies

for the promotion of industrialisation in rural areas should place
much more emphasis on the development of closer working relations
"with their counterparts in neighbouring countries.

d) Forms of Technology Transfer

Attempts should be made in developing countries to specify in |
detail the areas in which techneology transfers from the industrial-
ised countries are most needed, as well as the mode of transfer (i.e.
wrether in the form of capital goods or in the form of direct invest-
‘ments). In the case of rural development, it is expected that little
capital machinery would be involved in the promotion of labour-inten-
sive projects. Developed countries must appreciate this and offer
direct investments opportunities.

CONCLUSION

Technology practitioners and development planners should bear
in mind the fact that the promotion of industry in rural areas must
take into account the type of production, the availability of manpower,
N the size of the market and all the other social, economic and cultural
-~ “factors. In particular, initial studies of appropriate technologies
must as far as possible involve the participation of the indigenous
entrepreneurs.

The experience of the Conmsultancy Centre, limited as it may be,
has evidently indicated that such centres have a major role to play
- in the industrialisation of developing countries. In particular, the
“'experience has demonstrated the need for reviewing and adapting the
traditional university curricula to suit the needs of developing
" countries. Such establishments can also contribute to a closer co-oper-
ation between industrialised and developing countries and accelerate
- the diffusion of low-cost technology betwzeon neighbouring countries.

It is, however, doubtful if one can defend the establishment of

productlon units on unlver51+y campuses in the context of the tradi-
5*10na1 un1ver51ty currlcula. But 1t 1s equally true that teachlng and
_research ln 1nst1tut10ns ‘of hlgher 1earn1ng are meanlngless 1f they
:fare not llnked with ihe 1ndustr1a1 and economlc development of the fj“
fareas they serve. The purpobe of such productlon unlts is to show to
.potentlal entrepreneurs what can ‘be done and ‘ta demonstrate how it
-'can be done The campus productlon unlts, when proved technically
and flnanclally viable, will hopefully fill a vacuum in the rural
_1ndustr;allsat10n polic1es of developlng countries.




XV. SMALL-SCALE DISTILLATION CF POTABLE SPIRITS FRCM PALM WINE

by
*
I.A. Akinrele

TNTRODUCTION

The development of the traditional art of distilling alcoholic
spirits in Nigeria has largely been influenced by the ecological and
socio—economic conditions prevailing in the local communities. Until
recently when molasses became avallable from sugar mills, the tradi-
tional raw material for distillation was raphia wine derived from
the sap of Raphia hookeri and palm wine from the oil palm Elazis
guineensis. The raphia plant grows extensively in the riverine areas
and delta creeks of the country. The communities in these regions
are composed mostly of fishermen, and both the men and women relish

a drink of 'ogogors' (raphia wine spirit) on social occasions. They
also use it for medicinal and ritualistic purposes.

The traditional distillation technology is very primitive and
leads to serious contamination of the product with organic and
metallic toxicants. Because of this, the sale of the product was
declared illegal by the government. The market as a result was driven
underground and distillation operations were transferred to the back-
woods to avoid detection by the police. The processing technique thus
became very secretive and remains totally insulated from modern
improvements.

Another factor which has restricted the development of the

_ .industry is the fact that the terrain over which the raphia plant

o .BTowWsS +is swampy. Tfanspoffatidh of raphia sap or wine is difficult,
and this accounts for the fragmentation of the distillation umits. .
"Similarly on dry land where the oil palm thrives, the wide scattefing 
of the trees and their low yield (about one litre of sap per tree k

. per day) make collegtion'on a large scale uneconomic.

' It is estimated that in the 1,400 square miles of fresh water
swamps in the Niger Delta area there are some 300 million raphia

* The author is Director of Research of the Fedsral Institute of
Industrial Research, Oshodi, Nigeria.

¢
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~palm trees with a potent1a1 annual production of more than <wo
-bllllon litres (450 million gallons) of palm wine. It is &lso believed
“‘that about one tenth of this quantity (200 million litres or 45
7:ﬁillion gallons) could be obtained from oil palms(1). If this wine
were distilled and converted to ethyl alcohol, some 91 million litres
(20 million gallons) of potable spirit with a value in excess of
W20 million (¥33 million) per -annum before excise duty would be
' vallable for manufacturlng varlous alcoholic beverages and for
-.1ndustr1al uses. I

' The exploitation of this vast potential resource of potable
spifit and the development of the associated native industry are
T:belng tackled in the following way:

a) A legalisation of rural distillation cperations through
licensing arrangements;

) The design and manufacturing of a cheap and sturdy still
that can he used in a rural environment by unskilled labour
after a short period of training:;

¢} The granting of a concessionary excise duty to enable the
industry to survive economically against imported alcohol
concentrates;

d) The permission to market less refined, but nevertheless

' poteble, spirit beverage at a price low enough to meet the

-#demand of the low-income rural market;

e) Fnsuring that the main ecoﬁomic benefit returns to the

producers and .is not - aptured by a new class of middiemen
. .er entrepreneurs._ﬁ-- : :

L For a number of years, the Federal Instltute of Industrial
fResearch (FIIR) in Oshod1 has been studylng the ways of improving
Jthe natlve art of dlstllllng locally prepared worts for spirits.

The investigatlons carrled out involved a survey -and evaluation of -

fthe economlc potentlal of current 111101t dlstlllatlon, an 1nvesti-

fgatlon of ‘the, microblology of pa¢m w1ne fermentatlon, the de31gn and
'development of a distlllatlon method based on modern sc;entlelc ‘and

chem:c 1 engineerlng pr1n01ples, the blochemlcal screening of \he

i SOurce of da+a.'pr+vate'communicat10n from +he Secretary of the;
Niger' Development ‘Board.’ . . .




THE DEMAND FOR ALCOHCL PRODUCTS

Nigeria, with its population of 80 miliion, currently spends
some N2 million a year ($3.3 million) on spirits and alcoholic
beverages. The available statistics indicate that the legal imports
of ethyl alcohol at 80 per cent per volume amount teo more than 1
million litres of concentrates, with an average yearliy value of
¥200,000 ($330,000) while the corresponding value for alcoholic
beverages is around N875,000 ($1.% million) for some 830,000 litres(1l}.
It has been reliably claimed that about the same guantities are
illegally smuggled into the country, and that equivalent amounts are

supplied by native rural distilleries. 4 conservative estimate thus
suggests that the total market in Nigeria for alcoholic beverages is
around 2.5 million litres (550,000 gallens) per year.

The average yearly growth rate for thz2 legally imported alccholic
beverages is 18 per cent. However, the statistics must be interpreted
with caution since they grossly underestimate the size of the market.
In the low-income rural areas, the consumption of imported products
is very much restricted, but there is nevertheless a large potential
demand for potable spirits marketed at low cost. For this reason the
FIIR project was aimed at making inexpensive potable spirit avail-
able to the large majurity of the rural consumers. Furthermore, with
the expansion of the industrial sector, it is estimated that in the

next five years the average annual growth rate of demand for indus-
trial alecohol will not fall below 27 per cent — the rate of growth
achieved by the industrial sector during the first year of the 1470-74
Second National Development Plan(2).

THE BACITA FACTORY

A new factory, the Nigerian Yeast and Alcohol Manufacturing
Company Limited (NIYAMCO) has recently been established at Bacita,
in the state of Kwara. This company, which is owned »y the Federal

- Goverpment in partnership with other institutions, is designed to
fproduce industrial and potable algohol, spirits and yeasts, and
animal feeds. NIYAMCO will use annually some 9.5 million litres of

:moiasses, which as by-products of the Nigerian Sugar Company, have
" until now been wasted. Its capital cost was 1.7 million (%$2.8 million),
and its initial production capacity of 2.5 million litres of ethyl

1} Federal Office of Statistics, Trade Tszbulations, December 1972
and_December 1973, Lagos, 1972=73.

.2) Federal Ministry of Economic Development and Reconstruction,
Second National Development Plan 1970-1974, First Progress Report,
Lagos, 1972.




'eleohol should rise to a maximum of 3,375,000 litres a year. The
'ﬂIYAMCO plant was designed for the urban domestic market and for
“export, and the FIIR plant for the rural/urban domestic market.
However, the price of alcohol produced by the FIIR plant is expected
to compete favourably with that of NIYAMCO.

THE TECHNOLOGY OF DISTILLATION

a) The traditi-nal distillation technology

In large aress of Nigeria, people illegally distil valm wine
. inte a crude spirit containing between 30 to 40 per cent of zlcohol
by volume(l). The equipment for doing this consists of a steel dis-
tillation drum connected to a copper pipe which passes through a
wooden ccoler containing cold water. The distilled crude spirit
collects in a clay pot. The drum containing the palm wine is heated
with a wood fire, the alcohol vapour passes through the copper pipe.
condenses in the wooden cooler, and drops from the open end of the
_copper pipe into the clay pot.
The final product is usually water-white in colour, sometimes
straw-yellow. Solid contamination is usually visible. The flavour is

- .characteristically strong. Heavy losses of alcohol ocecur during pro-

- cessing due to the lack of flowing water and to the evaporation of
the hot distillate from the open receiver., The first distillate is
‘usually redistilled.

"b) The intermediate technology designed by FIIR

The FITIR still has be: lesigned to improve on this traditional
village technique and to give an optimal product yield and a potable
guality. The main design feature of the still is a column with pre-
determined packing height, so as to separate the volatile components
present in the fermenting liguor. It is packed with charred palm
kernel shells, but other packing materials can also be used {glass
.goeads or.rings, nut shells, wooden:fibres or pebbles) -The -column s

1s well 1agg=d 50 +hat the temperature proflle in: the packed column
is. due to the .pressure drop of the vapours across the packlng.-Ae
thermometer is provxded at the top of the column to read the temper
'ature of the vapours emerglng from the column prlor to condensatlon_
A scft wooden disc, hlghly pollshed on, one 51de, 1s attached to the.
Kmlddle of the co¢umn, the pOllShud 51de f301ng the pot mlnlmises the;”

'1) Fresh palm JUlce Whlch has a sucrose concentratlon uf 13g/100m1,]
-gferments very rapldly Wlthln 24 hours, the process of fermenta~"

“itien ‘is uswally complete, ‘and ‘the resulting liouor contalns about
7 per.cent of alcohol by volume. R ”




heat transfer by convection and radiation from the pot to the
condenser.

A 2% gallen charge of fermented liguor (114 litres) containing
5 per cent alcohol by volume gives 3 gallons (13.65 litres) of alcochol
at 35 per cent on first distillation in two and a half hours. The
recovery rate is about 84 per cent. On second distillation a charge
of 2% gallons (11.4 litres) of alcochol at 30 per cent gives about
0.8 gallons {3.64 litres) of alcohol at 80 per cent. The recovery
rate is 3%5.5 per cent.

The final stage of processing consists in blending and flavour-
ing the concentrates. Most of the equipment recommended by FIIR for
this stage is operated manually or semi-automatically. The rationale
for this is that since the factory is to be sited in rural or suburban
areas the non-availability of electricity should not diminish its
overall operational efficiency. Maturation of the alcohol concentrate
is allowed to occur in wooden casks for periods ranging from three
to six months. Demineralised or deior’ ed water is then used to dilute.
it to potable level, and the blend is clarified by using activated
carbon or other suitable elarifiers. To the diluted spirit, the
appropriate flavour is added, usually about 0.5 per cent by volume.
The final product is fillez2 into standard zlass bottles of 1.2 litres
and capped.

FRODUCTION ECONOMICS

Based upon an estimated average yearly demand of 234,000 gallons
(1,064,700 litres) of concentrates and 183,000 gallons (832,650 litres)
ot potable spirits, the recommended plant capacity is 500 bottles per
day (26.6 fluid ounce bottles), i.e. 25,000 gallons {113,750 litres)
per vear. A factory with this capacity will use the distillates of
sixteen FIIR stills, each of which produces about 792 gallons (3,604
litres) of alcohol at 80 per cent per volume annuslly. It is estim-

__ated that about 647 FIIR stills will be required to supply the
.‘entlre ‘Nigerian market for -alcohol, Table 1 summarises the capital

_ costs and capital s+ructure for thisg - small—s:.ze processing plant and
‘Table 2 its production costs .and profltablllty. s
The cost estimates for this project are based on the f0110w1ng
assumptions:

- The palm wine used for distillation in the rural area will
be undiluted and hence should contain maximum alcoholic
content;

— The whole project will be integrated, i.e. the village dis-
tilleries will be linked with the blending, flavouring and
bottling centres.




Table 1

CAPITAL COSTS AND CAPITAL STRUCTURE
FOR A SMALL-SIZE PRODUCTION PLANT(1)

Fixed Capital

Land and building: (2800 sq.ft. warehouse at 2

per sg.7t.) B 5,600
Furniture and fixtures LOO
Equipment and plant: 9,930

- 2 holdinz tanks of 2275 litres for alcohol 1,200
- 1 holding tank cof 2275 litres for water 20
- 90 matuaring wood casks 6,000
- 1 blending vessel with stirring unit 1,000
- 1 filling machine {capacity: 300 bottles
per hour) 500
- 1 capping machine (capacity: 4830 bottles
per hour) 150
- 1 water purifier and 1 water de-ioniser 400
- 1 filter press 00
Total fixed capital costs 2] 15,330
Working Capital
Two month supply of alcohol at B0% per volume 26,100
Six month supply of flavour 5,100
Six month supply of packaging ~nterials 16,400
Three months of labour costs L manager at H100

per month, 1 supervisor at NS0 and 10 workers

at M26) 1,230
One month's value of excise duty 2,500
Accounts receivable 3,000
Total fixed capital costs ¥ 60,330

Capital Structure, Interest and Depreciation
Total initial investment required
(Fixed capital plus working capital): 76,260

Source of fixed capital: 4O% from share capital
(M63572)
60% from loan capital
(W9553)
Source of working capital: 100% from short term
bank loans

Interest charges 8% p.a. on ioan capital, iL.e.
12% p.a. on working carital for
6 months %2), i.e

Depreciation charges: 4% p.a. on the building, i.e.

10% p.a. on plant & equipment

765
3,620
Q93

‘Notes: (1) All figures are given in Naira ().

approximate rate of exchange: N1 = US$1.6375.
(2} This working capital will be raised from commercial

of =ix months.
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Table

2

ANNUAL PRODUCTION COSTS AND PROFITABILITY FOR 4 MEDIUM-SIZE DISTILLERY

Production Costs

Raw materials:

12500 gallons (56,875 litres) of 80 per cent alcohol

to minimise the cost of transporting palm wine;
— The factory wall is built of concrete blocks streng enough

to offer security to the potable spirits, but fitted with the

type of inexpensive materials used in low-income buildings so

as to minimise cost;

ver volume at W14 per gallon ¥ 175,000

125 gallons (625 kg? of flavour at ¥N26 per kg 16,250
Packaging materials: 150,000 bottles with bungs and

labels at ¥0.22 per boitle 33,000
Labour 4,520
Supplies 220
Excise duty 'N1.20 per gallon, or NO.26 per litre) 30,000
Elactricity 210
Rent and insurance 318
Interest on loan capital 765
Interest on short term working capital loan 3,620
Lepreciation 1,233
Total production costs H 265,536
Production cost per bottle: 1.77

Profitability
Total revenue: 150,000 bottles at ¥2.50 each B 375,000
Total production costes 265,536
Profit before tax ¥ 109,464
Profit before tax as z percentage of total invesiment: 143 .5%
Profit before tax as a rercentage of sales: 20.2%
As can be seen from the figuves below, profitability varies accord-
ing to the price at which each bottle is sold:
Price Total Total Profit {Profitability Total Yield on
per Production| Revenue | Refore |as a percen- Invest—-|Capital
Boitle Cost Tax tage of sales ment %
2.00 265,536 300,000 34,464 11.5 76,260 452
2.20 265,536 330,000 64 464 19.5 76,260 84.5
2.30 265,536 345,000 79,464 23.0 76,260 104.2
2.50 265,536 375,000 | 109,464 29.2 76,260 143.5
- The FIIR stills will be located in rural communities in order,

- The project is labour intensive and although Nigerian labour
is relatively costly, family labour should be used when

available;

— The entrepreneur will organise the factory to receive distil-

lates from sixtesen FIIR stills located close to the factory;




- The factory avoids the use of middlemen in procurirg the . .n-
centrates from the rural distilleries:

- Grid supply of electricity is not necessary since most of the
equipment can be operated manually <r with batteries;

- The production costs were based on the FIIR Filot Plant
operations, after applying the correction factors, due to the
inherent imbalances in pilot plant operations. Measures have
been taken to accommodate the commercialisation of the product
by private entrepreneurc. Considerations were also given to
the effect of government excise duty and its effects in terams
of favourable competition with imports.

The seemingly high cost of lecal production is explained by the
high cost of palm wine. At the distillate level, the palm wine con-
stitutes about 90 per cent of the production cost. This means that
any <*~ e in the cost of palm wine will significantly affect the
profitability of the entire project. The incidence of the cost of
palm wine on the price of the alcohol supplied by the FIIR =tills
to the rrocessing can clearly be gauged from the data presented in
Table 3.

Table 3

ESTIMATED ANNUAL PRGDUCTION COSTS FOR ONE FIIR STILL (IN ¥)

Cost of Palm Cost of Other Total Average Cost
Wine per Gallon 75,075 litres Production| Cost per Gallon
{4.55 1litres) {16,500 gallons) Costs of alcohol
of Palm Wine at A0 per
cent
0.50 8,250 850 9,100 11.49
0.45 7,425 850 8,275 10.45
0.40 £,600 850 7,450 9.4
0.35 5,775 B850 6,625 8.36
0.30 4,950 850 5,800 7.32
.25 4,125 850 4,975 6.28
0.20 3,300 850 4,150 5,24
0.18 2,970 850 3,820 4.82
0.17 2,805 850 3,655 4,61
0.15 2,475 850 3,325 4.20

A characteristic pattern of this type of investment is the
relatively high proportion of working capital compared to fixed
capital. This is due to the necessity of holding stocks of alcohol
concentrates during the maturation process and to the importation
of a six months' supply of flavour and bottles. However, with the
favourable investment climate in the country and the lucrative nature
of the project, it is not anticipated that entrepreneurs will have
'-any difficulty in attracting the necessary funds from the financial

' institutions.




If the factory is orgesnised on a co-pperative basis, and members
agree to wait for the payments for their concentrates to be made after
the final product has been sold by the society, the required working
capital will be much smaller.

) The production cost for one bottle of potable spirit is N1.77.
',Eaking into account an 11 per cent profit margin for the manufacturer,
aﬁé a further 2C per cent margin for the retail distributer, the final
selling price is anticipated to be N2.50. At this price, the product
will compete favourably with imported gin, which at rresent sells for
440 per bottle, and widen the market to the low-income groups. The
manufacturer can expect to make an attractive profit margin on his
investment: even if the bottle of spirit is sold at a low price of
H2.00, he will still have a profit of 11.5 per cent on total sales(l).

There is a wide wvariation in the prices of palm and raphia wine
between the urban and rural communities in the country. This report
has assumed a price of NO.11 per litre (EO0.50 per gallon) fer the
palm wine and raphia wine, but if it czn be purchased at NO.7 per
litre (HO.Z0 per gallon) — a normal price in the rural communities -
the profitability on total sales will carrespondingly increase from
29.2 per cent to 45.8 per cent.

CONCLUSION AND RECOMMENDATIONS

In view of the high consumption rate of potable spirit among
the low-income group (70 per cent of Nigeria's population), this
project offers significantly attractive prospests for the @Cconomy .
The production technology involves slight modificatiors to the
traditional method, but it is highly efficient and ezsily adaptable
to the rural envireonment. There are several cptimal location sites
in the southern parts of the country where palm and raphia trees
grow in abundance.

_ The project is expected to create more employment opportunities;
:_help reduce the large-scale consumption of crude gin which is unky~
'T_éienically distilled and therefore injuridds to health; improve the
_'ufilisation of local material resources; and stimulate anciliary

“industries such as the cork, packaging and glass industries. It is
also anticipated that the location of the plants in rural and suburban
" areas will centribute to reducing the population drift towards the
curban centres.

In order to minimise costs, it is recommended that the project
be organised ian the form of co-operative of rural families who own

1) Of particular interest to the entrepreneur is the fact that the
investment in such a plant has a payback of less than one year.




with the usual governmental support would be able to raise the initial
working capital required to pay the village distillers while awaiting
_the sele of the final product. The Nigerian Brewers and Distillers
:}Cb-ohgrative Society has already set up a commercially successful

system of this type.

The initial product may be gin since it has a minimal maturation
period compared to other potable spirits. In this way, large amounts
of capital will not be tied up in inventory. Depending on the market
acceptability, a further saving in operational costs may be achieved
by using plastic rather than glass bottles.

Any private entrepreneur planning to invest in this project is
strongiy advised to ensure the availability of sufficient working
capital before going into production. A total of 20 stills have
already been sold to individual entrepreneurs, but a feedback from
these operations has yet to come in(1).

Considering the profitability of this project as well as its
social benefits to the economy in terms of employment opportunities,
technology development and transfer of skills to rural communities,
investments in this field should be actively encouraged.

'“ 1) The Ghana Distillers Co-operative is currently evaluating this
. small-~scale distillation technology with +the hope of establishing
“ ‘a.pilot production project.
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XVI. APPROPRIATE TECHENOLOGY IN ETHIOPIAN FOOTWEAR PRODUCTION

by
Norman £. McBain and James Pickett*

= In the light of lively and widespread interest in developing
coantry technology it is not surprising that the search for 'appro-
priate? technology should be bedevilled by semantic confusion. This
is, nevertheless, a nuisance which imposes on those who participate
-in the search and related discussion a tiresome obl:gation to try to
rwake more than usually clear the meaning of the terms they use. In
this regard, it comes naturally to economists to take as 'appropriate’.
that L-UL«IJ.I:I.U.LUE‘Y \.‘:-l:-'b cf J.upul-:: and T chbbcb[ which would minimise o
the cost of production of a given volume of a given good in zny
..particular locatlon. Thls mlnlmum cost can, of course, be caiculated

'”=ﬁe1ther at market or. socxal prlces, and the application of the latter —

" f1f they accurately reflected the real opportunity costs to the eccromy
Vﬂjof the various factor inputs - would for many identify the op+1mum

- - technology. :

] The economist's v1ew of apnroprlate technology is not, of course,
ﬂthe only poss1ble one(l) Notw1thstand1ng ba51c agreement on the need
w0 connote 'approprlate‘ in the light of local conditions, a vaxlety
_.ﬁof meanlngs ‘can - at . least apparently - be attached to the general

T term. One 1nterest1ug way. of polarlslng views which has been suggested
.'ludlstlngulshes between . englneerlrg and economic understanding of local

Mr McBaln is a Senior Research Fellow and Mr. Pickett the Director
- of the David Livingstone Institute of Overseas Development. Studles

"o of the Unlver51ty of" Strathclyde in Glasgow, Scotland.

5 Thi : . ) lotainvestigationﬁinLthe}chéi

of: technlques ‘in'the: footwear and ;sugar industries in:Ghanaand
Ethiopia undertaken under ‘the direction’of: J. Picket:t by the Davic
sLivingetone Institute of Develpbment: Studiés. The’ 1nvest1ga+10n‘
MRS, generously financed by :the: Brltlsh,Mlnlstry of- Overseas Develop

paper and 1o Professor Gustav Ranls for constructlve cr1tic1sms
Swhich »"it is hoped’ wiresulted’ An; the removal of gome obscurltles
:in presentation, ‘The authors are,.of course, not -absolved by th
:help they have recelved for “the remalnlng Brrors.ior,; confusion.;

= ¥ LT 3




conditions(1). In the former the need to reduce the scale of produc~
_tion, to make use of local resources, 1o take account of climate and
topology are given prominence, and the emphasis is on the choice,
adaptation and design of production {(and transport) equipment and
systems which would meet these imperatives. At least implicitly,
appropriate technology in this usage tends to correlate with the
_small~-scale ané the rural, as distinct from the relatively large
' factories which characterise the modern {(largely urban-located)
industrial sector. The second usage concentrates on relative factor
endowments and differernces in these as between develcped and develop-
ing countries - and as within developing countries - ought, in
principle, to be captured in the method of choosing among alternative
technologies described briefly in the first paragraph of the present
paper.

The distinction between the engineering and the sconomic
approaches to appropriate technology is useful in cataloguing the
large, growing and extremely varied volume of work now being done
in this area. It should not, however, be overdrawn. In particular
it should be recognised that the two categories are not 'pure': the
~ngineering contains important economic elemernts -~ including market
size and product character; and the economist's most elementary
understanding of production is founded on a fusion of economic and
technical considerations. This overilap iz important because it means
that the distinction does not really answer the question of whether,
conceptually, there is but one appropriate technology. This guestion
is in turn important because it bears on the sectoral and locational
allocation of resources, and thus on the whole problem of urban-rural
bpalance. The answer to the questien is difficult to obtain, particu-
larly since it cannot be divorced from the specification of national
policy objectives. It is nevertheless worth pursuing, and the identi-
fication of the relative economic efficiencies of different forms
and l-~nations of industrial production should be an important part
of this pursuit. In this regard, rigour reguires that like be compared
with like and means consequently that definitive views are only likely

__.to emerge after a sufficiently large number of tcontrelled! case
-ﬂ.sﬁudies have heen made. .

U ;interest in the outcome of such studies is heightened by the
"persistent belief that small-scale industrialisation has much to
“contribute to economic development in poor countries, Thus, both the
:!fégeneration’ of the rural areas and the breeding of an indigenous
'“nélass ot entrepreneurs from which future captains of large-scale

fi};UNDP, Technical Advisory Division, Appropriate Industrial Tech-
-pologies: A Note for Discugsion, {mimeo), New York, 1975,




industry might be drawn have been linked to the establishment of

small industrial units. Moreover, the expansion of such units in the
countryside and the smaller towns is often seen as a means of increas-
ing attractive employment opportunities outside the main urban centres
and thus reducing the employment problem in these centres. That the
whole question of urban-rural balance is critically important in
developmeni may readily be accepted, as may the importance of small-
scale industrislisation in the integration of the rural areas and
small towns inte an expanding national economy. It is, however, this
very importance which makes it more rather than less necessary to
approach the development of small-scale, 'low-cost!' technologies in

a critical spirit. If small-scale industry is to flourish,a judicious
cheice of products and an awareness of the difficulties confronting
would-be entrepreneurs are required.

Against this background, the purpose of this paper is to prisent
and discuss the results of economic appraisal of alternative tech-
nologies and factories which vould be used in the production of foot-
wear in Ethiopia. The factories considered range from the very large
to something like a cottage industry-type of organisation. The guality
cf the product is, however, invariant, =¢ that it is pessible to
isolate éifferences in economic characteristics associated with dif-
ferences in factory size and form of orgarnisation., The paper implic—
:tly emphasises the importance of economic efficiency to poor coun—
tries and sees in carefully defined measures »f this some basis for
clarifying the meaning and specifving the character of ‘'appropriate’
technologv. It is recognised, however, that not everything can be
captured in econemic criteria, and some attempt is made to set out
the conditions under which small-scale options might be preferable
even when, at first sight, economic Jjudgement would seem to be
against them. It is hoped that the paper has implications for a much
larger number of countries than the one to which it explieitly relates.

In comparing technolegy variants and factory size, the basic '
criterion used is net present value(l) at a discount rate of 10 per
cent per annum. The product in question is men's leather-upper,
~ cement-lasted shoes with cemented-on synthetic soles. It is assumed, .
Con the basis of observation, that these would generally have sold at -
a retail price of Eth.$10 in 1972, and inputf prices used in the cal-
culations are those which prevailed in Ethiopia in the same year.
Account is also taken of capital aliowances, taxes and duties pre-
'vgiling in 1972, and ~ unless otherwise stated - the net present
value arrived at is a measure of private profitability. The factories

1) It may be noted that using net present value per unit of invest-
ment as the criterion would not alter the arguments of the present ..
paper,
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gomparéd'éré"synthet%c' in that the production process they comprise
,;s an amalgam of existing operations in developing and developed
'coﬁntries(l}. Project ilives are taken as 27 years, except for very
small factories when I0 years is chosen, and a one-shift working day
is assumed.

The remainder of ithe paper is in three parts. The f;rst is con-
«cerned with econcmic annralsal of three techrology varlants for each
g of three factory s“zeq (levels of output); the second considers alter-
native ways of nroduc;ng a given =znnual output; and the third draws
conclu51ons from what ‘has gone before.

TECHNOLOGY VARIENTS

Much of the concern with 'low-cost' technology derives from a
wish to save capital, which is thought to be relatively scarce, and
to provide employment far unskilled labour, which is taken to be

. relatively plentiful. Given this (and perhavs rashly ignoring the

distinction between micro- and aggregate considerations) a pertinent
guestion is: for sny given level of output and product specification,
what difference does variation in technology make to capitzl require-
}ment, employment creation and, it is necessary to add, profitability?
". . . The information deployed in Table 1 permits some answers toc be
-returned to this question for each of three levels of footwear output
- in Ethiopia. These are the production of 50,000, 300,000 and 1.8
‘million pairs of men's leather-upper, cement-lasted shoes per annum.
“For each level of output three technology variants are considered -
“the most machine-intensive, the most labour-intensive and the least-
“cost(2). Table 1 consequently deals with nine different factories,
iﬁformation ccneerning which is given in three groups. As already
-ﬁéxplained, the factories are 'synthetic'. To repeat, they do, however,
.represent fuily articﬁlated, feasible processes. Moreover, in making

- the calculations which underiie Table 1, care was taken tec inciude
.- every conceivable item of capital and operating expendlture.

dn ccnslderlng the 1mpllcatlons of the table, it is convenlent

'ssume that prlvate antrepreneurs ‘and englneers would left. te

71) It is worth stre=51ng that the facto*les are fully d951gned and .'-

- their operations fully costed. Their *construction' is based .on
*yisits to shoe factories in g ‘number ‘of developing and developed
icountries, manufacturers of capital goods, research organlsatlons,
: government dgencies, ‘etc.as well as on careful study of the
_ﬁteuhnlcal llterature._vg_u. :

This somewhat confusing’ termlnology is convenlently orief. In =

wprinciple the :least-cost . technology could also be either the most
machine-_or the most: labour--intensive technology. iIn the comparl—.-
-sons repo*ted 1n Table A 1t never: Ase -




Table 1

SOME CHARACTERISTICS OF MACHINE-INTENSIVE, LABOUR-INTHENSIVE AND LEAST-COST
VARTANTS OF EACH OF THREE SIZES OF ETHIOPIAN SHCE FACTCRIES

Characteristic

Factory size

and technology variant

' 200 pairs of sheces per shift.

iﬁg

Al A2 A3 Bl B2 B3 Cl C2 C3
“"No. of unskilled workers’ 6 6 69 92 81 411 B56 460
U NoJof staff and skllled . -
v Workers 32 39 36 65 126 86 434 683 LUy
:; Total’ number of employaes 35 45 L2 154 218 167 B45 1,239 04
Q{WOrklng capital at full T
~ccapacity (Eth$'000) 283,9 282.0 281.,0 1,590.011,605.8 |1,590.5( 9,397.4| 9,504.5 9,410.5
'“Vleﬂd capital at full:
;.5 ‘capacity (Eth$'000) 327,11 128.4] 140.4 793.0 Lot .7 660.2| #,367.2| 2,154.7 ¢ 3,439.4
" Total capital ‘(Eth§'000) 616.0 410.4| &421.4 | 2,383.0 | 2,010.5 {2,250.7[13,764.6|11,659.2 |12,84C.0
3_Average ‘annual wage per
: employee (Eth$) 2,348 2,067 2,136 1,703 1,483 1,614 1,431 1,279 1,384
:gleed capital per .
. -employee "(Eth§) 9,346 2,853 13,343 5,100 1,856 3,972 5,168 1,739 3,804
“Annual net cash flow at
s fpllvcapacity (Eth$1000) 47.4] 3B.4 40.9 304.6 337.6 393.5| 2,533.91 2,275.1 | 2,480.1 .
- Triternal ‘Rate of Return ' o s
i (pericent) i Tl - 5.8 7.9 8.3 18.8 20.4 20.1 22.6 24.6 24.5
Net Present. Value e ’ : R
“(Eth$'000) 218.8| =77.9| -65.2 | 1,643.3 |1,650.4 {1,774.7 13,056.1/12,799.6 |14,055.u -
~'Bize ‘and Techrology Legend:
e . ~ 'L = Most machine-intensive. A = 200 pairs of shoes per shift.
2 = Mosgt labour-intensive. B = 1,200 pairs of shoes per shift.
-3 Least=cost. C =



themselves, normaily tend to install the most machine-intensive tech;'
nology at any of the three ievels of output, rather than search
exactingly for the most profitable technology(i}. If this is done,
then nne use to which the results of the table mav be put is to

answer questions ceoncerning the desirability of techmnology choice

. of this kind. . o .
Examination of c¢olumns 1, 2 and 3 for output levels A, B and:C

shows that, in fact, the most michine-intensive technology would nét__

bz chosen ty profii-maximising eatrepreneurs. In each of the three .

cases, the recional choilce would be in celumn 3. The conseguences

of making this choice, rather than that described in columns I and

2 for each of the three factories, for capital investment and employ-

ment are summarised in Table 2. From this it can be seen that the

least-cost factory at each level of output lies between the rost

machine~ and the most labour-intensive technology in virtually all

respects. For those partisan for labour-intensive technologies the

results relating to factory A are the most pleasing. For this factory

the least-cost technology comes close to matching the most labour-

intensive technplogy in the extent to which it would save capital

and provide additional employment as compared tc the most machine-~ .

intensive technology. For factories B and C, capital savings and job”'_
creation are decidedly less dramatic. They are, however, not insig- .-~

‘nificant..

With regard to capital it is ultimately savings (investible
funds) that are scarce in developing countries, so that it is neces—
sary to consider total and not simply fixed capital invested(2).
Even accepting this, savings of & and 7 ver cent on total capital:/+’
requirements are not entirely to be sneezed at. In addition overall-.
increases in employment of 6 and 8 per cent, and of 11 and 17 per o
cent in unskilled employment represents a welcome positive addition

1) For an account of the view of the investment decision which under-:
lines this assumption see Pickett, Forsyth and McBain, "The
Choice of fechnology, Economic Efflclency and Eleoyment in

~-Developing Countries";: Journal of World Development~ Vol
_March, 1974, pp 47~5A._.

4 "EVen this should, perhaps be quallfled If raw.mater als, .h
" holding ‘o1 which'accounts for-a. considerable proportlon of ‘work
ing capital, are:local, then the. relatlve ‘constancy ‘of ‘working’
- capital across technologles in"Table 2 WOdld Justify: partlcular
. focus on the quite marked variations .on'fixed capital,; the’
~financing of which' could normally be expected.to represent a draln
on the balance of payments, It is nevertheless 1mportant to. accept
‘that this is a quallflcatlon ta, mnot ‘a’ contradiction of, theargu
-ment in the text The i force of theé ‘argument about savings. (inves=
tible funds) can quickly be seen by apprec1at1ng Just how little.
economic activity could be financedin most. developlng countrles
if *best-practice technzques were adopted in a handful of :
industries. ;




_ e ncome earnlnv onportunlt;eaﬁ Thiz is particularly so in the light
:of tne fact that footwear manufacturing is, generically, a labour-
intensive industry anyway. Ever the fairlv small decline in the aver—
'iage wage recorded in Table 1 as betwsen technology 1 and technology 3
“is perhaps to be welcomed, since it could help to reduce the disparity
between urban and rural incomes.
Notnlng has yet been said about profitability. Here the hopes
: P _bour—lnten51ve partlsans take a knock. The inescapable
ev1dence -of Table 1 is that in circumstances obtaining in Ethiopia
1n 1972 it would not have been economically Jjustifiable to have
‘establlshed factory #; vegardless of the type of technology installed,
It would however, have “cen defensible to have established hoth
factory_B and factory <; and all the technology variants would have
';peenfprofitable in each factory. Indeed the higher internal rates of
;'fefurn shownt in the table indicate that factories B and C would have
':sqrvived a cost of capital ranging from 18 to almost 25 per cent.

Table 2

CAPITAL AND EMPLOYMENT CHARACTERISTICS OF MACHINE-INTENSIVE
LABOUR INTENSIVE AND LEAST-COST VARIANTS OF EACH OF THREE
s SIZES OF ETEICPIAN SHOE FACTORIES

o IIn-index numbers, with machine-intensive = 100)

Factory size and technology variant

A

A A

Characteristic | %1 2 5 | Br | B2 [ By |y
Total no.
“employed. i 100

:Ne_ofuunekilled
employees 100
Total Capital
“:Invested 1c0
leed Capltal

e Invested : 100

fSeurce (and legend):

g jln'the footwear 1ndustry compared to 1arger fanterlesj

's has already been noted 'approbrlate' technology is often f

ssoc1ateu w1th small—scale productlon - and indeed since small- scale

r'ductlon' ften connotes much smaller unlts than any represented in:
'able'l hle suggestlon fs_worth nursulng further.




ALTERNATIVE WAYS OF PRODUCING A GIVEN OUTFUT

One interesting way in which a comparison between large and
small shoe factories may be made is by answering the following
guestion: 1if the Ethiopian shoe industry were to be substantialiy
expanded, would this be most efficiently achieved by a single, very

-+ -large factory, by a limited number of somewhat smaller factories or
by a large number of very small factories? Putting the question in
this way has a number of advantages. It implicitly places a quality

constraint on the comparison, explicitly puts profitability at the
éentre of it, and although it does not ighore the fact that small
shoemakers exist, 1t does measure their chances of survival as expan-
sion proceeds. Moreover, the comparison can be realistically grounded

. in an assumed expansion which is sufficiently large to ensure that
the biggest, single factory can take advantage of all eccnomies of
scale.

In 1972 Ethiopia produced about one million pairs of leather
boots and shoes. Virtually all of these were disposed of on the
domestic market. There is, however, reason to believe that Ethiopia
is well placed substantially to expand its currently miniscule export
trade in shoes{l)}. It is indeed possible that exports could conceiv—
ably become at least twice as important as the Ethiopian home market
‘now is. Given this, it is permissible (as an act of creative imagin-

'3ation) to suppose that a decisicon had been taken tc expand the
existing capacity to produce men's leather-upper shoes by, say,

1.8 million pairs per annum(2).
Table 3 sets out some characteristics of four different ways
:-.in which the extra shoes could be produced. The firsi comprises a
. 'single enterprise which, in producing 7,200 pairs of shoes per day,
could alone satisfy the entire additional requirement; the second,
;6 enterprises each of which would produce 1,200 pairs of shoes per
"~ day; the third, 36 enterprises each of which would produce 200 pairs
of shoes per day; and the fourth, 1,200 enterprises sach of which
would produce 6 pairs per day. The range of factory size thus con-
sldered is from that which would employ 904 .persons to -that which -

1) See .Iames Plckett and Norman S McBaln, "Developlng Country

Export. Potential ‘and Developed’ Country Ad justment . Policy" “in

'0ECD . Adjustment for Trade: Studies -in Industrlal Adﬂustmenu
3=Problems .and P011c1e5, Parls, 1975, : . :

“The size: of. the ;expansion was. arbltrarlly but convenlently
‘chosen ‘to :accommodste -information . available from the David

:ﬁL1v1ngstone Institutels pilot investigation. Tt also aAmounts . - -
“to, some 8 per cent :of ‘British-imports of leather shoes in 1972,




would employ no more than 3 persons(l). again, of course, the main
focus of interest is on the consequences of choosing one way rather
than another for profitability, capital investment and employment.

The zvidence of Table 3 is not, on the face of it, encouraging
for those who would put their faith in small-scale organisation. It
is clear that if economic efficiency (as measured by the net present
value of the various projects) is to be the over-riding criterion
then the large single factory {(which is the least-~cost and, as it
happens, not the most machine-intensive variant of its kind) stands
ocut as the obvious choice. Even disaggregating to as few as six
anterprises substantially reduces the net present value. On the
other two criteria - size of capital investment and of employment -
the smaller factories fair bhetter only in job creation. The fourth
row of Table 3 makes it clear that the total fited capital investment
rises as the unit size of enterprise declines. Since working capital
is relatively invariant with factory size, this inverse correlation
holds for total capital investment also. It is true that the smaller
units would in aggregate provide greater employment than the large
economically most efficient factory. Some measure of the consequent
fdisplacement' of labour if factory A were tc be chosen is given in
the third row of the table.

It is worth noting that the smallest factory unit — the three-
man enterprise — could be made to appear in a more unfavourable light
even with respect to employment if account were taken of the work
generated by the establishment of a retail distribution system that
the cheoice of factery A would imply. In the present comparisons it
has been assumed that the small-scale enterprises retzil directly
to the consumer. Moreover even if it weres assumed that such enter—
prises took the form of a cottage industry with a 1ink to a central
selling agency or if it were assumed - rather drastically - that the
total fixed capital required for the twelve hundred small units (each
responsible for its own sales) was to be valued at zero, then the net
present value of this form of organisation would still be less than
that which could be obtained from factory A. Nor is this all. If it
‘were (realistically) accepted that the very small units could not

.'”._eniirely do without fixed capital, but if it were assumed that they

- had po need for working capital - because they purchased materials .
and 'sold finished shoes instantanenusly - then they would still :
" appear economically. unattractive. It should alse be noted that since .|

”ugéll the entries in the fifth row.of Table 3 were computed using a
©t discount rate of 10 per cent, no nccount has been taken of the possl—

"bll*ty ~ which would cost. further agalnst the small unit ~ that Very -
;!small operators m;ght.havecto bear relat¢vely high capital costs. .. ¥

_1) To write .of a (small scale. clearly not automaued) factory embloy—
v ing 3 .persons, ‘is clearly straining language somewhat. It is con-.
*verlent ‘however, .to use the same term Tor the two basic alternatlv

;@orms o* organlsatlon. Ve L :




Table 3

SOME CHARACTERISTICSE 0OF ALTERNATIVE, LEAST-COST WAYS OF
PRODUCING 1.3 MILLION PAIRE OF MEN!S SHOES PER ANNUM
I¥ ETHIOPIA

Characteristics Alternatives (1)
A | B C D
No. of emnloyees
per enterprise S04 167 L2 3
No. of emnployees
required to produce Q04 1,002 1,512 3,600

1.3 million pairs
No. of employees

tdisplaced' if ¢ 33 605 2,696

Factory A used
Total fixed capital

investment {FEth#'000) 3,439 3,961 5,054 5,940
Het present value 14,055 10,646 -~2,340 Z,450(2)
1} A = 1 enterprise producing 7,200 pairs per day.

B = 6 enterprises each nrogucing 1,230 pairs per day.
¢ = 36 enterprises esch producing 200 pairs per day.
D = 1,200 enterprises each producing & pairs per day.

=3
=3
®

project life of A, B and C is 27 years; that of D, 10 years
2) Includes retailing profit and no profiis tax.

CONCLUSIONS

Thus far, considerable stress has been placed on economic
efficiency and it has been implied that the search for ‘anprooriate’
technology should really be directed towards locating the 1leagt-cost?
technology. This way of looking at the matier is not favourable, on
the above evidence, to small-scale units of preduction. It suggests
rather that efforts to save capital and generate more employment than
would normally result fr:.m the decision-taker's predilection for the
highly machine-intensive should be embodied in attemnts to find
tappropriate' technology subject to a strong ecenemic efficiency
requiremnent.

It can, of course, always be objected that the implicit assump-
tions of this paper are too restrictive. Even, for example, on its
own terms it could be said that the comparisons made above were
tstatic! rather than 'dynamic'. In so far as 1972 prices are an
inadequate surrogate for real costs throughout the respective projiect
veriods there is force to this objection. However, although differen-
tial variations in inputs costs - noi to mention technical progress -
over time would undcubtedly affect the detail of the above findings,
extensive sensitivity analysis suggests that the broad conciusions
would hold for & wide range of vaiues of the main parameters.

A different cbjection would claim that the present analysis sees
the development process in too narrow a way. This may be so, although
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“the emphasis on the generation of as large a surplus as possible in
poor countries is surely proper. Moreover, if wider considerations
of income distribution, regional policy and the abolition of poverty
are to be entertained - as they should be - then these can, by means
of cost-benefit analysis, be accommodated within the framework of
economic analysis that underlies the present paper. It is certainly
important to ask if the allocative mechanism could not be made to
function more effectively in a way that would economisz on capital,
redistribute income (at least as measured by average income levels
in the urban and rural areas) and provide more employment than is
presently the case. Even if it were found necessary to aaopt radi-
cal.-y different criteria in order to ol:tain the wider objectives,

it is surely still important to have scm2 measure of the econonic
cost ¢7 doing this.

Another possible objection to the present line of argument is
that in Ethiopia and in other developing countries very small shoe-
makers survive and are indeed cherished. Their centinued presence
might be taken as a practical demonstration of viability. It is,
however, necessary to ask why the small wunits survive, and to recog-
nise that to some extent they do so in an economically unexacting
way. They undertake a range of functions - repairing as well as
making shoes and acting as retail outlets for other manufacturers.
These functions need not be efficiently discharged since accounting
procedures are very apt to under—-value such things as, in effect,
managerial time. As national markets expand and become more inte~
grated it is consequently doubtful if the survival of the very small
enterprise is likely to continue. In this regard it is worth noting
that the largest 'displacement' recorded in Table 3 — that of 2,696
persons - is not much more than could be accommodated within the
distribution system associated with the very large enterprise charac-
terised in the same table. It is true that there would be no neces-
sary spontaneous way of spiriting over 2,600 small operators inteo a
relatively large-scale organisation. This 1s, however, a challenge
for policy and not, per se, a defence of the small operator. .

_ The four alternatives considered in Table 3 represent two quitegf
.. distinct forms of organisation. Thﬁs A, B and C are variants of the__f-
modern Tactory system; D is more akin to cottage industry and suggésté
'informal' back-street or village-level operations. In some ways, -
therefore, D might be thought to be closer to the engineering and

A, B and C to the economic concepts of appropriate technology dis;
cussed above - although each of the four alternmatives is capable of .
méking use of Ethiopian rather than imported leather and in conduct- '
-ing the analysis on which Table 3 is based it was assumed that o
domestic raw material was invariably used. Thus far the very small
enterprice has compared unfavourably with the factory system, and -
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partiéulérly ir the light of the constquences of zero-pricing the
capital elements 7. the cost calculations - it is unlikeiy that
social cest-benesit analysis would alter this result. The sad con-
clusion is thus that the demise of the very small operator in the
shoe industry should be countenanced. This being sc, the need to

ogearch. persistertly and imaginatively for relatively labour-intensive

;_ﬁut_economically acceptable technologies is heightened(1).
' In this regard a number of additional points are in order. First,
it is worth noting that the appraicals presented in Tables 1 and 3
were conducted in terms of private profitability. This being so it
was necessary to take as given the present system of Ethiopian invest-
wmeht allowances and the present pattern of Ethiopian investment duties
on imports of capital equipment and raw materials., As it happens,
these things are relatively favourable to the machine-intensive modes
of production. Consequently the application of social cost-benefit
analysis could be expected to make the relatively labour-intensive
alternatives censidered in Table 1 seem more attractive than they do
in the light of private profitability criteria.

The perhaps disappointingly small savings in cspital associated

o wWith choosing the least-cost rather than the most machine-intensive

g technology is largely explicable for factories B and C in Table 1

by both the constancy of working capital across technologies and by
“the relatively high proportion it provides of total capital require-
ments. Much of the working capital in turn results from what, by
“developed country standards, is high levels of raw material stocks
-and finished goods. This identifies a particular point in the produc-
tion process at whi e technology

~ could be mounted and subgests the general thaught that one way of

. proceeding is to seek to identify 'hottlenecks' of this kind in order
that they can be “emoved.

_'_ Finally, it may be seen that the selection of factory A in

. Table 3 would imply a perhaps unwise degree of centralisation. The
*egstablishment of a single large factory in Addis Ababa, say, would
_certalnLy concentrate the labour: force (and fthus reduce the regional i
dlstrlbutlon of employment opportunltles) and WQuld ﬁencentrate the s
capital-investment. The . success or fallure of “the vlant would depend_
'héé?ily on the abilluy of the top managers of the enterprise whosé -. -
:'ﬁoblems mlght be compounaed by dlseconomles of scale. There may, ' _
partlcularly if the. aeslrabllltv of reg*onal distrlbutlon of Andus—
try 1s taken 1nto account, conseqn9nt1f be an argument for spreadlng

1 )_One pOSSlble argument 4in favour of the very small enterprlse is
“that ‘it might in some: clrcumstances produce more future entre- - .
preneurs: than the Factory system, This ‘is, however; such a strongly
~qualitative argument that 1t cannot be taken elther as set*led or-
: declslve : : o LT . B




the risk; so that - when fuller consideration is taken of social and

economic objectives - alternative B in Table 3 could be preferred to
alterpative A.

This possibility is werth enlarging on briefly. From Table 3
it can be seen that to locate six factories in different parts of
Ethiopia rather than a single factory in A&ddis Ababa would increase
emploviment by 11 per cent, increase total capital required by 15 per
cent and reduce the net present value resulting from the expansion
of the shoe industry by 24 per cent. Whether these changes are accep-
table depends on the policy objectives of the Ethiopian government
and on the various weights attached to these. It is consequently not
pessible to pass definitive Judgement on them here. What can be said,
however, is that in a country largely dominated by two urban centres
{Addis Ababa and Asmara) the spreading of six shoe factories to other
areas might be desirable. It should also be possible, since the skill
reguirements of a shoe operstive are not high.

It is worth recalling chat this paper has Peen concerned with
a single product and a single country. This inevitably places limits
on sencible generalisation. The country limitaticen is not, however,
a powerful one, and the methodology and the range of questions dealt
with ~ including (a2t least impiicitly) that of the relationship
between the sconomic and non-ecoromic - would be important in most
indusiries in deciding on size, location and form of organisation.
It is consequently hoped that the paper throws general light on
small- and larger-scale industrialisation, although it has to be
recognised that the comparative conclusions of the paper are particu~
lar to the footwear industry - so that the finding that economically-
acceptable, labour-intensive variants of factery production might be
more plausible than very small-scale, 'informal' methods camnot be
extended to other products withlout specific investigation. A main
message of the vresent paper is that such investigation sheuld be
conducted over a wide range of possibilities.




AS A LOW-COST TECHNCLOGY FOR AGRICULTURAL DEVEI OPMENT

XVII. EDUCATION

by

*
P. Dubin

The Institut Africain pour le Développement Hconomique et Social
(INADES} working through its "INADES-Fnrmstion" devartment, has been
concerned with the training of peasant farmers since 195%. Throurh
its corresvondence courses and seminars, its Journal "Agripromo" and
the field trips it organises, the Instituté is invelved in nineteen
African countries, including all French-speaking Africa, Ethiopia and
Ghana. Its headquarters are in Abidjan, Ivory Ceast, and offices have
been set up in recent vears in Bujumbura (Burundi), Douala (Cameroon),
Sodde {Ethiopia), Kigali (Rwanda), Davnanga (Togo) and ¥inshasa (Zaire).
Two other offices, one in Accra (Ghana) and the other in Ouagadougou
.(Upper Vélta), have been opened in 1:75.

GENERAL PRINCIPLES

Farmers whe are beginning to make progress as a result of the
support thev receive from different sources - the government, state-
owned enterprises, schoolteachers, religious missions, volunteers
from a wide range of countries, local movements and so on ~ want to
know the reasons that lie behind the advice they are given. Pecently
a woman from ‘he Senufo tribe in Northern Ivory Coast said to us:
"We've been told we should plant in rows and keep the rows weeded,
but we would really like to know whv'". There are also many instances
where the beot has been on the other fuot and pfeposterous mistakes
have been made through a failure to appeal to the farmers' gnod sense.
We need only gquote two examples: if farmers do not realise thet

fertiliser is a plant food, it should come as no surprise if they do
as one farmer did in the Koudougou region of Upper Volta and apply
ten times the proper amount and then completely lose confidence
because they do not obtain the results they expected. Similarly, if
the role played by water in the spread of disease is not clearly

1} The author is Director General of IMADES-Formation in Abidjan,
Ivory Coast.




i grasped, it ought not to be surprising 1f, even after a well has been

dug, villagers continue to drink the river water which they find
tastier.
There can be no long—-term increase in agricultural »roduction
.., unless peasant farmers are given proper theoretical instruction and
care allowed to assume responsibility for their own development. while -
this point is particularly important in the present context of food
shortages and population giz 'h, it is also clpsely bound up with the
guestion of the type of society we wish tro construct.
The manner in which our agriculture courses are organised has
a close bearing on the subject of low-cost technology. We have to
tailor the contents of our courses to the technicsl level of present-
day peasant farmers and to what they can be offered in the 1light of
their ability to assimilate asronomic, economic and sociclogical
matters. If a2 particular form of technology is recommended in a course,
the assumpticn is that it is technically feasible, profitable, suit-
able for widespread application and well adapted to the knowledge and
awareness of the people to whem we address ourselves. This is why,
when we are drawing up our pregramme, we hkave to enlist the aid of
agronomists, economists, scocisl anthropologists and educationalists.
if we are going to teach mathematics to a student, not only do we
have to know the subject but also, and zbove all, we must know the
student .

' In this paper, we shall examine the content of the courses
developed over the last nine years. Qur first-year course has been
reprinted four times and the last edition was completely recast. We
obtain & < i kle amount of feedback from the work done at home
by course subscribers as well as from working sessions and tours
during which we meet both students and course supervisors.

Correspondence courses, coabined with seminars and lgogal tuition,
are an example of low-cost technology applied to teaching and train-
ing. Although the capital outlay is quite high because a drafting and

_applzcatlons team with high qualifications and cons;derabLe practical”

'“:experlence is required, the marglnal cost is very low.. The number of

: subscrlbers to the course can he 1ncreased many times over w1thout 1t
o belng necessary to build teaching premlses {course work is usually
‘done in groups at people s homes) or to engage salaried personnel

'ﬂ,sance practical work, which only occupies each group for a few hours

‘a month is superV1sed by the ex1st1ng extension serv1ce. The yleld
e-on uhe initial 1nvestment 1s enhanced by the fact that the ba31o L
“ documents in French have been translated 1nto Engllsh Arabic and
Indone31an by the Food ‘and. Agrlculture Organisatlon (FAO) ‘for prOJects-
“in India, the Phlllnplnes and Latln Amerlca' into Amharic and Klrundl
" “by INADES-Formation pendlng their tranelatlon into a number of other
'eAfrlcan vernacular 1an?uages, and into Portuguese by the Carltas
: Br331le1ra of the State of Maranhao in Brazil.




The aim of the agriculture courses is to improve the living
standards of peasant farmers by teaching them better techniaues based
ori empirical knowledge and the experience acquired over generations.
At each stage in the acquisition of new skills, course subscribers
take a lead from their experience and learn the technical minimum
they need to increase their output and accordingly their income. If
the snnual growing cycie is fellowed, farmers who are accustomed to
the rhythm of Nature can acquire new knowledge more easily.

THE CHOICE AND PREPARATICN CE LAND

In traditional farming, the individual is left little scope for
choosing his own land: it is generally allocated tn him by the leader
of the community. The choice is made on the basis of such empirical
criteria as the colour of the eartlh and the natural vegetation, with~
out any regard for ¢rop rotation or falleow perinds. As a result,
shifting agriculture is the practice.

In our courses, the peasant farmer learns to know his land. By
means of & simple experiment, using the earth from his fields and a
box witn holes in it, he learns to distinguish the physical components
of the so0il, such as sand, silt and clay. From observations made on
his land, he studies the qualities and defects of his various fields
as determined by the degree to which they contain a given component.
From the same experiment, the farmer also discovers the presence in
the earth of organic matter, such as leaves, rocts and stubble, which
decompose to form humus. The course goes on to study scil life and
the microbeé which break down the humus and convert it into mineral
salts which provide food for the plants. This piece of technical
knowledge is very important because it shows the farmer that manure
and chemical fertiliser are necessary to make his fields fertile and
that the fields have to be protected from damage by erosion and the
devastating bush fires.

In traditional farming, the land is tilled by hand with a hoe,
which may take various forms but does not turn over the earth or dig
in the grass cover. Tiiling does no more than prepare the ground,
remove weeds and ventilate the soil. In a very few cases like yam
and cassava, the farmer makes mounds or ridges to ensure that as much
as possible of the humus in the surface socil layer is concentrated
round the plant roots.

We teach simple techniques such as the uprooting nf tree stumps
with hand tools and then with a winch in cases where groups of farmers
are involved. Tree stumps left in the ground form obstacles to ploughs
used for land preparation and weeding, and they also compete for food
with the roots of planted crops.
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By the study of plant roots, knowledge can be gained about the
role of manure and fertiliser in soil structure and plant nutrition.
Plant feeding is a new technique which our students learn. Manure
and compest, which are easy to make and require only the invest-
ment of labour . are studied in detail. The study of mineral fertil-
isers is not omitted but stress is laid more on its profit-yielding
Jeatures since the purchase of fertilizers implies some familiarity
with farm accounting.

SOWING AND TENDING THE CRQP

In a traditional situation, the farmer is quite carable of sow-
ing or planting subsistence crovs at the proper time and at snacings
which teke account both of the plant's needs and the fertility of the
s0il. The technique becomes more difficult when new Crops or more
productive varieties are introduced. The farmer only makes a rough
and ready selecition of his seed stock and keeps the best heads of
rrain, cuitings or tubers for planting in the following season.

With modern cash crops and the improvements made to subsistence
crops, we have to study sowing technigues which, although inexvensive,
require considerable care when being applied. Sowing has to take place
at the right time, esnecially in the Sahelian region where the growing
season is short. Sowing also has to be at the right spacing, so that

a larger crop can be obtained from the same area without requiring
extra work for weeding, hoeing and nlant dressing. The use of more
productive seed varieties and ireated seeds are two techniques which
can be a source of substantial ovrofit for a minimum outlay. Ay study-

ing the vlanting-out technigue for certain croms, the way is paved
for studying market gardening which, with its advanced technology,
is particularly attractive as a result of the growing requirements
of tke urban consumer.

Just as the study of land preparation leads on to the study of
animal-drawn cultivaticn, the lorical sequel to an analysis of correct
snacings and depths for sowing is the study of simnle implements, such
as drills and planting wheels, to ensure proper planting. We then go
on to the more complex mechanical sower, which is an expensive piece
of equipment but without which a really good crop cannot be guaranteed.

In traditional agriculture, the crop is tended merely by weeding
with a hand hoe at infrequent intervals - on account of the difficult
and tiring nature of the work - at a time of the crop cycle when weeds
grow quickly. The farmer is defenceless against the insects »nd
diseases which atteck his crovs. The smly possible means of combatting
insects is tn destroy them by hend and the only remedy readily avail-
able to the farmer against disezse is the admittedly clever but
=carcely effective technighe of spreading wood-ash on the sick nlants.
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In our courses, the farmer learns why it is important to weed
crops at frequent intervals: weeds grow faster than cultivated plants
and compete for mineral nourishment and water. Without any extra
cexpenditure, freguent and proper weeding provides the plants with a
“hetter feood supply and often eiiminates the need for costly spraying.

. But weeding is a tiring business and study of animal-drawn hoes

. teaches the farmer how i¢ reduce fatigue and increase the efficiency
of his work. Weeding with an animal-drawn hoe is a more sophisticated
techniqus than hand ploughing. The seeds have to be properly sown in
straight rows and the animals h-.ve to be very well trained so thaz
they can pass between the rows without damaging the plants.

By applving the simple and inexnensive technique of harrowing
and ridging, the farmer learns to make the most of the water in the
snil. Irrigation or drainage are sometimes necessary for some crops
and for certain types of soil The basic investment reaquirement for
these twe water-utilisation technigues can be quite modest at the
outset. Only Zater deo ithey becrme mere costly when the farmer improves
them by building earth dams, irrigatior channels and simple drainage
zystemns.

The present-day chemicals industry provides the farmer with a
wide and varied range of treatment »roducts for protecting his crops
and his animals. In the past, the traditional farmer was completely
defenceless but today many resources are at his disposal. However
these products are expensive and mistakes in apoplication can praove
costly. The study of treatment products and arpliances is by no means
easy, since it involves a knowledge of chemistry and machines, as
well as plant physiology, and yet it is an essential requirement.

Consequently, in our courses, we ztudy the nhysiclegy of plant

_stems, leaves and san. All this knowledge is useful to the farmer
in his day-to-day life since the cenversinn of raw sap into elabor-
ated sap by the chlorephyl function is at the very heart of agricul-
“oture. It 1s important for the farmer to be aware of all these pro-

.’cesses which determire whether harvests will be good or bad.

HARVESTING AND POST-HARVEST TREATMENT

.. In traditional agriculture the entire crop is harvested by hand.
':At fir§t, the crop is gathered quickly bescause difficulty has been
Q experienced in bridging the gap since the previous harvest, Later on,

7Lh§ryeéting slackens off because.transpoft Qpnditions are peoor, and

.Sdme.df.the production is often lost, Once the crop has been gathered

“fjii.has_to be preserved tc provide for family needs in the first

instance and then for sale at a later stage since it would cnly feteh
a low price at har?est time when the supply is abundant. Storage of the .
harvest is not ar easy matter and the farmer has few means at his




disposal for combatting humidity, the damage caused by insects or
the rotting of perishable produce.

If better crops result from selected seeds, harvests are more
abundant but they are more difficult and trying for the farmer. In
our courses, w? study simple implements that speed up the farmer's
work and make it less back-breaking such as sickles for rice harvest-
ing and scythes and rakes for grass cutting. Animal-drawn implements
like the groundnut digger are slightly more expensive but they make
the work much easier. Others, like small carts, despite their high
price, become increasingly useful to the farmer who has expanded
production. A large number of trips have to be made between fields
end farm and between farm and market and all teo often women have E
to carry everything on their head. If the farmer has a cart, he and ?$
his wife are freed from this irksrme constraint. In this way, the :
draught animals are of better use since they work all the year round.
Furthermore, a cart is indispensable if manure is to be used properly,

Problems of harvesting ancd, in particular, of producing grain
and fruit creps lead on to discussions of plant physiology and
especially of fertilisation. Although this phenomenon is known to
farmers, i1 is hardly ever explained very clearly and hence it is

important to present the subject in as simple and complete = manner
as possible in our courses. The cultivation of selected varieties
is becoming more widespread, hybrids are beginning to be popular,
and the farmer needs the basic knowledge to be able to understand
how fertilisation operates.

The storage of agricultural produce ir difficult climatic con-
ditions is another problem facing the farmer who has expanded his
crops and wants to derive maximum profit from his labour. Our courses
go imto this nreblem and attempt to work with the farmers in studying
simple and inexpensive means of conservation and storage such as sun-
treated seedstccks, hay silage and so on.

STOCKRAISING

Domestic animals are kept all over Africa, from the herds of
sheep and cattle of nomadic herdsmen to the chickens, goats and pigs
in the villages of sedentary cultivators. However, these animals are
virtually unproductive and are often signs of wealth and prestige or
_+.a form of stand-by capital. Animals are not slaughtered on any sys—
‘tematic basis but only on special occasions such as religious festi=-
vais and family celebrations or in honour of visitors. These animals
which are raised !n the traditional manner, do not require much care
" and receive even less. The farmer invests little in them but they
also produce little and the mortality rate is high, especially amony
the young.




Herds are a source of wealth, but wealth that is dormant and
our ceurses endeavour to assist farmers to ‘'‘awaken' it. The moderan
peasant farmer must use his animals to produce mores eggs, milk and
meat in the same way that he uses his land and creps to produce more
food for himself and his family. The first technique taken as a sub-

~ject of study is that of animal feeding. By improving the feed (grass,

" grains and tubers) produced on his land, the farmer can obtain more
from his cattle without spending much. Even more important he thereby
acquires stockbreeding skills and know-how he often lacks. Another
valuabie low-cost technigue studied in our courses is cattle hygiene;
this includes the use of vaccinations and first-aid with simole
remedies available to everybedy, as well as the construction and
maintenance of simple but healthy stalls. Once all these techniques
have been mastered, the course goes on to study animal physiology
and, in particular, nutrition and reproduction. By studying nutri-
tional problems, we teach what animals need by way of upkeep for
production purposes and how the farmer can satisfy these needs. In
studying reproduction, we tackle the very important problem of selec—
tion and the improvement of animal breeds. These are more costly
techniques which can only be envisaged when feeding, hygienz and
day-to-day care have been lmproved. _

In training draught animals to assist him in his work in the
fields, the farmer assimilates a very difficult yet most valuable
technique. He really becomes an agriculturalist and acquires a skill
that is respected asz much as any other. He combines cultivation with
stockraising, improves his working and living conditions and diversi-
fies his output. With the manure from his animals, the farmer learns
the technigue of fertilisation, which is a source of wealth for his
land, his crops and himself. Shifting cultivation is no longer neces—
sary.

LOW-COST PRODUCTICN TECHNIQUES

Most of the subsistence and cash,arops currently produced in

':LAfrica are studied in the second yeaf of our courses, as are the
=."_.different forms of stockraising. The student himself chooses the
~-options he wishes to study, &ependlng on the Feglon he comes from

~ and the crops he produces. The proposea outllne is slways the same
__{gnd the course goes over the age-old techniques known to everybody
'756 as to enable the student to ldentlfy them, give them careful
3fhought and attempt to, explaln why - uhey are used. S
: . After studying the day-to—day +echn1ques used in v1llages, the
-'course suggests an 1n1t1a1 series of techniqueu for improving cultl—
 Vat1on. These technlques evcourage the student to use his sense of -




" observation and point to improvements that cest little or nothing
since the farmer has seldom any cash. These improvements do however
entail careful thought and planning on the farmer's part. If seeds
are sown at the right time, and if that time is specified for each
crop, the chances of success are increased. If there is a delay of
only ten days in sowing, half the crop may be lest. This is a tech-
"nique which {s easy to apply and does not require any investment -~
all it needs is a rational organisation of work. In the same wav it
may be preferablz to weed a millet crop earlier so as to leave more
time for sowing cotton or the date recommended.

The number of times a crop is weeded determinés whether the
harvest will be successful or neot. This technigue, which is studied
in the course, can be easily assimilated and does not require any
costly investments. If a cotton crop, for example, is weeded three
times instead of two, the production will be markedlv higher.

Another example of a simple improvement which can be achieved
by everybody at the cost of additional careful.. rlanned labour is
pig-breeding. The local breed of pig which can be found in many
African countries is left free to find its own food; it reaches a
weight of 80 kilos at the end of tweo years, if it lives that long.

On the other hand, an animal of the same breed will only take one
yvear to reach 50 kilos if it is kept in a clean wooden pigsty with
a thatch reof and stone floor, if it is fed every day on produce
from the farm and on garden and kitchen waste and if it is given
plenty of water. '

Obviously, these low-cost techniques are no longer sufficient
when the farmer wishes to progress further. He will then have to
make an investment in cash. But the fact that he wiil have already
been successful in applying simple low-cost techniques will make it
all the easier and more profitable for him to assimilate more sophis-
ticated ones. Animal-drawn cultivation is a good example. It requires
a high investment and a complete range of skills, including training
of oxen, veterinary skills, mechanical know-how, so0il fertilisation

~and accounting. This technigue will work to the farmer's advantage
ionly if he hag already mastered other techniques requiring vhysical
er mental investment and involving such operations as the uprooting
of tree stumps, sowing in rows at the right time with prover spacing'j
and so on. Another example of more advanced technigiies reguiring the
investment of capital is the use of insecticides t- ireat crops.

. Complex appliances have to be purchased and the handling of expensi#é'
~products that are toxic for both man and aﬁimais must be ecareful. '
This technique, which calls for a knowledge of chemistry, zoology
'énd machines. can give high vields only if it is applied to a crop
'6n vhich all the other work (ploughing, sowing, weeding, pruning,

and.se sn} has been carried out properiy.




THE PEASANT FARMER AS AN 'IMDUSTRIALIST'

The peasant farmer is no longer merely a producer of crops and
cattle and his occupation can be likened fo that of the head of an
industrial firm who has to forecast production, organise sales,
calculate expenditure and administer his assets. This implies a very
different role for a cultivator who was accustomed to relying on
other people such as the authorities, technical advisors, and traders
te think out and solve all thege managerial »reblems.

Tn the traditional system, the choice of crops and animals was
governed by the habits of the viliage community, and the individual
did not have to decide for himself. The amount of food that had to
be produced was determined by the consumntion requirements of the
village, which lived in a subsistence economy. The peasant farmer
has now entered a market eronomy. He stil! produces food for his own
use but he now also produces food crops for the urban ccnsumer, raw
materials for industry and cash crops for exvort. All this invelves
new tgkills. In our courses, concrete examples of motentially attrac-
tive croos are given to encourage students to reflect on the matter,
to envisage what work and expenditure will be needed if a particular
crop is chosen, tc caleulate the yield from the land and to estimate
the volume of the harvest. The combinatinn of cultivation and stock-
raising obliges the farmer to organise his production and make pro-
vision for feeding his cattle, and thev both require forethought.
method and information.

THE MARKETING AND FOOD DISTRIBUTION SYSTEM

Tn traditional agriculture, the peasant farmer does not have
to give much thought to the problems of marketing. As soon as the
harvest is gathered he sells part of it to a trader because he needs
money guickly. The trader eoffers a price which the farmer can scarcely

B questlon, because he has no other means of disposing of hig crop..

'- Frequent1y, the need for money is so acute that the farmer sells
__ﬁore‘than he ought and no longer has enough food left to tide over
his family until the next harvest. He ofien has to buy back foeod at
high prices, usually from the same trader to whom he sold his crop

at harvest time.

L The title of ene of our courses is "How to sell crops at a

" higher prlue". This is a technique which is learnt in a market
“‘economy and one that the farmer must acquire if the profit of his
labour is not to go entirely to other people. He has to learn the

'“;1aw_of supply and demand, he must find out about the tastes of

ﬂcustomera and consumers, assess the risks and hazards of transporta- .

:ﬂtfon_and be aware of the prices prevailing on urban and village




*“markets. Most of the problems involved can be solved if he picks up
a number of simple techniques, such as harvesting the crop when it
is at the proper degree of ripeness, drying it perfectly, sorting it
out into different gualities and presenting end packaring *he product
to the consumer's taste. Storage of the crop in whols or in part, so
- that it can be sold at the best time, is a m...< aovancezd technigue
which requires substaniial investment and considerable technical
inowledge if, for example, a watertight silo has to be built or if
the foodstuffs which are stored have to be treated to protect them
from insects., Transporting the produce to larger markets where prices

are more attractive can often be emnvisaged only if an association is
formed with other farmers: the normal transport capacity of a truck
is too large for the produce of a single farmer. This technigue which
is studied on the basgis of specific examples and precise figures,
enables the farmer to consider and understand the need for group
marketing.

THE ROLE OF MONEY AND CREDIT

In a traditiocnal barter economy, money is of little importance.
When cash crops are introduced, money begins to circulate in the
villages but the farmer is not familiar with it and has difficulty
in mastering it. The largest amount of money he ever sees is when
the sale of his crop is negotisted. This money soon usually passes
through his fingers: creditors claim their entitlements, taxes have
to be paid at once, repayments on loans are demanded, and a host of
touts often make sure that what little money is left to the farmer
is spent on the very same day.

Money is a necessity in a market economy and people have to
Learn how to handle it. Tt is one ¢f the techniques studied in our
courses, First we teach some arithmetic since the farmer must know
how to count if he is not to be caught out by traders who are more
" skilled than he is at handling figures. Qur peasant farmer's arith~
‘jmétic book provides the student with an opportunity to revise his

'knowledge 2f the four basic operations. With simple concrete examples
it,skows him how to calculate yields and percentages and how to check
the amounts ghown on weighing machines.

Another part of the course covers the farmer's accounts by means' 
of a simple system which enables him in a first stage to ascertain :
“'his income and expenditure. It teaches him how té make provision for . -
+ his expenses, investments and repayments on lecans; it then shows him .
. _how'to draw up a technical budget to keep a close watch on his money.
_f In order to convey this accounting technique more clearly, the course =
Lrgoes step-ﬁy«step through'the story of a village family whi_. owns



'vﬁfioué fiélds énd animals, and has to solve its day-to-day problems
f:of spending and buying. By following the story of this family, whose
sons'go to school and can write and calculate the cost of everything,
" the student learns the technique. The course concludes with concrete
examples of data charts for crops and stockraising which teach the
_.student to calculate the prospective yield of a particular crop, and
‘. understand why one crop brings in more money than another. By calcu-
“lating the amortisation of the family's agricultural holding, its
preduction costs and expenditure on equipment, he can work out a
balance sheet, understand what it means and find out if money has
been made or lost.

The farmer has always used credit, even if he does not call it
by that name. In order to bridge the gap between one harvest and the
next he borrows a certain amount of food from a neighbour which he
returns, together with an additional amount, after the harvest. If
he needs money outside the market time, he borrows from a trader and
pays back in kind at harvest time. The interest rates on such loans
are usually very high: if the farmer has borrowed 20 francs, three
months later when the crop is harvested, he will hand over a sack of
coffee worth say 30 francs. Moresover, he often contracts loans for
consumption expenditures but seldom for production purposes; this

-.makes repayment very difficult. Another widespread form of credit is

~:the 'tontine' or 'kitty' - a group credit arrangement to which each

member contributes the same amount each month; the total amount is
allocated to each member in tuwrn. The farmer who wishes to make pro-—
gress has to turn to modern credit facilities: however useful tradi-
tional forms of credit may be, their veolume is not very great and
they are a heavy burden on the farmer's budget. Money from the common

" purse of the 'tontine', although less costly, is often used for non-

productive expenses such as traditionsl celebrations, marriages or
~consumer goods.

Modern agricultural credit is much more complex than the tradi-
tional forms of credit. Information has to be obtained about the
_dlfferent types of loans, the interest rates, the coTIateral requlred
1mutual guarantees and personal contrlbutlons ‘Cash flows have to be :
_‘orked out and aﬁnual repayments calculated In an endeavnur to, pro-'-
 v1de the farmer with guldance An acqulrﬁng all thls knowledgu, our

tcourse on credlt uses the story of a farmer who ‘wishes’ to_progress,ﬂ'_
iand who 1s in need of money Wlth the a531stance of an extension _
.worker he welghs up the prcblem and trles to flnd out how he can ;-l
anage The story goes stepnby-step through all the representa+1ons =
'the farmer has to make to apply for and obtaln the loan. It then




picture of the problem. He acquires a very thorough knowledge of the

credit system, of ways and means of obtaining a lovan and of the terms
and conditions of repayment.

UPGRADING THE TRADITICONAL VILLAGE CROUPINGS

There have always been groupings of peasant farmers in villages;
inciuding work groups to do difficult Jjobs in each member's fields |

in turn, mutual assistance groups to care for the fields of the sick’,
or the absent, or celebration groups wheose members work together and

save the proceeds of their labour tn have a celsbration.
A strong spirit of wvillage seclidarity and an ingrained habit of
working together have grown out of these groups. Hewever, owing to
their relative lack of structure, these groups nn .onger meet the
present~day requirements of agriculture where the energies of all
must be harnessed if there is to be some progress. The cld spirit
can and should be uvheld and adavted to more firmly structured and
more efficient types of association. Qur course on associations
attempis te meet this need. It uses concrete stories to explain why
it is difficult for one farmer on his own to make progress w1thout_“

arousing the jealousy of others, and %o show that a united and deter

mined group can oroduce much mare for each of its members. The cours
then goesz on to explain the cenditions that have to be fulfilled if®
a group is fo be successful. So many attempts at co-operatives hatéé
fziled that it is vervy important for the farmer to have a clear unders
standing of the factor governing the success of an association. The
farmers thzmselves have to choose the members of the group and then

the group selects an immediate aim that can be easily achieved szo as 
not to dissipate its efforts. The selection of group leaders is '

important since these people will be respensible for organising the :

work, representing the group con ovitside matters a 1 ensuring com-
‘pliance with the.rules.: e vl ;

In narrating the stcry oi a v1llage'wh1ch has set un an a g0
”;C1at10n,_+he course exn]eln= the reasone behlnd the de01°10n the

motlvatlons of its memberﬂ and the” Dltfall= whlch have tn be avolded

' if the initial enthusiasm is not to turn seur when dlfflcultles crop'

up. As the story progresses, the course br:ngs the student to reflect

on the actions he has Jjust read about to. undE“stand the reactlons

0f the characters in the story and to draw conclu51ons that w111 pulde
his own personal actlons. g : : ;

The technigques taupht in our courses ave not theoretlcal They

are based on the observations which our student subscribers have made
in their villages and their fields. They are illustrated by concrete
examples and they are dypamic in that they 1n01te the studente.to“che
- action to improve their own lives and the life of their community;ﬂe




XVIII. THE ROLE OF NON-GOVERNMENTAL INSTITUTIONS
IN THE INNOVATION PROCESS

by

John W. Pilgrim

Maize was introduced to African ueisants in Kenye by European
farmer settlers at the turn of this century, and was actively encour-
aged as a crop in African farming esreas during the First World ar.
The concomitant introduction of new pleoughing, milling, storage and
transp: ~t technologies in these areas led to the development in the

1920's of a market eccnomy based on maize., The new crop progresasively
came to replace or supplement the traditional cultivation of finger
millet, and the technical innovations which accompanied it paved the
way for th+ growth of Kenya's present agricultural market economy.

Three .spects of this innovation process are of particuiar
relevance here. The first is the appropriateness of therz new tech-
nologies. The second is the adaptive character of the organisations
and institutions which either fostered the innovatimns or were
directly affected by them. And the third, which bears directly upon
a countrv's development policies, is the eflect of technological
inmovation on scocial and agrarian structures. The main theme under-
lying the present paper is that non-governmental crganisations
(churches, educational institutions, research cenires, p:rivate groups,
etc.) can play, and have played in the past, a major recle in the
development process by fostering technical and social innovation,

and in particular appropriate low-cost immovations.

THE INTRODUCTION OF MAIZE-GROWING IN KENYA

One of the main reasons for the successful adoption of maize in
the Kericho District of Kenya{l) was the existence of cattle herding

The author was the Director of, and is currently adviser to, the
Centre for Applied Research of the Panafricen Institute for Develop-
ment in Douala, Camercon.

1) Although this section focuses on one particular district, it must
be emphasised that the processes of innovation in maize cultivation

and processing in other parts of Kenva were not fundamentally

different.
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as the main male economic activity which made it pnossible to use

oxen as draft animals. Production of maize for the market thus became
mainly a man's activity, while women continued to produce finger—
millet for home consumption. The basic innovation in preduction tech-
nology was the iren plough, manufactured in Fngland ané introduced
to Kenya at the same time as maize. This innovation had an immediate
and wrofeund effect on the agrarian structure and induced far-reach-
ing changes in the use of land and labour and in the property system.

The tradional method of milling finger-millet, by rubbing it
between fiat stones, was not applicable to maize. Morever maize was
unsuitable to traditional methods of grain storage, being more subject
te infestation by weevils, and for these reasons was not immediately
gcre 2ole for domestic vse,

Tis gradual adoption as 2 dual crop, for home consumption and
c.=n sale, wag therefore dependent on the intreduction of approrriate
milling and stcrage methods. The first of these technologies in the
form of imported iron hand mills and lecallv-made water mills, was
learned from missionaries; the second, in the form of open crib
stores, from both misei~.sries and Surovean farmers.

Both technelogies had been developed over a period of hundrecs
of years in Burope, and were still used in Turcpe and the United
“tates at the beginning of this century when thev were introduced
into Kenya. The missirriries who played the most active part in this
transfar of technolozy were mainly American. The water mill which
employs the princinle of gravity drive bv water was not a scaled-
downt modern technology, but a traditional medieval technology. Tt
continues to be the main means of milling for home consumption in
Kenva today. Such mills azre generally owned and managed either by

irdividuals or by small grouvs of three or four men.

TRE MAIN FEATURES OF THE INNOVATION PROCESS

Research into the overall agrarisn and institutional nrocesses
which were associated with the development of maize cultivation and
post-harvest technology has breught to light a number of important
elements in the diffusinn of these innovations({l)}.

Cne of these is *the critical role of environmental circumstances
in the initial adoption of maize cultivation. Soils and climate were
sulitable and maize presented an attractive alternative to traditional
forms of capital accumulation like livestock ownership. This was in
itegelf a differential and differentiating precess.

1) Bee J.W. Pilgrim, Agrarian Development and Social Chenge in an
African Jeciety, Centre of Applied Research, Psnafrican Institute
for Develonment, Douala, 1975.
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The innuvators were entreoresneurial in character, and when

starting to grow maize for the market, were prevared to engsafe 1in
conflict with fellow-villagers. The difficulties +this created are
clearly spelled ou- in two government revperts which cen be ounted
here.
"A situatinn is arisine in Scuth Lumbwa Dicirict which mav well
nrove a matter for anxiety in a rear or twn. a4 number of the
more advanced ringigis are nlough owners, ard as the *rine has
r, these

na system ~»f land tenure, ather than as 2 commun’
plough owners tend o cultivste very larpe arears indeed, thur
reducing the available amount of prazine....".{(1}

"A growing clash of interests between the !'ipsicis arrica’fturist
and the Kinsigie pastoralist is noticeabie. The nne uses 2 nlough

and brings large areas under cultivation and the other aiiows his

nerds and fiocks to tramnle and consume the ensuing crome. Fencing
of small gardens is the general practice but large acreages cannot

be fenced because in most sreas there is an almost comnplete lack

of fencing material."(2)

These problems were also noted by an anthropoiogist from Cxford
University:

"In every commw ity one or two wealthv nennle norrfsess a nlouch,

and they hire them out tc the others ... People who have sold

a few cows to buy a ploucgh have made large nrnafits b this trans-

action, as they hire the plough 2t a very high rate.... Sometires
money 1is not demanded, but the man tn whom the vlougsh ig lent is
asked to assist the owner in ploughing -r weeding his fieldc

s (3 )

THE DIFFEPEMTIAL WATURE OF TFLF IMNOVATICN DREOMNESS

These differential, caonital accumulative responses were rain-
forced by institutional and ceognitive suvport *o the individuals and
groups involved. This suppert was orovided mainly by mission member-
ship and schooling, by employvment experience with Euronean farners
and by recruitment to administrative vosts within the local colonied
government. The 'arriculturalists’® ploughing up large areas ang
building water mills were moct often mission-educated and held vonsi-
tions as headmen and chiefs, often after svending several years
working on local BEureopean farms.

1) District Commissioner's Feport, herichc District, 1534,
2) District Commissioner's Revert, Fericho District, 133&.

%)} J.G. Peristisny, The Social Inetitutions of the ¥insigis, London,
1939.
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_ Access to new technology therefore tended to be accompanied by
:expéﬁticnal accesé_fo initial capital inputs, to administrative and
:Judicial protectioﬁ and to educational resources.

During a critical period of ten to twenty years, plough agri-
“‘eulture and innovations in econcmic and domestic behaviour were
génerally closely associated with mission membership. The first water
mills belonged to notable mission adherents, who had been helped to
construct them by the missionaries. The mills were sited at *Christian
villages' — groups of adherents who had clustered together, usually
around a schocl.

tand enclosure (i.e. the dividing up of the community's iand
inte individual or nuclear family holdings and fencing or hedging}
was an eventual direct result of these innovative land-use practices,
and again tended to reinferce the technical and economic advantage
of tne innovators. In 1960 this advantage was stiil discernible as
a correlation hetween mission adherence and land ownership.

In general, however, differential adaptation to innovation and
+to a cash economy was related more directly to the size of land
ownersﬁip. Research at one village in Kericho District showed for
instance that in 1960, 66 of the 112 land swners_had 16 acres or more
and that 57 owned 15 acres or less(l). The affluent farmers employed
a much larger number of hired iabeurers: Twenty-eight (42.4 per cent)
of the large land owners employed one labourer or more, as against
oniy one out of the 57 small holders. Tweniy-four of them (36.4 per
cent) had planted tea as against nine (15.8 per cent) of the farmers
with 15 acres or less. Twenty-two {33.3 per cent) of the affluent
farmers had sons who had passed through some secondary education and
were now in some form of government or white collar employment, as
sgainst two (3.5 per cent) of the farmers with 15 acres or less.

ROLE OF NON-GOVERNMENTAL INSTITUTIONS IN THE TNNOVATION PROCESS'

The siory sf maize-growing in Kenya shows not oniy that tech-
nological innovation was accompanied by the emergence and formation -
of innovative, entrepreneurial men, but also that the-institutian31Q 
"support which was a necessary ceorollary of this process led inévifébly
+s internal institutional change. One effect of this has been the
creation of gifferent classes within the rural population. The rela-:
 ' tively wealthy and'privileged in terms of material resources had

1)} These figures do not reveal the extreme cases of innovative
individuals, such as the man owning 168 acres, who had benefited
from the fact of playing dominating roles in the early précesses.

- - . of agrarian change. For further details, see Pilgrim, op.cit. ’
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access to capital, technology and influence, while the relatively
poor and underprivileged did not.

This is a very general paennkenon. In most developing countries,
the agricultural extensiom system,credit organisations and other
support services tend to continue this distinction by overating with
the 'progressive! and relatively wealthy farmers rather than with
the 'backward! and relatively poor(l).

But in more general terms the lessons from this experience of
technological innovation at the level of a poor farming population
are relevant to the more consciously designed 'develcoment project!
(unheard of in 1%20). Cne of them in particular is the role of non-
governmental institutions, of which tThe mission is a prime examnle.

The mission's function as a successful agent of technical change
rests upen a number of factors. The first is its stability which
allows it to zct as an ongoing institutional base for innovation.

The second is its conscious effort in training and education; this
work incidental.y matches man te technoclogy and techmology to men.
The third is the fact that it operates on a low-cost, lccal material
basis. The fourth is that it does not consciously set time limits,
and is thus prepared to continue its efforis over an indefinitely
long period. Finally, it does not set out %o provide any superior
external expertise, ncr does it base its autherity on technical know-
how or on privileged links with a national or international tecino-
cracy.

By and large these assets continue to be those of non-governmental
development agencies. It is wortk while asking why in particular
organisations with missionary origins should operate in this way.
One answer is that their main purpose is to integrate themselves
into the loecsl structures and local culture, and that it is not any
. specifically religious need that induces them to behave in this way.
'-LA :esearch organisation, or an educational institution, has similar.

'ﬂ:“mptjvations and similar capacities for endurance and adaptation.

Historically the same role was played in the United States by
the land~-grant institutions with their commitment to a tripartite
Function of training research and extension. In West Africa, the

. Institut Africain pour le DEveloppement Economigue et Social, the
.. Panafrican Institute for Development and such universities at Ife,

~:11) ‘Se e Niels R#ling, "Forgotten Farmers in Kenyz", paper prepared .

. - wfor.the OECD Seminar on Develeopment Precjects to Reach the Lowest =
Income Groups. Paris, June 1974, and Joseph Ascroft, Niels RBling,
Joseph Karinki and Fred Chege, Extension and the Forgotten Farmer,
Landbouwhogeschool, - Wageningen, 1975, ’ S o . o
R#ling and his colleagues demonstrate that, in a neighbouring area
of Kenya, credit and agricultural extension services are similarly
channelled t¢ the wealthier farmers, and that in consequence the
diffusion of hybrid maize is impeded over a major part of the area
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Thadan and Ahmadu Bel*n :- Nigeria, Njala in Sierra Lecne, and
Humasi Institute of 5ci-nce and Technology in Ghana are plaving
similar rcles of technological extension(1).

THE SFORTCOWINGS OF GOVERNMENTAL IMSTITUTIONS

These non-zovernmental institutions are not wrimarily thoze
which govzrnments and externat development agencies think of or seek
to create in arder te accelerate development or to achieve a specific
technalngical change. Generally speaking, the major institutional
machinery used for these purposes in rural areas is that of routine
extension or aother rural development services. Universities and other
research and ecducational institutions may contribule to these services

indire or in a limited context, but they are in themselves usually

comipletely daifferent in structure from the centrally-based bureau-
cracies of the government sector.

If research and educational institutions do not as a rule nrevide
an adequate machinery for the diffusion of new technology, it i=s
equally frue that the tracX record of agricultural exiension services
has beesn marxed by a constant tendency to fictionalise achievement.
Thus in Ghana, while the agricultural services saw no difficulty in
evaluating increazses in cocoa preduction in terms of the technical
services they offered to cocoa farmers, subsequent research has shown
that Lhe cocoa farmers in fact succeeded in increasing preduction by
virtue of their own economic understanding of land and labour utilis-
ation. Theyv had early learned the lesson that the economics of cocoa
farming required thast the farmer ignore the technical advice offered
year-in year-out over a guarter of a century by the agricultural
services(2}.

In Kenya the government's agrarian policy has been based on the
understanding that individual holdingss were the only path to the
development ol agriculture and in Hericho District in the 1950's the
enclosure programme conducted under tie guldance of the agricultural
service was claimed to have been the basis of a totally changed
economy based nn commercially-oriented agriculture{3}. In Fact, there
had been virtually no overall change in agricultural producticn over

ee the papers by P. Dubin on the INADES, and by 3.A. Ntim and
J. Powell on Kumasi University in this book.

2) See Eolly Pill, Miprant Cocoa Farmers of Southern Ghana - A Study
in Rural Capitslism, Cambridge Universiiy Press, Lambridge, 1963.

3) Zee C.4. Barwell, "4 Note on Some Changes in the Economy of the
Kipsipis Tribe", Journal of African Administratisn, Vol.S, ¥n.2,

=) Sy

April 1926, np.95-T101.




a thirty vear period, and enclosure had in any cace taken vlace
spontancously through internal nrocesses to which the government had
previcusly been for many years onposedﬂ Fecent prosperity in the
district has largely come about through tre effects of misrant warge
labour. Where technical innovations and a new commercia’lv-oriented
agriculture were develoving, this was basically, as we have noted
above, the work of men with entrevnreneurial characteristics who
learned from the exXperiences of a Turonean-based agricultural economy
and from the missionaries. These innovations, which date from the
introduction of maize as a cash cron in the 1920t's, were a cause

rather than a result of land enclosure, and government agencies
played little if any part in the nrocess.

One reascon for the general weakness of agriculturzal extension
services is the absence of an P and D capabilitv of the <tynpe which
universities or other research institutions could vrovide. But tne
importance of P and D in low-cost technology should nnt be over—
emphacised. Account mast be taken of the fact that 211 innovative
technolegies are experimental and that the social processes of
adoption are often véry long.

In this context the R and D function mav best be carried out _
by an institutional structure with rugged and primitive capabilities
of learning and perseverance rather than by ome with sonhisticated
technical means at its disposal. Success will come from an ability
to communicate in the language of the npeople, to use local resocurces
and to operate at the cost level of a loca® poor mmeducated society,
rather than in the language and with the resources of external tech-
nological or administrative institutions. These are the qualities of
the missions rather than those of the research station.

Any attempt to emulaste thess qualities must however be conducted
in a way which will avoid the defects of tle missionary approach. In
fact, the examples of effective action on thke vpart of non-governmental

organisations are greatly outnumbered by the cassz of failure due to
irrelevance, poor learning capacity, lack of means for wide-scale
extension, poor links with the major social and econcmic development
efforts provided by public agencies, and lack of awareness of the
broad changes in land and labour use. There is no merit in rugged
and irrelevant endurance.

There is, egqually, no virtue in slowness for its own sake in

the processes of learning and resvonse. It could be argued that where
a missionary type involivement has led to technological inneovation,
as in the Kenyan case cited abave, this is usually because the learn-

ing and testing process is in fact taken over by sharv-minded entre-
preneurs. Entrepreneurship will, however, by definition, alwavs lead
to a differential process of adoption of new technology. Development
objectives (as against the objectives of simply introducing techno-
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iogical change)} may therefore need specifically to be framed in terms

of control over these differential processes which discriminate between
individual and individueal, group and group, region and region. In this
context, the R and D which is reguired may he essentially of the over-

211 planning type.

THE EAPERTIENCE OF THE PANAFRICAN INSTITUTE FCR DEVELOPMENT

Apart from the missions, another tvpe of non-governmental organ-
isation which can play an important part in rural development and the
diffusion of low-cost technology is the training and educational insti-
tution. One such case is the Panafrican Institute for Development
(PAID}. It is an international non-governmental and private organis-
ation, affiliated in various ways to the United Nations and other
international organisations and supported financially bv some twenty-
five governments and independent aid agencies. It has a small office
in CGeneva and four institutions in Africa, all located for the moment
in the United Republic of Cameroon.

PAID started in 1965 az an international college, whaose function
was primarily to train middle level developrment staff from francophone
African territories, whether from governmeni or from non-governmentazl
agencies. Its main concern is with rural development (and especially
with agricultural and rural training generally}, community develop-
ment ('animation rurale'), sub-regional planning, co-operative organ-
isation and project management. Five years later a similar college
was set up for English-speaking African irainees in Buea, in the
anglorvhone part of Cameroon. In 1972 and 1973 respectively, the Centre
of Applied RFesearch and the Centre for Project Management were created.

A major aim of PAID has been teo maintain the link btelween train-
ing, research and management and at the same time to strengthen what
has always been a primary concept of the Institute, namely, direct
invelvement in the field in collaboration with the local population
and tke administration. Unti) now this has been zchieved only to the
extent* that national agencies use PAID trainees in functions which
correspond with their training. More recently with the creation of
capakility to conduct research on a sustained basis and to provide
assistance with planning and management, PAID has begun to find itself
involved directiy with government and other agencies in the formula-
tion of development programmes, and has had to recast its own structure .
and aims to maintain and improve control of its operations.

The pattern which has emerged is one in which PAID can operate
over a relatively long period at the sub-regional level without
relinguishing its traditional ttraining role but linking it to research,
nlanning and management assistance for the integrated development of




a zone (which might be a province or district of the assisted country).
This pattern is iliustrated by programmes currently undertaken in
Camercon.

One question which arises in this context concerns the nature of
integrated rural development as a planned operation. In the South
West Province of Camerocon, for example, feasible low-cost technoloag-
ical innovati.ons can be introduced in the village-level rubber and
il palm plantations, in ti.e¢ storage of maice and root crops and in
the raising, processing and marketing of pigs. Much of PAID's present
research is concerned with the simultaneous intreoduction of these
innovations at the farm level, in the curricula of primary schools,
in out-of-school vocational training centres and through the training
of development agents.

This has, in our mind, particular relevance to the working out
of metheodologies for integrated rural development planning within
which flows of capital and technology can occur. In the absence of
comprehensive data for the zone, plamnning may be effectively nrovided
by the linking of specific technological innovation te educational
and other informational processes on the one hand and te mariket
structures on the other. The other essential prereguisite for such
a process of sub-optimal planning is that of an on-going institutional
capacity to evaluate and feed back The experience of innovative action.
This in our present operations may be provided by PAID initially but
ultimately it poses the need to provide for an indigenous institu-
tional capacity for R and D, which we believe has to operate at the
level of a gecgraphical and administrative zone.




A{IL. LOW-COST TECHNGLOGY, CGST OF LABOUR MANAGEMEMT
AND TNDUSTRTALISATION

by
*
A.d, Bhalla

What 15 low-cost fTechnoloagy? While terminology is net alwavs
what matters very much, it is useful to define the context in which
the practiticners of low-cost technology operate. Low-cost technology
nay be defined as technology which is low in terms of capita?l (physi-
cal plus working)}, foreign exchange, labour skills and any other in-
puts which are often scarce in the rural areas of developing ecuntries
in particuiar, and in the economy in general. On the other hand, it
is high in terms of abundant local resources (e.g. indigenous mater—
ials and unskilled labour). In addition, i7 one looks at the tech~
nology from the output point of view, it may he low in terms of scale
el output, and sometimes even in terms of the guality of the product.

In this short study, the cost ¢f labour management will be
related tc the choice of technology in the process of rural indus-
trialisation. It is orten argued that low-cost technology might often
be labour-saving relative to indigenous technology, vet labour—~
intensive enough to raise questions »f high costs of supervision and
.;managemont. We shail: examlne this hynoth951s in tne llzht of . emp1r1»
Jca; ev1dence about 1nduetr1es"1n develorlng countrles.;It will be ™ '
'malntalned that management c ;ts arlslng fr om such factors as rates
labour dlsconblnuzt1es, 1ncrease 1n suDeFVqury wages, and 5001aL Y
-_resxstunra to labahr ﬂismlssal, etc. are also in¥ Luenced by the natﬂ“clz'
ol lﬂdusurla¢153t10n stratef1e= that are adop ed, and the modes of B
:broductlnn (wage—based o"=fan_1v—ba<ed) under which different tech—
Qnologleq oneiate. I+ 1% for th1= reaqor that a orlef sectlon below '

. 'The-author is Chief. of.rhe Technelogyand Employment 3ranch, Werld
‘Employment Programme, of the International Labrur Cffice in Geneva.’
_'This vaper iz written in his versonal cah301tv and does not. neces—,
sarily reflect the views ‘of the organisation with which he is

‘asgociated. He has recelved helnful 5ugge=tlons From Prof, Subblah
L ¥annaooan.




iz devoted to technological transformation nrocesses in industrialis-
atiorn befare analysing the reletionshiv between labour management

costs and low-cost tecinologyv.

TECAWCLOGICAL TRAY FORMATION STRATEGIES

Tt is often argued that the rural areas and the urben 'informal!
sector are the main sources of low-cos: techrnologies. Even if the
technnlogies currently vrevailing in these sectors mav not necessarily
be economically efficient, it is possible to achieve lower costs of
nroduction by raising the technological level of traditionzal tech-
nolegies. This orocess of moderrnisation could either be pradual or
+oo rapid and discontinaous(1). Fowever, the latter 'crash modernis-
ation' strategy under which the rural and urban 'informai' sectors
play only a passive role in the develooment process, and under wnich
the buli of the limited resnurces are concentrated on the small seg-
ment of large-scaele medern industry is likely to militate against
rural industrislisation and Tow-cost technolories. In fact, a nalicy
n? ranid technologicel transformation is only likely itn displace
the rural ircustry and artisan sectnrs unless the iatter are nro-
tected throurh seome sort of subsidy. On the other hand, the gradual
transformation policies are likely teo ensure a comnlementary develon-

1
ment of rural and small-scale industry and modern large-scale indus-

trv.

The experience of rural industrialisation in China and of its

‘walkirg on twoe legs' policy clearly demonstrates that leg-one
(larger-scale and capitai-intensive), and leg-two (small-scale and
labour-intensive) vprojects were linked to ensure oreductivity improve-
ments in the letter. Since the Great Leap Forward, increasing atten-
tion has been paid to narrowing the gaps between the two legs:

emphasising fuller utilisation of existing capital stock in large
modern industry to maike resources available for ensuring technicsl
improvements in the traditional technologies, small-scale and rural

industries.

The linkages between agriculture, rural industry and modern
industry in China are illiustrated in the dizgram below which is
borrowed from Sisurdson{2). It is shown that rural industry is

1) For 2 comparison and contrast between 'progressive transformation?
and '¢rash modernisation' vrogrammes in a guantitative framework,
see Keith Marsden, "Integrated Regional Deveiopment: A Quantitative
Approach'", International Labour Review, June 19649,

2) Jon Sigurdson, The Role of Small-Scsle and Rural Industry and its
Interaction with Agriculture and Large—-Scale Industiry in China.
The Beonomic Research Institute at the ctockholm School of Economics
(mimeo)}, Stockholm, 1974,
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expected {o be complementary to both agriculture and modern industry.
Rural industrialisation iz introduced in gradual stages. The first
stage represents rural industry as an intermediary between agricul-
ture and modern industry: producing industrial inputs for agriculture
and processing agricultural outout, and receiving equipment, tech-
nolcgy and training frov.. redern industry. At the second stage, rural
industry and agriculture become partly integrated {shown by inter-

secting circles), with agriculture suppiving more and more raw
materials for light industrial products and wita an emerging two-
way relationship in modern industry. In the third stage, rural indus-

try is complementary to both agriculture and modern industry, and
integrated with rather than eliminated by the latter. Quality stan-
dards of preducts of rural industry and improvements in fechnology
take on additional imnortance at this stage.

Although the schema below may be a rather simplified version
of real-werld situations in many developing countries, it does show
the working of a gradual transformaticen of rural Industry in the

context of which the cost of labour management issue needs to be
examined.

DEVELOPMENT Of RURAL INDUSTRY -
INTERACTION wiTH AGRICULTURE AND MODERN INDUSTRY

STAGE |
o
7 el Mg
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TECHENOLOGY , MANACEMENT AND ORGAMISATION

Hirschman can be considered as one of the early and conirover-
sial writers who pointed out that in developing countries the reguire-
ments of labour are proporticnately much larger when less capital-
intensive methods are used, due to lower labour efficiency and lower
managerial expertise{l). His prescription is that a developing economy
can make more efficient use of capital-intensive methods, especiaily
in machine~paced (as against operator-paced) industrieg, since the
labour férce is unstable, inexperienced and less disciplined, and
managerial talent very scarce. If these technologies are used, the
differential in industrial productivity between developed and develop-
ing countries will tend to be narrower than might otherwise be
expected.

Implicit in the abeove prescription i1s zlsc the cholce of a par-
ticuiar industry-mix in the developing countries. In support of his
hypothesis, Hirschman ceonsidered the fellowing types of industries:
(a) process—centred machine-vaced inaustries., e.g. eil-refining, iron
and steel smelting, and cement manifacturs, andb) product-centred
operator-paced industries, €.g. construction and fabrication indus-
tries, carpentry, brick-liaying, metal-working, where tcols and
machines are largely accessory to workers. By the nature o¢f these
industries, it would seem that those in category (b) lend themselves
to rural areas and small-scale nperations much more than the latter.

Eguating nrocess—centred industries with machine-pazced capital-
intensive cnes somewhat arbitrsrily, Hirschman argues that the latter
are more efficient. This is so because "machines set a rhythm of work,
a steady pace and standard neorms of efficiency difficult te ensure
when the work-force is undisciplined™. Secondly, management costs
may be lower with machine-intznsive methods because the mechanieal
or chemical processes define precisely for the menager "what is to
be done where and at what peint of time ...". Thirdly, ancther argu-
ment in favour of machine-paced integrated continuous flow processes
is that they require adeguate maintenance. However, since machine
operations are alsc dependent on adequate maintenance skiils which
may be in short supply in developing countries, it deoes not neces-
sarily follow that capital-intensive operations have as high a pro-
ductivity as in the developed countries. Even within a developing
country, given the capital-intensive technology in twe difTerent
plants, large differences in preductivity may be observed. This is
due not to differences in carpital per worker, but mainly to differ-
ences in managerial efficiency (ceaused perhaps by motivational

1) 4lbert 0. Hirschman, The Strategv of Economic Develooment, Yale
University Press, New Haven and London, 1953.
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factors)}. Higher nroductivity may also result from a simple recrgan-
isation invelving plant lay-out, materials handling, waste conitrnls,
eto.{1) .

ERFIRICAL TESTS 0F HIRSCHMAW'S HYPOTHEZRIS

Firschman's general hypothesis that the greater the derree of
capital-intensity in industry, the smaller the labecur productivity
differential between develeoned and develoning countries, has been
emnirically fested on the baels of rather aggregate data nublished
in natienal censuses of manufacturing. Ye sha’l briefly examine the
conclusions of thres tests, the last of which (byv Gouverneur) is
nased on the use o> »alant data.

7

arlos Alejandrn has eXamined the comparative oroductivity of

industry in the U and Argentina(2). By modifying the Hirschman
hynothesis he has tried to find out if, when the labour-intersity

of Argentinian industry increases, the productivity differential

with resvect to American induscry also tends to rise. Fie resulis
rovide “only medest suppert for the assumption thst industries with

ow labour-intensity tend to he aszgnciated with imnort-substitution,

e

while those witn high labour-intensity fall more inte the category

of home or nnn-tradezble goods". To the extent that rurzal industrial-
ization through a "gradual transformation strategv! reguires wage-

zoods manufactured for limited local markets, the greater labour~

B

intensity of industries would prevail at least initially. Ii may also
e, as we shall examine in the following sectien, that home industries

in rural areas or small towms are wmore labour-intensive or uce Tow-
cnst Technologies because the international companies with advanced
managenent and yroduction technigues are much more likely to invest
cenital in imreort-substituting large-~scate industries than in the
small-scale domestic cnes.

The secand empiric;l test iz based on & comparison of 110 broadly
ginilar industries in the U and Tndia For the years 19%73-5% and
}. There is no conclusive or definite evidence to support or

Firsciman's hypothesis. Tn some extreme cases, labour-intensive

Zee Teter Tilby, "Organisation and Productivity in Backward
Feopomies", Quarterliy Journal of Sconomizs, May 1962; and Farvey
Leibenstein,TAllocative rificiency versus "Y-EfficiencyY, Anerican
Economic Weview, June 1966.

2} Carlas ¥, Diaz Alejandrno, "Industrialisation and Labour Productivity
Differentis!", Review of Zconomics and Statistics, May 1965,

: Infustrialisation, Cavital-Intensity and Efficiency",
uﬁlct;n of thr Oxford Uaners;bv Inst;uuue of Fconemics and
gzgtlsqug, Fovember 19603,




industries mey be particularly inefficient; this does not necesrarily

mean that canital-intensive industries are especially efficient in

an irdustrially less developed countrv. From the nbzerved association
hetween capital-intensity and efficiency in some industries, Fealey
concludes that this "may be more nlausibly attributed to a 'techno-
logiral gap' hyrothesis, rather than the Firschman tyne sacinlegical/
psycho™ ~gical thesis".

1 _umoleogical gaps between the develoned and developing countries
are likely to be narrcowest in the case of the most canitzl-intensive
rather than in the case of labour-intensive indnstries. The reason
for this is the greater internatienal mobility of physical ecuipment
as compared to labour sikills, This factor is relevant tn the consider-
ation of supervisory costs agsociated with alternative technologies
{see the following sectinr}.

The third and perhaps the most recent emnirical test relate
individual plants in the shipbuilding and flour-milling industries
in Zaire (formeriy Conzeo-Xinshasa) and 3elgium(l). The secend of
these two Industries is process—-centred and therefore reievant to
rural industrizlisation. The plants analysed by Tnuverneur were al.
run by eXperienced Belgian entrepreneurs. This means th~*t nreductivity
differentials were Lainly due to the nature »I the industries andé o
their type of operation. The empirical analysis schows thsat the produc-
tivity differential between Zazire znd Belgium in 1969 was 47 ger cent

+ h

in shipbuilding and 30 par cent in fiour-milling. This

i3

ay De seen
as breoadly supvortiing the Pirschman hypothesis, namely thet produc-
tivity differentials would be higher in oroduct-centred (onerator-
paced)} industries than in precess—centred macnine-paced industries
even when similar technnlogies are uced in the developed anc develon-
ing countries (emphasis added).

However, the Couverneur study has a merit cover the earlier twn.

It brings to the forefront an assumption immlicit in Hirschman's
arguments, namely that productivity differentials beiween develoved
and developing countries will tend 2 be gueli fror g1l omerations
since the central mechanical wnrocesses iadirectly set the rnzce nf
211 other ancillary operator-racecd cveratinns. This hvpothesis how-
ever is contradicted by the facts, as can be seen from the data
vresented in the table below.

The nroductivity diiferential between the Zairian and neigian
flour mills is 30 per cent for gli production werkers; it is only
4 per cent for those involved in the 'technical flow-sheet! (machine-
paced)} operations.

1} J. Gouverneur, "Hirschman on Labour Productivity Differentisls:
An Empirical Analysis", 3ulletin of the Oxford University Insti-
tute ¢f Fconomics and Statistics, August 1970,




LABQUR. PRODUCTIVITY DIFFERENTIALS BETWEEN ZAIPRE AND RELGIUM
(Flour-Milling, 1964)

Belgium Zaire (3)

Production werkers
AlT production workers 100 70 (60)
Workers in 'technical flow ?hﬁet‘ 100 96 (71)

. 1
Workers in 'zeneral handling'(2} 100 L6 (46)
General maintenance workers 100 66 (54)
All production and maintenance
worTkers 100 69 (53)

Notes:{1) Machine-paced operations.
(2) Man-paced operations.
{3) The figures in brackets are rot adjusted to the rate of
capacity (90 per cent) of the Belgian plant.

A significant conclusion is that labour productivity differen-
tials should be explained not simply as due to process- or nproduct-
centred industries but the extent to which individual operations are
machine -paced and operator-paced, and the degree of capital-intensity.

The Hirschman assumption that all machine-pacsed overations are
necessarily capital-intensive is a little over-simplified. Although
the control and correction of mechanical processes is treated as
machine-paced operations, they could weil be done by manual Iow-cos-
technology. Similarly, operator-paced operations iike internal trans—
portation also lend themselves to varying degrees of labour/capital
intensity and to different technological choices.

SUPERVISORY COSTS

It is often assumed that although labour-intensive technologies . -

may be low-cost in the sense of economising a scarce factor such

as physical equipment, they can be highly skill-intensive. Since
some types of skills tend to be extremely scarce in most developing
countries, it is worth examining whether these technologies are alsc
low-cost in terms of skills reguired. In this cortext, a distinction
between different kinds of labour skills (managerial., supervisory,
and other types} is quite useful(l}. This distinction is important
because the use of low-cost technologies in the process of indus-
trialisation need not necessarily imply high requirements for all
these types of skills. In fact, in many cases, the small-scale of
operations within non-wage modes of production may imply an economy

1) See also A.S. Bhalla, "Small Industry, Technclogv Transfer and
Labour Absorption",  in OECD Development Centre, Transfer of
Technology for Small Tndustries, Paris, 1974.




of supervisory, cperative, and managerial skills. The scale as well
as the technologies empleoyed may be conducive to family style non-
specialised management which can dispense with complicated contrel
procedures and hierarchical authority, required by sophisticated
technology in modern industry(l).

Case Study Illustrations

a) In Tanzania, attempts to introduce mechanisatien in rural
areas required constant recourse to government staff (e.g. agricul-
tural engineers) with sophisticated management to ensure regular
supplies of fuel and spare parts, and the proper use of machinery.

When government workers were withdrawn, much of the machinery fell
into disuse for lack of the above "external" imnputs. It was therefore
decided that the work undertaken by two ILO/UNDP experts in Arusha

on the design and constructien of equipment protctypes should conform
to the needs and capacity of the villagers themselves in the use of
intermediate 'village' technologies(2).

t) In a pilet survey of 37 plants in three tropical African
gountries done by the ILO(3), questions were asked as to whether
technology in African industry was influen. 1 by the gquality of
labour, the training possibilities, and thes ease or difficulty of
changing the skill-mix. The responses of managers varied, depending
on the nature of the industry, the size of operations and the skills
required. These responses led to the following conclusions: small-
scale saw-mjlling enterprises, engineering plants, and some wood-—
working enterprises felt no shortages of skilled labcur; but bigger
plants (cement, steel and engineering) using capital-intensive
methods reported skill shortages at both higher and lower levels.

¢) In the Nigerian manufacturing sector, the use of a greater
number of older type of machines accompanied by the use of labour-
intensive handling technigues is reported to have lowered the number
of senior {still largely expatriate) technicians reguired to maintain
the more mechanised processes. However, this choice would involve

1) For a discussion of technologies under different modes of produc-—
tion and employment, see Amartya Sen, Employment, Technology and
Development, Oxford University Press (on beha of 1LO;, London,
1375; and "Employment, Institutions and Technology - Some Policy
Issues", International labour Review, February 1975.

2) For an account of the Tanzanian experience, see George Macpherson
and Dudley Jackson, "Village Technology for Rural Development",
International labgur Review, February 1875.

3) See IL0O, Some Factors Affecting Fmplovment and Choice of Tech-
nolo in African Industry - A Pilot Survey (mimeo), Geneva 19723
see also A.S. Bgalla, TTmplications of Technological Choice in
Atoican Countries™, Afrika Spectrum (Hamburg), No.l, 1973.
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hicher operative skillsz, greater reliance on Migerian supervisors
and greater vulnerability fio interruptions as a result of human

faiture(l).

d) In Kenya, in connection with the ILO-sponsored employment
mission, & case study was undertaken on the semi-automatic and auto-
matic processes in the manufacture of tin cans(2). There was some
suggestion that supervisory costs as a proportien of total unit costs
rise in line with the degree of labour-inftensity. The main problem
abcout semi-automated processes seemed to be the requirement of super-
visory labour which actet essentially as a substitute for worker
skills(3). In the case of round open~-top cans, sunervision costs were
37 per cenc of total costs on the very labour-intensive lap-seaming
lines they were proportionalily lower on tTne more capital-intensive
lines (16 per cent and 13 per cent respectively). However, the super-
visory costs rose sharply with the most capital-intensive process,
rising to 21 per cent of total unit costs. It is interesting to note
that supervisory costs are lowest with intermediate technoliogies,
and rise with greater labour-intengity and greater canital-intensity.

A related case study of can manufacturing in Thailand yielded
plant data similar to that for East Africa, but showed no clearcut
assoclation between labour-intensity and supervisory costs: the latter
were generally in the region of 15-20 per cent. Hewever, the Thai case
study "suggested an interesting qualitative difference between suner-
visicn on capital-intensive lines and the labour-intensive ones".

The supervisory wage rates are much higher on the automated than on
the 'normal! processes, and this is only nartly due to the former
being . the high-wage modern than the low-wage 'informal' sector.

An important factor explaining this wage differential is the type

of supervision needed. On the automated processes, tThe superviscers
are required to possess a high level of technical ability to manage
machines, whereas on the labour-intensive lines, they are mainly
asked to organise large numbers of workers. The IL0 case study argues
that in developing countries in general, the skills needed for organ-
ising workers way be more readily available than those needed

.

1) pPeter Kilby, Industrialisation in an Open Economy: NiFeria 1945-66,
Cambridge UnivVersity press, Cambridge, 1963.

2) ILO, Employment, Incomes and Eguality — A Strategy for Increasin
Productive Employment in ¥enya, Technical Paper No.7, Geneva, 1972.

3) This situation in can-sealing needs to be distinguished from that
of labour-intensive small works where supervigion is a necessary
complementary organisational input for managing large numbers of
meri. In the case of manufacturing, a more labpur-intensive process
may not necessarily require supervisory skills. Much devends uporn
the precise pattern of skill inputs required for various techniques.
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'for superv151ng machlnes on automated pro\esses.”THESPIEQGE:the:

authors of the” otudy £o suggest that “the superv151on maf not be
“yqulte as, ‘general .a problem in . ihe manufacturlng sector as 1t 15
“sometimes thought to be"(l) _ A Sl [
e) A report on Indian 1ndustry showed that'goqd menégement.was

‘more important for task simplification than for mechanisatibh;'ﬂssuﬁf

ing one shift, poor management and poor incentive systems would lower

production in semi-automatic operations by one-fourth and in hand-fed
operations by one-~third, implying that good management is more impor-:
tant in hand-fed operations(Z). :

The feoregoing illustraticns give no clear-cut suppert to the

hypothesis that the cost of supervision and management are higher
with the low-cost labour-intensive technologies. Of course, one
diffienlty with most of these case studies is that they did not
assess directly the efrect of scale or vé%ume on the managerial and,
supervisory costs. However, to the extent that low-cost technologies’
are more suited to small-scale operatimns, it would seem g _priori
that management and supervisory problems could be reduced through :
the scaling-dewn of plants. Besides, in the context of rural indus-:.
triaiisation, small firms run by owner-operators and unpzid family
workers do not reguire intermediaries, since organisation is much
simpler. With each productien unit producing for its own ceonsumption,.
or with each individual working in produciag a single commodity, the
problem of co-ordination of simultaneous operations, supervision,

and marketing management {typical of intra-commodity division of
labour) are either avoided or considerszbly reduced.

One could also argue thet given the scale of production units,

maore dLSClDllned cultures would perhaps reduce_the need for tlght

suDerv151on._In supnort of: thlc hypothe51s, the Japaneqe syq
manageﬂent may be put forward as a case An p01nt Uhllke man}

-capltallst count 1es, in: Janan tradltlonal culture has not been E

'_replaced but rather has been a551m1la+ed by 1ndv trlal'develonment
"In an industrial enyerprlse, or in anv other tvpe of organlsatlon,
elt is the group rather than the 1nchva.dua'I whzch assumes respon31b11~
L ity for decisions. And as Harbison Uutq 1t “from the 1ndlv1dua1 the

ethlcal code demands unqualltled 1oya1tv to his groun,'qubordlnatlon
'to his superiors, respect for his elders and complete 1dent1flcat10n
3”_w1th the goals of the house“(B) These non—economlc factors by whlch

='_'1) See. A.“. Lhalla (ed }, Technologv apd Emnloyment i Industrx i
Geneva, 1975, ‘Chapter-4.on "Choice of Technigues :for. Can-—‘\'laklng 1n
Kenya, Tanzanla and Thalland“ by Charles Cooper et al. B 112.;

nited Natlons,.Chdice?of.Ca ital-Intensit
for ‘Underdeveloped -Countiries, paper presented by the- Centre or.i
Tndustrial, Developmeﬂt atithe S8o’ Paulo emlna ‘on Industrlal b
‘Programming ,” 830 Paula;’ arch 963, :

harles Myefe; ‘Management ‘in ‘the Industrial’ WGfld
4nal 51 McGraw Hl%i- New York: .1§69 . 254.4.:

”An Internatlenal




;empluyment W1th1n an enterprise is regarded as a life-time commitment
_y tend to generate a sense of discipline which makes a high degree
,of superV¢blon of workers unnecessary. The question that arises is
ﬂwhether the Japanese-style 'paternalistic! system, under which the
~relation between the head of an enterprise and the rest of its mem-
ubers creates:an atmosphere of co-operatlon and discipline can-be .o

s hlghly Decullar to

to relax the conéﬁalnt of superv151on in the apnllcatlon of
ntermedlate tc—:'chnoZLo,gies.’P This is an area which deserves much more
”attentlon and resedrch ‘than it has received so far.

ﬂ”SuneTVLSUry costs may also be lowered if clerical or other less
expen51ve staff coulc be substituted to do the job of supervisors.

. :This brlngs up the guestion of substitution possibilities among
"dlfferent skills. The Chinese experience in road construction in
 Nepal where they used local village headmen to supervise local “l
3'1abour(1) demonstrates that such substitution possibilities can at j
ﬂfimes be successfully exploited.

- LABOUR DISCONTINUITIES

_Fquchman S hypothesls reviewed above implies that the
_Pucturatlon and -stabilisation of the labour force in developing
countrles would Taise the.chances of efficient use of operator-hased
technologles in product— and process-centred industries.

’ One of the parameters indicating discontinuities of labour is
-the rate of turnover and absenteeism which may both account for low

: abour productivity. An attempt te reduce labour turncver is designed
to ralse 1abour rroductivity by stabilising the labour force and
gcreatlng work ‘discipline. Before considering the implications of
_these labour discontinuities for the use of low-cost technologies,
“:some concrete examples will be examined.

omparative Evaluatlon of Road*Constructlon Techn1ques‘
eneva? ort_comlng).,.=y. R :




dismissal after the second ovccurrence......"(1l}.

b) In a sample of 67 plants, Gregory and Reynolds pointed out
that 63 per cent had more than 4 per cent absenteeism, and mostly
over 7 per cent{Z}.

¢} In the Indian textile industry, Myers and Kannappan note

hawever that turnover rates are relatively low, and absenteeism

rates higher. In Sudanese textiles, even turnover rates appear high,.

Strassmenn distinguishes between 'vroficiency' and 'consistency!
aspects of nroductivity and argues that absenteeism iz not so immor-
tant in lowering consistency as in avoiding breakdewns in production.
One may hypothesise conditicns of a simplified technology when even
high turnover and absenteeicsm may not be very troublescme to manage-
ment since replacements can be easily found or trained. On the other
hand, in the early stages of industrialisation, the costs of strue-
turing an undisciplined and inexverienced labour force are likely tn
be nigher.

Cne element of these cnsts will be the increase in wage rates
of skilled and unskilled labour offered either as an incentive o
attract a stable work-force in the first »lace, or tn induce creater
stabllity among those who are already hired. Vigher wares can “e paid
more easily by larger firms using modern technoelogy than by the
smaller ones. Althoug:r hz latter tend to have hirher furnover rates
they may be less able “n & ford these extra wase costs. Another in-
direct element in the ¢35t is the "auxiliary management costs which
are directly related t~ the use of the factar labour and which per-
tain to such management functions like hiring, induction, nliacement
and supervision®(3). For any given manarerial capability, these costs
will varv, devending on the quality of the hired labour and the
general labour mariket environment .

The aonve costs of statilising the work-force may be more rele-
vant to complex omeratinsns whicl also invelve considerable =%ill
accumilation in the course of work. This would be less true of labour-
intensive innovetions. The zade of vroduction in a given industiry is

relevant in deftermining whellher these costs are justified in relation

to potential benefits, and whether thev deter innovations. Where

production is organised partly or mainly outside the wage system,

1) W. Paul Strassman, Technological Change and Economic Development:
The Menufacturing Experience of lMexice and Puerte Rico, Cornell
University rPress, ilthaca, 1967, pD.76.

2) Liovd G. Peynolds and Peter Gregmory, Wages, Productivity and
Indurtrizlisation in Puerto Pico, Homewood, [1lincig, 1965,

3) Subbizh Yannappan, "The Economics of Structuring an Industrial
Labour Force: Some Reflections on the Commitment Probhlem",
British Journal of Industrial Relations, November 1966,




~he varying needs of production can be met by using a less stabilised
werk-force. The casual labour market is a source of cheap labour
where wages fluctuate more freely in response to variations in supply
and demand. The incentives to stabilise labour force may be slight

in these circumstances.

RESISTANCE TO LABOUR DISMISSAL

The costs of management may alse be higher when there are insti-

tutional pressures agzinst laying off workers. When regulations either
prohibit the dismissal of workers or enforce additional employment in
industry (es in Kenya under the Tripartite Agreements), labour becomes
a quasi-fixed cost to management rather than a variable cost. The
result is that there may not really be an incentive on the part of

the managers to introduce labour-intensive techniques or innovations.

Case Study Iilustrations

a) In the Thai case study of can manufacturing, management's
attitude to labour was considered as one of the factors influencing
the choice of technology. One of “he firms in the sampile, which used
high-speed automatic machines, ren into a number of labour-management
problems. Given inadeguate supervisory skills, line-operating labour
for example had to be trained into supervisory positions. There was
some apparent resentment on the vart of the labour force that promo-
tion possibilities to supervisory positions within the plant were
limited. Besides, the difficulties in running a high-speed line to
produce a wide range of products re-~ulted in large machine down-time
and a high propensity for machinery to "strike". The Thai case study
arrives at the rather unexpected corclusien that labour management
problems would have been reduced if more labour-intensive techniques
had been used. .

The follewing reasons are put forward in support of this hypo-
thesis:

— & larger line-operating force would have meant = greater

scope for potential supervision;

- a larger number of supervisory positions might have ensured
greater promotion possibilities;

— and a simpler operating routine of very low change-over
frequency in a more labour-intensive technigue would have
provided greater scope for training and utilising supervisory
skills.

b) In the case of sugar rrocessing in India, it is noted that

the mechanisation of such operations as cane unloading has been
avoided because of trade-union and social pressures for maintaining
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the present ievel of employment{l). There is another reason for not
substituting machines for men: wages constitute only a small fractiom
of total costs in these operations.

c¢) According to a Tripartite Agreement signed in 1970 by the
employers' federations, the trade-unicns and the Kenyan Covernment,
the employers were to expand employment by 10 per cent of their
regular establishment{2?). This was a short-term measure rather than
5 long-term one. Among the firms interviewed, one can distinguish
between fthose which intended to expand in any case and those which
were required to hire addit.onal employees although they did not need
them. No firm reported that its output haid gone up as a result of
extra employment. Many employers complained that additicnal workers
were a pure cost since they contributed nothing to cutput. One firm
even claimed that the administrative and suvervisory cost invelved
in managing the additicnal men had a sizeable negative effect on
output. MNone of the fi. s interviewed reported "any major change in
methed of production, organisatisn, or capital intensiveness of
technique in order to accommodate itsel)f to the Agreement®,

These case studies do not suggest any definitive conclusion as to
the effect of legislation against dismissal on management behaviour
with respect to innovations, investment and production decisions. In
the case of Kenya, the absence of changes in organisation or technical
methods may reflect only the temporary nature of the Agreement. Even
so, firms which are investing for expansion are unlikely to find
additional employment costly or burdensome. At any rate, the case
study on Thail can manufacturing also casts doubts on the oift-guoted
nypothesis that increased labour-intensity of production {often
irplied by "low-cost" technology) raises labour management problems.
It may actually be a positive influence.

CONCLUDING REMARES

In this study we have attempted to show how the cost of labour
management, labour discoantinuities, and social resistance to labour
dismissal vary according to different technological levels. Emphasis
has heen laid particularly on the nature of modes of production and
employment, and on the particular types of industrialisation strate-
gies in the light of which different technologies and their applica-
tion need to be considered.

1) See C.G. Baren, "Sugar Processing Technigues in India", in
A.S. Bhalla {ed.), Technology and Employment in Industry, op.cit.

2) See ILO, Employment, Incomes and Equality, op.cit., Technical
Paper No.2b.




Our ten+at1ve concluQ1on is that in the vresent state of know-—

'1edge there is no definitive evidence in favour of the argument that
‘low-cost uechnologles are necessarily management—- and supervision-
inténsive. The influence of economic factors is not yet clear-cut:
much 1e<s 1@ the 1nf1uence of cultural .and other non—economlc factors
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