
MICWQFICHE 
REFERENCE 
!LIBRAWY 

A project of Volunteers in Asia 

Problems and Prom* A,,J,rODriate Technoloav: + s Lze:i 

by: Nicolac Le::;ier, ed. 

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

Paper copies are $12.50 

Available from: 
Organisation for 5conomic Co-operation and 
Development 
2, rue Andre-Pascal 
75175 Paris Cedex 16 
France 

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

Reproduction Of 
form is subject 
of the original 

this microfiche document in any 
to the same restrictions as those 
document. 



I 

I MICRQFICHE 
I’ REFERENCE 

?-IEMARY 
I A project of Volunteers in ASie 

I,, 
I:;: Annronriate Technoloav: Problems and ProminLS 

I',, by: Nicolas Ze.:;',ier, ed. 
I' ;' 
~‘:’ 

Published by: 
Organisation for Economic Co-operation and 

ir, 
Development 
2, rue Andre-Pas<.-- 
75775 Paris Cedex ~7 
France 

i, Paper copies are $12.50 

Available from: 
Organisation for Economic Co-operation and 
Development 
2, rue Andre-Pascal 
15775 Paris Cedex 16 
France 

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

Reproduction of this microfiche document in any 
1': 
1 ',: form is subject to the same restrictions as those 

of the original document. 

~:::~, 

1:’ 

‘,’ 
!,,,, 

,’ 

,,,, ,, 

‘5 : 
;:,, 

‘,,,‘,,,‘, ~,, ,,‘, 



DEVELOPMENT CENTRE STUDIES 

QPRIATE 
TECHNOLOGY 

PROBLEMS 
AND PROMISES 

Edited by 

Nicolas J6quier 

,: ::j 
I DEVELOPMENT CENTRE 

OF THE ORGANISATION 
FOR ECONO&K CO-OPERATION AND DEVELOPMENT 

i ,!: 
,,;; 

PARiS iem 
:, i! 



1, 

/: 

~:,, 

,’ 

,,:~, 

5. 
,u 

,::I ,,,, 

,,~~‘ 

,,, 

:,‘: : 

,‘, 

Publie en Impis sous ,e !itre : 

LA TEc”r4OLoG,E 
,: APPROPRl& : 

PROGLCML 
n PROYEIICS 

z_ ,,,, 

&f&&::;,:,, ~,~,,: ‘;, ,,, 



APPROPRIATE 
TECHNOLOGY 

PROBLEMS 
AND PROMISES 

Edited by 

Nicdas J&quier 

DEVELOPMENT CENTRE STUDIES 

OF THE ORGANBATION 
F,-,R ECONOMIC CO-OPERATION AND DEVELOPMENT 



The Organisation for Economic Co-operation and Dew+ 
opmert (OECD) was set up under a Convention signed in Paris on 
14th December, rg6o, 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 m&i- 
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national obligations. 
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The purpose. of the Centre is to bring together the knowledge and 
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such knowledge and experience to the actual needs of countries or regions in 
the process of demlopsent and to put the results at the disposal of the coun- 
tries by appropriate means. 
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able iu the CECD in the development field. 

*** 

The opinions expressed and ar@ments employed in this publication 
are the responsibiiity of the authors 

and do not necessarily represent those of the OECD. 

0 OECD, 1976. 
Queries concerning permissions or translation rights should be 
addressed to: 

Director of Information, OECD 
2, rue Andr&Pascal, 75775 PARIS CEDEX 16, Frat~e. 





TAX3 OF CONTENTS 

?reface . . . . . . . . . . . . . . . . . . . . . . . . . 
by Paul-Marc Henry 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 
by r.??kOtx "SUi 

Part one 

TX3 MAX" POLICY ISSUES 

by 
Nicolas dquier 

Chapter 1 

THE ORIGINS AND MEANINGS OF AWROPRIATE TECHNOLOGY . . . . 

I. The semantics of appropriate technology . . . . . . . 
:;, II. The hardware and the software . . . . . . . . . . . . 

,,,~ ,, 
:, ,, 
:: :,,:, 

III. The cultural origins of appropriate technology . . . 
IV. The United States as a model of appropriate 

technology . . . . . . . . . . . . . . . . . . . . . 

;*~: 
;: ,\- 

V. Ideology and self-reliance : India and China . . . . 
VI. The sceptics uld the dissenters . . . . . . . _ _ . . 

VII. Dormant technology and the informal sector . . . . . 

;;,: 
,,; : Chapter 2 
t;_y~ 
ii, THE INNOVATION SYSTEM IN APPROPRIATE TECENOLOCY . . . . . 
,i ;,i,, 

,,, 
:. ,, 

I. The components of the innovation system . . . . . . . 
XI. Innovation as a differential process . . . . . . . . 

III. public technology and priv+? technology '. . . . . . 
IV. The role of the appropriate technology groups . . . . 

V. The need and the demand for innovation . . . . . . . 
VI. Particiption and coercion . . . . . . . . . . . . . 

7 

9 

16 

16 
21 
24 

29 

3@ 
34 
36 

43 

43 
4s 

51' 
55 
57 
59 

62 

',,,, ::~, ,, ,,,, ,~ 

63 
65 
69 



Chapter 4 

TIIE. R3E OF TEE UNIVERSITIES . . . . . . . . 

i . The 1‘~ iversity ’ s commitment TO noam-n technology . I 

II. The university's limitations . . 
III. Apprnpriate technology in the hiu%r education 

9)C tie, . . . . . . . . . . . . . . . . . 
IV. ioc&i resea-ch and infant tecb~ology . . . . . 

V. The need for appropriate moderr :echnol.ogy . . . 

Chaptel- 5 

S"ILDING-UP NEW INDUSTRIES . . . . . . . . . . . 

I. Individual entrenreneurs and collective organisations 
II. The role of goverment . . . . . . . . . . . . . 

III. The social patterns of entreareneurshiD . . . . . . . 
IV. The political legitimation af apropriate technology 

V. The limitations of planning . . , . . . . . . . . . . 
VI. The competitiveness of annropriate +.echno?lgy . . . . 

chapter 6 

POLICIES FOR APPROPRIATS TEC~2TUN.X . . . . . . . . 

I. The genera1 princiDles . . . . . . . . . . . 

II. Science policy and the constraints of penury . 

III. Regianalisation and decentralisation . . . . . 
IV. The proclotion of local technological traditions 

V. The school system and the uneducated inno"ator 
PI, Dualistic policies for technology . . . . . . . 

VII. The role of forei,n aid . . . . . . . . . . . . 

Part Two 

THE PRACTITIONERS' POIQT OF VIEW 

I. THE MOBILISATION OF !C'JO'WLEDGE ON LOW-COST TE'EIUXOGY: 
CUTLINE OF A STRATZY . . . . . . . . . . . . . . . . . . 

by George NcXobie 

II. BRiCE RESEASCH IWTITUTE’S HANDBO(?K OF APPROPRIATE 
TZCHNOLGGY . . . . _ . . . . . . . . . . . . . . . . . 

by T.A. ia&, F. Hvelplund, R. Alward and J. "ass 

III. TiE INPACT OF ?TICRO-D~~X'ELO~ZNT EWJECTS . . . . . . . . 
by Ross W. Eazmond 

2,. INDIA'S EXPERIENCE AND TFTE GAWE!IAP! TRADITIO?: . . . . . 
by M.M. Hoda 

V. THE SCALING-DOWN OF MODERN TEC~OLOGY: CRYSTAL SUGAR 
FZANWACTURlNG IN INDIA . . . . . . . . . . . . . . . . . . 

by M.K. Care 

-4- 

73 

74 

76 

73 

il 
‘3 

35 

15 
31 

9c 

31 

94 

05 

91 

0’; 

1cc 
:a>2 

IC5 

1% 

110 

114 

124 

i37 

144 

156 



:::,,~ :::,,~ 
,‘~’ ,‘~’ 

:,;’ :,;’ 

,:: ,:: 

:,, :, :,, :, 

$z,,,:,:~’ $z,,,:,:~’ 

“I. THE: UPG~ING CF TRADITIONAL TECHNOLOGIES IN INDIA: 
WITEWARE MANUFACTURING AND THE XVELOmENT OF HOME 
LIVING TECIiEiOLOGIES . . . . . . . . . . . . . . . . . . 171 

by M.K. Gark? 

"II. THE ROLE "F TECHNO-ENTREPRENEURS IN THE ADOPTION OF 
?lz" TECHNOLOGY . . . . . . . . . . . . . . . . . . . l?R 

by P.D. Malgavhar 

VIII. THE REORGANISATION OF THE LIGHT ENGIK33RING INDUSTRT 
IN SRI LANKA . 

by D.L.O. Nndis 
. . . . . . . . . . . . . . . . . . . 206 

IX. MECH*NISATION TECHNOLOGY FOR TROPICAL AGRICULTURE . . . 213 
by Amir U. Khan 

X. INTERMEDIATE TECHNOLOGY AND REGIONAL DEVELOPImNT IN 
TEE PHILIPPIXES . . . . . . . . . . . . . . . . . . . *31 

by Rufino S. Ignacio 

XI. THE DESIGN AND OPERATION OF A WATER FILTER USING 
LOCAL K4TERIALS IN SO"TH!JAST ASIA . . . . . . . . . . . 234 

by Richard J. Frankel 

XII. THE SOLAR PLWP AND THE PROBLEMS OF ‘INTEGRATED 
RLiiAi. DEVELOPMENT . . . . . . . . . . . . . . . . . . . 253 

by J.P. Girardier and M. Vel-gnet 

XIII. CARI MECHAEiISATION IN NIGERIA: THE COMPETITION 
SETWEEN INTERMEDIATP AN’ MODERN TECHNOLCGY . . . . . . 260 

by P.O. Nwddy 

XIV. AP-'ROPRIATE TECHNOLOGY IN GHANA: THE EXPERIENCE OF 
KW.lASI "NIVERSITY'S TECHNOLOGY CONSULTANCY CENTRE . . . 276 

by B.A. Ntim and J.W. Powell 

XV. SMALL-SCALE DISTILLATICN OF POTABLE SPIRITS FROM 
PALMWINE.......................2"6 

by I.A. Pkinrele 

XVI. APPROPRIATE TECHNOLOGY ii: ETHIOPIAN FOOTWAR 
PRODUCTION' . . . . . . . . . . . . . . . . . . . 296 

by Norean k.‘McBain and Jmes Pickett 

XVII. EDUCATION AS A LOW-COST TECHNOLOGY FOR AGRICULTURAL 
DEVELOPMENT . . . . . . . . . . . . . . . . . . . . . 307 

by P. Dubin 

XVIII. THE POLE OF NON-GOVERNNENTAL IN'TITUTIONS IN THE 
INNOVATION PROCESS . . . . . . . . . . . . . . . . . . 321 

by Zohn W. Pilgrim 

XIX. LOW-COST TECHNOLOGY, COST OF LABOUR NANAGENENT AND 
IN9"STRIALISATION . . . . . . . . . . . . . . . . . . . 330 

by A,J. Shalla 

-5- 



(. :, Paul-Marc senry 

President of the OECD Development Centre 

:~: 

I:‘,, Nicolas Jequier has approached the problem of epproorfate tech- 

I;::,, 

nology with a much needed thoroughness and clarity. In 1975, at long 
last, appropriate technology has come 01 age. The need is now felt 
by may developing collntries for a basic reappraisal of the type of 
technology which reqnds best to their requirements. High cost tech- 

i,, nology can be highly productive, it often provides the Solutions to 
:, a basic problem of deveiopment of natural resources taking into 
'CT,, 

account marlcet and time constraints. :: ,,_ 
But it is in fact the direct product of advznced industrial ,, 

societies which had to Tperate in a competitive world in time of war 
:,: and in time of peace. Fram t?e point of view of deferxe as well as of 
::,~ ',,' economic survival. the most iaddustrialised counrries in the world 
j::, :, could not afford to remain behind in the race for power and survival. q:~,, 
i: ', This means that th.? developing countries of today 81-e faced with a ;,; : 
,j well integrated and complex system of production and trade which is 
,j, 

i;;'[, 
essentially related to structures belonging to the temperate zone and 
representing a certain combination of accumulated knowledge. innova- 

~,,, ,, tive capacity and skilled manpower. 
,., 

I:?~, It has been taken for granted, until very recently, that this 
;'i':',:' 'f&mid~ble sy&m cbuld'be +tended to the whole plan& a"d~se+"e the 
';:!!i:;;) knee& of the billions or peopl? n&iiving,kth? ~tr@i&l and qua-, 

,,,, 
,,, tori&z&&. On the face of evidence, it is'now 'clear that this 

,::',:' ind&st&i system has'to be ,ke-examin?d and adapted in order,to take : 
i,::,'~ ,;z$o account the basically low income of the,deve&oping countr+es, 
~,,, -):,,,~thei& fast g&wing p,opulation, their vast needs for essenti$ pro$uc- 

':, tionssuch as food, shelter and~healtb.,This should be done within a 3~ 
~A,,, ', &&tively short pekibd of time, if we want to avoid a fundamental 

:~~~'imbalance between human populat+ons and their capacity to survive 
;i::" ,thqough development of ,tbeir natural resources. 

i', 

7- 
“:: ,,, : 

,, ,,,~,, ,~ ,,,, ,,, ,,, Ye,,” ,’ :, 



Mr. J&ier points out that "the appropriate technology movement 
(the term movement is used here for went of another more adPquate 
descriptiaaj can _.?obably be viewed es a cultural revolution". 

I agree wi:n 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", 
out even more for the people of the mom advanced countries who feei 
that their owe quality of life is in danger by what many call "aggres- 
sive" technology, aggressive by its scale. by its demand on buman 
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 en over-consuming society. 

This is why this cultural revolution concerns the world as a 
whale. The problem of adapt&ion of technology is o-t only a techni- 
cal problem, it is also a political one. The present debate goes in 
de?Li, and has a direct bearing: on the future of economic, political 
and cultural relations between 'the most industrialised countries of 
the Northcm temperate zone and the less industrialised in the ~tropi- 
calm and equatorial zones. 

Mr. J&quierls presentation should be placed in the perspective 
of tne long term work underteken by the Development Cextre of OECD 
when the first Seminar on Transfer of Technology was held in Brie 
in November 1972 (Choice and Adaptation of Technology in Developing 
Countries). One can see from the galaxy of contributors to the 
present publication that many distinguished economists, technologists 
and industrialists and develonment administrators from many countries 
are airea5y engaged in the new quest. 

I am happy that the Development Centre could help this important 
e"dea"o"r. 

-R- 



Mikoto Usui 
Head of the Technology and Industrialisation Programme 

OECD Development Centre 

Low-cost technology, intermediate tecbaology. self-help tech- 

nology, progressive technology, correct technology, appropriste tech- 
nology - differences in their nuances apart. much has already been 
said about these concepts ana the kind of princioles which are gener- 
ally understood to underly them. The movement to keep these princi- 
pies alive in various parts of the worid and in countries at differ- 
ent levels of development has been spreading raoidly, if still in a 
fragmentary way. .~n increasing number of fora on development iesues 
have come to dwell on the question of %rogress from within Society" 
and its technological implications. lnore art more journals and bulle- 
tins have come to spare a space for practitioners in appropriate 
technoiogy, their new missions end visions. 

In 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 required at this stage on the part of both the 
netional authorities of developing countries end the bilateral and 
multilaterel aid-giving agencies. Indeed, there is a growing number 
of analytical studies conducted from the point of view of choice of 
tecbnoloa ,- an imp&ant phase of the innovation process: they invite 
o& attention to the existence of a hierarchy of alternative technol-~,;:, 
ogies, either on the shelf or as agenda for adaptive development 
possibilities. Sowever, still relatively poorly explored are the ways ', 

and mezns of fostering innovative minds throughout local societies, 1::: 
and especially in the context of rural development. 

,;,~, 
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Orientation of this book 

Tiiis book, mriate Technology: Problems and Promises, is an 
attempt to improve our &derstonding of the structural problems 



facing the appropriate technology movement from the standpoint of a 
national innovation policy. The phrase, Problems and Promises. hints 
at the general scope of the writings coliected in this book. It 
covers the vast grey ares which lies betx.~~?n a) the generalities 
debated often with an ideological trait, which point to certain dif- 
ficult "problems" in adopting definitive, extensive policy actions, 
on the one hand, end b) the anecdotal specifics of micro-level field 
missions, which corroborate "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 
zreas. The main thruet of this exercise is not en inventory-taking 
of on-going relevant activities in the world, nor an appraisal of 
the internal technical problems of individual innovation projects. 
Rather, this is an attempt to reflect upon the probl&latioue of the 
underlying socio-economic mechanisms and policy environment which 
looms up against the spread of practitioners' actual preoccupations. 

OriEin of this booA 

Procedurally, the origin of this book was the meeting of prac- 
titloners in low-cost technology organised on 17th~20th September 
1974 by the OECD Development Centre. The interim report of this 
meeting, issued earlier, included only partial proceedings and a 
prelimiwzy synthesis of discussions(l). The Centre has since con- 
tinued it: communications with various circles of practitioners end 
researchers in order to sharpen and broaden the synthesis section 
of the earlier report. Elany participants have kindly provided us with 
their contributions 3new, rewriting their earlier papers and taking i: 
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 Pxctitioners' Point of View - the treatment of different 
themes, experiences and propositions are ascribed to individual 
writers. Vat ali 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 strx- 
tured. 

1) Low-Cost Tecbnolwv - An Inwirv into Outstanding: Policy Issues 
hl'h 1)Thnl d Industrialisatlon Programme, 

Dev%~mer% ce&zT &%7$1, Januery 1975. 
OE CD 

a:~, 

v- 
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Sinre these elements of Fart Two have been gathered on an ad hoc, 
voluntary basis, they stili leave a substantial. degree of freedom as 
to ways in which the various threads of thought on "problems and 
promises" csuld be fitted together in a coherent perspectire of policy 
study. This iatter task is pursued in Part One - The Major Police 
a. In a way, this paPt 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 
Yhink-piece", cznceived and developed within the framework of -he 

Development Centre's study programme. Naturally, it is not Q-ee from 
the private views of the par:icular author, Kicolas J&wier, who has 
beer! chs?ged with the responsibility for editing the entire book(l). 

Major questions addressed 

Without pretending to recapitulate the complex substance of this 
renort, let me stress some of the questions tn which the variolvs 
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 into. the mechanisms of technology transfer for small-scale 
industries in developing countries. A number of questions had evolved 
out of that inquiry(2) that needed a closer examination in the Ii&t 
of practitioners' experiences. In the cours,e of the meeting, the list 
of specific questions became further diversified, rather than simpli- 
fied, partly because there were many different ways of looking at 
certain genera: issues and partly because the meaning of the term 
"policy" varied, depending on the level of decision Droblems corr'es- 
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 problelrs of rural industrialisation, 
- How has the low-cost technology movement stimulated the 

participation of local metal-works, repair shops fcr farm 
equipment and implements and other local industrial or semi- 
industrial operators? 

1) As is the case with most work by the Development Centre. the 
particular position taken in this book is that of the author 
and should not necessarily be regar'del as renresertica t% 
official position of the OECD. 

2) See the OECD %evelopmerL Centre, Transier of Technology for Small 
Industries. Paris. 1975; see especially the concluding part of 
SF7 Review of Discussions in Part I. 



,: i, 

From the standpoint of foreiar: aid stratem: 
- TO what extent, .and in what special ways. car, the assistance 

from foreign sources play a crucial role in stimulating the 
local self-he?> effort? 

- Wn*t sorts of information services prove particularly helpfIll 
to guide the search, choice and appl~icatio" phases of low-cost 
innovations in developing society? 

Outstanding issues inviting further study 

Framed in such conceptual rerms, the questions stated above do 
not expect 2 straightforward, monochromatic answer. 9ut the reader 
will find in the contributions collected in this volume various prac- 
tical ways of interpreting the meaning of these questions and the 
gravity of opinions regarding the desired solutions. Nicolas Jgquier' 
writing in Part One offers a fairly detailed, but reasonably compre- 
hensive trea'i.me"t of these qUestions. 

Admittedly, this book is not as much advanced yet in regard to 
the an%lysis of a complete arsenal of policy measures and i"str"me"t$ 
that are relevant for stimulating and directing an indigenous innova- 
tion process in developing societies , as in regard to the analysis of 
basic strategic issues and policy options. A more systematic analysis 
of co"cPete policy instruments and techniques of deploying them would 
be an important task envisaged for the future. This is not the place 
for drawing up a detailed prescription for such a task. But in con- 
cluding this Introduction, let me mention a few messages emerging 8’: 

,::, 

,, ,, 

,i 
i;s;:;~,,‘,, 
q~;&& ;_ ,,, ., 
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- To what extent, and in what forms, should there be an 
"insulation" policy to protect the small-scale decentralised 
industr+alisaTion base from any competitive pressu~le emanatine 
from large-scale technology products; 

13 relation to the pture of science arid technology policv in the 
context of x-m-81 development: 

- How does the attribute of low-cost technoiogy (i.e. "continu- 
ity from indigenous technolo&q) *errnit a progressive 1i"kage 
to forzai education&l systems and scie"tifFc disciplines? 

- Wet is the role of awiversities in the low-cost t*&"010gj 
movement? AOW is it effecting the local university curricula 
as well as primary ar,d secondary school curricula? 

I" relation to the basic options in innovation policy desic" (generel 
versus specific policy instruments): 

- HOW far have the demonstration effects of specific micro- 
development projects become visible? Do we know enough about 
the threshold scale for micro-projezt assistance helow which 
success would become problematic? 



from this bock that I consider partl, uly worth stressing. 
Firstly, there is R considerable scope for more active govern- 

mental Support. !4bat is important at this moment is perhaps not So 
nucb the perfectionist preoccupation cr3zernFng the real benefits 
and costs of individual micro-projects ,S i ~.! to help croSs the 
threshold of change towards a new soci;r ~.citude or a new Prestige 
concept commensurable to the Snimatio;~ of deal innovative minds. 
?he wrrent appropriate technology mox;emeli:i are SDparently still a 
long way Cram the threshold. A quantum jur. in aid resource inputs 

woulo be desirable. 
Secondly, great care should be t-.cc?>lsed in designing direct 

governmen?al interventions. Important in an initial phase would be 
an appropriate mix of "specific I' ?rne.tion policies for local small- 
Scale in'tiative-taking on the one hsnd and of a certain "toleration" 
policy aimed St the evolution of a ccmpetitive W&l-and-error pro- 
cess, on the other. 

Thirdly, the&z should be a clear diScruninatory policy to obviate 
-remSture competition with the larger-scale modern-technology venture5 
fostered -under the earlier import substitution Strategy. 3ut there 
is a burdensome regulatory task which calls for extensive R and D 
and elaboration of appropriate stzadards geared to the industrial 
and semi-industrial undertakings being flstered to cater for the 
needs of rural villages and towns. And such a tSSk should be set in 
a dynamic perspective, its primary mission being to faciiitate. and 
not to stifle, gradual, positive ir,teractionS between local self-help 
effortS and the scierztific and technological rSsourcSS from the modern 

And finally, reverting to the first point above, further inno- 
vative arrangements seem to be needed as +.a the channelling of Sny 
quantum junp in aid resources to spur local innovation projects. To 

package Such reSources into large (integrated) rural development 
projects is apparently an expedient. But the innovation policy, or 
St least aspects of it which concern a broad social process as such, 
ought to be Stretched beyond the demonstration-rriented greenhoIlsS 
projects. Especial.ly for multilateral aid authorities, an outstanding 
challenge is how to respond to the needs of informal, individually 
small-Sized, and mostly risky ventures emerging in a lafge number. 
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THE MAJOR POL$Y<.~~ 
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Chapter 1 

TBE ORIGINS AND M??ANING OF APPROPRIATE TECHNOLOGY 

A growing number of drvelopnent experts and national policy- 
makers are beginning to question the wisdom of massive technology 
transfers from the industrialised countries to the developing nations. 
The iarge-scaLo capital-intensive technclogiee developed in Europe. 
North America or .;apan may well be very efficient, but their in'ro- 
ductior. into poorer, less developed societies often raises more prob- 
lems that it can solve. They are usually very costly relative to the 
income cf th<~ local populations, they require an educational and 
industrial infrastructure which takes decades to build up and their 
disxptive social consequences tend to be much more sudden ttan in 
their culture of origin. But perhaps most important of all, their 
introduction often inhibits the gro‘xth of the ir,dig?nous innovative 
capabilities which are necessary if 'development" is to take place. 

The syx! ‘1s of modernity, in the form of steel miils. chemical 
piants, autoa-~:ile factories or squadroxs of military aircraft ciill 
be i)~?':,'~-;- oil the intsrnational market, but development is a complex 
sociaL process w?:ich rests in large part upon the internal innovative 
capabilities of 2 society. Imports of foreign iaeas, values and tech- 
nologies have a major part to play. but few societies in history have 
developed exclusively on the basis of such imports. 0z.e 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 only a 
much greater selectivity in the choice o f imported equipment, plants 
and methods of production, but also - ,.uld this is much more important 
the invention and diffusion of new types of technology and new forms 
of organisaton which are better suited to local conditions. 

I. THE SEMANTICS OF APPROPRIATE TECRNOLO!? 

The technologies which meet this requirement ar- variously des- 
cr'ibed as 'appropriate', 'law-cost' or 'intermediate'. The exact 
difference between these three types of technology is the subject of 
lively if somewhat inconclusive theoretical debates, and it is well 
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;,,, to recognise that for the time being there are no widely accer;ted 

I,,:;> 
definitions of what constitutes an appropriate. low cost OP inter- 
mediate technolog-j. For practitioners wnrking in the field, these 
terms, however, are perfectly clear sod require littie elaboration. 
Rather than try here to give a standard set of debatable definitions, 
it may be more appropriate to illustrate them with a few cnncrete 
exsmples. 

The ox-plough. introduced in several tropical African colmrries 
',by the agricultural extension services, religious organisations and 

;j: 1: 
',::,~~~ rural development specialists. is a p,ood exam~ie of an intermediate 

,,:, technology. It stands. so to epeak, half way betseen the traditional 
,:i hand-operated hoe and the modern diesel tractor. Intermediateness is 

of course relative: in the societies of the ilidil; Eest and Asia 

which have known and used the ox-drawn p'ouph for thousends of years, 

:', such a technology can be called traditional, end the intermediate 
level of technology would more adequately he rqxesented by the small 

:,,, two-wheel tractors of the type developer by the Internntinnal Pice 
Research Institute in the Philippines(l) or by the industrial CO- 
operatives of Lri Lanka(Z). In the tropical African societies which 
do not have any tradition of l~ivestnck breeding and which szill use 

~,.~~ very simple implements, the ox-drawn nloiigh is a wa>or innovation, 
,;( 

and from 3 technological point of view, it rev?sents a big sten 
~: ,~, forward . ,,~ :, 

Another example of intermediate te&aology is the geri machine 
':1:,~ 
:~, developed In Nigeria. Gari. a dehydrated casseve product, is a staple 
:: : food in most of West Africa. The traditional manual Dreneration 
:,,,, method for extracting the prxssic acid from the cessava root was 

,,~; i:: brought to West Africa in the 13th century by former slaves from 
::, _,~, Brazil who had borrowed it from the 10~21 Indian pooulatlon(3). 

Witfi the rapid rate of urbanisation. industrial production methods 
were required, and a modern large-scale technology was develved in 
the 1960's by a British firm in Gambia in co-ooeraticn with ?:igerian 
technologists. Farallel to this, a snaller scale end somewhat simpler 

technology was developed at the time of the Kllgerian Civil 'War on the 
~;l:;/, ,,: Biafran side. The capacity of this intermediate plant is smaller but 
':::, ,c:~; i" the total investment required for the same outout is at least four. 
,:; times lower and its profitability substantial* high&r. Of ?articulal‘ 

'),' ~,, 1) See the article by Amir U. Khan, Vlechanisation Technology for 
~,:, : Tropicai Agriculture",in the second part of this book. 

" ~,,, ,' 2) D.L.D. Mendis. "The Reorgenisation of the Light Engineering ~,:~ ,,In+stry in Sri Lanka", ibid. 
,,; 3) Thomas R. De Cregori, Technolon and tie Economic DEveloPment of 

,', ', the Tropical African Frontier, The Press of Case Western Reserve 
University, Cleveland 1969. 



interest here is the fact that the intermediate technoiogy was an 
indigenous innovation. The modern plant, by contrast. relied heavily 
on technnlogical contributions from a highly industrialised country(l). 

The definition of what constitutes a low-cost technology is at 
first sight relatively simple. The ten dollar rural latrine developed 
by the Planning Research and Action Institute in India is quite 
clsarly '1mix"sely less ex?e"si"e than the modern flush toilet(Z) and 
the water filtration system developed in Th+iland, and which uses 
coconut or rice husks as the filtering media, is so inexpensive that 
it call he,co"sidered for all practical purposes as a zero-cost tech- 
noiogy: supplying a family with pure water for me month costs 
around $0.20(J). However, as soon as one goes beyond the simple home- 
living 'self-help' technology, c"st calculations ca" become extremely 
complex, ad it is often very difficult to determine whether a "w 
manufacturing technology for instanw is cheaper than the one it 
replaces or supplements. 

Tile small-scale sugar plants developed in N:nd;a. and which now 
account far more than 20 per cent of the ~~~"t-y's production, are 
a good case in point. The average investment per ton of output is two 
and a half times snaller than in the large modern plants, and the 
investment pev worker nine times lower. Differences in production 
costs however are mzch smaller (less than 20 per cent), and the pre- 
sent balance in favour Of the smali-scale technology could easily be 
tilted(4). This in fact is what happened with a rather similar type 
of technology in Ghana. Analyses made in 1969 showed t)lat the small- 
scale low-cost sugar technology was more attractive from an economic 

point of view. but four years later , with the rise in wages and the 
improvements in the modern large-scale piants, the situation was corn- 
:?letely reversed. Economizs cr~l of course also operate in favour of 
the small-scale lower-cost technology. I" India for instance, the 
sudden rise in the price of imported oil has helped to make c&x dung 
gas cookers much more attractive. 

Law 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, 'Carl Mechanisatio" in Nigeria: 
The Competition Between Intermediate and Modern Technology",i" 
the second part of this book. 

2) See the article by M.K. Garg, "The Upgrading of Traditional Tech- 
nalogies: Whiteware Manufacturing and the Development of Eome 
Living Technolsgies", ihid. 

3) R.J. Frankel, ?'The Design and Operation of a Water Filter Using 
Local Materials in Southeast Asia",ibid. 

4) M.R. Oar-g, "The Scaling Down of &dern Technology: Crystal Sugar 
Manufacturing in India", ibid. 

- 18 - 



about the price of inputs. If interest rates are kept artificially 
low to foster industrialisation, ae happens in most develooing coun- 
tries, the modern capital-intensive technology will automatically 
appeer much more profitable in private terms (but not necessarily in 
social terms) than the local indigenous technology which employs q eny 
people but requires little capital. If on the other hand, employment 
is a resl (as opposed to rhetorical) national priority. the profit- 
ability of the small-scale technology caonot be measured exclusively 
on the basis of the effective wages paid to the workers. Employing 3 
perscn who would ozhervise be out of work is a not gain for the 
economy, end this factor can be taken into account by using P shadow 
wage rate and measuring the opportunity cost of employment(l). 

Measuring the real cost of a new technology brings out very 
clearly the conflict between micro-economics and maci-o-economics, 
and between the national planner and the entrepreneur. The planners 

who have to choose for ins?ance 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 exchenge or the 
import-saving value of a new project. The small entrepreneur who is 
investing his money and his WOPK in a plant is interested mainly in 
making e 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 liok 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 tne wages he 
effectively pays out and the shadow wage rate upon which the profit- 

:~ ab~ility of his project was assessed - the only tsst of a new tech- 
nology's cost or value is its acceptability by the market. 

When speaking of low-cost technology, one is focusing primarily 
on the economic dimension of innovation. The concept of intermediate 

: technology on the other h.and belongs more specifically to the field 
,~ of engineering. As for awn-opriate technology, which tends today to 

be somewhat more popular then low-cost or intermediate technology, 
it represents what one 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 end cultural envirollment. 
Assessing the apDropriateness of a technology necessarily implies 
some sort of value judgement both on the part of those who develop 
it and those who will be uoing it, and when ideoiogical considerations 
come into play, es they often do, appropriateness is at best a fluc- 
tuating concent. 

1) For a further dlsaxsion of these issues, see the paper by 
A.J. Bhalla, "Low-Cost Technology. Cost of Labour nlanagement and 

,,, Industrialisation", ibid. 



The solar p"mp 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 probably a very good example of appropriate 
technclogy. It uses a widely available source of energy - the sun - 
to provide villagers with a scarce but vitally important commodity - 
water(l). Although it is technically very sophisticated. it blends 
rather well i"to the social environment: it requires virtually "o 
maintenance and seems to have z potentially very long working life. 
In the same way, a number of the technologies developed or pooular- 
ised by the Brace Research Institiize in Caneda can be considered e,s 
particularly appropriate, be they solar coffee dryers for Colombia. 
small-scale iron foundries for Afghanistan or solar distillers for. 
the vater-less villages of Haiti(Z). 

'he ter-me low-cost, intermediate and approoriate technology 
are Eenerally considered to refer to technologies which are used, 
developed or imported by developing countries. Most of these technol. 
ogies are, however. equally relevant to the highly industrialised 
comt:iis, and are in many ways rather similar to the soft or 
a~i,-ern*-,iie technologies promoted by a rapidly prowinii number of 
organisations and individuals in North America and Yestern Europe. 
These soft cir alteIllatiYe technology movements all emphasize the 
need for a much greater attention to the ecalogicai impart of new 
technology and to the real needs of society. 

Aioong the soft technologies developed in the industrialised 
cmntries, one might mention the aquaculture system and the wind- 
mills of the iie;r Alchemy Institute in the United States(3). the com- 
nun:ty technologies (e.g. basement fish-farming, solar kitchens, 
etc.) suiteri to an urban envirvnment which are propounded by Karl 
Hess's Community Technology(4), Robin Clarke's efforts in the United 
Kingdom to explore new paths in non-polluting agricultural techno1og-J 
and the use of renewable energy resources(5) or the wind generators 
and methane digesters of an organieation such as Conservation Tools 
and Technology(6). 

1) See the paper by J.P. Girardier 2nd M. Veranet "The Solar Pum" 
and the Problems of Integrated Rural Devel6pmeht'. ibid. 

2) see T.A. Lawand et a]~., "Brace Research Institute's Iiandbook of 
Appropriate Technology", ibid. This paper contains an elaborate 
set of criteria of a technology's appropriateness. 

3) "i:ew Alchemy Institute: Search for an Alternative Agriculture", 
Science, Vo1.187: Mo.&1?8, 28 Feblllary 1975. 

i') "Karl Hess : Technology with a Hilman Face", Science Vol.187, 
NO.4174, 31 January 1975. 

-9 

i) See Robin Clarke and Geoffrey Sindley, The Chalieng? of the 
Primitives, Jonathan Cape, London 1975. 

5) See *drew XcKillop, 
22 Novenber 1973. 

':Tecb"ological Alternatives", New Scientist. 
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The examples of intermediate, low-cost. aprroariate or soft 
technology given here should be viewed simply a~ iliustr'ations, and 
net as an attempt to present a global overview of what has been 
achieved to date. 'fiat these exam?1es supces~ is that et this stage. 
the delineation between these various conCer)ts is still in a State 
of flux. Appropriate technology is very close to. but ?ot entirely 
identical with. intermediate tect?r.ology. and a low-cast technolow, 
while often particularly qwropriate to the conditions in a develwa- 

ing society, does not necessariiy always meet the criterion of a~'ro- 
oriateness. In fact, e6ch of these concepts might be viewed as a set 
of overlhpping but nevertheless distinct areas, the frrntiere of whi?L 
are rapidly changing under the impact of recent experiments, sew 
innovaticns and progressive changes in aerspective. For this Tea5on. 

the terms apnrcpriate, ion-cost. intermediate an5 soft car. 
for the moment be used almost interchangeably, and the choice nf we 
term in preference to another is a reflection of differences in 
emphasis rather tnan of fundarental difference in na?ure. 

II. TM rARElYARE Am THE SOPTWRE 

The term *technolog~~ incriablg suggests the id.?= of hardware 
be it in the form of factories, machines, ?roducis or rnfr'astructures 
(roads. water distribution systems. stnrege faciliIie*, etc.). Hard- 
ware is somettinp visible, and even if it is not understandable, it 
stands out very canspicuously. Technology ho‘rrever Foes much beyond 
the hardware, and also compl‘ises what can be called, by an analogy 
taken from the cnnputer industry, the software. This includes such 
immaterial things 86 knowledge, know-how, exnerience, education and 
org3nisational forms. This distinction between hard%:are and snft'a~re 
is just as important in the case of apprnDriate technology as in that 
of modern large scale technology. 

The societies which today are highly industrialized awe their 
develogment not merely to the invention and widespread awlicatian 
of new types of machinery, from the steam erigine of the first indus- 
trial revolxtion to the electronic computer of today, b,at also to 
major innovations and gradual improvements in organisational forms 
and institutional structures. The impor%nce of these non-material 
innovations often tends to be underrated by historians of technology. 
One of the major innovations in organizational forms in the first 
half of last century was a legal invention, Ynat of the limited 
company. This new farm of association Glowed potential entrepreneurs 
to escape from the stifling restrictions of the orofessional guilds 
inherited from the Middle Ages. It also consecrated the dismantling 
of the King's monopoly on industrial and commercial entreprereurshi?. 
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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, tke industrial revolution may well have aborted despit6 
all the inventiveness in hardware. The history of classical China, 
Im~perial Rome Or late medieval Europe suggests that the ability to 
invera and develop new types of hardware is not alone sufficient to 
generate the equivalent of an industrial revolution. What is required 
is en entrepreneurial class and perhaps *Ore 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 is so 
wide and increasing so rapidly that it could, in theory if not in 

Practice, meet a large Part of their immediate needs. What is reelly 
lacking ie the software and this is pe?hePs the area where the appro- 
priate technology mOVement has the most to contribute. Hardware end 
the technical ability to praduce it in en imitative way can generally 
be transferred from One country 31 calture to another. Orga"isatio"a: 
forms and social values are, by contrast, much mOre culture-specific 
and hence generally more difficult tr J 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 Europe in the 19th century, have proved extremely effectiw 
in diffusing new technology end transforming the agricultural system. 
But when transferred without any substantial modification to the 
developing countries, they often turn out to be more costly nnd much 
less effectire. 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 d&reloppement &onomique et social (INADES), a 
mission-based organisation working in mOet of Black Africa(l) which 
has developed a low-cost extension service that lays great stress on 
the ini-el~,Liveness and entrepreneurship of the farmers to whom it is 

addressed. In fact, the work done by INADES. OF for that matter by 
the Penafrican Institute for Development(Z) provides 'very vivid exam- 
ples of the ways in which appropriate~sofwrare (i.e. educatian, 
agricultura: extension, knowledge , etc.) can be created end modified 
to Promote development within a POor community. 

1) See the paper b 
for Agricultura P 

P. Dubin, 'Education as a Law-cost Technology 
Development ".in the second part of this book. 

2) See John W. Pilgrim, "The Role of Non-Governmental Institutions 
in the Innovation process", u. 
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The ineffectiveness end high cost of Western-style educational 
systems in the deveioping countries is another illustration of the 
difficulty Of tr2.nSferring Software mom one c"untry 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 saftwcre vbich are such better suited 
to local conditions. One might mention here the educational games 
developed in some African countries (EcaNiger in the Republic of 
Niger and the Agricultor in the Central African Pepublic), the inte- 
gration of artisan.31 activities in the curriculum *,f the primary 
schools (Chad) or the emphasis placed an the traditional knowledge 
of the community in which the school is Ir;cated. The number of experi- 
ments currently going on in the educational field in very larae. and 
only just beginning to be documented in a systematic way(l). These 
examples clearly suggest that appropriate software can be developed 
and. more important, help to build up the inventive and innovative 
capability which is necessary to development. 

At another level, one might note two small but revealitx e,~ ,~ies 
of the way in which specific problems can be solved with a mir' _ 
expenditure in money and without using any new hardware. The : I 
is the way in which the bus system in the city of Delhi was re~xgan- 
ised to provide better service and make nore efficient use nT the 
existing hardware(Z). The other example 31~0 comes from Ix?dia. In 
the State of Punjab, the agricultU'a1 crisis which fallawed the rise 
in fertiliser prices in 1974 led to ar. apparently very simple e&minis- 
txtive solution to a probiem inherited from thy colonial period. The 
water distribution system and the agricultural extension service which 
were run separately without a?y co-ordination were merged under a 
single authority. As a result of this simple administrative reorgan- 
is&ion, the average grain yields irxxeased in a significant way, 
which heiped to overcome the problems posed by the relative shortag:e 
of fertilisers. 

Many other similar examples cmild be found thraugbout the devtloo- 
ing world. Come 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 khan in sudden and massive leaps 
fomarl in hardware. Software however lacks visibility, and often tends 
for this reason to be overlooked, not only by national planers and 
policy makers. but also by many of the small-scalea orga~.ications new 
active in the field of appropriate tecbnolog!~. 

1) A very interesting summary of curent experiments in this area can 
be f;md in D6velo~~ement de methods et de techniques adaDt6es 
ax sonditions nwx'es au DWS en voie de developpemeni (mime01 
UNELCO, Paris, September 1975. 

2) See Jon Tinker, "How Delhi Makes the Buses Run on Time", & 
,, Scientist, 9 January 1975. 
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One should not of cowse overlook the importance of hardware, 
but an exclilsive preoccupation with hardware tende to overshadow the 
importance of the enormous wtential resource represented by software. 
The ways in which thie 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 Pakisten(1). This wee an attempt to initiate 
community development at the grassroots level, not so much by intro- 
ducing new hardware,but rather by reorganising existing ~)es"urces and 
promoting innovation from within. The organisation of inexoensive 
public health systems is another illustration: without any eubstential 
j.ncreese in hardware, it is feasible to provide an effective health 
system et en annuei cost of some 0:O per person. and a sanitation 
system for ten timee less(Z). 

A national strategy for appropriate technology (or for the+ 
matter the st.:tegy of a small private or public eppr"pFiate technoiog: 
organisati"") could end .ch"uld focus both on hardware and soft*are. 
IO fact. the most appropriate technology for meny develooing countries 
is often the one elich hae a greater software romponenr. Software is 
much more difficvlt to develop and diffuse then hardware but strate- 
gies for mabilising it in an effective way can be developed(S). 

III. WE cmr”RAI. ORicIrJS OF APPROPRIAI’E TECmoI,OGY 

The idea that developing countries should resort to appropriate 
tecmology in order to promote development is in the procees of 
becoming 'respectable'. both for national policy makers ir, these 
countries and for aid-giving "rganisations in the induetrialieed 
countries, and appropriate technology is progressively entering into 
the mainstream of development aid. This transition from marginality 
to acceptatice is most conspicuous in the United Etates(4), Canada, 
the United Kingdom, Sweden and the Netherlands, end there are signs 

1) See Akhter Eameed Khan, "The Camille Project - a Personal Accoont~~, 
International Develowwnt Review, 1974, No.3. 

2) See James S. Pollock McKenzie,~ 
Ten Dollar Vealth Plan". 

"Putting a Price 'kg on Health: A 
International Development Review, 1974, 

x0.1. 
3) See for instance Robin T. Milier, Pettabhi N. Reman and George 

R. Francis, 'Wobillsing National Talent for Develooment", 
international Deveinpment Revie'w, 1974, No.2. 

4) Oxe example of this is the bill passed by the U.S. Congress in 
September lS7:: the Agency for International Development has been 
allocated 921 nillion to be used for activities in intermediate 
tecbnolog'i in the 1975-1978 fiscal years. 
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that this ixteresi in appropriate technology is pradually spreading 
to other aio-giving countries, notably Germany and France. This shift 
in public attitudes however ia not matched, for the moment at least, 
by a cx-responding shift in the nature cf aid programes: attitudes 
are several years ahead of concrete realisations, and it will take 
time before this interes; in appropriate technology can be translated 
into projects md achievements sinilar in scope tl those which have 
been mdzrtaken wader the 'conventional' or 'modem' large-scale 
2id programme*. 

This interest of aid-giving~countries and organisations in 
appropriate technology. imortant ac it may be for the future of the 
movement, is in fact at the I.act of a very widespread misconception, 
namely that eppro>riate technmlo~y is primarily an aspect of develo?- 
ment aid. 1t certainly has a part to play in development aid, but the 
philosoriij wi.ich underlies it is precisely the oeposite: appropriate 
tachmlogy should first and foremost be an indigenous creation of the 
developing countries themselves and the central problem they have to 
face is that of building "0 an indigenous innovative capability and 
not ihat of inpcrting more foreign tecbnolo~?. 

The appropriate technol@gY 'movement' (the term movelcent is 'Ised 
here for war,t of mother more adequate description) cai. probably be 
xievnd ES e riht!ral revolution. A number of factors have contributed 

to bringing it about, both in the inductrialised and the devel~oning 
cc,mtries, and it might be useful to distinguish here between the 
imediate origins ind the more complex and deepr on&?ins. 

The most conspicuous of these immediate origins is the realisa- 
tion, shared by aid-giving and aid-receiving corntries alike, that 
development aid and a Western styl~e of industrialisation have neither 
fulfilled the initial bones which were placed in the= nor been fully 
capable of solving the basic problems of development. This problem 
has been vivi~dly 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. 
"ath in the developing countries and in the industrialised nations(l). 

The disillusion with foreign aid, which several studies have 
amply documented(Z), is not due so much to inefficiency, lack nf 

money, ignnranre or the importation of inapprolriate technolo,F, as 
to the fact that while we know q1s~ite a 1~~ .~ + Ih"7"% the r*a**** why a 

1) E.F. Schumacher, Small is Beautiful., Slond and Riggs, London, 
1973. The author is the founder of the London-based IntermedIate 
Technology Development Group (ITDC). Par further details, see the 
articles by George McRobie, "The Nabilisation of Knowledge on LOW- 
Cost Technology: Outline of a Strategy" and M.M. Hoda, "India's 
Ec&rience and the Gaadhian Tradltlon *I in the second part of this 

2) See for instance Tibor Nende, From Aid to Recolonisation - The 
Lessons of a Failure, Pantheon, New Yorli, lUi>. 
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particular society has developed, we know very much less about the 
ways in which such a process cam be deliberately end successSully 
engineered. 

'The idea that all societies ‘em and shou:~d 'deus:op' is by 
historical stendards e very new one. The concept of 'human progress', 
which is the cornerstone of several great religio>s, is not of course 
very recent. but it is primarily a morel notion, end only very recent1 
did progress come to be equated witt a steady rise in material well- 
beirg rather than with moral betterment. Devela?ment, or for that 
matter 'human progress'. is closely associated with a society's per- 
ception of time end with its imsge of man's place in nature. In many 
traditional societies. time , as exemplified by the recurrence of the 
seesons, tends to be perceived es a cyclical phenomenon: the present 
is a repetition of the past, the future will be the came es the presen 
and man has no control over time . Progress or for that matter develop- 
ment, implies that the future will be different from or better then 
the pest; time comes to be viewed es 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, end 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 
Growth", the ecology craze end the oil panic, the reactions against 
the consumer society end the patterns of living imposed by industrial 
necessity are the most conspic?!ous s;mptoms of Western society's grow- 
ing doubts about its values, its way of life end its long-term 
future(l). The phenomenon, incidentally, has also spread to Eastern 
Europe and the Soviet Union(2). Technology, which has probably been 
the most conspicuous factor in bringing about the social end cultural 
changes which the majority has now begun to question, has come under 
attack and this has paved the way to the search for alternative tech- 
nologies, for a better balance between ma and nature end for a 
greater responsiveness cf technology to the 'real' needs of men. 

1) See for instance Charles Reich The Greening of America, Jllen 
Lme, Loxdor:, 1971, Theodore R;szak -h PI.&' g - 
Doubleday. New York, 1969. Alvin To&z. 

01 a mxmterculture 

House, New 
Z&re Shos, Random 

York, 1970. Jean-FranFois Rev&, Without r+aarx or Jesus, WI^_~. "__I. 1 ,.-> Doubleday, ,"=II IVY, 1~1~. 
2) See for instance Aleksendr Solzhenits;m, Letter to the SC 

Leaders. Harper end Row, New York. 1973, end R d 
,viet 

Civilisation et the Crossroads imimeo), 'Prague: 
!""a" ,.&b.lta O.^ 

letter, interestingly enough, is probably tl 
1967. Solzhenitsyn' 

be first plea made in th 
Soviet Union for intermediate or appropriate technology. HS xor 

.t --. .- *~~- 
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 induetrialised countries, and for the moment is less 
conspicuous by ii5 practical achievements than by Ihe intemity of 
the ideological debates which surround it. The reason for this is 
simply that the development of technology is conditioned net only 
by the imperatives of engineering but also by the cultural and idea- 
logical values of the society which produces the technology. Changes 
in technoiogical trends must be preceded by changes in culture, which 
in turn will bring about modifications in the demand for new technol- 
ogy. The modem large-scale technology we have today is basically a 
result Of the cultural dmrar.d or values, of Western society in the 
Last fifty ycar~, and a change in va.1~~ and in the perception of 
what technology can achieve is the prerequisite for a reorientation 
of the research ar.d industrial inmvation system. 

What is true of technology is equally true of science: 3 society 
develops the type of knowledge, or science. which Is consonant with 
its values, and nor 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 te 
retain for more than 1,000 years the scientificelly incam'ect. but 
theologically more appropriate geocentric view of the world. 

The disillusions about developamt and foreign aid, and the 
growing doubts of the industrialised societies about their awn future 
are the two immediate and most conspicuous factors accountirig for 
the growing interest in appropriate technology. In fact, the origins 
of this movement can be traced much further back into history 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 
sue!, terms. goes back as we shall see later to the end of last 
century(l). In China, the philosophy which underlies Mac Tse Tmg's 
iaeas about technology could be traced back not only to the civil 
war of the 192'0~~ and the reaction against the big capitalism of the 
Kuomintang society(Z), bnt also to the peesant r&elUons which have 
always been w,e important element in China's history. As for the 
United States, its indllstrial history illustrztes both the problems 
of industriaiisation in an underdeveioprd co~uiiiry aSId the fact that 
all the modern large-scale technologies of today were originally 
small-scale, inexpensive and in certain respects appropriate 
technologies. 

1) See M.M. Hoda, m. 
2) One very revealing analysis of China's industrialtsation problems 

can be found in the famous novel of I.:ao Dun, Kidmoht,, (translated 
into French under the title m, Editions du, Paris, 1968). 
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I". THE UNITED STATES AS A MODEL OF AWPOPRTATE TECHNOLOGY 

Americvl technology, more than any other. symbolises the large- 
scale e.pproach to which many developing coun?ries, end many innovators 
in the industriaiised countries. are seekirg an alternative. However, 
in its early years, the United States was in many respects a develop- 
in&? nation. and if what happer.ed in the psst 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(l). 

Twenty-five years after the Declaration of Independence, the 
United States still had to import from hgland sxh apparently simple 
things as nails. axes and cloth. Many leaders, Benjamin Franklin and 
Alexanber Hamilton among others , realised the dangers of the situation 
and tried in their am way to promote what today would be called indus 
trial independence or technological self-determination. Conditions, 
however, wdre unfavourable. The manufactured g"ods imported from 
Britain were much more competitive than kmerj~can products, and they 
were often sold at duping prices. Protective tariffs were of little 
wail: the country bad little industry, and few of the traditions of 
craftsmmship which form one cf the main uses of ir.d.lstry. And at 
my rate the small indcs?ries which did exist (notab!y in Ccmecticut 
and New York State) were quite unable to meet the needs of a rapidly 
growing population and the settlers were more interested ir opening 
up ne'w farming land thm in bililding an industrial society on the 
European aodel. 

Things were to change dramatically with the ETapolemic Wars. 
For close to two decades, the United States fmnd itself practically 
cut off from its British suppliers, and bad to rely on its owx 
ingenuity t3 make all the prodUcts it needed, from textiles to agri- 
cuitural tools, from weapons to transport equipment. The country 
h~we"er had very few skilled people capable of manufacturing the wide 

range of goods required by the market. This situation, cocpled with 
the interruption of trade with Europe , paved the way to the mechanis- 
ation of productise processes, for this was the only way to o"wcome 
the shortage of skilled craftsmen and meet market needs. 

Cooking et things in retrospect, the development of a country 
aSways appears to be P iogical ad orderly process. In fact, history 
is romposed for a large part of accidents and mforseeable discon- 
tinuities and the development of Amxican technology was immeasurably 

1) One of the best short histories of techmlogy in the United States 
is Roger Surlingame's Rachines that Built America, Ha-court, Brace 
and Ccm~any, New York, 1953. For further details, see B..J.%bakukk, 
American and British Technology in the 19th century, Cambridge 
University Press, Cambridge, 1962. 
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less rirqle and straightforward than this picture would suggest. 
mat is important in this context is not so l~uch the details of the 
process as borne of the conclusions which can be dram from it. First 
is the fact that free trade, especially in manufactured gads. is 
not conducive to the development cf industry and technolog;, in the 
importing country. Second is that h society which for some reason 
or another is suddenly forced to reiy on its OYF. 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 industr-ies is not 
necessarily inconpatible with the absence of craftsmen and 2 strut- 
tural shortage of skilled labour. In fact t'ne prcductian processes 
of American industry were designed specifically to overcome this 
drawback. Hence the eluphasis an machine twls. interchangeable harts, 
*utom*tlc processes and the parcellisation of work tasks. 

Virtuaily all the industries which grew up in the United States 
in the *inetBE*Lth century St*rted on 3 very small 5c*ie, often a* 
one-mm operations. The death rate of new enterprises was 2150 very 
high: histo:y alxays remeri~ers those wbicb succeeded, but one should 
not forget the tens of thousands which failed. In fact, a death -ate 
of same 90 per cent is a normal ohenonenon, and In any new irrdustr!?, 
seldom ~OPP than one per cent of new enterprises turn out to be 
really successful(l). Technology is a dymmic process. and firms 
which do not grow in size or sophistication are *Lmost always elim- 
inated from the market. This suggests that one of the crucial factors 
in development, bath at the national level a?d at the level of the 
individual firm is the ability to innovate, and to innovate siccess- 
fillly an a continuous basis. 

Another lesson from the American experience is that contrar)r to 
what bc~pened in mast European countries. a bipb 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 development of the textile industry, and later the machine indus- 
try, grew up to manhood in his father's farm in CmmeCticut: Cyrus 
McCormick, whose name became the major trademark in agricultural 
machinery, was also a farmer's son, and Henry Ford himself came from 
a Hichigan farm. Clearly, the American farming commounity of the nine- 
teenth century was very different from the peasant societies of many 

1) The automobile industry is a good illustration of this phenomenon: 
literally bmdreds of independent companies have disappeared and 
tcday a1most all the world production is acccwced for by less 
than twelve large firms. In the computer industry, less tba~. one 
third of the 70 companies aciive in this field between 1950 and 
1965 bad managed to survive until 1970. 
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other countries: the farmers were free me", and they knew that the 
futre would be what they wanted it to be. These few examples are 
given here to suggest that dsvelopment is not necessarily an exclusive 
ly urban pbenonenon and that inventiveness and entrepreneurship in 
the rural sector arc extremely important. This point must be emphesise 
since more than 70 PW cent of the world population today still lives 
in ?wal comm;lrities. No society can be considered as truly 'developed 
unhss it has a healthy agriculture, and the social and economic level 
of the agricultural secto? is generally a good indicator of a country' 
overall level of development. 

Any technology in its early stages is a low-cost technology, in 
the sense that it requires only small investments and is applied on 
a limited scale. But if one compares it with technologies which 
develop subsequently, it is usually both inefficient and expensive. 
Compare for instance today's jumbo-jet with the old DC3. the hand- 
crafted European automobile of 1910 with the mass-produced car of 
today. or the modern combine harvester with the hnrse-drawn equipment 
of the 1920's. In fact, the concern of most practitioners in appro- 
printe technology today is not to repeat the experiences of the past 
and tuI?. back the technological clock but to develop alternative 
technological and social solutio"s to problems which for the time 
being, give" the lack of resources and the particular nature of local 
conditions, cax"at be met successfully through large-scale modern 
technology. Intermediate fe~hnology is a complement to, rather than 
a substitute for, moder" technology and might be viewed as an 
expression of what Ignacy Sachs has called 'technological pluralismn(l 

v. IDEOLOGY AND SELF-RELIANCE : IXDIA AND CurPIP 

Historically. low ccst s"d small scale can generaily be asso- 
ciated with the early stages of a new industry or a new tecb"ology, 
and the current interest in appropriate technology is IirAed both 
with a certain disillusion of industrialised societies with their 
own way of Ilie, and with the realisatio" , shared by aid donors and 
aid receivers alike tiiat technical assistance and development aid as 
thty have operated until now have not really bee" successful. However, 
if we iook at the two countries which today an probably the most 
advanced as far as intermediate or low-cost technolo~ is concerned, 
namely I"dia and China, it will appear at once that this interest in 
appropriate or intermediate technology is in fact much less recent 

1) Ignacy Sachs, Daniel Th6ry and Krystyna Vinaver Tecbnoio ies 
=om-soriies oour le tiers-monde: vers une wsti&~TiZii&me 
teChnOloKiwe ~mimeo~,,Centre International de Scherche SW 
l'Fnv1rn"ment and le Developpement, Paris, 1974. 
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end has a lot to do with their social and political history since 
the end of the last century. 

I" India, the rehabilitatian and development "f traditianel 
village industries, encouraged by such reformers as the Maharaja of 
Barada, Rzbindrsnath Tagore and later Mahatma Gandhi was closely 

Indian society(l). India's pic?eering role in the development and 
application of appropriate technology was part "f a much wider move- 
ment of natianal liberatian, both from foreifl dnmination and from 
the country's internal social structures. 

India's modernisation efforts, or for that matter those of 
severe?1 other developing Countries, clearly show that technology in 
general, and large-scale modern technology in particular, is neither 
egalitarien nor socially neutral, and tends t" a""eCtuate the social 
and economic differences between the small minority which can profit - 
or benefit - from it as consumers "r producers and the Vast majority 

In this perspective. appropriate technology might be viewed as the 
'survival technology' for the hundreds of millions of farmers wh" 
have been completely left out of tie develowent !r"cess. 

Appropriate technology may well be the only solution to the 
development, "P more modestly the survival. of the rural c"mmmities. 
But its deveLopme"t and diffusion raises a number of political and 
social !roblems. One of these is the all""ation of resources: even 
tbaugh apprapriatr tecbnalogy is c"mparatively inexpensive, if one 
measure* its cost in term* of investment per workplace, its large- 
scale diffusion requires important sums bf m"ney which might other- 
wise be used for big projects based on modem technology. The latter 

they deal mainly with hardware, they benefit from the social prestige 
of modernity and are usually the winners ia the golitical camgetition 
for sc*rce resouP2es. Since investment decisions in the developing 
cmntries today are taken for the most part by public authorities 
(e.g. the planning ministry) and not by private entrepreneurs. the 
development and growth of industries based on appropriate technol",gy 

pre-independence period, lost much oC its pre-eminence as e result 

The political history of intermediate t%bnology in India in 



wheel) retained as the national symbol on India's flag(l). After 
Independence. the modernist. or rather Leninist, trend - exesplified 
by the large-scale electrification progrmme(2) - gained the upper b, 
"ver the Gandhian trend. The latter went underground - or rather 
developed at the local a?d private level - while the fcrmr emerged 
forcefuliy at the national policy-making level. In India. as in any 
"tber country, political attitudes towards technology change with 
time, and it is intei‘esting to obzave that in the early i97O's. 
Gandhi's ideas began once more to gain ground(3). as a result of a 
number of factors, among them the vi1 crisis, and the shortcomings 
of industrial Leninism. 

The other pioneering country in the field of appropriate tecb- 
nolcgy is China, and one cannot help being struck by the fact that 
the development and diffusiar, of such technologies is not only an 
economic or technical problem. but also an ideological end political 
issue. China'% social revolution. partly by accident and partly by 
choice, was based upon tht Z-rming communities and the rural area.5, 
and incidenta:~ly paved the way t" what was probably the most signifi 
cant innovation. or revision, in marxist ideology since Karl Kwx - 
the recognitian that the peasantry rather tbm the urban proletariat 
was the driving force for social revolution. This accounts to a larg 
extent for the fact that China's develowent effort, unlike that of 
many other pocr ccuntries, "as~based to a large extent on the FXal 
areas(4). 

If Mao Tse Tung can rightly be seen, along with Gandhi, as one 
of the main prophets of appropriate technalogy in Asia - in the same 
way that Dr. Schumacher is its European prophet - it would be some- 
what misleading to interpret his ideology in this exclusive perspec- 
tive. One should not forget that one of Mao's most vivid experiences 
of childboad was a peasant rebellion which ended with the public 
execution of its leaders. Such memories, which were shared by many 
Other people of his age. probably amoUnts to a large extent for his 
recognition that the peasantry was indeed the driving force of rev"- 
1ution. 

1) Dominique Lapierre and Larry Collins, Fieed"m at Flidni.eht, Simon 
& Schuster, New York, 1975. On Gandhi's background and psychology 
WEJ~~~~SO Srik Erikson, Gandhi's Truth, Norton C. Norton, New York 

2) Lenin's famous equation Vommunism = Soviet.5 + FLLectricitytt was 
revised to "Socialism = Panchayat (or 'village councils') + 
Electricity". 

3) Jacques Leslie,"lndia's Woes Stir Rebirth of Study of Gandhi's 
Ideas", International Herald Tribmn. 21 October 1974. 

4) Jon Sigurdson, V.ural Industrialisation in China", in China: .i 
F!eassessment of the ~conomv (A compendium of papers submitted to 
the Joint Economic Committee. Congress of the United States), 
U.S. Government Printing Office, Washington, 1975. 
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Frcm a somewhat narrower ideological point of view, it is alsa 
well t" nate that Mao's views. or for that matter these of other 
leaders of the Chinese Communist Party were formed far the most part 
in the l92O's. before the ideological purg2s against 'left' and *iigbt'. 
Am"ng the S"viet ideologists who bad the most direct influence upcn 
the Chinese leaders was Njkoisi Btiharin who argued unsuccessfully 
agairst Stalin that the foundation for industrial growth was a m-"s- 
perous agricultwe(1). The Suhharinian tradition in lraoist ideolopy 
did not in fact prevent China from followinp the Soviet industrialis- 
ation model after 1949 and building VD large-scale modem urban indus- 
tries based in large part on imported Saviet technolwy. In the agri- 
cultural field, this commitment to modernity took the form of large- 
scale, end cot always very swcessful, infrastructural projects. and 
in the scientific and techmlogical field. in the buiidinp up of a 
strong capability in pure science and advanced military technology. 

The fncus on appropriate technology with the emhasi~ it implies 
on dccentralisation, local initiative and self-sufficiency, only re- 
asserted itself after 1960, when the ideologicai and technological 
break wish the Soviet Union left China .witb no other option but to 
'walk on two legs' and 'rely "n its om forces' - t" qu"te two of 
Maoss most popular slogans. In this perspective, China's ""mmltment 
to appropriate technology was proba>Ly not as delIberate a choice as 
it is often made to be by outside observers. 

The difficulties eqerienced by China after I?60 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. can be 
greatly stimulated by adverse circumstances, and notsbly by the sud- 
den interruption of the inward flows of foreigo aid and foreign tecb- 

: nology. This is not to say that a developing comk'y should, "P 
could, cut itself off from the outside world in order to s?imu:ate 
its internal inventiveness and inn*vativenesS. The social ""StS of 
such isolation, as the Chinese tnemselves 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 
"f xar or otiier circumstances(2). Furthermore, isolation as such can 

1) Sukharin's book Historical Materialism (1925) was translated into 
Chinese in the late 1920's. His views OII science and tec~nolo~ 
can be fo‘md in Science at the Crossroads (1?31). rem-inted by 
Frank c*ss ( London, 1971.. Two other very interesting studies on 
Chinese ideology - and other subjects - are Simon Leys, m 
Chinoisec, Unian G&&Se d'Editions, Paris. 1974, and Jacques 
Guillermaz , &s&ire du parti ""mmiste chinois, Payot, Paris, 
1972. 

I, 2) One of the few "o'mtries to have deliberarely cut itself off from 
rhe outside world in modern times was Tokugawa Japan, from the 
beginning of the sxxteenth century until the midd?e of the nine- 
teenth century. 
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be conducive to inventioi3 and innovatim only if there already is in 
zhe country a pre-existing capacity for development and change. If 
not, it can only lead to stagnation, regres-ion or the **turn to a 
low-level ecological equilibrium. The case of China does however 
suggest that isslatian can have pmitive effects on the dewlopment 
of technology, and notably on a society's ability to rely on its mm 
inventive forces. 

Another example which might be mentioned here is that of Nigeria 
during the Civil War: the survival technologies developed on the 
Siafran side iF- fields like food production. nil refining and wea7on.5 
were typical examples of appropriate or intermediate technologies 
based exclusively on local innovative capabilities(l). The innovation 
pctential was obviously present, if in dormant farm, before the wer, 
and all that we.5 needed was a powerful motivation to awaken it and 
exploit it as efficiently as possible. But the big problem is perhaps 
elsewhere: what happens when the incentives disappear? Mobilising 
existing resources in time of crisis is of%n les* difficult than 
sustaining their development over a long period when incentives are 
more difiuse, and alternatives all tm easily wailable ir, the form 
of imported techmlagy. 

VI. THE SCEPTICS A??D TRE DISSEII’TERS 

The growing interest of gaven2~ent.s and aid-giving agencies in 

appropriate technology does not mean that attitudes are universally 
positive. In some developing countries, notably the oil producer* 
with very ambiti*us industrialisation programmes, appropriate tech- 
nology tends to be viewed as a rather pointless diversion *ram the 
real issues of large-scale development. *t worst, it is considered 
by some critics uf the world's industrial system as an atter~pt to 
institutionalis* the technological status quo by offering to the 
developing nations technohgies which are inefficient, obsolete and 
urable to evolve further. 

Such criticisms cannot be dismissed lightly, far they touch upon 
certain very real problems and reflect a number of miscoxe~tions 
which some of the most *rdent supporters of appropriate technology 
have themselves contributed to generate. One of these raisconceptions 
is that law-cost techaology, and more widely the whole range of 
awropriate technologies , should seme as a substitute for the modem 
technologies of our industrial system. Modern industry with its large 
scale production processes. its sophisticated technology and its 

1) See P.O. Ngoddy, s.cit. and E.O.Nwasu, '*Scientific Technology 
and the Future of .&f?EZ". paper presented at the West Africa 
Conference on Science, Technology and Society, "ni"er.lity c,f Ghana 
Le@x,. 24-30 March 1972. 
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elaborate ~car.ageme"t methods is in a large "xber of cases by far 
&he most efiicient ad chea:~st way of manufacturing the larpe quan- L 
tities of products required by the market. Dismantling it 0~ slowing 
down its grw~h for the sake of providing more employment 111 for the 
sake cf smailness as such is a" unrealistic proposition. 

For‘ the moment, "e do "at really know what tyDes of s?dem manu- 
facrdring processes can be economically scaled dam TV meet the par- 
ticular condition at a developing country. The ~rotih of industry 
in the last hundred years has been closely li"ked with the steady 
increase in the size of production units and with continuous i~~ova- 
tions in technology. As a result. large scale and high technological 
s*phistir$.io" seem to be among the main imperatives of efficiency. 
and there"have beex -wry few incentives to explore other awroaches 
which reconcile efficiency with small size and technical simplicity. 
In some zectors, such alternatives may well be viable. and in fact 
a" increasing "umber of large industrial corporations are heginning 
to look into them. This is the cam far instance, of several elec- 
tm"ics firms, of the automobile industry and of mm? food process- 
ing companies. The search f& industrial processes which are both 

efficient and small in scale is still in its early stages. Warginal 
as it is. this trend is nevertheless immrtant, far it sugpqts that 
such altematives are economically and technically feasible, and 'well 
adapted to the local conditions in the developing countries. 

The dividing line between large-scale modem technalng;r and the 
small-scale technology is far from clear. In fact, the choice offered 
to the industrialist, the ~owmment planner oi- the farmer is not one 
or the other, but rather h whole spectrum of technologies ranging 
from the small and sim >le to the large and complex. b%at the inter- 
mediate technology proponents are trying to do 1s to open 11" the 
~pectxxo and find salutians which are better suited to local condi- 
tions. The aim is generally not to replace the existing industrial 
system - as the tern 'alternative technology* somewhat misleadingly 
suggests - but to promote technological inno~atinn in the areas where 
it has bee", until now , either weak or ineffective. 

knother misconception about internzediate tectiology is that it 
represents a second-best, or inferior technalapy. The ox-dram plaugh 
is certainly less complex than a trectar, the solar water heater may 
not be quite BS flexible 615 the electric boiler and the cow-dung gas 
cooker makes little sense in a city where there are few cows and a 
well-organised distribution network for g-s and electricity. To the 
educated and urbanized elite of the developing countries, such tech- 
nologies may indeed seem inferior. But for the vast majority of the 
population, notably in the rural areas, which cmmot afford the 
amenities of the co"s"mer society and which has bee" comy;letely left 
out of the devel.opme"t process, they represent a big ste> forward as 
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well as a means nf meetisrg in a mare effective way some of the basic 
nsads for food. health, energy and shelter. 

'-lb twxtion cf 1ow--cos~ technology, however, is not only to 
.~*'- i.,iE~. needs in a more effec-LV: 'my, but also to help initia% 
s; ~~~1~ 7 r f levelapment by icimul,,tir- ii,* innovative forces whi?h 
pxi;c 27 331) ;~amuru~ity. One 9* the s:?:~- effects of industrialisation 

'~!S ;etin :, pa-a1yst these : ores, ei:;hz through competition on the 
.rhdl pla-ei G)I PI?.‘* subtly by b.‘ir:~zi .g +:a light the growing gap 

:ze:;men z-at:.~:3r;sL technologies a;td ttc~ce ?f %a large industrial 
WC; .+tl ~. ‘fiat tke intaruedii'? :acd~~~iogy p~op0ner-t~ are trying 
t? 2%~ is zo turn development into an autonomous process of inmvation 
and .gwth from below. Socially and ideologically, this approach is 
very different from the idea of 'growth from abnve' which until now 
hs? largely dominated the thesly and a3ctir.e of develomm?C. Sut it 
may well be more effective in getting as wide a number of neaple as 
possible to take an effective pzrt in the development process. 

“II. DORMANT TECHNOLOGY AND TWE INFORMAL SECTO” 

The scepticism expressed by many people about appropriate tech- 
noicgy is no less great than the enthusiasm end missionary zeal of 
its proponents, and it is difficult far an outside observer to assess 
the effective iiD&tance of the appropriate tec;mology n;o-.wnent and 
eva'ilate its achievements. The field of appropriate technolo.q is in 
fact immenseiy wider than the activities of the various WF'opriate 
technology Sroups would suS@st. These Sroups have in a sense cwstal 
lised the problem and brought it to the public attentian. but the 
pool of appropriate tecbumlo,~y which already exists in a number of 
deveioping countries goes fa;, beyond the new hardware and software 
which these groups have helwd to develop. 

To put things in perspective, one should bear in mind the fact 
that the total amount of monev spent on developing and diffusixa 
apprcpriate techr.?logies on a world-wide basis by the organisations 
which view themselves as 'appropriate technology' institutions is 
currently (1975) of the order of 10 million dollars a year. The year1 
budget of VITA for instance (Volunteers in TechnicaL Assintance),a 
U.S. based organisatior. which is concerned primarily wirh the provisi 
of technical assistance by correspondence to developing countries, 
and which has been in operation since 1959, was arallnd $450,010 in 
1975. The lnternediate ~echmlogy Develo?ment Group !ITE), founded 
in London in 1967 by Dr. E.P. Scbmacher, has an arxral budget of 
sncle L80,OOO. Leavins? aside the Indian appropr'iate tec~olagy organ- 
isatians (notably the Gandhian Institute of Studies an3 the Plannine 
and Action research In&it:;% in Lucknow), ITDC and VITA WY Amy% 
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the oldest and largest organisations in this field(l). 
Of this expenditure of some 10 million dolizrs. less than half 

(i.e. under $5 million) is went on research and development. Compare 
this R and D expenditure with the 60 billion dollars or so spent on 

devblaping new -Gdern technologies. Given the time needed far an 
c and D programme to be translated into a viable innovation, and the 
difficulty cf reorienting both nen and resources to other priorities, 
it 15 obvious that the appropriate technology movement as Such cannot 
make pi significant impact in the very immediate future. 

Alongside the infoi-mation-diffusion and research activities of 
the formally organised appropriate technology pvups, there are a 
number of organisations involved in fact if nclt in name in this area. 
These can be divided into three grouts. First are the large modern 
industrial corporations which have develored new products or new 
techmiogies which in one way or another can be considered as particu- 
larly appronriate to the developing usmtries. One example here might 
be the simplified plant far assembling radios and television sets,', 
which was developed by Philips, the Dutch electronics firm. Another 
is the 'basic vehicle' or the 'developin;? nations tractor' (DRT) f 
Ford Motor Company(Z). At the same time, a number of firms are 
developing safr technologies which are of narticular interest to the 
industriaised countries: Boeing for instarice is applying its ae~o- 
space technology to the deveiopment cf new tnes of windmills(3). 

The second group includes a large number of public and especially 
private institutions working in such fie!~ds as engineering, consulting, 
menagement assistance, information or the pmvision of services to 
small industry. Although they are not concerned primarily with appra- 
pride technology, many of them have in fact dsveioped appropriate or 
intermediate technoiogies. This is the case for instance 9f SE?IDES 
(the Center for the Industrial Development of Ecuador), which has 
ccatributad to the development ai a sma?~l scale inexpensive production 
technology for polyurethane flexible foami4). In Colombia, the 
Fundacion para el fomento de la investigation cientifica y tecnalogica 
(FICITEC) has developed an electricity genemtor based on a modified~ 

1) See the articles by E?.K. Garg, M.M. Soda and G. McXobie in the 
second mrt of this book. 

2) William 0. Bourke, oC+x3ic Vehicle for Southeast k.i.3" in Technology 
and Ecocomics in International ;evelaoment, Agency for International 
Development, Washington, 1972. ~iee als* A.I.D's Awxm7riate Technolo- 
ries for International Develc~c&. Washington, 1 . 

3) Tilting the Windmills', Time, '7 July 1975. 
4) V'ictar Martinez, 'Specialised Information Services for TechnologiCBl 

Inmxations in the Less Deveioped Countries", paper prepared for the 
OECD S2ninar on Low-Cost Technology, Paris, 1974. 
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bicycle e.s well as several small machines for rural and cottage 
industries(l). In France, the SoCi% d'aide technique et de co- 
ap6ration (SATEC) has developed among other things a small rota'y 
tiller(Z) which is "ow manufactured by a wide number of village 
artisans in Madagascar. I" Senegal. the 1"stit"t de recherche et 
de formation (IRFED) has experimented with the use of plastic- 
Covered roofs to Collect r~~i"~ater i" the pillages of semi-arid 
zones(3). 

Hundreds, if not thousends, of similar examples could be men- 
tioned here. The obvious conclusion is that the current i""ovation 
effort in appropriate technology is in fact considerably wider than 
generally suspected. The nature of the organistions involved is 
equally varied. It ranges from iarge multinational coIporatio"s to 
charitable organisations like Oxfam 0~ the Christian Relief and 
Development Association(4), from small companies making agricultural 
implements and machines to public development corparatiors like the 
National Industrial Development Corporation of Swaziland(5). It also 
includes, and this after tends to be overicoked, the public and 
private aid agencies of the industrialised cou?tlies which have 
tried, and often bee" quite successful in developing and introducing 
technologies which are particularly appropriate to local conditions(6) 
For the moment, there is no overall inventory of the appropriate 
technologies developed by these orgsnisatians, let alone any global 
or even piecemeal evaluations of the successes, failures and problems 
of innovation in this field. 

The two ~-oups 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 
teciunlogy in the sense that their primary activities do not lie in 
the field of technological I~ovation. When trying to draw an over- 
all - and necessarily very sketchy - picture of appropriate &ch"ology 
one must take i"to account a third group which might be described 88 

1) Information supplied by FICITEC, Bogota. 

2) "Mathriel agricole pour les op6rations de d6veloppement: la how 
rotative", Trchnioues et Dhvelan~ement, November, 1972. 

3) P.Martin, "Technical Note on the Collection and Storage of Rain- 
ei- prepared for the OECD Seminar 0" low-Cost 

4) Oxfam for illstance has been involved in a very successful brick- 
making p-aject in Nortneast Brazil. The Christian Relief and 
Development Association set up in 1975 an ilppropriate Technology 
&dvisory Unit in Ethiopia. 

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

5) One case in point might be‘ the cheese-making technology brought 
to Nepal by Swiss foreign technical assistance. 
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'informal' or *unorganised'. It includes individual i~lovators - 

I"' 
snail industrialists. inventors and tinkerers - and a" immensely large 
number of peasants, artisans, teachers and tradesmen "ho have developed, 
transmitted, or who are currently using some form or another of appro- 
priate t*&"*1*gy. 

This 'informal* technological potential is not of cou?%e specific 
to developing countries. I" the industrialised countries. most of the 
big technological innovations of today stem from the organised R and D 
efforts Undertake" in the laboratories of private industry and govern- 

', :~, ne"t and i" the universities. The industrial laboratory however is a 

,:' relatively recent institutional iMovation which goes back to the end 
of the last century(l). The Industrial Revolution started long before 

,,, laboratories were set up. and many of the important iMovatio"s 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 ;aborator~. 

The same is still partly true today. In the industriai firm. a 
relatively important proportion of the innovations still stems Worn 
outside the R and D laboratory, and the total research effort or' a 
country as measured by its "ational expenditures o" R and D tends to 
overshadow the importance of the 'informal' innovation system. The 

~,,, large number of innovations which stem from this i"fc;rnal sector, 
small or big, inclride incremental changes in oroduction methods, "ew 
forms of orga"isatio", rediscovery of ‘.ld knowledge. transfers cf 
tecb"o1o.g from one sector to another or the better utilisation of 

,:>; ~' 
existing reSO"lTeE. 

In developing countries, the 'formal' iMovatio" system, as 
,:,' institutionalised in the research laboratory, is very small, and con- 

tributes proportionately much less to innovation than in the indus- 
trialised coUntrie*. However, apart from this *formal* innovation 
system. which belongs to the modern sector. there is in all develc- 
ing countries a large 'infoormai' innovation system represented by 
thousands of small industrial woiikshops. individual entrepreneurs, 
irsovetive farmers in the rural communities. and institutional entre- 
preneurs in the service sector (e.g. q issitnaries, charitable organ..- 
isations, private associations. money lenders, etc.). This 'inform& 

,, sector represents a vast pool of technolo~, both i"'hard~?re and 
softzlere, which is often relatj~ely simple, but which plays a? 
immensely important part in the economic system. 

" 1) An interesting history of the growth of industrial labarat?ries 
cm be found in W. Rupert Maclaurin, Invention and Irx"ovatlon ,i& 

,,, the Radio Indust Macmillan, new Yore, 1 ,. 40 see *1so The Research ,:' 
,;, w, vol. I, I 'and III, OECD, Paris 1972-1974. 

,,,, 
,,,, 
,~,, 
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The technology of this informal sector is more sophisticated 
than the traditional technology inherited from the ?ast, but less 
capital-intensive and generally mwe 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 vitality. Two or three examples can be given here 
as illustrations. One is the c2se of a Pbilipino entrepreneur who 
buiit up a starch separation plant using as only equipment 10,000 
dollars worth of second-hand washing machines.. The efficirrxy of his 
plvlt was so 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 closed dovn(l). Another case is that of a small 
Algerian factory raking first class razor blades with completely out- 
dated equipzent. A modern plant, imported from abroad, would undoubted 
look much better, but stands little if any chance of w&competing the 

*~?roPriate technology of the indigenous plant(Z). In Pakistan. 
there are several small pump manufacturers who have not only survived 
but also managed to improve their technology without any help from the 
government planners, without any access to the cheap credit facilities 
accorded to modei-n industry and without any opportunity to purchase 
the inexpensive imported raw materials which an? channelled in priarit 
to the moder, sector(3). Ir. Thsilzd, the sea water which is left to 
evaporate in the large salterns south of Bangkok is pwnped by dozens 
of small WindLulls (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 
tiiraughorrt the developing world. This vast pool of appropriate tech- 
nology has never really been surveyed, and few if azy systematic 
attempts have been made tc facilitate its diffusion, even at the 
local level, improve it where possible and integrate it into a 
~atilnal development effort. This technology, which represents an 
enormous potential resou~)ce. is to a large extent an unexploited. 
or dormant resowce. It plays an immensely important role in the 
sunrlval of thousands of ssall and medium-size entreprises and helps 
~pwvide its customers with products and sexices, whic!l would other- 
wise not be available. Yet it is almost totally neglected by national 
planners and policy-makers. 

1) K. Perichitch, Transnational Operations of U.S. Engineering 
Consultin Firms (mime*), CECD Development Centre, Paris, 1975. 

3) Edgar &ens and Robert Shaw, Develorxxent Reconsidered - Srideing 
the Gap Setwee" Government and Peo~~le, D.C. Eeath and Co., 
Lexington, 1972. 



This technology, apart from its economic importance. ha5 a 
psycholo,+cal and cultural role to play. It represents an indigenous 
technological creation, an* in many cases adaptatioc, which testifie* 
both to the inventiveness of the local artisans, entrqrenezs and 
tirk2Iwr.5 and to their capacity for develaning enDrcrr:zte tecbKc1ogies 
Its promotion can give developing countries a greater mxect for 
their own creatixe and Show that they alSO are capable Of initiating 
and mastering the mocesses of technological innovation. 

Pechnnlo~icai innovatiun is not only a question of morxjl or 
techaical knowledge but also and :xrhaps even more of psy~kologi~31 
self-mmfidence. This applies to individual entrepreneurs as mnch as 
it does to nations. 'fiat massive irmort* of the mo*t mxterrl technalo~ 
hare done to deve1opir.g countries is not SC much to diwwt the econmic 
besi* cf their traditional induStrie* as to underc;ine Tire self-con- 
fidence of the local innovators and the resnect of the national policy- 
makers for indigenous innovations. What is foreign has cow2 to iho 
viewed a~ better, and the wider the gag between the existing inll- 
ganous technology and the import.ed mOdem technolopy, the greater 
the loss of self-confidence. This lass of confidence almost inevitably 
transhtes into a daclire, or even disappearance of the cegacity to 
innovate in an autonomcus way. 

This problem of self-confidence is ~nnfiez the most cnm~lex that 
policy-makers, and in particular the authorities responsibie for 
imiuustrial and technmlogical innovation, &we to face. It toll&m* 
not merely an technology ir7 the narrnw sense of the word. but on such 
things 35 values, traditinns and a ~ociety~s image of its place in 
the world. It is interesting to observe that some of the nations 
which, in modern times, have Seen the most innovative from a scien- 
tific an6 teciumlo~ical point of view - E'rznce ir. the eighteeltb 
century, England in the nineteenth century, Germany between 1970 and 
1940 or the Cinitnd States today - ax aim those which at the time, 
were at the height of their political power. In these case*, scien- 
tific and technological ;unremacy can be viewed a5 the cultural mani- 
festation of political supremacy and, in a more subtle way. as the 
expression of a nation's self-confidence. 

B-t the opposite can also be true. Xitness for instance France's 
tremendolls artistic, cultur21 anri scientific vitality in the four 
decades that followed the diSaStrO"5 defeat of 14?0, Enghnd's scien- 
tific creativity today, or JBpan and Germany's industrial dynamism 
after 1945. k sudden shack like military defeat or political retreat 
can in fact have the same stimulating influence on a sxiety as 
political success. In this sense, innovation seems to be linked not 
simply to self-confidence as such, important as this may be. bd. also 
to the culIw.91 an< psychological ~P~C~ES~S through which a society 
tries to rebuild the self-confidence which was shattered by defeat, 



or, as in the case of the developing COWltries today, by foreign 
c010nisati0n. 

Viewed in this perspective, the appropriate technology movement 
has a major social function to fulfil. Not simply, as "ne may s"me- 
what naively believe, merely t" develop and diffuse new and more 
appropriate technologies, but more specifically t" build up the self- 
respect and self-confidence of potential entrepreneurs and innovators 
in the developing countries , ox- for mat matter Of the less fa""ured 
communities ar.d ethnic group in the industrialized countries them- 
saves. 

One of the bases for building up this self-confidence is the 
vast and largely ignored pooi of existing appropriate technologies 
iihich can be found in every developing country. This technology is 
seldom glam"ro"s, 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 sectw. A large part of 
it belongs to the world of what the French call 'bricolage', but one 
must not forget that much of the Industrial Revolution was due t" 
the work "f tinkerers, artisans and 'bricoleurs', and not only to 
modern science and high technology. This technology is for the most 
part a d"r'mzlt resource, and one "f the basic aims of a national 
strategy should be t" turn tl?is doraant wealth into real wealth(l). 

1) The rays in which 'dormant' technology could be 'awakened' have 
been explored anong others by P. Gonod in New ChsllenRes for 
Technolom Transfer (Worldtech Report No.1). Control Data Corpora- 
tion, mnneapo1is, 1975. 
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mepter 2 

THE INNOVATION SYSTSM IN AFPROPR?.TE TECHNOLOGY 

With the wisdom of hindsight, the story of successful innovations, 
be they industrial or agricultural, would seem fairly straiShtfoward: 
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 ta meet this 
need. Since the innovation presumably corresponds to 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. 

,PJO approaches can be envisaged here. The first is t" help 
increase very substantially - by one or two orders of magnitude at 
least - the total "'umber 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 
to try to reduce the incidence of failure through a more systematic 
identification of the factors which c"ntribute to the suocess of 
innovation. Both approaches are of course much easier to state on 
paper than to carry out in practice. Before trying to outline some 
of the meas"res which might be waken in the framework of an i?mova- 
tion policy for intermediate technology, it may be useful to take a 
closer 1o"k at the innovation 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 inrlovation 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 "ppoeunities for inwva- 
tion identified? 

1. THE CONPONEWE OF THE INNOVATION SYSTEM 

One of the basic principle8 of the various appropri+ 4xcbn"logy 
movements is that their new products, technologies or 8ervi"es should 



be aimed in priority at the poorest end East "nderprivileged aegmentr 
of the population. The assumption, which can be verified in a number 
of cases is that the innovation system is oriented q einly towards the 
urban population and those people who have the highest income end not 
t!loee social groups. particularly ia the rural areas,vhich ere in 
greatest need and stand the most to gain from technological innovation 
What the appropriate technology proponents are trying to do is +.a 
change this state of affairs by building up a parallel, or complemen- 
tary, innovation system aimed in priority at the most underprivileged 
groups. 

The difficuities involved are considerable end their magnitude 
can be gauged from a comparison between en innovation system which 
works rather well - that of the industrialised countries of the OECD 
x-e.5 - and the innovation system in a typical developing country. 
One of the most conspic"o"s components o; this s-;stem in the ind"s- 
trialised c0Untrie.z is the research end development capability. Today, 
we know quite a lot about the ways in which to manage R end D both 
at the corporate and the national level, and Alfred Witehead observed 
quite rightly that the greatest invention of the nineteenth century 
yes the invention of the method of invention(l). However, R end D 
leads to innovation only if it feeds directly or indirectly into the 
production process through a complex set of managerial, orgenisational 
and motivational links. Innovetions et the prod"ction level - in the 
form of new products or new processes - m"et in turn be linked with 
market demand, Kid they stand little chance of widespread diffusion 
if there 1s not a real need for them. 

In order to function effectively. the innovation system requires 
in fact much more than an R end D capabilit‘,, a well managed produc- 
tion system end a close liok with market dewad. It needs an educe- 
tional infrestT"ct"re 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, en intelligence or informetion system. But perhaps most 
important of all, it requires a reward system: no entrepreneur is 
willing to launch a new product on tbe market unless he has some 
prospect of making a profit , I"d the same is trne Of the fericnr w!Ln 
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 end very often the fear 
of being eliminated from the market (negative reward). The reward 

1) Alfred N. Whitehead, 
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system operates both et the privete level - for the individual entre- 
preneur, farmer or industrial producer - and at the wblic level. 
Government policies, and innovations fostered by the action of govern- 
ment, are motivated not mereiy by economio end sociai ratioiiaiity, 
but also by political needs - to satisfy particular constituencies, 
to avert social troubles, or even simply to survive. The price 
mechanism, in this case, is translated essentially into political 
risk, from industrial strikes to coup d*dtat, from defeat at the 
next eleotion to revolution. 

The proponents of appropriate technology are addressing them- 
selves to countries, sooieties end social groups where the innovation 
system, or parts of it, are week, ineffective. incomplete or in e 
at&+,* of lethargy. The great difficulty Is not so much to develop 
new technology, complex es this may be, as to build up a more effec- 
tive system. The problems which have to be solved are extremely 

The first is the absence, or rather the relative weakness, of 
technical invention. None of the existing appropriate technology 
groups presently have the equivalent of the industrial firm's R end 
D laboratory, even though several groups linked with universities 

All societies have at one time or another in their history displayed 

for the most part unorganised, and the reward system which could 
encourage its development often tends to operate as a disincentive. 

country es a result of the corxtruction of a modern plastic shoe 
z"actory. These craftsmen could almost certainly hevr improved their 
technology, given a certain amount of technical support and a tangible 
financial reward. This example incidentally points to one important 

impossible to keep up with the pace of change imposed by competition 

innovation system could be made more efficient. 

book which describe the R end D activities of Kumasi University 
in Ghana and Mindanao State University in the Philippines. 



The second difficulty in building up en innovation system is 
the absence of an equivalent of the industrial firm, with its insti- 
tutionalised Commitment to growth, its ability to teke risks and its 
mastery of large-scaie production processes. The successful village 
artisan may employ several people, but the transition to an industrial 
scale of operations is very difficult, end the smell firms or work- 
shops which can be found in the urban areas very seldom grow into big 
enterprises. Government policies to support small industry, while 
perfectly justifiable in their own right. often contribute indirectly 
to making this transition to larger scale elmost impossible. The 
fiscal advantages for instance which are made available to companies 
with less then 50 employees (a typical figure) disappear as soon es 
the manpower roll exceeds this figure, thus creating a sudden and 
almost insuperable handicap which servea as a very effective disin- 
centive to further growth. 

The third difficulty is the absence of a marketing and distri- 
bution system. The farmer ten often increase his production very sub- 
stantially; but it makes little sense for him to do so unless there 
are reeds end trucks to transport it to the consumption centres, es 
well es storage facilities on the farm or in the neighbourhood which 
allow him to keep the products for sale at a time when prices are 
fevourable. As for the village artisan or the smell industrial enter- 
prise, they can only work for the local market and have no possibility 
of expanding their activities if there is ii@ effective distrib~ution 
system(l). The same difficulties arise with~the supply system. The 
raw materials used by the farmer, the village artisan or the smell 
firm are expensive b-cause of transport difficulties, the small size 
of their orders and the high cost of energy. 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 
fevourable: the cost of ~iergy (e.g. electricity or oil) is relatively 
low. and the came for everyone, the transport system works well end 
there are well esteblished distribution, q arket'ng and supply networks 

A fourth difficulty is the weakness of the financial infrastruc- 
ture. Large firms can get low-interest bank loans, but the farmer or 
the small entrepreneur who seldom has any collateral to offer, must 
borrow from moneylenders et exorbitant rates (5 to 10 per cent per 
month is e Common figure): such loans are usually short-term in 
nature, which makes it im:lossible to run any risk or to engage in 
any venture which does not have en immediate end very high pay-off. 
Fwthermore, the government's economic and technological policy often 

1: An analysis of these pr,alems can be found in the paper by E.K. Gaq 
"The Upgrading of Traditional Technologies in India: Whiteware 
Manufacturing and the Development of Home Living Technologies' in 
the second pert of this book. 
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works to the detriment of all but the largest and most modern firma. 
The letter which are well orgenised. politically visible end economic- 
ally important can lobby successfully for higher import duties, cheaper 
rev materiais or special allocations of foreign exchange. Since in 
fact many of them have been set up by the goverment under the aegis 
of a national plan, the bureaucracy is politically and psychologically 
committed to their survival. and therefore prepared to grant privileges 
end advantages far in excess of what normal political lobbying on the 
part of their managers ten even hope to obtain. Farmers, small firms 
or village artisans. who ere unorganised, geographically dispersed 
and politioelly q erginal, do not have the same advantages. In one 
country bordering the Indian Ocean, smell innovative entrepreneurs 
find it almost impossible to import the single pieces of foreign 
machinery they need for stripping epart in order to build up their 
own technological capability through imitation. At the same time, 
large amounts of foreign currency are elloceted 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 observations suggest is that 
innovation is not simply a matter of new technology, even though 
technology ten be 'vitally important. Innovation is part of a system 
and it can take place only to the extent that the components, or sub- 
systems, function in en effective way. The greet difficulty here is 
that while we know more or le?s how to invent, develop and produce 
new pieces of hardware, we know very much less about the ways in which 
an innovation system can be built up, and how the different subsystems 
interact with one another. In many ceses, these subsystems and their 

', interactions are more important than the new hardware itself. 
The difficulties encountered in the introduction of weil tested 

and apparently simple new technology like the ox-drawn plough in 
certain tropioal African countries illustrates this clearly at the 
level of the individual farmer or the smell oommunity(2). First is 
the cost of the animals: 2OC dollers - the typical price for two 
oxen - is a -rery 12;-ee sum of money, even for a well-to-do farmer. 
This means that hF cannot finance the investment with his own savings, 
even less with a loan from the traditional moneylender. He must there- 
fore have eocess to some other form of credit which may not yet exist. 

"' 1) Such a situation is very frequent in developing countries with a 
rigid planning system. See the paper by P.D. Malgevkar. "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 
M'bam province of Cameroon and on a number of field reports from 
other Black African countries prepared by students of the Pen- 
african Institute for Development in Douala. 



Training the oxen to walk in straight lines end respond to simple 
orders takes time, patience end skills which generally cannot be 
acquired locally. If the animals are worked for several bows a day, 
they cannot be left to forage for their OWE food es all other animais 
usuaily we. This means that the farmer has to produce fodder, which 
requires a lot more work; he must also be in e position to store it. 
another majo problem in tropical cliastes. The iron plough. the 
henlow and the seeder, which cost a lot of money, are seldom man"- 
factured locally, and if there is no village blacksmith around, they 
celinot be repaired zlhen required. Production, despite these problems, 
can often be increased in a very significant way, but this is irrele- 
vant if there is no ray of storing the surplus and the economics of 
the whole innovation becomes questienable if the entrepreneurial 
farmer cannot market the additional output at a fair price. 

Ii. INNOVATION AS A DIFFERENTIAL PROCESS 

The process of innovetioQ, 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 laurch~ 
a new product or the family which turns to a new religion represent a 
very amall minority in their community, and it takes years if not 
decades before the innovation they were the first to adopt or to 
develop becomes widely accepted. These innoiators. who often happen 
to have close links with the outside world play the role nf 'gate- 
keepers' in the innovation process(l). Their social function is to 
test the innovation and serve es a firs? 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 innovation process means that 
those who, because of their poverty, their lack of education, their 
inferior social position or their poor professional qualifications, 
stand the most to gain from innovation , are in fact those who benefit 
from it lest of all. Innovation first reaches those who are capable 
of paying for it and those who, for cultural or social reasons, have 
the greatest ability to absorb it. This phenomenon can be observed 
in counrless instances, from medieval Barape to contemporary Asia, 

1) ,SS~~~~;rnas J. Allen, "Communications in the R and D Leboratoryn, 
m Review, Vo1.70, No.%, October/November 1967 and 

J.M. Piermeier and F. Cooney “The International Technological 
Gatekeeper'. w., Yo1.73. 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 

assooiations, political g roups and other institutions to correct 
this stete of affairs. In the medical field, by building up pubiic 
health services for those who cannot benefit from the continuous 
innovations which we 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 communities. In the 
industrial field, by supporting small erzerprises, subsidising 
development in the peripheral and poorer regions, and by fostering 
the redeployment of industry away from the big centres. These objec- 
tives have in most countries been insti+&ionalised by government 
through the taxation system and the social security services. 

The proponents of appropriate technology are trying to do the 
same thing et e eomevhat different level, namely, to introduce a 
greeter equality @I- fairness in the development process by focuning 
in priority on the socihi groups which for various reesons have been 
by-passed by the soo:al end technological innovations which exe 
needed, but which they cannot afford. 

The great,difficulty is that this objective of equality, 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 funo- 
tions of the first recipients of en iraouation 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 et the same time, they 
often gain social prestige, quite apart from the convenience of the 
innovation itself. What 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 OP socialised. 

A poor farmer who has been persuaded by a well intentioned 
extension officer to buy a small insecticide sprayer for instance, 
must be 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) See for instance Lynn White, Wdievel Tecbnoloey aild Social 
w, Oxford University Press, Oxford, 1962. Kalpana Bardhan 
end Praneb Bardhan, "The Green Revolution and Socio-Economic 
Tensions: The Case of India", Internetional Social Science Journal. 
Vol.XXV, No.3, 1973. George M.p 

, Harper and Row, New York 1972 0 i 1 
De Gregory, "Cultural Res~stenc; t: Tech- 

;c$gical Change", TecbnoloEy and Culture, Vol.Y, No.2, Spring 

2) One interesting example of this is the training of 'all-purpose' 
doctors in Cameroon. See "Csmeroon's New Kind of Doctor", 
Development Forum, October 1975. These all-purpose doctors are 

n fact +'le equivalent of the Chinese 'barefoot doctor' or the 
Russian ;'Peldscher'. 



noney. but alSo much ai his confidence In new technology and in the 
wisdom of the extension agent. The small handcarts ~whrhase diffusion 
is actively promted in the rursl arc85 of tropical Afr~cn, must be 
sufficiently strong to witllst**3 the exce**iYe loads mat are piled 
onto them, 2nd their wheels must be designed in such a way that the 
cart does not get bogged down in the forest tr*ch* during the s.ir;y 
Season. 

These two sma3.1 but very tygica1 examples suggest that the 
design of an intermediate or appropriate technology, conrrary to 
wh*t 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 techxology is the one which entails the least risk 
for its user: poor people canmt run any risks. 

The range of technologies which meet this criterion of low risk 
and high reliability is not at present very wide and there are strang 
indications that the appropriate technologies which are currently 
available in so~le part or another of the world include a high pro- 
portion of products. processes or services which are still largely 
unte.sted 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 an far almost forty years, major strides have been made 
iD their design but, as M.K. Garg has shovm,their cost and reliability,:~ 
are still not "hat they should be , and their diffusion as a result hasp, 
been limited(l). In fact, most of t?ie technologies developed by appro-'~ 
priate technology groups are still in the experimental phase, and a 
much rider and more comprehensive effort is required 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 pmp manufacturers or the Fhilippino 
starch separation plant mentioned earlier clearly show. 83s evtlu- 
ating the technological potential of this informal sector. *ccount "~; 
must be taken of the fact that its products and processes are often 

nalogy of a newly-established appropriate technology group. 
'fhe differential nature of the innovation process and the fact 

that the risks of imovation 8x-e normally underwritten by the first 

;" 
1) See M.K. Garg, "The Upgrading of Traditional Technologies in 

Incia: Whiteware Manufacturing and the Development of Home Living '~: 
Technologies" in the second part of this book. 
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and relatively afflxent users of a new technology has an important 
implication as f*r as national policies for appropriate technology 
are concerned. If new products (e.g. agricultural nachines. durable 
~msumer goods. etc.) are all imported from abroad to meet the needs 
of the successful farmers or the educared urban co,,sumers, lccal 
inventors, innovntars and entrepreneurs will as a result find them- 
selves cut off from any access to this initial market represented by 
the people who have both the ability to pay for a "e" technology end 
the aptitude to withstand risk. These imports in effect preempt the 
market which is so vitally important to the initial success of any 
new indigenously-designed technology and local innovators a-d entre- 
preneurs have to turn to customers who have iess money and a lower 
propensity to take risks. Importing foreign-made tractors Par instance 
may well be ecor&mically justifiable, but the market represented by 
the first farmers who have bought them will as a result be closed to 
the lacai manufacturers who desperately need this initial market to 
build up their technical capability. 

III. PUBLIC TECHNOLOGY AND PRI"AT.E TECHNOLOGY 

I 
The problem facing the appropriate technology movement is not 

only to develop new technology. bnt also to build up an innoVation 
system. This can be tackled frolf two complementary angles: production 
end consumption. Production or supply is represented by the in"entors 
and entrepreneurs who develop a new technology. manufacture a ,,e., 
product or provide a new type of sewice. Consumption or de-d is 
represented by the people who will be buying or using these new 
products and ser"ices. 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 wealrness in marketing. 

Havever. it is somewhat nai"e to believe that success or failure 
is determined principally 07 exclusively by missmatches between demand 
and supply, or technology and the ma&et. Turning ta the developing 
countlies, one can observe that the inno"ation system, which in some 
areas appears very ineffective and sometimes totally paralysed. is 
in sme other areas very effective. Witness for instance the very 
rapid diffusion of products such as transistor radios, watches, metal 
how&old goods. mechanical sewing machines or Western styles of 
clothes, the eagerness with which farmers in tropical areas make the 
transition. from thatched roofs to tin roafs , or the amount of work 
which goes into saving up enough money for the purchase of a second- 
hand automobi;e. 



The receptivity of the market to certain types of products or 
technologies is not simply the result of clever manipulations on the 
part of advertisers or the symptom of cultwe imperialism on the 
part of the indilstrialised cowtries. Rather it is because most pro- 
dilcte of modern industry correspond to a very real need. They are 
reliable, easy and convenient to we, relatively i"exper;sive and meet 
a need which traditional products and technologies either cannot meet 
at all (as in the case of the treneistor radio or tk; sewing machine) 
or cannot meet in as convenient a way. The tin roof lasts for ten. 
twenty or thirty years, depending on quality, while the thatched roof, 
which often leaks, has to be redone almost every year. AS for the 
motor boat, it is infinitely more convenient then the traditional 
row boat or sail boat. hren in the most remote regions of the tropical 
countries. the poor farmers who grow coffee find it oluch more practi- 
cal to use instant coffee rather the" go through the tedious and 
rather complex work of preparing e drink from their ow1 crop(l). 

The remarkable receptivity of the market to moder" products of 
this type is a very important social end cultural phenomenon. Yet 
irs significance tends to be overlooked both by national poiicy makers 
and by the appropriate technology proponents. For the former, these 
products and technologies appear much less interesting or important 
the" steel mills, dams, petrochemical plante or universities. For 
the latter, they are all too often eee" as the very expression of a" 
induetriel society to which they are Seeking a" alternative. 

The rapid diffusion of these types of products and the eagerness 
with which 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 "seful"ees. Another reason 
is that tney belong for the meet part to the private economic sphere 
of me": the pwchase of a transistor radio , a sewing machine or a 
tin roof for instance is a decision which is take" by the individual 
or his family on the basis of his arm resources and ability to pay. 

When it comes to something like A 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 involved. Decisions of this type require some form of social 
co"se"sue which is ruch more difficult to achieve then consensus withi 
the fssily. In the industrialised countries, the farmer can choose, 
within certain limitations, the type of crop he ;rants to grow. I" 
traditional societies where land often belongs to the community, or 

1) This problem of receptivity to certain types of innovations and 
no= others has bee" noted by meny observers. One of the most 
Perceptive analyses of this problem is Peter Drucker in Wodem 
Technology end Ancient Jobs", Technology and Culture, Vol.?,, 
No.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 
farmer's decision is in fact dictated to H large extent by the cam- 
aunity, the village elders end the extended family. This means that 
any new technology in this field is subject to a much tighter filter- 
-ng system. Introducing e new piece of infrastructure is equally 
complex: not only because tie total price is relatively high, but 
also and especially because it involves changes in the village's 
patterns of living, end lrgitfmetion thro*xgh Some form of socir'. 

When considering the probleme of innovation in e.ppr;priate 
technology, it might be in fact useful to make a bas?~; distincticn 
between three types of technology: 

- Private technology, which often takes +;re form of coneomer 
goods and especially durable consumer goods (the tin roof. 
the radio, etc.) end whose intrr,uction depends almost 
exclusively on the decision rl the individual end his family; 

- Community technology whir?. includes not only basic irifra- 
structures like water upplies, education. transport networka 
or drainage systems, but also most of the produaion tecbnol- 
ogies of the Int'Lvidual farmer or craftsman. Infrastructures 
are by naturf e community technology, but so are most of the 
production technologies since they touch upon the CommoDity'e 
collective goods (lend, water, economic relations, oocial 
structures, etc .I : 

- p;olic technolo~ repreeented by the large industrial firms 
which produce consumer goods or capital equipment (steel mills, 
fertiliser plante, etc.> end the national institutions which 
supply certain basic 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 iine between them is seldom absolutely 
clear. The public technology sector for instance produces not only 
public goods (e.g. roads or education) but also consumer goods whose 
purchase depends almost entirely on private decisions. 

The only function of the distinction at this stage is to suggest 
that the innovation system does not function with the same efficiency 
in each of these three sectors. In the private technology sphere it 
generally operatee quite effectively end rather rapidly. The same is 
largely true in the public teobnology sector. The decieion to invest 
in large-scale plmts or big infrastn:ctwal projects are taken by 
the centrai government, often with the assistance of foreigo technic- 
ians, end the effective resistance which faces such innovations is 
generally limited. In feet, the lesa democratic the political.system, 
the easier it is to build up the public technology sector, and in 
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this respect central planning, under the aegie of which such innova- 
tione usually ere introduced. is fundamentally undemocratic since 
there is no pubiic control over the decieione taken by the techno- 
cr*ts. 

In meet developing countries, that part of the innovation system 
which functions least well of all is the one which dale with common- 
ity technology. There are a "umber of reasons for this. First is the 
fact that. ""like "bet happens in the private technology sphere, 
there ie 30 *ffective pricing mechanism: it is virtually impossible 
to put a price tag o" swh products es a feeder Toed, a village-level 
energy system (e.g. solar p';mp or methane gas produCi"g unit! or a 
water distribution system which replaces the individual well. This 
problem of price is ix fact somewhat more complex. Every product. 
every service and every tecbaology *eve a price, a coet end a value. 
I" the private technology sphere, there is some sort of equilibrium 
between the three: the consumer is willing to purchase a product if 
the price corresponds to his assessment of its value to him, and the 
producer fixes his prices according to his coets and on the basxs of 
vbat he %hi"ks the customer is prepared to pay. I" the commwity 
technolo~p sphere. the balance is much moTe difficult to achieve. 
Value is determined not ~"1,~ by economics. but also by social "orms, 
and the coneensue which is required in order to take a decieio" acte 
as 6 very effective barrier against innovations which may be very 
useful, but which are too "ew or too differeni: from the star.dard 
practicee. Coets a-e very difficult to allocate on a collective basis: 
those who pay the largest share of the coet often expect to recei+e 
mar-e than proportional benefits. Finally, Y"e pricing structure often 
beers little re7atio"ship with effective coets: community technology 
is either underpriced relative to its cost (as in the case of educatic 
or agricultural extension: servicesj or overpriced (e.g. health UP 
transport), end it is almost impossible to establieh a fair balance 
between cost. price end value. 

The second reason for the weakness of innovation in community 
technology Is that unlike what happens in the parts of the public 
tech"olcgy sphere. detailed plating end central decision-making is 
virtually impossible. Economic analyses can show that a country "eeds 
en automobile factory, a big hydroelectric dam or e fertillser plant., 
St it is practically impossible to zlan in detail the requilemente 
of every village end community in a country e"d make valid trade-offs 
between a wide range of possible projects. A third difficulty is that 
a relative>: large part of my commnity technology is composed of 
software rather than hardware, whzch is inherently muck more complex 
and difficult to manage end control. 

The appropriate technology movement is concerned primarily but 
not exclusively with community technology. What is the role of such 
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_ groups in the innovation system? How do they identify the demand for 

j:,. innovation? What are their motivations? And hw do they perceive the 
need for innovation? 

The organisations which are gresentl!, playing the most active 

can be divided into three big categories: 
- Hither education institutions, or rather, small groups which 

originated from and are closeljj linked with such institutions, 
like Kumasi University in Giiana. Mindanso State University in 
the Philippines, the University of Che Andes in Colombia or 
the Technische Hogeschocl Eindhoven in the Netherlands: 

in intermediate technology and working primarily on a national 
basis, like the Appropriate Technology Cell of the Ministry of 
Industry and the Gandhian Institute of Studies in India. or 
the Appropriate Technology Centre in Pakistan; 

- i$ultinational groups UP 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 (IRP.1) in the 
Philippines. 

These organisations all play a major part in identifying the 

in the development of new hardwcre or software. Few of them, however. 
are directly engaged in manufacturing activities. The International 

assistance of the Institute, turn it into a viahle.industrial and 
commercial venture(l). In the same way, the home living technologies 

,:l) Sqe the paper by Amir ". Khan, Wechanisation Technology for 
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industrial fim, which is one of the main egente of innovation. per- 
forms vitbir. the same organisationel framerork t5.e three functions of 
identifying a demand for innovation, developing the technology to 
meet this need end bringing the technology to the market place. In 
rural societies living et subsistence levels, there is no equivalent 
institution, and the task of the appPOPriate technology .groups,or 
for that matteP of all the organisations which in one way or another 
are zoncerned with dexlopment. is to try to identify the real needs 
of the local communities, develop or introduce technologies end organ- 
isationai means which can somehow meet these needs and, what is 
probably the most difficult of all , contribute to initiating a pro- 
cess of development based on the internal innovative forces of the 
local community. 

Most of the appropriete technology groups currently working in 
the developing countries are too young and their experiments too new 
to allow for any meaningful generalisetions about their achievements 
and their mode of operation. Some general ObseTvetions can neverthe- 
less be made. notably aa far 3s the identification of needs for inno- 
vation is concerned(l). There are in fact three general patterne in 
the procees c identifying needs for inaovation. 

The first is the major importance of medium to long-tern economic 
assessment5 of specific local situations. The economic forecasts which 
underlie the innovations of appropriate technology groups generally 
go into consilcz.?ble detail, end the sophistication of the cost- 
benefit eaalysee is comparable with that of large-scale induetrial 
projects. Although they are dealing mainiy with small-scale technolo- 
gies intended primarily for the rural populations, it may be interest- 
ing to observe that the assessment methods belong culturally end 
psychologically to the modern, Westemised end highly educated segment 
of society. 

? second patter?? ;rhich energes is that the need for appropriate 
technology tends to be evaluated in macro-economic rather then micro- 
economic terms. Employment generation, import-substitution. public 
health, rural development or socisl equality are concepts which belong 
to the system of reference of the economic planner or the political 
reformer, not to that of the ir.dividual entrepreneur CT the small 
farmer, who is more~concex'ned with profit , convenience end the prac- 
tical means of eu-rival. This points to one of the basic problems of 
innovation in eppropriaze techzology - namely the conflict between 
the appropriate technology gi-ou~~s emphasis on general economic end 
social priorities, end the emphasie given by the individual to 
immediate economic benefits. 

1) This analysis is based for the most part on the origilsl twenty- 
five case studies presented at the OECD Seminar on Low-Coet Tech- 
m;ogy, Paris, September 1974. Most of these studies can be found 
in revised form in the second part of this book. 
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The third pattern is what one might call tile trans-econamic 
dimension of innovatio*: in most cases, the identification of a need 
fm- innOVation goes far beyond pure EcO*"OIICS. and touches upon 
ideology and a long term vision of a more egalitarian society. 

5'. THE NEED AND THE DEMAND FOR INNG"*TIcm 

Innovation de* not occur simply a* a result of a need, but 
rather in response to a demand. expressed in terrrs of an ability to 
pay a certain price for a product or a service. Need and Cemand are 
thus two very different concepts, *Yen though they do overlap to a 
certain extent. Mast of the innovations in low-cost technalogy pro- 
moted by appropriate technology groups artempt to meet a certain 
need - for energy, far housing, for educatiori, for managerial assis- 
tance, for water or *or employment - mainly in the rural areas Of 
the developing countries. What is often not very clear is whether 
these needs can be translated in+.0 a,, effective demand for the prod"cts 
and services resulting from a given innovation. 

Two examples cm be given here to illustrate the point. The first 
is that of the Indian methane gas plant. and the second is that of 
the Sahelian eolar pump. Technologically, the Indian gas equipment 
is a very ingenious piece of hardware(l). From the viewpoint of the 
national economy. it is well adapted to local conditims, 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 r*latluely high: a house- 
hold unit caste the equivalent of several months of income of the 
average Indian family. .hd some five cows are needed to supply the 
plant with its raw material. Socially, economically and politically, 
there certainly is a need for equipment of this type. But the only 
demand, at this stage at least, is that coming from the relatively 
rich farmers. 

The sol-r plunp developed by SOFRETES is a somewhat similar 
case(Z). It is technologically well adapted to local conditions - 
virtually no maintenance is required - but its price will presumably 
z&main 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 
18s than $8,000. This is still a very large sum of money for a 

1: see M.K. oarg, OD.Cit. 
2) 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 book. 
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Sahelian village cowanity. and its anplication will have to be 
considered in the framework oi a much broader gublic programme fc,r 
infrastrilctural development. Furthermore, the social problems posed 
by its intrduction are considerable. In the Mauritania" village 
where the *sirs? installation was made , the two richest people occu- 
pied the pipeline and are now selling the water to the viliagers. 
The permanent availability of water hss relieved the children of 
their traditional task of drawing water frox the weli and carrying 
it tack home, which means that some other way must be found to keep 
thrm out of mischief and get them to contribute to the economic life 
of the community. Finally, the increase in water supplies might weli 
upset the delicate ecological equilibr.ium which for centuries has 
allowed such arid zone communities to survive. 

That need and demand are two ve$%ifferent concepts is obvious. 
What is perhapc less obviuue is that the netion of need is rather 
subjective, and depends a lot on one's cult"re and values. Most 
appropriate technology Prljects~are motivated by 2 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 comwmity brings this 
difference Out vwy clearly. To those who brwght this new appropriate 
tech~lo~y, it was a major cantributicn to public health and we 
eradication of water-borne diseases , and it corresponded to what they 
perceived according to their standards as a basic need. However, ;t; 
was soon fwnd oat that the villagars 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 mhy be. s"&-ests that one of the 
important factors.in the diffusion and adoption of intermediate tech- 
nolagj is the compatibility between two systems of perception of 
weds: that of the technological innovators, and that of the people 
to whom the new technology is addressed. The difficulty is that the 
t"c sys~tems seldom coincide. Furthermore. the fight between them is 
somewhat unrqual. The innovator 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 farm of support - finan- 
cial, technological or even only moral - which although usually very 
smail, is nevertheless important relhtive to the resources of the 
community in which be is working. As a result, his own perception of 
the needs for Innovation tend to gain the upper hand wer what the 
farmers perceive as 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 mast j.nterestfng efforts to match these two sets of 
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/’ perceptions is that undertaken in the field of techrolagy extension 
by INK%, the Institut africain pour ie d&eloppement 6canomique et 
social(l). What distinguishes this extension service from similar 
efforts undertake" elsewhere is the active participation of the 
farmers in the definitia" =f their educational needs. 1"terestingly 
enough. the educational prograome suggested by the farmers in co- 
operation with the extension workers corresponds almost exactly to 
the "a&age progranrne of any classical extension service. The differ- 
ence here is that 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 'kno",-how' 01‘ 
'know-what': the farner does not only want to know what should be 
done or how it should be done, but also and perhaps even more why 
B new type of fertiliser is more effective, or why a "ew way of till- 
ing the soil will help hi6 plants to grow better. 

“I. PARTICIP*TTON AND comcIoN 

The success of an organisatio" like INADES in building up an 
effective agricultural extension service can be attributed in large 
part to the active involvement of the farners in the innovation pro- 
cess. They have come to feel directly co"cePned by the new technolo- 
gies which are offered to them, they know that their p."evious know- 
ledge and experience is not useless. they are learning that progress 
depends upon their own decisions and choices, snd they are finding 
out for themselves, with the he?p 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 into account and thair impact in the long ru is, as a 
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 craps, implements, fertilisers, land 
use or management methods - but rather the way in which technology is 
transferred to and assimilated by the user. 

,, 

,:’ :,, :,;,, ,I _::,, ;:;,, 
__ 

The same problems arise with the diffusion of appropriate tech- 
nology to mail firm*, village communities 01 prLvate entrepreneurs. 
The individuals or the groups which are tryingxtto promote the adoption 
of more appropriate technologies find themselves, like the extension 
agent, in a position of authority vis-&vis the community they are 
trying to h&p, and the temptation is great to use this authority in 
order to promote change from above. Innovation, or for that matter 

1) See the study of P. Dubin, "Education as a Low-Cost Technology", 
in the second ?art of this buok. 
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nodernisation, always involves an element of coercion and it would 
be naive 153 believe that it can take place in a balanced and orderly 
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ray through participation and initiat!T'e from below. This is true of 
nations and industrial firms, as it is of farming communities or 
individuals. Peter the Great's modernisation of Russia or Kernal 
.&at&-k's modernieation of Turkey were neither democratic nor partici 
patory, but they were-nonetheless quite effective, even if the social 
cost was very high. And Govwnor Huey Long's modernisation of 
Louisiana in the 193C's was anything 1: not dictatorial. 

InEovaiion in fact is seldom a free choice, and very often it 
is imposed by necessity. The industrial firms which launc~~ a new 
product on the market generally do so because they are forced to 
under pressures from their competitors or as a result of government 
intervention and regulation. The farmer wi?o 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. 

Tne same is often true of nations. In a country like Denma%, 
for instance, the modernisation of agriculture which took place in 
the Ast decades of the nineteenth century was not initiated by cape- 
ful planning, but imposed by economic disaster. The unsuccessful "a? 
against Prussia in 1864 had cost Denmark 40 per cent of its tewitory 
and loost 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 
from above or from outside, and participation from below or from 
within. 21 exclusive reliance on coercion may be very effective in 
the short run, but as the examples of Turkey after AtatUrk or Russia 
after Peter the Great show, tne innovation system returns to lethargy 
as so011 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 modernisation which was imposed by outside 
circumstances stimulated rather' than stifled the developmerit of 
invention and Lnnovation, end paved the way to the development of 
sn effiiieat and r&i organised agriculture. 

Parmers who have always been told what they should do. either 
by government officials, religious authorities or village leaders, 
and who remember that their parents and their grandparents. like 
themselves, never had any control over their oyn 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 
Dassive process of adaptation. 



Participation, which can be deliberately festered by outside 
inncvators like missionaries, extension agents or appropriate tech- 
nology sgecialists, is not merely a means of legitimising innovation 
or making it psychologicallv more acceptable by directly involving 
those who vii1 be affected by it. Rather , it is a tool for building 
up the self-confidence and .ee"se of independence and contra1 over 
one's future which is one of the preconditions for Wrentic" and for 
an active involvement in the innovation process. 

,,,;j 

Fostering participation is a difficult, delicate and slow process. ,;iz 

In fact, in the short run, helping people to help themselves by encour- "" ,,$ 
aging them to become active rather than passive innovators is often ;,;gg 
a much less efficient and usually slower way of modernising a society "'3 

than coercicn. Most of the apprcpriate tecbnclcgy groups and many 
development agents, both local snd foreign, are ile~y conscious of 
this. Yet there are strong indications that a substantial proportion 
of the development projects based on appropriate technology are for 
the time being of a non-participatory nature: the beneficiaries of 
thene ixovations a-e not directly in-solved in the definition of 
their major needs, and they do not take any direct par+ in the develop- 
ment, testing and improvement of the tecF.ology which is offered to 

It may be interesting to observe here that participation and the 
control of the individual over his own destiny and that of his ccmmun- 
ity are at the basis uf the social system of two countries whose 
agriculturai and industrial development conforms most closely to the 1: 
idea of appropriate technology - namely the United States and contern- 
porary China. I" the United States, they result both from the PTotes- 
tant ethic and from the fact that American society was a society of 
immigrants, who as newccmers Were culturally attuned to the idea that 

Maoist idea that the mast impor 
tant resource of e nation is man. and that every peasart and every 
worker can and should be an inventor is not essentially very different, 

e to destroy the social structures 
which throw& their patterns of authority and ccercicn prevented the 
individual .%-om playing this very role. 
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Chapter 3 

THE INFORMATION N!ZWORKS 

Most of the existing appropriate technology groups devote a 
considerable part of tteir activities to the collection, processing 
and Dissemination of information. and their role as 'knowledge 
centres' tends to be more important than their activities In the 
field of research and technical development. This emphasis cn inform- 
ation stems largely from e recognition of the fact that one of the 
first reqUireme"ts of an effective innovation system is the develop- 
ment of a" i"formatic" network. 

Knowledge about 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 reascns 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 txnsistor radios and by illustrated magazines, whose 
carefully cut-out pages are pasted on the inside walls of the farmers 
huts. 

By contrast, knowledge about appropriate technology can take 
years to travel a hundred miles, and farmers in one viliage often 
do not know about the technological. innovations which have been 
developed or introduced by a neighbouring community. The smme is 
true at t'le national level: the experiences in appropriate technology 
uxtertaken in one developing co!x&Tr are seldom well known the other 
side of the bcrder,~ and the lines of communication from one develop-, 
i"g country to another cre rarely direct, and very often have to 
transit through a" industrialised colmtry. There are of course many 
exc~?ptions to this general pattern, but the fact remains that the 
awareness of modern technology tends to be much greater than that 
Of the less sophisticated and less glmmorous intermediate or apprc- 
primte technology. 

As a result of this weakness of the information networks, the 
diffusion of knowledge about newly developed appropriate technolcgie~ 
is usually slow and often ineffective . A mo?e serious problem is tha1 
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the vast pool of appropriate technology which can be found in the 
informal sector (as opposed to the formally organised appropriate 
technclogy groups) lies for the most part unexploited, except at 
the local level where i- is used by the small enterprises and in<:- 
vidual innovators who have developed or improlred 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 s1 -b a technology is available(l). A farmer 
will rat think of buying or making a solar heater or a methane gas 
cooker - to take two cases of relatively well-known appropriate 
technologitz - unless he knows that such equipment can be built or 
eventualiy purchased. Nor can he be expected to think of using any- 
thing else but mud bricks and a thatched or a tin roof to build his 
house if he is not aware that better cricks can be made from soil- 
cement, or that there are better ways oi covering his dwelling. The 
role of an infcrm*ticn network is tc create an awareness of alter- 
native economic and technological op+ions. This awareness will not 
necessarily be translated into a demand - poor people 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 CATALOOUE AWROACH 

One approach to this problem of information which has been tried 
cut by several arganisations js that of the handbook or catalogcue. 
Two generations ago, the Sears and Roebuck mail order catalogue 
played a major role in bringing to the isolated American farmers and 
the small towns both the products of the emerging consumer society 
and the awareness that these products existed. The same role 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 Institute's 
Handbook of Appropriate Technolopy(3) and the Directory of Apiopropriate 

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

2) Village~~TechnolcRT Handbook, VITA, Mount Rainier (Maryland) 1975. 
3) Brace Research Institute, Hmndbook of Appropriate Technolo 

Quebec, 1975. The story of-e development of this handboo Is 
told in the paper by T.A. Lawand et 21. in the second part of 
this book. 
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TeC~obT!i Prepared by the Gandhian Institute of Studies in India(l). 
These three handbooks which are a gaod example of appropriate tech- 
nolom - their production costs were small , and the final product is 
available in many cases frt; of charge - all contain a wide range of 
technical information c0"erir.g the whole spectrum of activities in a 
typical community of a developing country. Thei? breadth obviously 
means that only a selected number of technological alternatives can 
be presented. 

Alongside these general catalogues or manuals. there are a num- 
her df more specialized handbooks dealing with a specific topic. One 
example is Christopher Cone's handbook on automotive operation and 
maintenance, which gives hundreds of very appropri:.te pieces of infan 
ation on the most effective way to operate a car or a truck in a cow 
try with bad roads, a weak ser"icing infrastructure and a difficult 
climate(Z). It deals with problems which are seldom encountered in 
an industrialised country, and which a driver can otherwise only 
learn about at great cost and through bitter experience - for instanct 
how to extricate a "chicle 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 Intdrnational Development by a group of technologists from t‘ne 
Monsanto Company and which presents a wide range of low-cast roofing 
materials that are available to. or have bee" developed in develop- 
ing countries(3). 

These "arlous handbooks, unlike the commercially-oriented cata- 
logue of a typical mail order firm, d3 not offer products. but rather 
knowledge ad 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 desa-ibed 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 cor.tribute significantly to the de~eropment of in"ention end 
innovation at the local level. 

A2lthougb it is difficult 'to waluate the total cast 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 Aonropriate ~echnolopl~ 
!mimeo), Varanasi, 1973. 

2) E. Christopher Cone, Automotive Operation and Maintenance, VITA, 
Mount Rainier, 1973. 

3) 1.0. Salyer, C.L. Ball. R.A. Cass et al., OeveloPment of Low-Coi,t 
RoofinK from Indienaus Materials ?iiT&elooing Nations, hlonsant:> 
R53earch Carp., Dayton, 1971r. 



that it is quite lcw, and at any rate very inexpensive relative to 
the benefits it cm bring to innovative users: the order of magnitude 
of the direct expenses involved is around WX3.000. 

Along with these general or specialised directories and catalogues, 
there is a rapidly growing number of periodicals concerned in whole 
or in part with appropriate technology. For instance, the Intermediate 
Technology Development Group's journal Amropri@e Technolo~, the 
Ouarterly Newsietter of the Engineering Experimenz,tion Station of 
Georgia Institute of Technology, the Documentation Bulletin of SENDOC 
(the Indian Small hterprise Documentation Centre) or the regular 
publications of CENDES (the Center for the Industrial Deveiapment of 
Ecuador). 

These examples show that the process of building up an inform- 
ation network in appropriate twhnology is already well engaged. At 
this stage, three types of markets, or target groups, f". ti.ia inform- 
ation seem to be emerging. The first is that of national 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 ioras a distinct market, which calls not only for a different 
product, but also for major differences in presentation and packaging. 

II. THE ROLE OF WCWJTATIOM SEWICES 

Handbooks of the type prepared by Brace Research 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 been published by individuals or organisations active 
in the fielc of soft or alternative technology. 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 bow 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. Raking the equipment presented in these manuais 
sometimes calls for materials which are not available locally, or 
which could more economically be pxrcbased from an outside supplier, 

1) Robert S. de Ropp, Em-Tech The Whole Eartber's Guide to the, 
Alternate Society. De 11 
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and there is no point in trying to reinvent everything. Because of and there is no point in trying to reinvent everything. Because of 
their rather general nature and the fact that they are "at for the their rather general nature and the fact that they are "at for the 
most part aimed at any specifir country or region, these handbooks most part aimed at any specifir country or region, these handbooks 
canot give any information about sources of supplies or tbs purchar ie 
price of materials and components. The appropriate technology move- 
ment does not have anjhing equivalent to the highly popular Whole 
Earth Catalog in the United States , which gives its ecologically- 
minded reader a Vast amount of information as to where and how to 
obtain the increasingly wide range of prodltcts based on soft 
technology(l). 

Another problem is that as soon as one goes beyond the relative I_ 

ly simple, yet important. self-help technologies. information of a 
much more detailed ard 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 technolog ZY , 
this is "a longer sufficient , and the knowledge be needs is very 
different. And the farmer whose crops are suddenly attacked by a 
pest he has "ever see" before cannot rely c" the rather general and 
wide-ranging type of information which can be found in such handbook 5. 
The two most commonly used methods to solve problems of this nature 
are the Jocumentaticn service and the technical assistance service 
(management co"sulting,technical extension and agricultural exte"rio n). 

Most of the existing documentation services in developing coun- 
tries do not deal rpecifically with appropriate technology as such, 
but collect, process and distribute a much wider range of informatio n ,~:: 
dealing with technical,eco"omic , industrial and agricul+.ural matters 
The effectiveness of such centres varies considerably from country t " ',:: 
country but the problems they encounter seem to indicate that a 
trwPitiona1 documentation and information service is "at the most 
?:z+-opriate 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. I" develop- 
ing countries, collection Costs are comparatively much higher than ,::j 

in the industrialised countries. This is partioulsrly true if one 
considers "at only wittin information but also the oral information L ,i 
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 CO&S around one dollar and a half per year and account ,: 
must be take" of the obsolescence of information. 

1) The Mole Earth Catalog, Bsllantine, New York, 1971; The Last 
Whole Earth Catalogue, Penguin, Harmondsworth, no date. 
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In ordtr 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 centj of all the infcrm- 
ation concerning a particular technology. IL most develocing countries, 
the rxaber 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 application. This of course increases 
costs and therefore it may be much more economic for developing 
countries to use the existing information systems of the multinational 
intermediate technology groups rather than build up their own systems. 
In thee wise of so1e.r energy. to take one case, it makes more sense 
for a dcveioping country to address itself to Brace Research Institute, 
ol‘e of the world's main centres in this field, than to build up at 
high cost its own documenTaticn service. 

Because of these high collection and storage costs, providing 
technical information to the user is expensive. Rough estimates based 
on the Indian and Ecuadorian experience show that the cost of one 
technioal answer ox' 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. TO put 
things in perspective, one can imagine the problems which would face 
a documentation service in an industrialised country if each technical 
answer were to cost the same relative amount, namely between $3,000 
and !35,000(1). 

No farmer and few if any small industrial firms can afford to 
pay 3150 for a piece of information which may turn cut 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 community? 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 
siltsi.disaticn of lnfcrmaticn services makes them more attractive to 
the potential customer. The real problem lies elsewhere, namely in 
the ability of the custnmers to absorb acd use new information. 

This is clearly illustrated in the very typical case of the 
techno-entrepreneurs of the Poona region in India(Z). 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 Rssearcb and Standards, the cost of a typical inquiry is 
around 930 (this figure comprises only the direct operating costs of 
a technical infcrmaticn unit). 

2) Se,? the crticie by P.D. Malgavkar, "The Role of Techno-Entrepren.3"rS 
in the Adoption of New Tecbnclcgy",in the second part of this bock. 
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industrial entrepreneurs with little practical experience but a good 
idea of the type of iniormation they require in order to build up 
their first ad very modest production facilities. As it turned cut 
and this seems to be a fairly general pattern - none of the existing 

industrial entrepreneurs with little practical experience but a good 
idea of the type of iniormation they require in order to build up 
their first ad very modest production facilities. As it turned cut - 
and this seems to be a fairly general pattern - none of the existing 
information ad documentation services in the region (and this is one 
of the most developed parts of India) could provide them with the typ 
of information they required. They had in fact to build up themselves 
a railor-made information network. First by using the knowledge avail 
able frcm their university textbooks end former teachers. second from 
the technical cetalogues of hundreds of foreign firms whose addresses 
had been noted down in the foreign consuletes of Bombay, end third 
from the careful study of equipment imported intc India. 

This study of the Poona techno-entrepreneurs shcws very clearly 
that the search f%- information is an integral part of the inventive 
an? innovative p~ccess. 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 end however complete its stock 
of knowledge, cannot be half es effective. Interestingly enough, the 
somewhat haphszard and ertisanal way of gathering information of thee 
tecbno~-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 oi 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 oilstamer, 
tends to be excessively voluminous, insufficiently selective and 
difficult to translate into usable knowledge. Such information ser- 
vices ilndoubtedly have a role to pley, for instance es transfer 
agents for appropriate technology develcged 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 Cc~trcl Date, the big Americen computer firm. 
The principle is simple: any firm or individual who has a particular 
technology to sell can, for a re:etively em?11 fee, list this tech- 
nology in a wrld-wide computer file. Conversely. those who are 
looking for a particular technology or piece of knowledge write down 
a request, also for a fee, and can find out within a very short time 
if the technology they need is available. With the rapidly falling 
price of computer time, this approach can be potentially very effec- 
tive, but its main attractzoo is that it allows for an almost exact 
*etching between e demand for technology (or information) end a 
supply of technology. Such a system. designed primarily for the 
industrialised countries. is equally relevant to developing nations, 
for it can just as well be used for appropriate technology. 
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There are strong indications that too mch attention is currently 

being given to the building-up of traditional information and documen- 
tation se:rices ft7r appropriate ?ec~xIo,ogy, and Ilot emugil f" t'ie 
req"irements of the market for iufcrmation. The type of knowledge 
which the poor farmer requires is very different from that which is 
needed by em industrial firm. small or 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 en cfficial information centre. and the information has to be 
conveyed to him through en extension service. The large industrial 
firm by contrast tende to be a much more active customer, with a 
precise knowledge of what it needs , "bile the small family firm falls 
somewhere between these two extremes. Information services must 
obviously take theee differences into aoccunt if they are to sewe 
a useful purpose. 

III. MANAOEMENT ASSISTANCE AND TECHNICAL CONSULTING 

lnfrmation can to acme extent be crganised in a rational way 
and this is es true of information about sophistioated high-cost 
technology as it is of information *bout intermediate technology. 
However, the emphasis on rationality and orgenisaticn must not cver- 
shadcv the fact that in the innovation process, some of the most 
creative ideas coae precisely from disorder, luck end the use of 
apparently irrelevant information. Rationality is needed, but there 
are also virtues in duplications, igncrence and serer.dipity. 

In the same way that the economies of the developing countries 
are characterised by the presence of a modern 'formal' sector and an 
'informal sector. the information networke 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 ccmpcnente. Two of the most 
important are the varicue technical assistence services provided by 
appropriate technology groups, ard the managerial eseistance given 
by specialised orgenisaticns to smell local firms. 

One example of the former is the service provided by Volunteers 
in Technical Assistance. As irs name does cot suggest, VITA does not 
send volunteers abroad, but provides the equivalent of a specialised 
technical assietanoe service by linking the developing ccuntr, cue- 
tamer with a special technical problem to a specialist in en indus- 
trielised country. who supplies this knowledge free of charge on a 
voluntary basis. Although no comprehensive evaluations of this service 
have yet been carried cut. it appears to be very effective. One of 
the main reasons for this is that the customer has already clearly 
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identified his problem and is anxious to use The infcrmetic" or the 
technology which ie supplied by his adviser. 

Tectaical assistance by correspondence may not be quite es effec- 
tive as bringing a foreign ccnsult~ant on the spot. but it is imme"selJ 
less costly. According to VITA, the average direct oost for a piece 
of tech"iw.1 advice is around 3100, and if the total costs are summed 
up, to include among others the time of the voluntary expert. the 
real amowt is two to three times higher. Somewhat similar services 
have been orgacised elsewhere. One is the Development Reference 
Service of the Society for International Development in Paris, which 
deals riot specifically with technology but wit" more general probleme 
of development, and the other is the Industrial Inquiry Service of 
the United Natior?s Industrial Development Organisaticn in Vienna 
which is concerned with industrial problems. (50th services crigin- 
ated in the Question end Answer Service of the OECD Development 
Ce"tre!(l). 

Another approach to the diffusion of information ar.d knowledge 
on appropriate technology is through technical and managerial assie- 
tance to smell firms and local entrepreneurs. Practically all develop- 
ing coUntriee today have some sort of national organisatic" aimed et 
promoting the development of small enterprises. One of the usual tools 
is to pr"...~ds fiTrnS "itb some sort of msmageriai assistance, for 
instance in the form of short training courses or consultency services 
With the exception of some ccuntriee like India , where servicee of 
this kind have been operating for many years, most of these organis- 
aticns are too new to allow for a meaningful evaluation(Z). There 
are, however. a "umber 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 of tomorrow. It is however extremely 
difficult to identify those which are likely tc be the winners in the 
long run, and even the most promising small errtrepreneurs may fail. 

What is more, there seems to be little, 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 respcnef 
to requests coming from the small firms themeelves 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 

i) See liarice Domergue, "Technical Assistance by Correspondence" 
International Development Review/Forum, No.3, 1974. A" evaluation 
of UNIDO's technical information eervxe can be found in A" Evalu- 
ative Review of the Industrial Inquiry Service 11966-1973) (mlmeof, 
UNDO, Vienna, 1974. 

2) See Bepin Behari, "Low-Cost Technologies and Rural Industrialis- 
atlcn" (mimec). "aper prepared for the OECD Seminar on Low-Cost 
Technology, Paris, 1974. This study describes the consulting 
activities of the Small Industries Development Organisatio" in 
India. 
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:;, 
I:,:, s~,ply, there is Some evidence that in many developing ccuntriee, 

the supply of managerial and technical consulting servicee to smell 
industry greatly exceede the effective demar.d for such services. The 

,~,, most conspicuous case in this respect is probably that of Kenya where 
the Rural Industrial Development hcgremme has been supporting small 
firms whose effective technical , economic ad managerial viability 

:,:, is questionable to say the least(l). 

I,,', Acother problem with such crgenisations is that the services 
',,~, they prcvide tend to be rather expensive. One way to measure this is 

to compare the number of firms which have received some sort >f essie- 

tance during a given year with the number of people employed by 
these crgenisations. Another indicator is the retie between the turn- 

' over of the firms which have received some form of aesietence and the 
administrative costs of running the consulting crganisaticn. A very 
rough estimate, based on Some of the case-studies. indicates that 
suoh an organisation with ten staff members can provide meaningful 
assistance to a group of smell firms which, taken together, employ 
Some one hundred people. This is clearly not the meet efficient way 
to fc zer 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 orgenisaticns. 

When the smell firms to which techacal or managerial staff is 
supplied are of a very low level, the outside Ccneultente or advisers 
are very often tempted to go much beyond the supply of advice. end 
thus end up by virtuslly running the firm they are trying to help. 
This turns cut to be very costly and time-consuming. On the other 
hand. small 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, end it is very difficult to strike a balance 

:<,', between the one-shot approach and the virtual take-over of the 
aseisted company. 

I', 
In fact, there Seem to be very great differences in the quality 

and effectiveneizs of national organisaticns which supply technical 
,,, 
::,: 

and managerial assistance to local enterprises. In one country, the 
crgemisation which was set up for this purpose under the auspices of 
a Well-known internaticnel organisation ended up after five years Jf 
operation with a payroll of over 600 people, mcstiy in administrative 
and SecretePie positions and, according to the widely-shared feeling 
of local entrepreneurs, is almost totally ineffective. In other 

,, COUntPieS such crganisations can work very effectively end rather 
cheaply. This is the case of severe1 institutions in India for 

1) See for instance H. Krie*ensen, "The Technology Problem in Rural 
Small Scale Industries: A Case Study from Kenya" (mime*), paper 
Prepared for the OECD Seminar on Low-Cost Technology, Paris, 1974. 
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instance. and Of at least one pragramms in Korea which v/as set up 
in co-operation with the Engineering Experimentstim Station of the 
Georgia Institute of Technalogy;l). 

Supplying managerial knowledge or new technology through SUC,, 
organisations cannot really be dissociated from the much wider 
problem of entrepreneurship. Information is a commodity.4 and its 
diffusion responds to market needs. Supplying inforrcation will not 
alofie 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 legislation. the 
organisation of credit, or the development of education. 

,: ,,~ 

,‘,‘, 
~:,,,z 
,: 
:; 

1) Se e the study by R. Hammond. "The Impact of Micro-Development 
Pra$ects",in the second part of this book. 
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Ch3ppter 4 

THE ROI,E OF THE UNIVERSITIES 

The number of universities. both in the industrialisod and the 
developing couniries, which are involved in some way or anocher with 
the development of new appropriate technologies, is growing rapidly, 
ad there are indications that this interest is more than a passing 
fashion, It is in fact a reflection bokh of the university's own 
questioning of its role in $ociety and of the fact that its dual 

function of creating and transmitting knowledge has a direct bearing 
on the development and applicction of more appropriate technologies 
in the local innovation systq. 

Most of the appropriate~technolcgy groups which originated from 
universities, like the Techzology Consultancy Centre in Ghaxa(l), 
the Regional Adaptive Technology Centre in the Philippines(Z), the 
Division of Micr+projects in Eindhoven, Netherlands(3) or 'the Grupo 
de Deserollo Rural of the University of the Andes in Bogota, are tnc 
recent to allow for any meaningful generalisations about the role of 
higher education institlzticns in the promotion of appropriate tech- 
nology. These experiments do h$wWever point to a number of problems 
which must be taken into account if appropriate technology is to 
pley an effective part in the process of economic and social develop- 
ment. Are universities the most adequate institutions for fostering 
innovation in appropriate technology? Cm their activities in this 
field be reconciled with their educational responsibilities? C&m 
their curricuia be reoriented ta inc:cde 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,'zAppropriate Technology~: :;:jj 
in Ghana: The Experience of Kmasi University's Technology Consul- :,,:,-s:j 
tancy Centre",in the second part of this book. 

2) Pafin S. Ignacio, "Intermediate Technology and Regional Developmen$,~~~:~~ 
in the Philippines", ibid. ,:> 

3) T. de Wilde, j. Janssen, B. van Wulfften-Palthe and S.P. Bertram, ,?! ,,: 
Wemarks on a Policy for Appropriate Technology 2nd Some Cases of, ,:,',Z; 
Micro-projectsl' (mimeo), paper prepared for the OECD Seminar on 
l,o"-Cost Technology, Paris, 1974. 

"c;; 

,~,, 
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I. THE uNIVERSITY'S CO~IT~Nf TO MODERN TECHNOLOGY 

In the last fifteen years. higher education has been one of the 
fastest growing Sectors o- f the economy in the developing countrie*, 
a* can clearly be seen from the number of new universitie* which were 
set up or the dramatic increase* in the number of students. One of 
the main motivations behind this explosive growth of higher education 
& to bring underdeveloped Societies into the modern world by build- 
ing up a massive~_te_chnological and educational basis. The somew:~1 
optimistic ideology whi&lCg:itinised the creation of hundreds of new 

,: : : ;:,.::: uniYePsitie* and which was actively promoted by international organis- 
,, 
; :i, ations, aid agencies and private foundation* has today lost mxb of 

its veneer and given way to a more sober *sses*ment of what bigher 
education can effectively achieve. In some spheres. the pendulw has 
swng even further, and it is interesting to observe thnt the far- 
reaching criticisms of the university made by *omeone like Ivan Jllicb 
are now being frequently quoted, and possibly even put into practice 

~,, by government authorities which. directly or indirectly. have the 
responsibility for higher education(l). 

'Whetever the failings of the university - and here the disappoint 

:;.,,'~ ment i* the inevitable counterpart of exaggerated emectations - it ie 

.:' still the mo*t effective, or least ineffective, means for providing 
i 
: / a wide number of young people with the skill* end training necessary 
::~ :, 
::, in a modern industrialised, or industrialising society. Universities 
,,', have a basic commitment, ixxstitu~tionalised in their curricuka. their 

,,,, entrance requirements, their communications system and their quality 
~,,~ ~j~ ~, control procedures, to modern technology. 

This commitment stands in alnost complete opposition to the 
guiding philosophy of the intermediate technology movement. University 
education is expensive, and for many developing collntries prohibitivei 
expensive (one year of higher education for one Student often CO&* 
more than the total income of hundred* 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 a* 

,,~ 
:,:c such play a useful role in the field of appropriate technology for 

,;,:;; which it was never designed and which culturally and politically is 

,,: ,~ so far away from it? 
;:I,," The increasing number of universities which are involved in 

developing some form or another of aopropriate technology, *how* at 
any rste that something can be done and that universities. and 

,,,,~", especially technical universities, do have a role to play. For the 
>;,, 

,,,.,, 
:,c,; / 

1) :;r: D. Illich, Deschooly So,ietl(, Harper and Row, Ner York, 

1 -- 
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moment, this involvement is in most vases 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 'universities for appro- 
priate technology' end India is the first country where the possibil- 
ity of granting academic degrees in intermediate technology has been 
seriously considered. 

The involvement of universities ir. intermediate technology is 
also in most cases politically varginal, in the sense that it does 
not generaLly 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 es a means of letting off 
steam and neutralising in a constructive way the internal political 

I',, tensions of the university. What must also be considered here is that 

I in sever‘al developing countries, the internal problems of higher 

I<, 

education institutions are compounded by their potentielly destabilis- 
ing political role in society. Universities, or rather the student 
body, are often violently opposed to the ruiing -,;litical elite of 

I,;, 
the country end are in effect a revolutionary force. The examples 
of Thailend, South Korea, Sri Lanka and several Latin American 

;v ,, 
,, countries show this very clearly. 

Appropriate technology, whether its proponents want it or not, I 
: has a political dimension, since it is oriented primarily towards .; 

,,,, 
the most under-privileged groups in society end assumes, probably 

y,,~, rightly, that the development strategies followed until now have 

1: 
1;;~:: 

benefited primarily the ruling elites. The ideology and values of :~~ 
the appropriate technology movement 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 

1~' higher ekxation system might play in appropriate tecbnoloOr. 
The involvement of universities in appropriate technology can 

of course be interpreted, somewhat cynically, as an attempt to neu- 

tralise their outside critics and buy off their student dissenters. 
This view, which some very specific cases may justify, is neverthe- ,:;, 
less rather unfair, in that it grossly understates the very genuine ,,,,,;:!t 
concern both of 3niversities and educational authorities about the ; I 

,,I: contribution of higher education to economic and social development. 1':; 
The universities also have a number of assets - intellectual, tech- ":S 
nological and organisational - ,which can usefully be applied to the ':~,? 
developnent and prosotion of more appropriate technologies. 

":; 
,,,';: ~;T : ,, ,, : 

,,< 

,~~, ,,~ 
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II. THE UNIVEeJTY’S LIMITATIONS 

Before trying to outline what the wiversities 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 xndustrial entrepreneur or man- 
agement consultant, nor to play the part which belongs institution- ,' 
ally to government agencies. industrial firms or non-profit associa- 
tions. Faculty members may of couree in their individual capacity 
trke on 3 number of activities outside the university - primarily 
EC advisers and consultants - but the institution to which they belong 
is geared essentially to education end learning in the strict sense 
of the term. 

The second point is Chat even if universities did went. or were 
allowed to play a much wider rol~e then that for which they we?'= orig- 
inally designed. they probably could not. For one 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 only to look at the teacher/student ratios or their financial 
situation to realise that education alone is more than a full-time 
preoccupation. There is an obvious temptation to say that the univer- 
sity can do everything. Does it not aftei all harbour some of the 
country's best minds? The temptation however is at best illusory, 
end et worst potentially damaging to its educational mission. ,,: 

In severe? highly industrizlised 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 
locai appropriate technology innovation system. By historical stao- ':. 
dards, this involvement of West European and American universities 
wjth industry is a recent phenomenon: it started in Germany 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 became 
institutionalised in a iar-ge way(l). At the same time that the uni- 
vnrsities 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 end C laboratories and 
trying thereby to systematise the innovation 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 be overlooked is that this involvement of ,li 

1) For a detailed discussion of these prablems,see The Research 
System, Vol.1, II & III, CECD, Paris, 1972-74. 

- 76 - 

$I :,, 
$@,I,;:,::,’ :,:~,‘, ,,, ,,,~,:: ,,,~ ,, 



European and American universities in the processes of industrial 
and technological innovation was to some extent at least an xciden- 
tal phenomenon rather than the result of a deliberate policy. What 
has ~,orked in the past will not necessarily work es well in the 
future. In iact, it is quite possible that these links, built up in 
the last decades, will progressively deteriorate as a result both 
of the educational burdens placed upon the universities and of the 
increasing diversity and pace of change of industrial technology. 
In the developing countries, the establishment of close links between 
industry end the universities has until now proven to be rather 
difficult, end a national strategy for appropriate techwlogy must 
take into account the fact that the building-up of such a relation- 
ship is not necessarily the most effective way of promoting innwztion. 

Another point of caution ebout the role of universities is that 
the development of new intermediate or appropriate technology does 
not for the mo?t 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 fcad=mental knowledge in chemistry(Z). B; end large, however, 
appropriate technology belongs to the realm of the craftsmen and 
village artisan rather than to the world of the academic teacher or 
scientist, and an exclusive preoccupation with what the university 
might do czz lesd to P neglect of the crucial role played in the 
innovation process by craftsmen and small entrepreneurs. As far es 
education 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 ro?e 
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 end minimising the techrIica1 risk to the 
user. The technical capability of the university can be scaled down 
to meet the specific problems faced bjj local craftsmen and entre- 
preneurs. One wccessful example in this respect is the way in which 

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

2) P.O. Ngoddy, "Gari Mechanisation in Nigeria: The Competition 
Between Intermediate and Modern Technolop?, ibid. 



university teachers in Sri Lanka have been encouraged to act as 
technical consultants to local blacksmiths(l). Another similar c&&e 
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 pi-ocess. to diffusing this 
improved technology throughout the industry(Z). 

III. APPROPRIATE TECHNOLOGY IN THE HIGHER EDUCATION SYSTEM 

The students of today are the engineers, technologists. indus- 
trial entrepreneur& and politic&l leaders of tomorrow, and the type 
of education they are now getting will determine to a large extent 
the type of society that will exist twenty or thirty years 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 cslled, rather poetic- 
ally but neverthelt&s realistically, a certain 'sympathy' for it(J). 
The shift in values and attitude& which this requires cenaot 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 ea?lier, of integrating intermediate technolo,gy in the 
university curricula and eventually having degrees in this field. 
This obviously poses a number of problems, as the experience of 
Mind&n&o State University in the Philippine& clearly shows(4). 
Academic curricula, notably in the engineering field, are designed 
in such a way that it is difficult to add on new courses without 
either suppressing &ome existing courses which are essential, or 
lengthening by several &eme&ters the total amount of time spent by 
students at the university. And for the time being at least, it doe& 
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 

I) See the study by D.L.O. Mendis. "The Reorganisation of the Light 
Engineering Industry in Sri Lanka", in the second part of this boo 

2) Ross Hammond, "The Impact of Micro-Development Project&", ibid. - 
3) N.N. de Silva, "Rural Industrialisation in Sri Lanka" (mime"), 

pk3y prepared for the OECD Seminar on Low-Co&t Technology, Paris. 

4) See the Study by Rufino S. Ignacio "Intermediate Technology ,-nd 
Regional Development in the Philippines", in the second part of 
this book. 
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which uses only local resources and which can be 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 circuit. Several uni- 
versities h-ve 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(l). 

Encouraging universities to develop intermediate technology require: 

a modification of their reward and promotion system. In most institu- 
tions, the evaluation of a faciilty 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 consequence of the student unrest which swept 
many universities of the world a few years ago has been a rehabilita- 
tion of 'consumer satisfaction' (e.g. through performance ratings 
given by the students to their professors) as one of the bases for 
evaiuating a faculty meaber's sillerji and promotion prospects. 

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 pcz-nrful motivation 
to do more. 

The various steps outlined above amount in effect to an institu- 
tionalisation of intermediate technology. That they could be useful 
is more than likely. However, even if they were carried out, ?nd this 
is beginning to be done 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 community, 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. 

- 79 - 



villages. 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 iecbxologies are addressed. 

'Without going es far end as forcefully as China hes done in 
compelling students +o spend a year of real work in the farms and 
factories and eliminating academic performance as a criterion for 
wanting degrees. there is a lot to say far encouraging 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 end 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 technology. 
One should not forget that the technologies developed by generatiar.6 
of farmers in the developing countries are in many respects very 
sophisticated end ingenious, primitive as they may seem when compared 
to wi.at has been achieved in some industrialised countries. This 
technological basis is in the process o f disintegration, and vaet 
amounts of lrnowledge accumulated over centuries are now being lost 
within a few y-ears. Much of this knowledge could sex-ve as the basis 
for de~veloping new and more appropriate technologies. The idea here 
is not of course to preserve the past at all costs and turn 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 ?Ln.ilrersity, and to encourage the ~iVnrsity to idontifjj, 
evaluate and enalyse the vast pool of dormant technology which can be 
found in the informal sector. 

Sending stlidents off for a few months to the country is not the 
most popular measure, and to do so on a large scale and With little 
preparation is to cou?t disaster. One successful example is that of 
the Pan-African Institute for Development(l). This institution, which 
is not strictly speaking a university but rather a post-experience 
management school for specialists in rural development, has a two- 
year education and training programme, a substantiai 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 end practical. The reports prepared by 
the students - many of whom already have a number of years of exper- 
ionce behind them - are of very high professions1 quality end show 
a rather remarkable perception of the social processes of innovation 
and development. This work is in fact a very good example of the type 

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



of new social knowledge which higher education institutions might try 
to develop and %rhich is crucially important in the diffusion of appro- 

priate technology. 

I". LOCAL RESEARCH AND INFANT TECHNOLOGY 

Among the many questions which for the time still remain open, 
one of the most importan-t touches upon tiie research end development 
activities of the uolversity, both in the industrialised and the 
developing countries. The complexity of the question can perhaps best 
be expressed by summarising two apparently contradictory views on this 
problem. Given the obvious need for much more R end D in the field of 
appropriate technology end the technical capability of the highly 
industrislised countries. the first view is that the universities in 
these countries should increase their R and D effort and provide the 
devel,oping nations with the intermediate technology they need(l). 
The opposing view is that tecnnical 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 end technolog- 
ists(2). 

Presented in this way, the dilemma may seem rather theoretical. 
In fact, it is a very concrete problem, 88 ihZ fslloving receiit exzm- 

ple clearly shows. In one East African country, a local anpropriate 
technology group tried to develop a new type of irrigation )i?~ based 
on indigenous materials to replace the imported plastic ;ji.pe- .vnich 
had become prohibitively expensive as a result of the rise la oil 
prices. The problem was urgent end technically complex. Rather then 
address itself to tne local university laboratory, whose technical 
capability in this particular a-a was not very strong, the appropriate 
technolom group chose to call upon a Dutch university with a much 
wider experience. As far as immediate resuits are concerned, this was 
~mdo-ubtedly 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 
irdustrialised countries on appropriate technology. the greater the 
temptation for developing countries to use this technology 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",i.n the second part of this book. 

2) Ses M.J. Hoda, "India's Experience ?nd the Gandhian Tradition", 
ibxi. - 



the,? develop their own. In fact, there are strong 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 technology. 
It is a well know fact that more than 90 per cent of the world's 
potential in science and technology is located in less thar. 25 highly 
industrialised countries, and that the developing cowltries taken as 
B :vhole do not account for much more than one 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 end D in intermediate or aupropriate technology. Fw 
one thing, no serious attempt has yet been made to measure on a world- 
wide basis the total amount of money spent on research in this are=. 
Furthermore, as noted earlier, a large part of the innovations in 
ap?ropr‘iate technology stem not from a formally organized - and there- 
fore 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. 

Aowever, if one takes into account -he rapidly growing R and D 
effort in appropriate technology undertaken in the industrialised 
countries and the fact that many appropriate technolog? groups tend, 
like the one from East Africa mentioned above, to resort to appropriat 
technalogi$s developed in Western Europe and Worth America, there are 
reasons to believe thz'. Iji +"e same patterns of dependence upon technolog 
transfers from tke industrialised countries could develop. What furtha 
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 technology 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 +ransfers can make en important contribution to development 
but the problem of technological self-determination remains unsolved. 
In the same way that government policies for industrialisation have 
tried to build up local industries by protecting them thrwgh tariffs 
or other menns from excessive competition - this is the well known 
'infant-industry principle(Z) - a policy for appropriate technology 

1) One instructive view of the role played by universities of the 
industrialised countries in developing new appropriate technologiez 
for the less developed nations can be found in R.J. Con don, 
"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 lest century. See his National 
SVstem of Political Economy (1885) rlprinted by Kelley, New York, 
19bb. 



in the developing countries should consider the arguments in favour 
of ' infant iechr.olo2y I, and in particular of infant appropriate 

technology. Protecting an infant industry is always expensive in the 
Short run: locally-made prcducts are rn05t costly and often less 
reliable than those imported from abroad. The same is true of infant 
tec;,,,010gy, and one must accept the fact that the pur*ose Of R and II 
on appropriate technology in the developing countries and notably in 
their universities, is not merely to develop new technologies or new 
products, but also to build up a capability for technological inno- 
vation. Mi, -takes are inevitable and inefficiencY vzry likely, but 

this is normal phenomenon. As Victor "artinez has noted, before read- 
ing Shakespeare. one must know the alphabet, and leaminr hnw to 
master rechnolory caL1.s first for a mastery of the alphabet of tech- 
no1ogy( 1). 

“. THE !,!EED FOP APPRDPPIAT E ,fi”DER” ‘TEC!‘xx,OCY 

!Jzliversities in the developing countries may well- be *tiLe to 
m2ke an important contribution to the development of new intemedUate 
or low-cost tec~x~ologies, desnite their 3ximary commitment to educa- 

tion and their cultural bias towards modern technolopj. Fowever, if 
one considers the ways in which their R and D activities could be 

mobilised for development, it is probably a nlistake to look zxclu- 
lively ax irnovations in loz+cost or intermediate technology. Tech- 
nologies of this type are no doubt inmortant, but they cannot solve 
everything. There are a number of complex problems - in awicuiture, 
natural resources, transportation or public health - which can only 
be solved through the most sophistics~..~d modern technology. One of 
these for instance is the eradication. of bilbarzia, a parasitic 
disease which affects buundreds of millions of neo-ile in ~the poorer 
parts of the world(i). Another is the maoping of underground mineral 
~‘esou~~ces by space sateilites. In the transportation field, there 
are a nmiber of alternatives to the traditixIa1 methods like ox-carts 
or the modern methods like trucks, but these parallel technologies 
(e.g. the airship) still require e certain amount of development work 
before they can become economically attractive(3). 

1) Victor Martinez "Soecialised Information Services for Technologi- 
cal Innovation in the Less Develoned Countries" (mime"), 3836~ 
prepared for the OECD Seminar on iow-Cost Technology, Pari?, 1974. 

2) Recent developments of basic research on bilharzia illustrate very 
well the role that can be nlayed by universities in the developink! 
countries. An Ethiopian scientist workin, 2 in his country has dis- 
covered that the fruit of the local soanberry @x?t "as a "er!, 
effective, and natural, means of eliminating the water snails which 
transmit the parasite. 

: 3) See ior instate dlternative Transwrt Technol.oEies (mime"), OECD 
k~*lOgmSnt Centre, Paris, 1 7r. 
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Many of the problems which are still unsolved could probably be 

dealt with successfully in the next ten OP 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 crow 
more efficient transportation systems , or a better utilisation of 
natural resour'ces are in many cases neither low-cost nor intermediate 
but highly sophisticated and very modern. Yet they are particularly 
appropriate, in the sense that they try to solve 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 required 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 scientisxs and engineers and give them 
the basic qualifications for a professional activity in the modern 
world, but also to familiarise them w'.th the social and technical 
prob?ems of the millions of people living in the rural areas. Their 
R u&d D activities should probably focus more on the development 0~: 
technology, but this should not be at the expense of highly sophisti- 
cated research in the scientific and technological problems which 
are specific to the developing CoUntTies. Their 'modern' R and D 
activities m_ight v-11 in fee, + serve as the basis for the creation of 
new science-based industries focusing on the problems of dvelopment. 
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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 be~tter adapted to the 
requirements of the rural populations in the developing countries 
than those offered by the capital-intensive high technology indus- 
tries. Perhaps the most important contribution of these groups is 
to show that there are alternative approachee 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 neeis is 

however but one aspect of the innovation mechanism. Technology is a 
process. not an end in itself, and it must somehow be translated 
into new products and new services if it i s to be of any use. Products 

must be menufartured and sold, and this can only be done by an indus- 
trial firm or, if the market is very small, by individual craftsmen. 
In the same way, a service must be brought to tile customer. either 
by individuals or by an orgenisation 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 dae 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, 
end a rather general scepticism about the role of government agencies 
end 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 en implicit 
criticism of the organisational forms and ideologies which have 
governed the development effort of many countries in the last twenty 
years. Or it q igFit be viewed simply as a reflection of the pragmatism 

- 55 - 



and 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 entrepreneu 
end this may account, at least in part and somewhat subconsciously, 
for the major emphasis given by many low-cost technology practitioner 
to the role of the individual entrepreneur. 

The experience of the various appropriate technology 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 &mall enterprises, individual entrepreneurship is per- 
ha?s the single most important factor of sxcess in imovation. 

Despite the apparent superiority of individual entrepreneurship. 
an increasingly large number of developing countries, for reasons 
which are both ideological and political, have tried to base at least 
part of their development effort on co-operative forms of organisatio 
and public entrepreneurship is often viewed as the mainstay of modern 
isaticn. In Tanzania for instance, co-operatives *Fe the main form of 
arganisation of the country's economic and social life. 

The difficulties encountered by the co-operative movement in 
many developing countries seem to be due to two types of reasons. 
The first is the high degree of administrative and technical skills 
required to operate such an organisation. As far as administratirn 
and management is concerned, the co-operative is in fact a 'high- 
technology' enterprise, in the same way that the small family firm 
or workshop is * vlow-technology' organisation. If all the members 
of the co-operative are to take tin 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 it* 
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 been 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 hn overly idealised 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 **me vslues and inter- 
ests, but also an institutional entrepreneur and social missicwry. 
Yet despite the crucially important part played by such innovators, 
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the success of a co-operative depenas 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-operatives by government decree. These co-operatives. 
created by the government rather than by the communities they are 
intended to serve, are usually faced with tremendous administrative 
difficulties, and as a result of their political links with tbe 
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 governnient tax collector. 

In practice, it is often very difficult to compare the rektive 
merits of cceoper3tive 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 S~C~OP, and in each case the conditions are 
very different. There is, however, at least (r::e practical case where 
a direct comparison can be made. In India, the Flanning Research and 
Action Institute in Lucknow developed a very efficient small-scale 
technology for producing crystal sugar(l). 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 considerable encour- 

agement, less than half a dozen new units were created between 1962 
and 1974. By contrast, the individual entrepreneurs were outstandingly 
successful: they had created o"er 1,200 new production units in less 
than fifteen years, and currently account for c1cse to 20 per cent 
of India's crystal sugar production. 

This example does not of coursn mean 'that co-operatives cannot 
wrk 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 in Sri 
Lanka, which was reorganised on a co-operative basis, while at the 
same time preserving individual ownership of the means of production(Z) 

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 ba 

2) D.L.O. 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 most promising in the diffusion and application of appropriate 
technology. 

II. THE ROLE OF GOVERNiSEST 

Large public or governmental organisations tend to be beset by 
bureaucratic inefficiencies and administrative weaknesses end 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 technology. 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 againet innovation 
and change. 

The guaratees requi?ed by the credit institutions for insw.nce 
are such that a new entrepreneur has practically no chance of obtain- 
ing any financial aid. Import regulations end foreign exchange 
restrictions make it very difficult for him to obtain from abroad 
the equipment he needs either to manufacture goods oi- to develop his 
own I?cbnology. when he does !lappen to have money, the priorities of 
the national economic plan do not allow him to invest it as he sees 
fit end he must spend vast amounts of time and energy tlying to get 
approval for his projects. From the entrepreneur's point of view, it 
therefore makes much more sense not to engage in industrial activitie; 
and to devote his energies to socially less productive and personally 
more rewarding activities like trading or specul,ation in real estate. 

One of the traged~ies of this situation is that while governments 
on the one side are trying very hard ad often et great social and 
f;nancial expense to build up new industries, the institutional 

obstacles to entrepreneurship on the other, coupled with the competi- 
tion from these highly subsidised industries, is stifling the creatic 
of new small firms end progressively destroying the economic and 
social bases of the local handicrafts industry. Many developing con- 
tries are spending vast sums of money to import foreign technology, 
but at the same time these imports are contributing to the destructia 
of the existing technological system in a large number of sectors. 
Thus for instance the carpet manufacturing machines imported from 
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Switzerland by one North African country: they have nor: only ruined 
hundreds of families who had made their tom famous for its carpets, 
but have also made sure that in five or ten years time, the knowledge 
of ho" to make them WI-- 11 3150 have disappeared completely. 

Clearly the process of creating and diffusing new technology is 
inseparable from the decay and disappearance af older technologies 
md obsolete knowledge, and a complete preservation of the past can 
only be achieved at the cost of complete stagnation. But in many 
countries, this process of destruction of traditicnal technology is 
artAficielig ac:;elerated by large-scale inCustria1;cati.m anri, :iimt 

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

ill***. 
This is not to say that the action of government is necessarily 

:xumiul or that large-scale industrialisation as such is an evil. 
Governments can in fact do e lot, for instance by helping to create 
a more favourable climate for the development of entrepreneurship. 
Before even considering what positive measures might be taken, it 
would be useful to start by dismantling at least some of the institu- 
tional obstacles to entrepreneurship. These obstacles are innumerable, 
but in most cases relatively easy to identif;: Lt is only necessary 
to ask those innovators who have succeeded in overcoming them. Such 
surveys have seldom been conducted, end if followed up where possible 
by specific remedies would probably be much more useful and effective 
than the somewhat grandiose schemes for technical education, manage- 
ment training or information services established by government 
authorities, often on the advice end 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 to 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 entreweneur 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 end 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 regula~tions bi:ore starting. In this case 
however - and this :s not untypical - regulations are constantly 
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changing, a*d the entrepreneurs cannot count on the minimum of 

stability which is required for building up new industries. 

III. THE SOCIAL PATTERNS OF ENTREPRENEURSHIP 

Creating 5 more favourable climate for entrepreneurship can be 
greatly facilitated by a number of relatively simple measures. There 
are however a number of social factors which cannot easily be changed. 
Among the most sensitive from e paliticel Point of view is the fact 
that certain types of entrepreneurship are often associated with 
certain ethnic and linguistic groups. In Cameroon for instance, some 
SO 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 hew companies registered between 1946 and 196: belonged either 
to Exopesn or Indian settiers , while the total capital of the 
African-@bred companies amounted to less than 1 per cent of that of 
all new firms(l). In Thailand, a large proportion of the entrepreneurs 
who 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 sociai 
tensioas which arise from the ethnic 011 religious 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. end in particular of entrepreneurship in inter- 
mediate technology, oa?Vlot leave out the cultural, ethnic and 
religious factors(Z). 

If et!mic or religio'1s 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 men who star~ts 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 end social 
prestige. These actiyities we not necessarily those which contribute 

1) See H. Kristensen, "The Technrlogy 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 interesticg way to deal with this problem is that of INADES in 
the Ivory Coast; in that country, most of the trandeemen are 
foreigners - Lebanese, European or Melian - and INADES has attempted 
through its training Programmes in the commercial field to build up 
a <.lass of Ivorian merchants and shopkeepers. 
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most to increasing the gross national product or to developing the 
cow,tryts industrial basis. As P.D. Malgavkar has observed in his 
stu&; of the techno-entrepreneurs of the Poona area, one of the most 
positive results 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(l). 

IV. THE POLITICAL LEGITIMATlON OF APPROPRIATE TECXNOLOGY 

The growing interest of many governments and aid-giving agencies 
in appropriate technology can contribute ncc only to its developmen~t 
end widespread diffusion but also, and this is in some ways aore 
importhnt, to giving it the social and cultural prestige which it 
now lacks. There are clear indications that intermediate technology 
is now moving from a somewhat marginal position in development policy 
to a much more central role. This process of institutionalisation 
means that more money will be avaiiable for new experiments. Needless 
ts say, there are certain risks, and one of the main ones is that of 

bureaucratisation. However one should not overlook the major social 
md psychological iz?portence of this new trend. 

As long es governments and aid-giving agencies, both national 
end international, were concerned almost exclusively with large-scale 
projects and modern industries, it required an enoi-mo!x mount of 

independence of mind on the part of the intermediate technology PFO- 
ponents and the few local entrepreneurs in the developing countries 
to stand up against what everyone else, including the experts, 
thought wss r~ight. Marginality is not of co1:11ss a deterrent to the 
true missionary, quite the contrary, but in this case it meant that 
intermediate technology had little chance of involving the millions 
of people who form the silent majority, and who stand most to benefit 
from it. 

The active interest of national governments end foreign aid 
donors in low-cost technology could reverse this situation by legiti- 
mising the efforts of local entrepreneurs and innovators in this 
field 'ad 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 techmlogies, impor- 
tant as this may be, but to create the cultural and psychological 
conditions for the development of entrepreneurshiD end innovation. 

i) P.D. Malgavkar, "The Role of Techno-Entrepreneurs in the Adoption 
of Few Tecbnology",in the Second part of this book. 



In this respect, it is interesting to note the role which is 
being played by the United States in the legitimation of appropriate 
teChnOiOKy. ror several decades, the industriai and technological 
experiences Of that country have played the role af model or yard- 
stick for other industrialised countries, both East and West. Witness 
for instance the way in which other countries have tried to match. 
in relative terms at le.sst, the American investments in research and 
deYelnyment, their fascination with American management methods or 
their iftempt to build up industrial firms which were as large as 
Americar. companies. At the same time that these countries we trying 
to replicate some of the United States' industrial and technolcgical 
experiences, the model country is itself undergoing very deep changes 
which, is J.F. Revel has noted, are symptomatic Of what may "el?~ 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 trelid is now sufficiently.important to 
have become statistically significant. The ;iventeen mainly rural 
5' . 5 . states (e.g. Maine, Ninnesota, Iowa, the Dakotas. Mebraska, 
etc.) which between 1940 and 1"70 had emerienced very high rates 
of emigration, have witnessed a complete turnarcund. and since 1973 

have become areas of net immigration(Z). This ruralisation trend, 
irhich is associated to a Large extent with the ecology movements and 
with American society's critique of its industrial way of life is 
having a direct effect upon the development of technology. liundreds 
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 &x&m, windmills, SOhr heaters and low-cost food 
storage equipment. 

Significant changes are also taking place in the political sphere 
bath at the federal and state level. California for instance is con- 
sidering the ways and means to develop appropriate technology to help 
solve the problems 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 witkin Congress, 
there 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) .f;;y Francois Revel, Without Marx or Jesus, Doubleday, New York, 

2) William N. Ellis, "The New Ruralism: The Post-Industrial Age is 
upon US". The Futurist, hgust 1975. 
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1975 which allocated ?O million dollars to the Agency for Inter- 

national Development to spend cn the promotion of intermediate tech- 
nology for the develo?ine cowtries between 1976 and 1977. 

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 en~mously important. In the same way that 
American experiences in high technology served as lepitimation and 
justification far industrial policies in 'Western B:rope(l) and in 
many developing nations. the coming of age of intermediate +echnolagy, 
which is rapidly being translated into institutional and technologicai 
innovations, could serve as a powerful mtivation fir similar efforts 
elsewhere, and notably in the developing netions. If the United States 
is taking intermediate tec~hninalogy very seriously, this is a strong 
indication that it is a viable proposition, 2nd in a sense this 
interest is the political and psychologicai breakthraugih 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 awera? 
developing countries. Socially and politically, intermediate tech- 
ilnlagy is not neutral. One of the basic assumptions of its prcwments 
is that it should be aimed primarily at the poorest segments of the 
population, most of whom live in the rural areas. Aow 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 
entrepreneurial and innovative forces which exist in all communities 
but which have heen weakened and repressed by the existing economic 
and social system. 

What must not be overlooked however iLs that these entrepreneurial 
forces, once released, will not focus exclusively on building up 
small i*?dustries and developing new technologies, but will also in 
many cases address themselves to social reforms and political char.,-e. 
The social background and the psychological dispositions which make 
a man a gcod potential entrepreneur are no g~~arentee that he will 
become an indus'irial entrepreneur and thereby contribute to increasing 
the gross national product. Ee may just as well become a political 
entrepreneur and a social revolutionary(E). This is not necessarily 

1) This phencmenon has been analysed in Raymond 'Jemx (ea.). a. 
Business and the State - Chansing Relations in Western Eurwe, 
Harvard Diversity Press, Cambridge, 1974. 

2) It may be interesting to note here that the psychological dis- 
positions which make a man a good entre reneur (inventiveness, 
creativity, need for independence, etc. P 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- 
lating a real development p-ocess in the most underprivileged seg- 
ments of the population. 

". THE LIMITATIONS OF PLANNING 

Another political and social isslue raised by the development of 
appropriate technology touches upon the limitations of economic and 
industrial planning. A large number of developing countries today 
have a national Plan and a large bureaucracy to implement it. Aside 
from ideological choices and political fashions, one of the motiva- 
-tions for planning is that market forces, both national end inter- 
national, are not conducive to real deveiopment. Since human and 
financial reso1Irces are limited. they should be charnelled in priority 
into those arcas which are likely to have the largest multiplier 
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 
is Prom 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 also what might be called en 
administrative or public sewice tradition. In many developing coun- 
tries, none of these requirements are ful~fillad. 

Planning inevitably breeds the idea that it is possible to con- 
trol and direct all of a country's economic .and industrial activities. 
It may indeed be relatively easy to decide upon the construction of 
a steel mill, a big dam or an electricity distribution system. Such 
projects can be analysed in terms of costs and return on investment, 
and the technical expertise needed to carry them out is usually avail- 
able from abroad. However they represent only a smell 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 end industrial workers who provide their fellowmen, oftc? 
on a very small scale, with the vast range of products end services 

they need. 
To the economic planners, the way in which these activities are 

orgexised may seem irrational end inefficient, and there is 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 control mechan- 
isms for basic products like bread, rice or flour, or by bringing 
-11 the small tradesmen to form a large marketing organisstion. What 
-usually ensues from such reorganisation efforts is at best another 
type of inefficiency, and at worst complete chaos. Even in the most 
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underdeveloped and undifferentiated society, the economic system is 
probably r03 conplex and diverse to be organised in a rational way. 

Vhat appropriate technology has to rffer here is not a neans of 
controlling and operating the economic system in a coherent way, but 
rather a series of technical to015 to reeuce the inefficiencies in 
specific areas. A very simple example cm illustrate this. In most 
developing coutries, the small farmer sells part of his surplus 
production on the open market. Since all farmers are doing the same 
thing at the same time, prices colla*se, and the farmer has little 
incentive to produce more than he needs. To the economic planner, 
one solution might be to impose mme o;inimum 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 *or a 
few weekts or a few months, and thereby to obtain a better price from 
the consumer or the tradesman. 

VI. TXE COMPETITI”EN’ESS OF APPROPRTATP TECHNOLOGY 

One of the most important yet often overlooked factors in the 

diffusion of intermediate technology is its competitiveness. A tech- 
nology will not be adapted 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, ospeci- 
ally in the rural areas. What is important is that it should be 
technically and economically more advantageous than both the existing 
traditional technologies and the modern technologies embodied in the 
products of large-stair 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 deveioped ia considerably 
wider than the number of those which meet these basic conditions of 
.cmpetitiveness. 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 modem butane gas stoves manufac- 
tured on a large scale by industrial firms. The same observation 

might be made about the rainwater collection system promoted by 3 
French organisation in West Africa(l). The plastic sheets covering 

I.) See P. Martin, ~~Ter2hnic.d Note on the Collection and Storage of 
tamwater" (mimeo), paper prepared for the OECD Seminar on Low- 
Cost Tedmology, Paris, 1574. 
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the traditional roof may well be technically appropriate, but one of 
the alternative solutions, namely the tin roof, is not oaiy techni- 
cally simpler, but socially much more prestigious: the tin roof, 
quite apart from its practical convenience, is one of the most con- 
spicuous signs of affluence and a top priority in a family's invest- 
menx:s . 

,,, 
,‘,, 

The second problem is that it is generally very difficult to 
evaluate the competitiveness of intermediate technology. Part of the 
probiem stems from the fact that the concept of 3competitiveness' or 
'efficiency' covers three very different notions. The first is what 
might be called the technical or engineering efficiency of a new 
product 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 TECHNCLXY 

““~~~~~~~~~““C”‘rn~~~1~1”‘“‘“” 

modern 
technologies technologies 

Engineering efficiency 

Economic viability 

Social acceptability 

-~ ; 1 

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 ccnsiderably mere colnplax and the success- 
ful irx~ovator often has to rely more on his own experience and his 
personal hunches than on rational economic end technical analyses. 
This set of criteria does however suggest three important points. 
Tne first is that social or cultural acceptability is often a major 
factor in the success or failure of an innovation. Because it is so 
subjective and ill-defined, there is an obvious temptation to favour 
the more rational criteria of engineering efficiency or econoaiq 
viability. The second point is that intermediate technology has to 
compete not only against the existing traditional technologies, 
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but also against the whole technological eyetem of modern industry 
which in many cases is remarkably efficient. 

The third point is the dynamic nature of the technological eys- 
tern. The criteria indicated here can give some idea of the conpeti- 
tiveness of intermediate technology today. As time goes by. however, 
they can change very substantially. !4hmat 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 of India, one may wonder if the plans 
of some appropriate technology groups to make a much wider use of 
cow dung as a source of energy are realistic, considering the incon- 
venience of collecting the raw material and the increasing reluctance 
e"en of unemployed people to do this work(l). 

Technology, and in prticular the modern technology against 
which appropriate technology has to compete, is in a process of 
constant change. And the basic economic assumption. ,.;on which an 
innovation 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 ir.teresting 
to observe that in a number of cases their technological choices 
anticipate by a few years what is likely to 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 rno~~e 
capital-intensive types of technology. This is the case for izrtance 
in the Bolivi&n cigarette industry and the Cameroonian soap industry. 

IV3at the shifting nature of these criteria suggests is that 
appronriate technology, if it is to succeed. must not only be competi- 
tive today, economically, technically and culturally. with existing 
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 irxovation system. What international technology transfers can do 
is to introduce new ideas , ne" forms of knwtiledge and new ways of 
doing things. But what they cannot do is to help baild up within the 
importing country the entrepreneurial and innovative basis which in 
the long run will ensure the widespread diffusion of appropriate 
tec'hnology. 

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



Chapter 6 

POLICIES FOR APPROPRIATE TECHNOLOGY 

The design of national policies for appropriate technology is 
still very much in its beginnings, end there are no real models to 
serve as reference points. A number of countries, t&h industrialised 
and developing, have made some very interesting experiments and the 
activities of the various appropriate technology groups have shown 
what were some of the main problems of innovation, and pointed to 
the directions in which a~ policy for appropriate technology Ioight 
move. These experiences however are probably not sufficient to provid, 
a clear-cut answer to the question which national policy makers, aid- 
giving agencies and private industry are beginning to ask, namely, 
what can be done in practice to foster the developmef~? and diffusion 
of appropriate technology? 

I. TEE 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 pioneers, knowledge oentres, 
political lobbyists and social missionaries, 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 stodk of appropriate 
technology developed by small local firms,,individual craftsmen and, 
iwentors, farming communities, educational institutions, charitable 
orgenisations and institutional entrepreneurs. Along with this pool '~ 
of technology which belongs for the most part to the 'informal' 
sector, there is also a vast amount of technology from the industrial- 
ised countries which in many cases is equally appropriate, and which 
could be used in a much more effective way. The appropriate technoloa 
groups represent in a Sense the tip of the technological iceberg, and 
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 oentralisation and co-ordin- 
ation from above is not the most effective approach to innovation in 



appropriate technology. What ie 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 somewhat differently, a form of technoiogical federalism, 
with initiatives end innovations coming from ail levels. This diver- 
sity 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 prectical terms is that a policy for a?pro- 
priate technology should involve a= wide a number of icstitutions 
and people as possible. 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 attitudes towarde technology, and 
the big industrial corporations which have a strong technoloqical 
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 fiscal policy, 
can hzve a mejo, impact on innovation, or which, like the judicial 
and legislative system, have an important role to play 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 technology. 

The third general principle is that a policy for appxpriate 
,,, 

technology, whether it is initiated by government, pi-ivzte industry, 
'> non-profit institutionsor 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 cf organ- 
isation, more efficient uses of existing resources, and fester 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 Technology Development Group in England, the Gandhian 
Institute of Studies in India - or by semi-public institutions like 

~~,, the universities. With the progressive institutionalisation of appro- 
pria-te technology, the time has come to start thinking of the ways 
in 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, end it can in many 

', ctses 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 jsnova- 
tive capability, and the future of intermediate technology depends 2,' 

1, to a large extent on reorientations within the research system, which 
:~ ,An most countries is heavily if not totally supported by public funds. 
;,,:,, 



II. SCIENCE POLICY MD THE CONSTRAINTS OF PENUXY 

Like any other political constituency. the research community 
will try to obtain more money from the government, and national 
science end technology polioies have had little difficulty in adapt- 
ing in the 1950's and 1960's to rapidly growing budgets. The next 
ten or fifteen years, both in the industrialised end the developing 
countries, show every sign of being much less easy. Financial restric 
tions, ccupied with a somewhat more sober assessment of what Science 
and technology can really achieve, have brought about not only an 
effective halt in the growth of most national science budgets, but 
aleo in many caees an actual decrease. The came phenomenon can be 
observed in a number of large multinational corporations. This new 
era of penury is not of oourse affecting the whoie system in the same 
way: changing national priorities have led tc enormous increases in 
research and development expenditures in a few selected areas - energ 
is the most conspicuous case toda y - matched by equivalent decreases 
in others. 

These changes have a number of implications for scl.ence and 
technclcgy policies in the developing countries. The first is that, 
with the exception of some oil producing naticas, financial restric- 
tions to the growth of 4 an3 D activities have becnme, 01‘ 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 develcping nation than in a country with 
a well developed technological infrastructure, and its productivity 
is generally much lower. The other is that the social cost. 07 oppcr- 
tunity cost of research, is the 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) with the income or production of en average 
worker, or with the total amount of taxes paid by the letter to the 
government. The figures show that in a typical developing country, a 
researcher vconsumes' the economic surplus of be+:reen 1,003 to 50,000 
farmers, while in an industriaiised country, he consumes the surplus 
of ten to a hundred industrial workers. 

The very high social cost of 8: and D in the developing countries 
and its relative inefficiexy means that investment will increasingly 
be allocated to immediately productive activities rather then to 
research. 

In the newly-rich developing countries, the ea:ne slow-down of 
R and D activities is likely to cccr, but for the opposite reasons. 
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 mast if not all the scientists and engineers who, under 
other circwxtances might have gone into research. The science and 
tec.hnology system of the leveloping countries, which is still very 
small, is thus threatened on two sides: in the poor nations by the 
shartage of money, in the rich nations by the rapidly growing shortage 
Of qualified manpower. 

In ahmst ali the developing countries, population is increasing 
rapidly, consumer demand is moving ahead, expectations are rising 
am social tensions, real or potential, show little signs of abating. 
What icis means is that the needs for innovation, and particularly 
for industrial and technological innovation in the modern sector and 
for agricultural innovation in the traditional sector, will continue 
to grow rapidly in the years ta r me. This demand for new technology 
can be satisfied only in part uy imports: foreign technology is 
expensive and it is often unsuited to the economic and sociai environ- 
ment of the importing countries. At any rate the range of technolagi.es 
reqiiired hy the developing nations is 50 wide that an exclusive 
reliance on imports is in the long run untenable from a financi-l 
standpoint, even for the richest of the developing countries(l). 

In other terms, an increasingly large share of the demand far 
technological innovation will have to be met by the local science 
2nd technology system. How this can be done in view of the very 
limited financial means available to the poorer rountries, and the 
dramatic shortage of highly qualified people in the richer countries, 
is one of the difficult questions policy makers will have to face in 
the years 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 la5t ten or‘ twenty years, ard the 
development of what might be called appropriate or intermediate science 
policies and technology policies. 

The science and technology policies which now exist in most 
developing nations are practically a carbon copy of th0.w 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 ebjectiv9s ere not very different. Furthermore, as a result of the 

---L COxm~icatiGxS ii~t;o~!cS Of nmdi-m inxnO1Ogy, tiie research system Of 
the da-loping 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 econcmy. Finally, part Of 
the research performed in the developing countries is aimed at 

1) This problem is cleariy illustrated by on2 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 
s?ctor . 
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solving the problens of the industrialised countries, and consequently 
does not contribute much to meeting local needs. 

It would of course be completely unrealistic to tlggest that the 
developing countries should dismantle in a deliberate way the small 
modern science and technology syktem they have managed to build lip, 
often 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 should 
take at least part of their inspiration from the principles end the 
philosophy of rhe appropriate technology movement. 

III. REGIONBLISATIGN AND DECENTRALISATION 

In most developing countries as well aa in a number of indus- 
trialised countries, the science ad teckaology system is highly 
centralised, both geographically end 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 -aday that the 
less centralised systems we more efficient. One of the policy inno- 
vations of the late 15~:~ end early 1960's was the idea of a national 
science plan or technology plan, and tha creation of central minis- 
tries dealing with science and technology. One of the next innova- 
tions, now in the process of development in several countries (United 
StatLs, Canada, West Germany, Brazil, etc.) is the concept of a 
regional or provincial science and technology plan(l). 

Tht idea here is not simply to decentralise the research system by 
government decree, but to stimulate, by both public and private means, 
the creation of local systems which are financed, operated arid 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 
reai needs of the local community end 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, bi?t which might nevertheless be of considerable importance to a 
particular region or community. One il>dstration here is tie research 
on sailships financed by the Hamburg City Cooncil~ in West Germany. 

1) Cf. The Research System, Vol.111, OECD, Paris, 1974. The links 
between reglonallsm, competition and creativity were discussed 
in the first half of the last century by the French economist 
J.C.L. Simonde de Sismondi in his Histoire des &publiques 
italirnnes du moyen ?;e, Paris, 16Zi: For an excerpt f 
book 

ram this 
, see r'utlirlbles, Summer i375. 
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Another is the research on oil sands and on coal conversion sponsored 
by the Alberta Research Council and the Alberta Government in Canada. 
This type of decentralised oi- regionalised scierce policy seems to 
be particularly well indicated for the development of intermediate 
tecbnol~ogy, at least in those countries which have more than a few 
hundred thousand inhabitants. 

Partly as a result of the absence of a significant infrhstructure, 
most if oat ail the scientific and technological researc?, 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 gavern- 
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 orzanisation now g,'adually being established by private and 
non-governmental orgenisations. One of the basic aims of rational 
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 rationalisation. The research system is much too complex 
and delicate to be organised in an orderly wzy, and a large part of 
its internal dynamism stems from duplication, competition and discrdcr. 

It is well to note that dezentralisation and local initiative, 
while necessary to the large-scale diffusion of appropriate technology, 
may stand in direct opposition to political priorities. One of the 
major tasks facing developing countries is to build up a viable 
nation-state. The odds we often enormous: time is short, the economy 
underdevelwged, 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 to the smooth working of the central bureau- 
cracy(1). In this perspective, modern technology and the crcatior. of 
large-scale industries are usually seen as a unifying nolitical tool. 

The intermediate technology 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 an* run their holding 
in a more rational way, very quickly learn that some of the big 

1) The study by D.L.O. 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. 
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problems they face are in fact due. indirectly or directly, to the 
central dovernment's modernisation drive. And the ethnic groups or 
the regions which, for cultural or social reasons, are more Ept than 
others to seize the advantages offered by intermediate technology, 
can easily come to represent a political and economic threat to other 
groups, and notably to the ruling elites. One of +he big problems 
which many developing countries have to face is that of preserving 
a certain baiance between the centrifugal forces of diversity and 
the centripetal forces of modernity, and any national or regxonal 
policy for appropriate technology must take this into account. 

IV. THE PROMOTION OF LOCAL TECHNOLOGICAL TRAXTIONS 

One of the fascinating questions in the social history of tech- 
nology is the association of certain ethnic, religious ol= social 
groups with par%icular types of technology. The case of the watoh- 
makirg industry in the Swiss and French Jui‘a and the German Black 
Forest is a classic example. The same phenomenon can be observed in 
almost every country: witness the Thai melal working tradition, the 
Jewish Yemenite silversmiths, the Afghan or North Cameroonian leather 
works, the Iranian oarpets, or the firearms manufacturing tradition 
in Northern Pakistan. Ir. most cases , we do not know why a Particular 
town or social grou;; came to develop such a tradition, and little is 
known about the cultural and social procasses through which it is 
transmitted and improved from one generation to another. Most of 
these technological traditions are disappearing rapidly although 
they have in some cases been successftilly revived: for instance, the 
Indonesian batik industry. Along with the technoloiry, what also 
disappears is its underlying culture, its values, its system of 
1earnir.g ar.d such important things as pride in one's work and social 
consideretion. 

One of the aims of a national policy for intermediate technology 
might be to try to identify these local traditions, and attempt to 
use them as a basis for the development of new but somewhat related 
technologies. The idea here is not to return to the past and to 
rebuild an industry with little futur?, but to help those who have 
generations of experience behind them make the transition and adapt 
in en innovative way to the new needs of the community. The craft of 
the silversmith can be immensely important in making or repairiog 
small machines, the art of the potter can be useful in building up 
a water distribution system or an irrigation network, and a tradi- 
tional gun-maker can learn how to make more complex metal-working 
equipment. 

There we no simple ways of building-up such local technological 
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 ir. upgrading and developing a local technological basis. one 
very good illustration is the work done by the Planning and Research 
Institute in Uttar Pradesh: the traditional skills of the local 
potters have been systematically upgraded, new products have been 
developed with the help of extension agents. and this 'nzw' industry 
has become sufficiently competitive to be able to meet on equal termr 
tte competition f:om iargz-scale industrial firms(l). 

What is often overlooked is the fact that these technological 
traditicns carry with then a certain psychological jmage, which from 
a marketing point of view can be extremely importanr. This image oi 
a product or a technology often sui-vives long after the tecbnnlogy 
has disappeared. Most peapie 52 Europe have heard for instance of 
the steel blades which made the '(town of Toledo in Spain so famoils. 
yet the 'tec.hmlngy was 1cst severe generaticas ago. Many of tbe 
traditional technologies which have survived in developing wuntries 
toddy 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. 

15 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 phenomenon which is 
closely linked with the overail processes of technological change. 
Yet it is surprising to see that virtually no systematic attempts 
have been made to draw up inventor:~as of these existing stocks of 
technology. Without such inventories, it is difficult t,, know what 
exists, let alone what could be improved and developed. New nations 
are always enxious to discover,or rediscover, their past(Z), yet 
few of then have really tried to take stock of what they had in the 
field of tecbaology. Drawing up such inventories is one of the many 
tasks which a national policy for appropriate tecbnolegy might t-p 
to tackle. 

‘J. THE SCHOOI SYSTEM Am! THE uNED”CATED INNOVPiTOR 

Modern science and technology, and national science policies 
are closely associated with the universities which supply the system 
with >he highly qualified manpower it nezds and perform the greatest 

I ) s e " v _ K Oerg, "The Upgrading r.2 Traditional Technologies in 
inaia: Whiteware Manufacturing and the Development of Home Living 
Technologies". in the second part of this book. 

2) It nay be interesting to note in this connection that one of the 
fastest growing 'industries' 
is archaeology. 

in the developing countries today 
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part of a country's fundamental reeFArch. 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 
fuifilled,of tile primary and secondary school, should be to give 
childrex: a certain feeling for technology ir general. and for the 
appropriate secbnologies useful in everyday life in particular. With- 
out trying here to outline bow 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 
zralning cuilt&es would be one of the main centres of attention of 
a national poliq for intermediate technology. 

One of the cost widespread assumptions about the science and 
technology system is that innovators are primarily highly educated 
people end that most innovations come frolr large research laboratories. 
As a result:. national science policies ere almost unanimous in stress- 
ing the Ceea for training more Unj.versity graduates anu, until quite 
recently, in emykosising the vital importance of greater expenditures 
in research. Industrial history however clearly shows that a large 
number of important innovations are made by indUviduals with little 
if any wiversity education, and even today the correlation in most 
irdustrialised coilntries between inventiveness and educational level 
is far from beicg conclusive. 

'mat thie suggests fir national policies vis-8-vis intermediAte 
technology is that the promotion of invention and innovation should 
focus ir. ;irior‘ity on this vast pool of formally weducatrd entre- 
preneurs arid innovators which exists in every society, b=t which is 
being either negiected or repressed as a result of the unduly optimis- 
tic belief in t:le -irtues of higher education. The idea tha+ science 
policy or technology policy should be based upor people with no train- 
ing in science and only s very empirical knowledge of modern tech- 
nology may be anathema to science policy makers who, for the ~.o;t 
part, are themselves eminent scientists or engineers in the modern 
sense of the word. But it mey well be more appropriate. 

VI. LXMLISTIC POLICIES FOR TECBNOLOGY 

Ir tiir same way that the promotion of appropriate technology 
shouid avoid bringing about a dismantlement of the modern technology 
system which exists in a number of developing cc%mtries, an inter- 
mediate technology policy along the lines suggested above ir not a 

1) See for instance DCveloppement de m6thodes et de technir-Jes 
aaaptkes aux conditions proores aux pavs en voie de develocpement 
Tmimeo), Ub!!ESCO, Paris, 1975. 
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substitute for modern science policies, but rather a complement. The 
idea here is to have two parallel policies, and not to replace one 
by the other. Gne observer has suggested that a country like India 
needed a Cow Dung ComAssian rather than an Atomic Ener~gy Commission. 
In 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 technological dualism which characterises the economic 
system in the majority of the developing CoUPtries. 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 to intermediate technology. To put 
things in a somewhat caricaturai form, is the Atomic Energy Commission, 
or another similar organisation, the one mast suited for establishing 
am operating a Cow Dung Commission? At first sight, the obvious 
answer seems to be negative. 

The science and technology policy organisatione 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 acc;>se them of having almost totally nzglected 
intermediate technology is somewhat unfair, since thTs was never 
their aim. Their activities were in fact but a reflection oi national 
priori'zies et the time, and dissenters notwithstanding, corresponded 
to the ideology end dominant values of society. Tines have changed, 
so have values, end in the more advanced of the developing countries, 
even the strongest proponents of modern science and technology have 
come to reaiise its limitations. The growing ilnderstanding of policy 
makers for low-cost technology does not mean however that they are 
the pec,.le most suited to be entrusted with its promotion, nor does 
it meor that the institutions they llave helped to create are the 
most adequate for developing new appropriate technologies. 

:rcL*.g-+iop. 1~. rran~*sl ~ 1.. - - -- , and institutional innovation in particu- 
lar, does not generaiiy 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 end policy aspects at 
least, has developed and will probabljr continue to develop along 
parallel paths rather than in the mainstream of existing orgeAsations. 
If innovation and originality are to be ercauraged, thi? parallel 
approach should be emphasised. Although t!.~re are at present no clear 
models of interaction betKeen moderr. technology policies and inter- 
mediate technology policies, one can envisage for instance thzt cen- 
tral government authorities would ccntinue to be in charge of the 
modern science and technology system, and that local or proviccial 
authorities, supplemented by private organisations, would have the 
main responsibility for intermediate technology. 
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There are some good reasons to believe that national policies 
for tne promotion of intarmedlste technology can best be carried out 
by institutions which are not directly concerned with large-scale 
industrial development or with highly sophisticated modern technology. 
This is not to say that the modern sector should be cut off from the 
new developments taking place in appropriate technology, quite the 
contrary: large industrial firms, university research centres and 
government departments stand much to gain by becoming more familiar 
with the work of the intermediate technology proponents, and there 
must be some sort of cross-fertilisation between the innovators in 
the modern sector and those in the intermediate sector. 

Among the many problems which will have to be tackled by a 
national poiicy for appropriate technology, one of the most frequently 
overlooked is that of the risks of innovation. Ever since the begin- 
nings of the industrial revolution, governruente have taken measures 
to safeguard the community against the risks and dargers of innovation. 
National legislation on cew pharmaceutical products or safe-zy 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 prspared to accept certain 
Tisks if innovation is to take place. This is true not only of modern 
technology, but also =f intermediate tecbxology. -fiat seems to be 
happening in several developing coUntries,bowever,is that new tech- 
nologies are increasingly being subject to quality standards and 
safety fegulatione which are so strict as to make innovation, if 
not impossible, at 1e:st extremely difficult. One objective of an 
innovation policy might be to relax scne of these standards, if only 
temporarily, fin order 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, local and.re&ionel authc;i- 
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 fzr from clear whzt 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 appropriate technology: the 
real issue iz xt 2; ;I;;c:; 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 institutions, 
i.e. organisations or groupings which are neither traditional (like 
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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 a major part in mobilising the e*isting financial flesources 
for the development of agriculture and small industry in nineteenth 
century Europe, could be one of the most effective tools in the 
development 0; intermediate technolo:y. Several very successful 
co-operatives of this type have been established in Latin America 

1, and in several Asian countries(l). 
As the example of the light engineering industry in Sri Lanka 

clearly shows, one of the key factors in the successful upgrading 
of tine village blacksmith's production methods 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-o,,erati"e forms of organisation are the most 
appropriate. Yo-operatives are seldom good industrial entrepreneurs. 
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 also be approached 
in other ways. One interesting example is the way in which one of the 
Indian appropriate technology organisations has undertaken to educate 
the local managers of bath public and private banks to the problems 
of risk capital, industrial entrepreneurship and agricultural 
development(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 te~:bz,-.ology groups and which 2~s 
currently available on the world market, is untested. Its reliability 
is stiil 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 basis. 

One of the basic principles underlying the appropriate technoiogy 
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, N0.20~ May-June, 1975. 

21 S fe D.i.0. #endis, "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 Role of Techno-Entrepreneurs in the Adoption 

; :, of New Technology", ibid. 
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resources,be they human or material. One of the aims of a national 
policy should therefore be to investigate in a comprehensive way how 
these resources could be better used . For insteace by identifying, 
and hopefully removing, the vast array of institutional ad orgenis- 
ational obstacles to e"trepreneurship and to the diffusion of in""- 
vation. 

"II. THE ROLE OF FOREIGN AI,, 

A growing number of aid granting agencies, both international 
and national and public es well es private are coming to the conclus- 
ion tha-t appropriate technology is, if not the wave of the future, et 
least a potrntially very affective tool in the development process. 
This evolution coupled with the growth of the intermediate technology 
movement in the developing oountries reiees a number of questions. 
both for donors and for receivers . What far instance should be the 
relationship between the suppliers of appropriate technology in the 
industrialised countries, and the users of this technology in the 
developing countries? 

A" excessive reliance on intermediate technologies developed 
abroad, and in particular in the industrialised countries. could in 
the long run be self-defeating. The function cf foreiD assistance 
should 'not be merely to introduce a new piece of technology, attrac- 
tive es it may be, but to help initiate , within the receiving com- 
munity, a process of innovation end self-sustaining growth. Such 
processes are very complex, and the social end cultural mechanisms 
-which underlie them are often very fragile. In many casts, it needs 
very little to throw them completely off balance, a;ld the sudden 
introduction eve" of a seemingly unimportant piece of technology is 
sometimes enough to do just this. Needless to say, this is not always 
end necessarily the case. In many communities the ecosystem of inno- 
vation is amazingly i-eeilient, and the introduction of a new tecbnolog 
can serve as the starting point of a self-sustaining process of inno-, 
vation. The difficulty of ~axrse is that it is very diffic-ult to know 
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 end technical assistance is stated in terms 
which are far too crude and which reflect to an excessive extent the 
experiences, often rather disappointing, which have been made in the 
field of modern technology end large-scale Industrial dev.&pment. 
This can perhaps best be gauged by looking et the ways in which the 
various appropriate technology groups working at the in&-national 
level have been opereting in the developing countries. Their work 
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does not cofisist simply of bringing in a new piece of technology 
from en industriaiised country or another developing nation, but 
rather in developing new technologies on a multinational and trans- 
cultural basis. intermediate technology today is probably one of the 
few fields where the ccacept of international co-operation is more 
than en empty catchword or a convenient verbal substituL.e for total 
dependence. 

The growing institutiorialisaticn of intermediate technology will 
inevitably reflect upon the patterns of foreign aid. AWeedy today, 
many aid-giving countries end agencies are trying to Pocus nore of 
their eseistence programmes on appropriate technology. '?bi~ is un- 
doubtedly a positive change and it should allow for a considerable 
widening of the technology spectrUa.In fact, in a few years time. 
the 'consumer of appropriate technology will probably find himself 
in the equivalent 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 oi today where many 
technologies are missing, unavailable, w-invented or mislaid by 
history. 

'Pechnical assistance progranuces es they now stand consist by 
and lerge in helping developing countries to acquire end use es 
effectively as possible new or obsolete technolcgies originating in 
the industrialised nations. As far as intermediate technology is 
concerned, there are come serious doubts as to the validity of this 
pattern, end 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 obsolete, et least very largely inadequate. 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 techr.olcgy itself. Developing "ew constructian 
materials or more adequate agricultural tools for instance is far from 
simple, but the most difficult problems usually lie eisewhers, end in 
particular in the social processes which lead to a community's adoption 
or rejection of en innovation. The industrialised aid-giving countries 
are in many cases better equipped for developing the hardware - the 
case of SOFRETES's solar puq OF the windmills now being desig"ned by 
some large aircraft corporations are good cases in point. This com- 
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 Gandhien Institute of Studies is a good example of 
the areas in which a country like India probably has a corzparative 
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technological advantage over a European technical university or a 
large American industrial firm. 

When it comes to the software or the delivery system, there are 
no ~eascns 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 
resulted mainly from their intimate knowledge of local conditions. 
Insofar as the knowledge of local conditions is concerned, there is 
little doubt that the insiders - local extension officers, social 
workers, etc. - enjoy a large poten~iial advantage over the outsiders, 
be it only that of language and culture. 

What this suggests is that the delivery system of appropriate 
technology is prcbably the wea where the developing countries must 
do mcst 6f the work themselves. There is also another justification 
for their active participation in the diffusion of low-cost technology, 
and that is the relative weakness of the various international groups 
which are now trying to promote intermediate technology. The history 
of foreign assistance shows thxt aid-donors can exert 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 policy of a developing corrntry, and 
it is a well known fact that the granting of aid by some multi- 
lateral agencies is often subject to basic economic and social reforms. 
Intermediate technology groups obviously do not have the same leverage: 
withholding the introduction of a new technology for crushing peanilts 
or for collecting rainwater is ai: best an unpxctical means for getting 
the government of a developing country to initiate new 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. 

,, ,’ ‘,: A 
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Part Two 

THE PRACTITIONERS' PCINT OF VIEW 



I. THE MOBILISATION OF KNOWLEDGE ON LOW-COST TECHNOL~: 
OUTLINE OF A STRATEGY 

by 

George McRobie* 

Mobilising kncwledge 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 Pevel 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- 
is&ion); end third is the question of communication: bow do we get 
the 'knowledge into the minds of plailners 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 es~enoe the questions to which all 
practitioners are addressing themselves. 

DIAGNOSIS AND "NDERSTAXDIBG OF THE BASIC NEEDS FOR TECHNOLOGY 

There is today 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 
tie part of those who control the mainstream of aid and development 
programmes. Most if not all practitioners in intermediate technology 
share the view that the choice of technology is probably the most 
criticai problem confronting developing countries. With the onaet of 
the energy crisis, this problem of choice has become even more criti- 
cal, and is now also confronting the rich xuntries. There is a grov- 
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 haye been using them as en income. 
Agriculture has been operating as an increasingly energy-intensive 

* The author is Director of Communications of the Intermediate 
Terhnology Development Group (ITDG) in London. 
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system, afid the over-exploitation of our income resources may well 
turn them into ncn-renewable resour‘ces. 

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

a) the Source and centre of world poverty lie Drimarily in the 
rural! 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, end unemploy- 
ment will continue to grow, unJ~ess self-help technologies 
are made available to the poor countries and assistance 
given in their application; 

c) the dono? countries end donor agencies do not at present 
possess the necessary organised knowledge about appropriate 
technology and do not have the communications system which 
would enable them to contribute to rural development on the 
scale which is required; 

d) unless the disease of poverty is tackled at its source in 
the rural weas, outside the big cities, it will continue 
to manifest itself in three ways - ma.es migration into cities, 
mess unemployment, and the persistent threat, or even act"- 
ality, of mass starvation. 

Within the framework of conventional aid and development pro- 
grammes, there is in practice no major 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 equipment 
that can be wholly Bade locally and which uses indigenous materials 
and serves local needs. In the Intermediate Technology Development 
Group (ITDG) we are thinking along the lines of &new 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 output(l). 

Within these catrories it is possible to enumerate a very large, 
even daunting number of possible technologies. Rut there are 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~, practical 
information would go a long way towards filling the existing "inform- 
ation gap" and giving choices to people who at present now have none. 
The following list is not exhaustive, but serves to illustrate the 
range of new activities that could be developed in rural areas within 
the modest ambit of basic human needs (the procedure is broadly that 
adopted by ITDG's specialist panels). 

1) See M.M. Hoda's article in this book, "India's Experience and 
the Gandhian Traditj~on'r, 
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-RANGE OF BASIC TECHNOLOGIES REQUIRED FOR RURAL DEVELOPKENT--- 

Agricultural production: tools and equipment for ground preparation, 
planting, weeding, harvesting, along with the basir tools end 
techniques required for their manufacture (metalworking and wood- 
working). 

ihiater sup~lv for aa-iculture: equipment for storing, lifting and 
moving water. 

20'~ w-ace-: shellers. winnowers. mills, oil extractors, decorti 
caters. fertiliser and feedstuff manufacture, and by-products 
(this would include processing of a wide range of products from 
biological resources). 

Sturage: storage equipment appropriate for different crops, using 
local ma'terial,s. 

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

3lothing: equipment for ginning, spj,nning and weaving cotton and 
wool; manufacture of dyes and finishing materials; tailoring 
equipment; leather tanning and manufacture of footwear and 
animal harnesses. 

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

Xher consumer goods: household utensils, equipment for pottery end 
ceramics, furniture, soap, sugar, domestic water supply (includin 
water purification and sanitation), cooking stoves, fuel, toys, 
etc. 

Community goods and services: school and medical clinic equipment, 
roadmaking, bridge-bu,ilding, water supply, power sources and 
equipment, transport; data and equipment required to operate 
institutions such es health clinics and co-operatives, wo?k- 
based education, and training-thxugh-production 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 knowledge 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 should briefly 
describe the conventional high-cost 'modern' method, present existing 
alternatives, indicate their limitations sr deficiencies and propose 
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work progrenmes to improve them, 01 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: 

a) Those where there is a range of technologies which, on the 
face of it, are reasonably adequate to meet the needs of 
mail, poor communities. There are for instance many types 
of water pumps and hand-looms already in existence. The t&sk 
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 gcod 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; 

b) Those where there a~)e no obvious , reasonably efficient sarall- 
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. 

c) 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 
to aid arts like chemicals from biological SOUIICBS. 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 systematic effort along these 
lines that an adequate flow of sslf-help technoiogies 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- 
lem - how to turn their ~&OUT into something useful. 

SOURCES OF KNOWLEDGE AND METHODS OF MOBILISATION: 
ITDO's EXPERIENCE 

Vays of acquiring the necessary knowledge of low-cost technolo- 
@es will obviously depend,, among other things, on the history of 
the technology and the patter" of development in the CountI-y 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 
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expert knowledge representing the professional and adminietrative, 
academic, industrial and commercial aspects of the particular subjed 
under investigation. The aim is to appoint, as soon as funds permit, 
a full-time project officer - qualified and experienced in the subje( 
to carry out a work programme under the Panel's guidance and super- 
vision. Currently, project officers are working under our Agriculturt 

Construction, Ruildinz Mate-i?lc. Water and Power Panels, and a smal3 
team of engineers operates the Group's Industrial Liaison Unit. The 
Panels an Chemistry and Chemical Engineering, Co-operatives, Fore&q 
Rural Health and Transport are without full-time project staff, but 
are nevertheless pursuing work programmes which have resulted in 
useful publications and, in the case of chemistry, in consuitancy 
work ovwseas. 

Through the Panel membership, liaison with a number of universit 
research departments has been built up, as well as collaboration wit? 
British government research establishments, notably the Building 
Research Establishment, the Road Research Laboratory, the Tropical 
Products Vstitute and the Oversees Liaison Unit of the National 
Institute of Agricultural Engineering. 

The systematic investigation and sifting of material already 
published is obviously oilr major source of practical data. Much of 
the Group's published information alsc derives from practical R and I 
work carried out by its wan staff or associates: innovative R and D 
work, ranging from complete redesign and production te relatively 
minor modification, has been done on a small-scale paper-pulp manu- 
fscturing unit, brick-works, a wide range of agricultural and hospite 
equipment, ferro-cement boats, water catchment tanks and pumps. 
Original work concerned with organ&&ion, training and business 
procedures has also been carried out - and the results published - 
on the construction industry, co-operatives and rural health. Most 
of the results of this work are already 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 COMMUNICATION 

Low-cost technology lacks an effective communication and deliver 
system. Information on high-cost, energy-intensive technolopies 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 fqmili 
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 commwicating are unknown 
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Above all. end this requires particillar emphasis, we a-e deal- 
ing with e situation where the demand for low-cost technologies cen- 
not arise independently of the supply of information about them. All 
over the worid, people siepljj do not know that there are low-cost 
alternatives. This applies almost universally to people in rural are.es. 
As far as admicistrators end decision-makers are concerned, if they 
have been educated in the rich countries the chances are ?ot only 
that they do got know about such alternatives. but they may well be 
prejudiced against them - the familiar 'second-best' argument. The 
lrimary task of organisations such as ITDG is to make it known that 
effective, low-cost alterwtives do exist or can be developed. Until 
this has been done, it can hardly be expected that a demand for them 
will arise on a large scale. 

.Nbile no on? could claim to have diecovered all the answers to 
the problem of communicating information end knowledge about low- 
cost tvhnology, the methods developed by ITDG are probably of a 
fairly general significance. These methods fall roughly into four 
categories: the exploitation and diffusion of pL:blished informaLion, 
field projects, consultancy assignments. and finally the development 
of closer links with intermediate technology groups operating in the 
developing countries. 

a) Published informat* comes under three main categories: 
- detailed specifications and drawings of equipment, e.g. 

agricultural machines end implemente, or hospital equip- 
ment; 

- guides to sources of equipmer.t, 'step-by-step' manuals 
(e.g. for animal~drawn equipment, construction materials 
and water supply systens), annotated bibliographies and 
other source material, and finally Industrial profiles 
(e.g. for foundry or leather works); 

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

- reports on any of the iines abov;: published by other 
organisations end distribilted by ITDG's Publications Unit 
by arrangement. 

The recently-launched Journal of Appropriate Technolo~ is 
in a special category: it is intended to serve as en international 
forum for news, exchange of infornetion, previews of major reports, 
and a means of linking practitioners in the field of low-cost 
technology. 



b) Field projects. These hare mostly taken the form of one. two 
or three-year programmes with clearly defined objectives, 
designed to identify needs, develop app:opriate technologies 
and demonstrate their practical use. They are not intended 
to be, and are not, development programmes es 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 resources. 
&en if we had the ?'eSources, we could not and Should not 
attempt to do extension work or launch such pmgrzmes throlgh 
the existing organisation. Nothing could be more fatal to the 
work of a kno-*ledge centre than to be 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 extensioc work end the widespread diffusion 
of new methods and technologies is of crucial importance end 
that part oi tile communications tSSk is to enSure that those 
aid end 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 SeNiceS' and 'Development Techniques’, specific- 
ally concerned with consultancy and with technical development. 

C) Consultancv. In addition to the routine answering of technical 
enquiries, this work includes the provision of technicel 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 technolow units. In the longer run, 
by far the most important way of communicating information is 
through the development of indigenous intermediate technology 
organisations in the developing countries themselves. Only 
through Suc'1 centres can the knowledge and practice of low- 
cost technology become widespread snd form en integral part 
of the development process. Focal poir.ts of this kind ape 
now ilcreasing in number(l) end ITDG !laS been associated with 
the growth of Some of them, notably in Ghana, India and 

1) Several of these centres were represented at the OECD meeting in 
September 19'74. 



Fakistan(1). The further development of such centres is high 
on our list of priorities. These may start as focal points 
for the assembly of information on low-cost technologies 
from outside soilr~es but can rapidiy deveiop indigenous 
resources for R & D, the dissemination of knowledge and the 
promction of field applications. In o.iher instance; they can 
immediately begin to mobilise sources of information and 
innovation within thei? own countries and help to draw on 
outside 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 1ow- 
cost technology. They vary widely in size, degree of specialisatian 
and form of organisation. Each has its own source of funds - always 
inadequate - its own lines of comm.lication with other countries, 
and its own priority subjects. 

The simplest form of comm~ication is through the exchange of 
literature, and this is already proceeding. We hope that the Appro- 
priate Technology Journal can increasingly he1.p in this pr'ocess, 
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-operatic" between the work programmes of each organisation 
could be mademore 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 internationai organisations? Co-oper- 
ation should not seek to 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 prectitioners in both rich and 
poor countries might include the following: 

Methods of identification of needs and resources. 
nore comprehensi-<e state-of-the-arts r?vierrs. 
Sources of relevant data. 
Identification of gaps in knowledge. 
New R and D work in hand and required. 
Nornalisation of ways of presenting data. 

1) The Appropriate Ttshnology Centre in Islamabad, Pakistan, has 
recently been started up with go-Jernment support. 
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Locations for field testing and demonstration. 
Joint publication of results of work done. 
Joint approaches to funding agencies. 
Joint approaches to 'user' agencies (governmental, 
non-governmental end internation&). 

In operation&L terms. one could envisage for instance a meeting 
of practitinuers concerned with smell-scale rater supplies, construc- 
tion and buil.ding material?. or agricultural equipment. They could 
compare work programmes, identify gaps in knowledge, make proposals 
far filling these gaps, arrange for field trials, and aim 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 proposals could be published in 
order to facilitate fund-raising and secure appropriate requests 
from developing countries to participate in the work. 

CONCLUSION 

Over the pest twenty years, aid policies have treated the poor 
countries as if they were rich, and the introduction of modern tech- 
nol~ogies in the developing countries has contributed to widening tine 
gap between the affluent urban elite end the greet 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 instit,Jtions 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 Nortn America. As 
a result, it is difficult to envisage that there may be different 
paths to development. 

Over the lest one hundred and fifty years, development has con- 
sisted mainly of sucking life from the rural areas. The time has now 
come to change this and to focus our intellectual and technological 
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 poor countries. The task of the rich countries is to i:elp 
identl~fy, ins close 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 end rural develop- 
ment. No country after 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 



different types of practitioners in intermediate technology: those 
who are concerned with the practical work of developing new pieces 
of equipment, those who focus on the field application of mw tech- 
nology, and finally those who, at~the natimal or intemational level, 
are tryAng to mobilise all the available knowledge on more appropriate 
technologies. 

In fact, the timz is now ripe to start thinking :!f an ovsrall 
strategy for intermediate technology. Five years ago, this would 
have been inconceivk ble: the nwnber of people involved was much too 
small, and the whole idea of intermediate technology seemed absurd. 
This first stage then gave way to a rK2Ch greater acceptance Of the 
idea, but apart from a few rather isolated groups, there was and 
still is little 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 effective information network. The fourth stage, 
which has yet to come, shmld be that of widespread application and 
diffusion. 

In terms of strategy, the cr?lcial problem today is to sake a 
successful transition from the second to the third stage. One.tool 
would be to establish a really effective communication system 'in 
inte?mediate technology. What has been done until now has certainly 
been useful, but this is usually insufficient, largely for 
financial 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 cm influence 
the pace and direction of development. 
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II. Bp,nrE RESEARCH INSTIT'UTE'S HANDBOOK OF A~E'RWRIATE TECHNCLOGY 

by 

T.A. Lawand, F. Hvelplund, R. Alward and J. "ass* 

The Brace Research Institute is primarily an engineering organis- 
ation. However, from the experience gained in the field, we have 
evolsrd into an institute of practitioners of appropriate technology. 
This evolution led to our participaticn in the preparation of the 
iirst handbook on this subject. The departmental poiicy and history 
of the Institute are Studied in order' to identify the reasons why we 
were in-wived ir. the preparation of this handbook. This paper traces 
the transition of the Brace Institute from a technical operation to 
an& concerned wjth the development and implementation of appropriate 
techGo1ogy. 

Why did this transition take @a&e? 'tit l&d us to adopt appro- 
priate technologies? What lessons have we learned, and what new 
policies have our experisnces created? And perhaps most importar:t, 
what does an analysis of our &rolution to appropriate tecbnoloqy 
suggest for future policy actions in developing areas? These questions 
are the real subject of this paper. 

THE INSTITUTE'S DEPARTMENTAL POLICY 

The Institute was set up an the bequest of Flajor James Brace, 
who w&s primarily interested in making arid or desert lands available 
and economically useful for agricultural purposes. It was his desire 
that the results of this research would be m&d& freely available to 
all the peoples of the world. The Institute h&s fulfilled and is 
continuing to fulfil his wish&s. The policy decision made in 1959 
was to concentrate on the probiems of water and power scarcity affect- 
ing the individual persons and small communities in arid, developing 
areas. 

* 
T.A. Lawand is the Director of Field Operations of Brace Research 
Institute in Quebec, Canada; F. Hvelplund is a Visiting Economist 
at the Institute and a Research Fellow of the Handelshojskolen in 
Aarhus, Denmark; R. Alward is a Research Associate of Brace Research 
InstitiJt.&; J. Vtss is an Environmental Economist at the Institute 
for Man and His Environment of the State 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 propvtion to ita size, It maintains 
hn active interest in the whole field of water desalination. It is 
noir recognised as an international research centre far the application 
of solar and wind energy (especially with regard to solar distillation) 
and for the development of wind turbines. As en extension of its work 
an various methods of saline water conversion, the Institute has begun 
research into controlled-environment agriculture es a means of reduc- 
ing rhe water requirements cf plants in arid w&as. It h&e undertaken 
studies on the use of greenhoues in colder climates. 

The Institute has became a cent=& for information 011 appropriite 
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 consider&d to be 
among the most comprehensive 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 smell conaonities in arid 
arenas, it is fully recagnised that the 'tool' or 'syetem' is on11 one 
facet of the problem. A clear appreciation must be made of the cul- 
tural, social and political context in which the equipment is 'LO func- 
tion in order to esta blish its appropriateness to the community it 
will serve. It is essential to recognise that for a technology to be 
appropriate it must be directed towards the betterment of the collmun- 
ity, in both its direct and indirect implications. 

The basic philcsanhy has been to develop s&line water conversion. 
pumping and other equipment which uses as much as possible local 
energy, material and human ~&sources so that the technology can iden- 
tify within the infrastructure of the local community. This policy 
was adopted in order to secure participatiorl of the indigenous 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 characterieed by its 
simplicity and ease of maintenance. Stocks of simple r&placement 
components ensure continuity and dependability. The annual operating 
costs a-e 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 miliinns of people 
whose everyday life is little affect&d by modern technological 
achievements and who lie outside the mainstream of development. The 
objective is to provide them with an option - or an alternative - 

- 125 - 



so that -they may solve their own technological problems with systems, 
methods, energies and materials under their own control. In making 
use of what is by and large locally available, and in adapting the 
technology eo that the individual villager hircself feels part of 
the overall achievement, appropriate technology 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 EVOVJTION OF AN APPiiOPRikTE TECH3iOLOGY APPROACH 

why did an institute working primarily in the field of engineer- 
ing become involved in appropriate technology? There are severai 
reasons. The first is financial: research and development and even 
field applications are relatively inexpensive. Hence, it is often 
pos;ible, even \rith a modest outlay, to come up with simple techni- 
cal solutions to the problems of the rural populations of the Third 
World. The second is scale: appropriate technology. by its very 
nature, delis with small villages and peasant farmers, end develop- 
ments are themselves on a small scale. This is within the scope of 
a relatively smill 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 
cf Barbiidos in ~the West Indies, where abundant quantities of sea 
water, sun end wind combine to provide an excellent proving ground 
for equipment development. This overseas mission which lasted until 
1967, ad which has expanded into other parts of the world, did more 
than just pI‘ovid& 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 local resources, considerable attention had to 
be paid to the developvent of alternative indigenous energy sources, 
such as solar and wind energy. As a result, developments in tte 
following fields have been studied: 

- small scale desalination equipment - solar distillation 
units, v&pour compression and reverse osmosis desalination, 
using windpower as 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 requirements 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 
service?; 

- low-cost sanitary tecbnclogy 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 pr'inciples. 

After the initial R end D in the West Indies, and while working 
on some of the above problems, the Institute focus&d on a few speci- 
fic applications such as solar dryers to process corn for a feed mill 
in Barbados, a solar distillation plant and some solar cookers in 
Haiti. - 

TIT CULTURAL DIMENSIONS OF TECHNOLOGY 

These applications in the real world pointed to the need for a 
more comprehensive approach: enthusiasm accompanied by good engine&?- 
ing design is not always sufficient. 

We had reached a critical crossroads in moving from research 
and experimentation to 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, end ecnnomic. Although we did 
not recognise it at the time, this led us to the adoption of wha,: 
is 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 technology must meet the fwrdamental needs of the commun- 
ity and be recognised es such. 

- For the community to respond and accept the technology, a 
sufficient amount of 'animation social&' of the local poou- 
lation has to be undertaken. 

- The economics of technology has to be fully understood and 
appreciated. I 
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- The cultural and social values of the local population have 
to be considered 8s an integral part of the innovation pi-o- 

In order to accomplish these tasks and achieve some measure of 
success. the Institute staff as practitioners have evolved, through 
triai and erroi-. some basic principles of operation. Firstly, where" 
possible, local technologists should become involved in all the phas 
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 populr- 
tions. This is essential, since they can communicate in the same 
'language' as these target communities and ger :rally understand 
their culture 2nd values. 

Secondly, local social workers have a very important part to 
play in getting the indigenous population to appreciate and accept 
the technological innovation. The installation of a fresh water 
facility for example, decreases infant mortality rates, and creates 
liew *mYolems of birth control. The solution of the latter problem 
is often beyond the scope and capabilities of the well-meaning tech- 
nologist. Thirdly, economists muet be brought in to provide a more 
conprehensive ev-Amtion cf the costs and benefits of a given appro- 
priate technology in a local context. In view of past development 
experience, it is obvious that both the short and long run con5e- 
quences of a specific technology need -to be considered. Economists 
can hopefully specify more comprehensive social welfare functions 
for each region of a developing area. 

Cur 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 cult'x'al context in which it 
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 
cauld be accomplished. From experience we discovered that the frus- 
trating gap between what is iechnologically 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 - society's attitudes and values. Values are shared 
beliefs about what is right and wrong. Technology determines what 
is possible, but values and attitudes determine what is socially 
acceptable. The criterion of social acceptability either limits or 
eaimnces the probability of adoption of a given technology. For 



sxzmple, even though population control is technologically possible, 
social attitudes toward femily size or religious vaiues with regard 
to birth control limit the range of technological ??lutions to the 
problem of over-population. 

Our field operations throughout the world have led us to appre- 
ciate the zritical relationship between technology and values !n the 
development end application of appropriate technology. In our own 
fashion, we irave come to realise tket conceptually,apDTopri3te tech- 
nology is no o;ore useful in the development process than an inapwo- 
briate techno;ogy if it cannot become acceptable to the individuals 
and the groups to whom it is proposed. Applied 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 competeace' nuet accompcn:' 
the development of appropriate technology, and precede its successful 
applications. 

TEE TECHNICAI, AND INSTITUTIONAL BACKORKm-I) OF TEE HAM330CK 

The Institute has been collaborating for yews with organisations 
such as the Intermediate Technology Dwelapment Group (ITDG) in the 
United Kingdom and the Volunteers in Technical Aseistance (VITA) 
in the United States. This has given us access to great amounts of 
information. and technology. Through our educational programmes and 
exchsnge visits. we have set ilp working relations with a number of 
groups end individual technologists working in similar fields in a 
number of countries. 

It is not always possible to help the many technicians who write 
from Third World areae for information on :he purely technical and 
scientific aspect; of altercative 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 deai with solar ponds, solar 
refrigeration and air conditioning, low-cost sanitary technology and 
commercially available and experimental windmills. 

In 1974 we worked on the preparation of a handbook of so;ar 
agriculturai dryers which includes an evaluation of the theory, desi.gn, 
conetruction and performance of such dryers, an assessment of the 
operating performance of the commercial and experimental dryers, sod 
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 international 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 technologist in developing 
areas. 



The text step in the Institute's work has been the preparation 
oi a more comprehensive handbook of appropriate technology. The 
mstitutional origins of this work can be trwed back to the first 
Canadian seminar on intermediate technology organised in March 1972 
by the Canadian Hunger Foundation. Interest in the subject had been 
growing in Canada 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- 
iogy Development Group with which the Brace Research Institute had 
been in contact since the mid-1960's. Following the meeting, a work- 
ing group based primarily in Ottawa was set up to look into inter- 
mediate technolsgy and recommend f;lture action. One result was the 
submission in March 1973 of a proposal to the Canadian International 
Levelopnent Agency (-IDA) in Ottawa to provide counterpart funding 
for the publication of a loose-leaf hand&ok on appropriate technology 

Tie non-government orgonisation division of CIDA accepted the 
proposal end gave financial support towards its execution. This joint 
undertaking show that Canadian non-governmental organisations can 
work together snd collaborate more closeiy in their deve!opment pro- 
grammes. Swing the summer of 1973, the Canadian Hunger Foundation 
entered aegotiations with the Brace Research Institute with a view 
to securing their collaboration in the preparation 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 
i;ast 15 years. There were few other organisations in Canada, CT indeed 
Pisewhere, to which the Canadian Hunger Foundation coul~d turn. 

From its past experiences with interdisciplinary projects, the 
Institute recognised that it had to broaden its technoiogical inter- 
ests. Staff was expanded accordingly, ard a number of contractual 
arrangements were made to enlist ti-e services of outside specialists. 
bong these new collaborators, there were economists width varying 
backgrounds in development (socio-economic questions, values, etc.), 
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, ques- 
'tionnaires were sent to a nunber of organisat!ons and individuals in 
different parts of the world. This has resulted in a considerable 
amount of information. dealing with the experiences of other practi- 
tioners in appropriate technology. 

OUTLINE OF THE HANDBOOL 

The handbook has been designed to allow for a wide variety of 
uses. The first section presents the theory and philosophy of 
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approprirte technology. It discusses the criteria by which a system 
,,, can be ,dped appropriate OF not, the vai-ious contexts within which 

appropri&s technologies may or may not wor!~ a?d the mechanisms of 
implementation and diffusion. It also outlines the numerous factors 



THE CRITERIA OF A TEZHNOLGGY’S APPROPRI*TENESS 

The criteria of a technology's appropriateness presented in the 
first *e&ion of the handbook have evolved from an intensive state- 
of-the-art survey. Since the field is relatively new, viewpoints 
r'iffer as to what constitutes an appropriate technology. Our selection 
has been eclectic and the following list is by no means exhaustive. 

---__- 
Tpropriate technology should be compstible with local cultural and 
economic conditions, i.e. the human, material end cultural resources 
of the cormunity. 

The tools end processes should be under the maintenance and opera- 

ltional 
control of the population. 

'Ap3ropriat.~ technology, wherever poasib;L, should use locally avail- 
able I‘eSOUrCeS. 

If imported resources and technology are used, some control must be 
n&e available to the community. 

Appropriate technology should wherever possible use local energy 
so"Ices. 

it should be ecologically and environmentally sound. 

It shollld minimise cultural disruptions. 

rIt should be flexible in order that a community should not lock iteelf 

I. 
mto systems which later prove inefficient end unsuitable. 

Research and policy action should be integrated end locally operated 
wherever possible in order Lo emu-e the relevance of the research 
to the welfare of the local population, the maximisetion of local 
creativity, the prrticipation of loca! inhabi-tents in technological 

ideveloommts and tte svnchronisation of research with field activities 

Obviously, in practice, i? ma> oat be possible to meet all these 
criteria. They do, however, provide general guidelines or goals to 
which appropriate technology practitionsre shoulo aspire. 

CASE STUDIES IHCLUDED IA THE HANLBOOI; 

The case studies inclzied in tie hnndbook deal with a variety 
of subjects and have been carefully selected to illustrate these 
criteria of appropriateness. The following examples will give an 
idea of ';he types of issues raised in the handbook. 

a) Solar dintillation 

This case stlldy traces the more recent historical development 
of a small fishing village on the island of La Gonsve, Haiti. Defoii- 
ation of the land and subsequent climatic chanf,es beginning in the 
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early 1950's beve brought unprecedented hardship. By the mid-1960's 
there were several major problems facing the community, one of which 
we.* the lack of potable water. Water for cooking end drinking pur- 
poses had to be o*,?ained from wells, the closest of which was * day's 
walk there and back. In 1965, a cormunity development programme was 
initiated in en attempt to rai*e the village emnomy to a level home- 
what higher than its current subsistence level. As e 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 end utilisation of this soier still are discussed 
in the study. Also included are a basic description of the solar *till 
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 yea-s of srudies on integrated 
rural planning. Although it is not technical, it tries to clarify the 
problems faced by most developing cowtrieS in the world, where 
foreign investments have by-passed the large ma;lority of the people 
in rural *i-e**. 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 
rum1 development. A very gJod *et of recommendation* are made to 
explain how small villages can enhance their econom;cc activities 
through the u*e of local resou~ces end better educatior:. A fresh 
approach towrds waste handling and processing is described. It shows 
that ener'gy recovery goes hand in hand with better health end en 
improved quality of life. 

c) Seekeeoing development in Kenva 

After a thorough study of traditiona?, practices in beekeeping 
and a comparison with the method* and equipment used in the Western 
world, the *uthor* have developed transitional types of bee-hive* 
which lend themselves to the hardy type of local bees end to better 
bee-management practice*. Widespread use of these hive* has proven 
them to be very successful. Construction procedures and specifica- 
tion* are discussed end design advantage* of this hive are enalysed. 
A set of good photographs together with a brief bibliography of the 
subject complete the study. 

d) Small bio-gas plants 

This study is en introduction to the development of bio-gas 
pients as en alternative *ounce of energy in rural communities in 
India. The anaerobic decomposition of animal wa*te is used to produce 
methane gas. The biological procese, economics, installation and 
con*truction procedure* together irith clear and comprehensive 
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;=iculations and drawings have been Wcluded. From these one can 

readily obtain an idea of the usefulness of this 'new' energy source 
in agriculture or for domestic purposes and how it can be used to 
raise the standard of living in some regions of the country. 

e) Oil drum cuvola foundry 

This study describes a small-scale iron foundry built in 
Afghanistan to improve upon traditional technlyues 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. 

f) The LXzjarat industrial Investment CorDoration 

This study describes the activities of an investment corporation 
which has been set up in indie to essist small-scale enterprises by 
providing loan; for the acquisition OT construction of buildings and 
machines, and for working capital. This goverrlinent-sponsored insti.. 
tution has bpen remarkably successful in stimulating local small- 
scale industries. In Spite of the fact that it gives loans to people 
withot:t requiring collateral in the form of fixed assets. ite success 
rate has been as good or better than that of the conventional commer- 
cial bank which Lr,sists on fixed assets as guarantees before granting 
loans. 

,s) Intermediate adaptation in Newfoundland 

Appropriate technology can also be important for rich countries. 
This is particularly true for come of the less deve1opi.d end mainly 
rurai areas. Newfoundland, one of the provinces of Canada, is a case 
in point. It has one of the highest unemployment rates in the ir.dus- 
trialised world 51 spite of significant industrial growth. The auttors 
of this case study discuss the potential for en approoriate technology 
strategy in !Gewfoundland and analyse in detail tvo specific examples: 
'1ong:iner' boats for fishing, and controlled fish curing techniques. 
The fin&l section of this study deale with the relevance to Aewfound- 
land of appropriate technology end long-tern planning. 

h) Soiar coffee dryers in Columbia 

The solar dryers described in this caee study c-e mainly used 
for drying xffee jeans but they a-e 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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on a variety of small-scale lryers es well es the necessary informa- 
tion on construction materials. Also included are a set of seven 
photographs of solar dryers currently in operation. 

SUGGESTED POLICY ACTIONS 

CUT experiences show that practitioners and scholars of develop- 
men? have become disenchanted with the existing de7elopment policies. 
The*., policies are not only creating cultural and economic disloca- 
tions, but also by-passing the large mosses of the population which 
stand .ittle to gxin economically from these orogrammes and which 
often suffer severe penalties in other aspects of their lives. The 
less forr,mate groups of the population are left to feud for them- 
selves, arl foreign aid often does them little good. If ecor,omic 
developmen is to take place, end if culture1 neritages are to be 
preserved, 'development from within' becomes a serious polic alter- 
native. This requires working through local people, local :,esourcrs, 
local structures, and using a technology that accommodates 'these 
low-cost indigt-nous inputs. 

Practiti-ners who have gravitated towards this position are 
celling it the appropriate technology approach. Their problem has 
been one of conceptualisation and communication: how can successful 
but isolated experiences be shared and form au empirical basis for 
a viable alternatiire approach? This has led us to the development 
of an appropriate technology handbook, for there is today no euthori- 
tative book which adequately covers the totality of the subject. 
This handbook: which has resulted from ~the dedicated team work of a 
widely dispersed group of individuals end orgeninations:ond 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 effort, so modestly funded, 
be continued an a more organised end rational basis. There exists in 
the world today a vast amount of knowledge OE appropriate technology 
which needs to be collected end circulated. Th? 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 eqwlly essential to 
recognise that the material collected should not be restricted sclely 
to technical, economic and social data emanating from sources in 
developed countries. The subject is universal end it has universal 
implications. 

The loose-leaf format of this handbook underlines the fact thz~t 
we are dealing with a new and dynamic concept which cannot adequately 
be covered in a single book. It milst be continually revised, opgrr<ed 
end improved. It has also indicated the need for future activity on 
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an expanded and more permanent basis. It is obvious that 3 journal, 
review or *ome other mechanism of communication, interdisciplinary 
in nature, ar.4 in a number of different languages is also requred 
for the interchange of ideas. The subject matter must be neither 
purely academic nor essentially scientif~ic. The lar~guage should be 
simple and not restrict itself to the technical terms of one particu- 
lar branch of study. 

If the problems of the iilderprivileged elements If the population 
in tte developing areas era to be *:jlved, the focli* must decidedly 
be olaced on the devel.opment of man. In ord?r for him to progress, 
he must find out whet processes. technologies, equipmelt or tools 
are used by other groups or individuals to improve tie quelity of 
their live* and raise their standard* of living. The infora;tion 
must be made available in a form which is easy to understand end 
hence to apply. 

Our handbook obviocsly has not be** wittan for the ordifiary 
citizen of the developing *rees of the world: no first effort in 
dealing with such relatively new concepts could succeed in being so 
universal. It is hoped however tha' L the message will ;~*ch those in 
en *Cmin.istrative, technical end cata2.ytl.c capacity in both developed 
ad dereloping regions who can act a* the agents of chan,e. The intro- 
ductioI1 of appropriate tec~?nology must necessariljr be a *low but sure 
process. Only in this way can 'the overall awareness of the people be 
raised, end thereby help them to develop in an autonomous way. 
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ROS, W. Hammond* 

ti:ely focus on micro-development projects related to small-scale 
i;ld,iecry development as opposed to these other economic activities. 

The existing body of small industries in the develop'ng countries 
exh.ieit: great differences in organieation, capital structure. employ- 
ment, mechanisation and Droduct lines, in addition to operating in. 



The me:surable results of micro-development efforts (e.g. 
manageris and technical assistance) with one company are miniscule 
when r?lated to a whole country or even a region. Hence, an evaluation 
of micro-development efforts muet be an aggregate encompassing results 
with a great many enterprises which have been provided with assistance 
generally on a short-term basis. This means that the results of a 
small industry development programme are frequently slow in appearing. 

These characteristics of the small industry sector raise e nom- 
ber of questions 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-- 
developlrent efforts7 Can an original target group of small industries 
develop an innovative capability? Some discussion of these issues 
seems appropriate. In order to do eo, I will draw from the l&year 
experience of the Industrial Development Division of the Georgia 
1nscitute of Technology. 

THE COST OF XICEO-DEVELOPEIENT PROJECTS 

Direct technical assistance to small-scale industries tends to 
be problem-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 OUT puint. The technical problem facing tine company 
was that two raw materials, smell diameter steel rod end 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 processing. The prototype die was designed and built in the 
mechanical engineering laboratories of 5oong Jun University ad it 
is now available to other metalworking companies in Korea. Problem 
identification, analysis , and the design and construction of the tool 
were done in few man-days. 

Our own experience, both domestic and international,with about 
4,000 companies is that small industry problem-solving may infrequent- 
ly take considerable staff time, b;lt that, on the average, en expendi- 
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 pr~ovided by a technical assistance orgenisation in a 
developing country where salaries are lower. 

Other evaluation methods can be used to provide an approximate 
qua;&ification of relative costs of micro-development projects. One 
analysis we did looked et 429 companies to which problem-snlvinp 
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zssistanc-; we.? provided in 1972. Direct ,jobs -;-Eatad or saves in 
rhsse companies amounted i:c~ '6,415 at the end zf the year. Toze! 
yo,:ect costs were $251,580, which amounts to a tort of $39.21 se:- 
job created or saved. Full respoosibility for craicing or s~~:i'w all 
these jobs could not be claimed by the programme ?ince ti-.r am~u~!t of 
services ;mried with each company and o~ther deve>..:pnent organis?tions 
were somftimes involved. However, since neither i;dirsct job crxtion 
nor multiplier factors were taken into account, it is believed t&t 
tha Sjg.21 figwe represents a fair evaluation of the cost per job. - I 

A number of other evaluation& of micro-development projects 
have been carried out and the ~‘esults tend tc vary. In the aggregate, 
however, the conclusion of the evaluators is that the return on the 
investment made in the project is many times the cost. In fact, smal~l 
industry micro-development projects need nor. be prohibitively exoen- 
sive if an experienced and well-motivated staff is awilable to 
implement the progrnmme. 

Ti-3 *I4PO*TAivCE OF THE TECmOiOo-f DELIVERY SYSTEM 

There appear to be three prerequisites fw a successful programme 
of tecbrxloey dissemination: reservoirs of iniormation and expertise, 
a technology delivery system, and recipients of the technology. 

Reservoirs of irformation and expertise exist in various public 
and private organisations in many developing countriee. These include 
zhe infcrmation banks and professional staffs of public sector organ- 
is&ions such as ministries, state end local governments, libraries 
and other institutions. In the private sector, industries often have 
much information and expert staff personnel which may be tapped 
through arrangements of various so-.te. The develcpment banks can also 
often serve as sources of information end assistance for small indus- 
try. The extent end relative &vailabiiity of such sources will vary 
from country to country, but in most cases access channels to tech- 
nological information exist ir, some measure. 

In ail countries, there is also a small industry sector. These 
firms, with their veriegatef and fragmented problems, frequently 
require more information aqd there is no questioix that they form a 
body of recipients in teed of technical information. Even when the 
tecbxCcal resources exist end the small industry sector needs these 
resouxes, the delivery system which conx?ys the needed information 
to the recipients is usua?ly the weak link. This delivery system may 
exis; in full cr io part, or it may even be totaliy absent. 

In some deveiopinz cour.tries, programmes of technical assistance 
to small irxixtry have been set up by the government but the mechanism 
i-. of'ter. imperfectly developed. In one such country, technical assis- 
tence personnel were placed in a number of major cities to pi-wide 
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v*riou* problem-solving services to small industries. However, the*= 
people were not provided with eutomobiles 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 a*si*tance would 
find hi* way to the assistance office. In our experience this does 
not happen: entrepreneurs will not or cannot travel long distances 
to seek isi*tance. As a result, the industries in the immediate 
proximity of the urban offices receive advice and assistance, while 
those farther removed are a* isoiated from assistance a* ever. 

A technology dissemination system 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 remaias unfill~ed in q *ny developing countries, 
thus perpetuating inadequate tec.bnology delivery systems. 

While the situation varies considerably from country to country, 
the following conditions have to be met if a technology dissemination 
progrommo for small industry is to be effective: 

- Technology needs and possible source* of information must be 
carefully Identified; 

- The authority and responsibility to act e* a technology 
delivery system must be clearly assigned to one or more 
well-motivated organisations: 

- The delivery system organisaticns need some separate and 
independent source of funding since the small-scale industry 
Sector in most developi;-: countries cannot support the costs 
of technology bis**mination: 

- The delivery system organisations must have developed or at 
least mu*t be in a position tD develcp en expc-ienced end 
trained staff which is results-oriented: 

- A reliable evaluation procedure mu*t be established in order 
to permit the assessment of results. 

THE VISIBILITY OF MICRO-!X?"ZLOP~"EPT EFFORTS 

One 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 
momentou* or even newsworthy. If, a* a result of a micro-development 
effort, 2 company is able to hire 10 new employees, double its produc- 
tive capacity, increase it* profits or develop Some new palduct, the 
impact is~ still small in the total picture of the developing sountry. 
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 *nd glamorous project 
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from which the government can obtain considerable press coverage and 
recognition. It is therefore not surprising if such large-scale 
projects, which usually involve foreign capita2 and tec'mical assis- 
tance, receive prefsrential consideration by the governments of many 
deveioping countries. 

Efforts to strengthen and build up small and medium firms, which 
are more likely to be locally-owned and managed by Sow.1 people, tend 
to strengthen indigenous industrial and technological capabilities. 
Deveioping countries are beginning to realise the importance of a 
domestically-owned and operated industrial sector, and there is today 
a greater willingness on the ?art 02 governments to extend financial 
assistance and technical support to the amall industry sector. However, 
the basic problem of visibility still remains, and it is only when 
many micro-development results are aggregated that impressive statis- 
tics related to the generation of employment, capital or income can 
be demonstrated. 

THE CcJNDITIclNS FOR A S"CCESSF"L mCRO-DEvELOPMENT EFF0RT 

The effectivecess of the mecbaEisms designed to stimulate the 
small- and medium-scale industry sector in tb? 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. Horever. 
the truly effective micrc-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 gcvernments of the importance of small indus- 
tries, and aimed at pxnidi~.g incentives and support to small firms. 

The second is the existence of institutional machanisms, both 
public and private, to analyse and solve micro-develwnent problems 
and to disseninate sppropriate tecbntiogy to recipients through 
industrial extension activities OF other means. An essential element 

here is the presence of public or private len&ing institutions which 
have some responsibility for, and which are willing to work with, 
small industries. 

The third is the existence of informational systems, w:lich serve 
as data centres and provide access tt R and D information from many 
SOUI‘CBS, 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 developments in markets, products, processes, 0~ 

i; ,, equipment. 
( The fourtii eiement is the existence of a personnel development 
,'~ 

1, ~:, 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 institutional or tech- 
nical assistance source. 

TIiE DEVELOPNET OF AN INNOVATIVE CAPABILITY 

innovative capabilities in the small industry sector do not 
appear as frequently as in larger industries. Occasionally, small 
entrepreneurs will dcmonstrste 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 sssum?s all the q snagerisl and 
tuchnicsl responsibilities for running the c‘apsny. The difficulties 
of day-to-day operations do not usually give the average entrepreneur 
enough time or opportunities to be greatly inno-native. 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 js largely non-existent in the small 
industry sector. When sn entrepreneur does develop sn innovation, 
this innovation is generally not made available to other companies 
which might benefit from it. This may be due to the fear of sompeti- 
tion, the absence of institutional mechsnisms to disseminate infor- 
mation about innovation to other companies, or to sny number of other 
reasons. BoWeVer, when an ir!!ovation occurs in a wider institutional 
framework, 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 a number of rice-growing coum!zries(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 tightly-knit association. In such sn orgsnisstional 
framework. innovations developed by one company can be disseminated 
to others through the association. This, however, is an un.'sual 
arrangement which is not often encountered in developing countries. 

Can a target group of small industries develop sn innovative 
capability? In the absence of some special orgsnisational arrangement 
such a question usually has to be answered negatively. An arrangement 
of this type would ideally reward innovstion and provide a vehicle 
for dissemination of information shout the innovation. It would also 

1) See Amir U. Khan's paper 'iMechanisation Technology for Tropical 
Agriculture" in this book. 

- 142 - 



assist in the adaptation of innovation to suit differing conditions. 
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. Our experience suggests *hat properly motivated and 
staffed public and private assistance organisations can provide 
meaningful managerial and technical assistance to this sector at a 
rela%>iely low cost, and using the existing infrastructure of tech- 
nology and expertise. 
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IV. Ih!!DIA'S EXPERIENCE AND THE GANDHIAN TRADITION 

by 

PI.?,. Hoda* 

INTRODUCTION 

'tienever we think and talk of development in the poorer countries 
we must be clear in our minds. Are we concemcd only with increases 
in per capita income, e mre favourabie balance of trade and higher 
production of steel, cement and electricity? Or do we want to develoo 
the downtrodden masees living in the two million villages of the 
Third World? The real measure of development is the degree of well- 
being achieved by the ES per cent of the people living in the villages 
md there should not be my controversy that the central aim of any 
development effort is the eradication of poverty and the provision 
of better living standards for the masses. 

Kost 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 
end it is not surprising that the standard of living in the rural 
areas is declining, t!le village structures breaking-up, and migration 
to the cities increasing in a dramatic way. Unless this trend is 
revexed, real development in the poor countries cannot take place. 
The sophisticated and highly capital-intensive technology invented 
and used in the cities is unable to solve the problems of the poor 
people end we have to look for a technology which is less expensive, 
more labour-intensive and more appropriate to the situation of poverty. 

TEC!iXOLOGICAL CfiOICES AKD APPROPRIATE TECRNOLOCY 

The technological choices facing the developing countries have 
generally been polarised between (a) modern technology imported from 
the industrialised nations and (b) traditional indigenous. technology, 

l The author is the head of the Aooropriate Technology Development 
Unit of the Gendhien Institute b? Studies in Veranasi, India. 
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which is primitive, inefficient and wasteful of skill end resources. 
There has been very littie interactMn between theee two types of 
technology 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 
If.:1 technology', while the Western technology could be called~ the 
'&1,0X teckfiology'. The gap betceen the two is so enormol:s that a 
natural, organic transi~tion from one to the other is impossible. In 
fact, the introduction of t1.000 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 livelihood. 
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 joining the unemployed labour force 
in the big cities. Their Cl technologies are prossly inefficient and 
the Western 61,000 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 requires a technology which 
is more appropriate to the conditions of poverty, end which would 
range somewhere between the '&l technology' 2nd the '&I,000 technol- 
ogy'. This may again be called, s~bolically, the 'ZlOO technology'. 
It would be more productive than tne primitiire indigenous technology, 
but at the same time immensely cheaper end easier to manage than the 
sophisticated technology of modern large-scaie 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- 
men* opportunities, sparing of naturai reeources and non-violent in 
spirit. 

IVDIA'S R”RAL DEIrELOPMGUT EXPERIENCFS IN PERSPECTI'IE 

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 lR9G's quite a few centres for rural develop- 
ment were started up in various parts of the country. They represented 
a systematic effort to promote the development of speciiic rural 
cowunities through the conscious application of technical knowledge. 
Jy the end of the 1440's, a number of such projecta embodying impor- 
tant principles and approaches of community development were in 
existence all over India. Sotie of them had been initiated by provin- 
cial governments and princely states, others by private organisations 
or great individuals, including Christian missionaries. The mission- 
aries who started their activities in the mid-19th century Dlayed 
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a great role in bringing this development work (including education, 
hospitals and training in indilstry) to the remote and mostly tribal 
areas Of tbP mudry. later on, Gandhian workers and independent 
voluntary associatians wwe 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 kno-.; 
more about these plans and to learn the lessons from them. These 
projects were all systematicaily planned and scieixtifically conceived. 
They pioneered rew methods of working with people in rural communities 
and made adequate use of industrial and agricultural technology. All 
the great Indian reformers, like Tagore and Gandhi, saw this very 
clearly. Before them (lSS5), Mahara,ja Sayajirao Gaekwad III of 
Saroda and his prime minister Raja Sir T. Madhav Rae had carried 
out their great experiment in Baroda for rural development. Tagore 
established a 'Shilpa 3hav.m' (community) in Sriniketan and trained 
artisans in new tzckciogies imported from far and wide. More thzn 
any one else, i~?ahatma Gandhi made it a movement, because he believed 
that "If villages perish, India perishes too". He organised the AL 
indih Spinners' Association and the AlI-India Village Industries 
Association. He made the 'charkha' (th%? spinner's wheel) a symbol af 
new village technology anti started a systematic study of all the 
village industries with a view to imm-oving their technology and to 
giving them new dignity. Gandhi had appointed many experts t.c develop 
village techmlogies, which would heip artisans and craftsmen to 
improve their productivity and efficiency. Men like Flaganlal Gandhi, 
Satish Chandra Dasgupta and Jamnalal Bajaj carried out their research 
work and designed suitable machinery for spinning, weaving, oil 
extraction, leather work and the use of carcasses. 'Ashrams' (rural 
development units) were set up by Gandhi at Sabarmati, Ahmedabad, 
Yardha, Sodepur, Bardoli and orher places. 

After Independence (194?), Gandhi with the hel? of Dhirendra 
Ct. Mazumdar and others set up a chain of village industry complexes 
iike Sewapuri, Benaras, IChadieram and Plonghyr to train workers in 
improved technologies and make them qualified to set up small indus- 
tries in their own villages. !?e also called on the State governments 
to try to make villages self-sufficient in their own needs for cloth, 
oil, shoes, etc. and thereb:; reduce their purchases of consumer goods 
manufactured by urban industries. As a result of Gandhi's effort. 
there are at least one thousand .wch units set up in various parts 
of the country. Men inrpired by Gandhi carried his torch alight after 
his death. J.C. Kmarapa and Dr. Gadgil, known as Gandhian economists, 
elabcxrzted his ideas further and gave it a concrete shape. In 1956. 
a 'Srvodaya' plan (community development plan) was prepared, which 
can be said to be a true village development plan. Acharya Vinobs 
S‘nave and Jayaprakash Narayan provided the leadership for the work 
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of village de”e:iopment through the Sarvodaya mo”ement. In fact, the 
village development programme has become an article of faith far all 
randhim mO”emfntS in the ccuntry. 

In 1963, Dr. E.F. schmacher, a British economist and former 
adviser tu the Witish Coal Board, visited India at the invitation 
of the Planning Commission and Jayaprakash Narayan. He .rras influenced 
by the Gandhian ideas of industrialisation and tec3nnology, adapted 
them to moderri needs and turned intermediate technology into a world- 
wide mvement. 1n 1966 he set up with other like-minded people the 
Intermediate Technology Development Group in London to collect infor- 
mation on such technologies which would he really her.cficial to the 
rural areas of the developing countries. l!his 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 countTies, instead of sophisticated, modern and higniy 
capital-intensive machinery. 

Schumacher's movement of intermediate technology gave a new 
iease of life to the concept of village developmen-t and the Candhian 
movement. reinforced as ex3e::ed by Schumacher's ideas, took a lead 
in gjBi,ng a new meaning ark 1 scientific backing to the rural develop- 
ment pragrame. The Gandhi: hstitute of Studies, set up by Jaya- 
prakash Narayan to condi;~:. research on social science probZems in a 
Gandhian perspective, advocated the viC# that technology could not 
become meaningfill for the poor masses if it was not confronted with 
the general social and economic questions facing the, country and 
made aware of its deep-seated rural problems. 

The Gandhian 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 Varznasi in co-operation 
with the Intermediate Technology Development Group of iondon. 

THE GANlJEIAN INSTITUTE'S APPROPRIP;TE TEcmo~oGY CE"ELOPMENT UNIT 

This Unit was set up with the eim to develop, crystallise md 
make visible the appropriate technologies that will really solve the 
problems of the poor ir. India. One has to identify what the problems 
of poverty are and find solutions which fit into the conditions of 
poverty. Technology must have a social outlook. In India modern tec,h- 
nology has now reached the point where the establishment of an average 
wrk place in.industry costs between 20,000 and 50,000 rupees (El,OCO - 
f2,i~~~,~. We have to deveiop technologies which require somewhere 
bciii;t!n 2,000 ard 5,000 rupees (El00 - E250) for setting up a work- 

x. 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 euch agencies, 
institutions and leaders which are engaged in the tasks of sodial end 
economic development of the rural areae to take up this new progr~une 
of work. It co-operates in this tr.sk with ali ;.lose concerned, by 
they government departments, the Planning Commissionz industrial 
corporations, big and small,or international agencies: but its prior- 
ities are clear: it is the voiuntary sector end the voluntary move- 
ment in the rural sector which are of central concern. Thz 3nit is 
interested in the improvemect of ind:*en~ous industries, village tech- 
nologies end emall industries, xx it is roncemed with all the 
spheres of village activities (agsicuitural tools and implements, 
food processing, material handling and transport. water and irriga- 
tion, decentr ~ijed eourcee of dower and energy. construction, animal 
husbandry, h, ~' n end hygiene, :ducation and traiaing, community 
lir.ing and c -we). Emphasis ~11 also be put on the introduction 
of aooropriate kechnology into the curricula of primary and secondary 
SCh""lS. 

The Unit ~~'oposes to become a 'knowledge centre' where informa- 
tion on such t, :hnologies can be pooled and farmed out to those who 
reqbire thez 'co ~,r"mote research, design and development in this ficid 
One of its fir-e priorities is to motivate the scientists and the 
technologists, the students and the teachers of the universities, 
engineering institutions, polytechnics, Institutes of Technology end 
otbe? research end scientific institutions 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 beeides universities all technical institutione, poly- 
technice and research institutes. The teachir.g staff in these organis- 
ations will have to drew up original topice for student projects. 
With its contacts in the field, the Unit should be able to submit to 
them~interesting and valuable challenges thst we directly related to 
the real problems of the poor. 

With the acli7e help and co-operation of the Intermediate Tech- 
nology Group in London, similar types of work are being done in many 
other developirg countries. The Unit et Varenasi will be 2 chain in 
this international -system and through communication with other centres 
vi21 try to tibtair, the mosi recent knowledge end bring it to the 
notice of the Indian people. But to 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 IRRELEVAWE OF RESEARCR TO !XVEU)Pi+ENT 

The record of foreign ossista,lce to the less developed countries 
in the last two decades is so inadequate and lopsided that the 
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deve!.oping -world would have been bet,er off without s~?ch assistance. 
The present level of aid is only 0' ,-Cargina significance and cilmes 
witt so many project conditions, :icg of aid, forelgr consuitants 
and eophieticated technology that i? saps the initiative an: iri?ei':ui 
of action of the developing world. The developed coun%riee are only 
interested in selling their turn-key projects. nuciear paver stations, 
supersonic aircrafts and of course armaments and defence equipment. 

Science and ;echnology in the izduetrialised colurtries are now 
progressing at an ever faster rate due to the huge resources et their 
disposal. This activity is naturally :.irectad towards the interests 
of the developed countries themselvi*. Only t5 a -sry minor, EImost 
infi.liteeimal,eXtent does it hi.ve 2 bea;‘lng :I- problems of direct 
imFortence to the less developed countries. Scientific and teshno- 
logical edvencee in the Weet are having en impact on t!ie Third World 
countries that is detrimental to their development prozpecte. Most 
of the technical innovations of the late 18th and 19th centuries 
were roechanical inventions, which were simply the result of harness- 
ing the tradiiicnal skills of blacksmiths, clock-meisrs, Eillwriphfs, 
etc. Nowadays inventione grow increasingly out of basic discoveries 
concerning the structure of matter and energy, chemical processes. 
metallurgy end eo on. The successful adoption end adaptation of 
present-day technology requires a much greater knowledge of general 
science, which in turn requires enormous expendituxes ir. equipmen? 
and instruments. 

Researrh in the deveioping countries Ls too much under the spell 
of Western science axd technology end often izs ambition is to produce 
results more in line with the Western tradition than with the needs 
of the developing countries. 

The scientists and technologists of the poor countries are 
engaged in salving the prablezs of rich societies. This phenomenon 
affects the poor 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 CPe nation. The 
responsibility for this situat5.on iies with the kind of training and 
education they are given, for it makes them misfits in their home 
country. Secondly, even ii they do not migrate they are mostly 
engaged in a highly sophisticated research work, which is relevant 
only to the industrialised countries end the modern Vesternised 
sector of their home country. The poorer people, who in India con- 
stitute 90 per cent of the population, do not benefit from this 
research end this is one of the re~eons why development of the broad 
masses is not taking piace. 

If the industrialized cwntries we seriously interested in 
helping the less developed countries with more appropriate technolo- 
gies. they will have to increase their research activities and direct 
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,::,,, 
them towards the problems which seriously concern the less developed 
colinti-ice. This would imply aid of another type and on a larger scale 
than anything that has been done previously or contemplated until now. 

;~r;,: Tile ::a1 needs of the people will have to bz studied in depth, then 
7,; techniques and proceesee evolved to help them to work more efficiently 

#<' and effectively. In agriculture, fo1‘ example, studies exe needed about ,, 

is;:; ,,. the nature of tropical soils and their reactions to different rainfall 
patterns, about drainage, irrigation end fertilisers, about improved 

; :j 

,::;', 
:i ,, 

seeds, animal stocks, grazing pastures, cropping patterns, ?he uee 
of agricultural implements, the prevention of plant and animal diseases,- 
the storage end preservation of perishable products. Much more research 
should gc into the planning of irrigation schemes, aad 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 into small village 
iadustries, low-cost housing, food preservation, grain storage, tex- 
tiles. animal husbandry, etc. tiles. animal husbandry, etc. 

:, :, 
FOL! STRATEGIES FOR INTERMEDIATE TECHNOLOGY FOL! STRATEGIES FOR INTERMEDIATE TECHNOLOGY 

XT,,, XT,,, !I~>,, ,: !I~>,, ,: ,::,, ,::,, 

;?~':; ;?~':; 

The technical approach to appropriate technology must be based The technical approach to appropriate technology must be based 
on the fundamental questions: on the fundamental questions: "What are we really trying to do?" "What are we really trying to do?" 
"What are the real needs of the community?" "What we the obstacles "What are the real needs of the community?" "What we the obstacles " " 
that prevent soiutions to these problems?" "What, then, is the most that prevent soiutions to these problems?" "What, then, is the most 
appropriate way of acting. appropriate way of acting. " Appropriate technology should be neither " Appropriate technology should be neither 
a second best, nor an outmoded technology but a solution that fite a second best, nor an outmoded technology but a solution that fite 
best the local requirements. Four solutions can be envisaged, and a best the local requirements. Four solutions can be envisaged, and a 
successful innovation policy would probably include some elements of successful innovation policy would probably include some elements of 
all four. These solutions are: all four. These solutions are: 

- the reviving of en old technology, - the reviving of en old technology, 
- adapting a current one, - adapting a current one, 
- inventinn a new one. - inventinn a new one. 
- improving the traditional indigenous technology. : 

s,,: < 
:;c,;, a) Reviving 
$i,:,'~ ',, 
I::~,,, Some people may think that the methods of the 19th century 

t;;:,,: engineers, when labour was plentiful and the large-scale industrial 

,, ,, development in the Western world just beginning, are suitable to the 
needs of less developed countries today. But, of course, the require- ii, 

iili:, 
;L', ments are chan,?ing fast and the conditions in the developing countries 
:.,~ are not exactl) simiiar to those of Western countries at any pact 1, 

stage of their development. However, Some of these are marvellous 
.:;I (,, ~; 

technologies, even from modern standards, but they were by-passed ,: 

$!;::' 
: by other technologies. Sy-passed technologies can make a contribution Cc 

,,~~~, ,,,, 
:~ ; 
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and show unusual ways of solving a problem. It may be desirable to 
go fo: the simplicity of servicing and repair of 19th certury engin- ',: 
eers without blindly copying their technoiogy. Water wheels and wind 
mills.for example, wera abandoned in the 19th cexturg as a result of 
the introduction of steam engines, eiectricity and interna~l combustion ,,,,,, 

', : engines. Eut with today's energy crisis they can ba made to serve a 
:;:y 

useful purpose again. 
,::, :;I.; 

b) Ada,,tin& 
:;~$ 
L,~ A current techwlogy can be made more appropriate simply by 
:j; removing the labour savi/g elenents, Substituting a hand lever for ~,,~,; 
,;, : an electric motor represents not just s financial saving but also an 
,i, employment opportunity. More important, it extends the application 

of the equipment to unelectfified areas and considerably simplifies 
':,, the problem of maintenanca. The appropriate technology answer is not 

to be found exclusively in small-scale industry. although this might> 
appear at the upper end Of our spectrum. ,, 

Scaling-down of a few important key industries such as cement, 
sugar or newsprin-z, can also be immensely beneficicl to the less 

.i ,, developed countries. This would help decentralise industry and reduce 
transport and distribution costs. The problem of depletion of resources 

_i?;~ 
,::, and pollution could also be minimised. 

c) Inventing 

;_ There is a considerable scope here for b&h new research and a ,::,,:i~ 
:L:' blending of past and present tecP?ologies to evolve new designs. The Y ;+;! ,,, 
:,,~ statement of needs and definition of the problem will have to come ',1 
-,., 

from the developing countries themselves, but the solution can come 
from the industrialised countries and their highly sophisticated 

:,', research institutions. This approach would direct the best of modern ':z 
:,', scientific knowledge for the benefit of the poor people of the less .:ii 
,,, 

::, developed countries. This could include information on ner materials, 
:C': :~:techn~ques ,fsr working them or,:the ways in which work is organised. :; 

New inventions 'cul sometimes be &&tly, adopted in heveloping 'coun- :'-: :z$ ;,' 
;:::' tries'on a small-scale, because large-scale introduction would need " '~ ,, ::,:,;;j 

enbrmous amounts of money z+nd the scrapping of costly machines. ,Bio- :i/':$ 
~,~~ gas plants ,and utilisation of solar energy can be included in this ':;'i?; 

," category. Balasundram is wor@ng on open-end spinning which is the 
latest~technique developed in the world. 

I_ ,', 

I;,, 
d) Improving? the indigenous tecbnoloav ,,:; 

,' themselves. All the industries and crafts which exist in the villages 

If;::, ,; 

This approai:h will be,,most productive in the developing countries :~ ';:$; 
C:;z$ 

': and small tovrns could be studied systematically, and an organised ,' ~73 ,, ,,:( 
~,,~ ,,,, 



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 I 

Khadi and Village Industries Commission. Individuals and some firivate 
organisations have also worked in this field, like Balasundram in 
Coimbatore, Xohan Parikh in Swat, Manibhai Desai in Poona and Anna 
Sahib Shastrabudhe in Wardha. 

THE DESIGN CONSTRAINTS OF INTZENE~IATE TECHNOLOOY 

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 Often not used to the constraints of industrial disci- 
c,l.ine 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 geogr-phy (humidity, 
temperature, rainfall), communication problems, energy and water 
resources and availability of raw material and spare parts. A lot 
can also be done by making use of the local traditional skills. 

Bearing these constraints in mmd, one can try to elaborate the 
concept of a 'no0 tec'bnology' and envisage the development of indus- 
try on three levels: 

a) home industries with an investment per work place of some 
520, 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 
El00 to EZOO. Such industries can be set up with the help of 
village co-operatives and government extension workers. 
Information czn be supplied in local languages and Hindi; 

c) small industries wiih an investment per work place between 
El,000 and E2.000. This group probably represents the upper 
limit 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 establish 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 eve- 
the world, but there is no channel through which improved technola- 
gies for villages developed in one part of the world is knowl to 
another. Such technologies exist in thousends of places, but there 
is no cowwnication. It is useless for devoted village level workers 
tc reinvent the wheel. If ir. a village someone is doing absoluteiy 
first class work and has invented some new tools or processes. the 
zhznces are that twenty miles away. no one knows about it. We there- 
fore need a communication systeio with 'knowledge centres'. There 
must be an organisation acting on an international level as a 
knowledge centre to coliect an-' redistrib,ite infor.mation on * 
world-wide basis. But there should also be such krcwle<se ce:::res 
in every developing country to obtain information from abrcad and 
disseminate it to field operators. This must be a two-way traffic, 
and the problems encountered in the field must be brought to the 
knowledge of the national and international organisatinns. The field 
operators must be trained in the art of identifying 'knowledge gaps' 
and 'information gaps' and then the central organisatinns can be 
more specific in their search for new technologies. 

The dissemination of information about what is available ir. 
machines, tools, plants and equipment, processes and new techniques 
could be done through government agencies. Information could be 
supplied in local languages, with properly illustrateC charts, 
pictures, posters, diagrams, and pamphlets. Extensive iise of "ass 
media (television, radio and movies) must also be made. In addition 
to that, fairs and exhibitions can be srpacised to demonstrate the 
uses of new equipment, new techniques and processes. 

LOW-COST TECHNOLOGY AS A POST-INDUSTRIAL TECiWOLiXT 

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 nis advice and guidance on how to 
run the administr;tion and the government. "Just keep one small 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 sf 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 cowtries, in many cases it provides work and also 
dignity to work. Cne of the lozest of untouchables cast in India 
are the 'Chamars' who deal with hides anal 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 end tanning their skins. end making various arti- 
cles out of the skin, bones end horns . If some improved technology 
is provided to them, for instance pulley blocks for lifting and load- 
ing (instead of carrying the cei-cess on their shoulders), wheelbarrow: 
for carrying, gloves and gumboots to deal with the dirt end 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 to support the village industries and 
its technology by providing them with the following concessinns: 

a) All the village industries should be assured a regular 
supply of cheap raw materials and they shwld be protected 
from the large irrdustries which are devouring raw materials 
from the village ad forest areas. 

b> Research institutes should be set tip exclusively for develop- 
ing appropriate technologies for the village crafts end 
industries. 

c) A very intensive scheme of education and training for the 
technologies of village crafts, agriculture, irrigation, 
communication and culture, etc. should be started. 
The whole system of education should be oriente,i 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 end resource crisis, intermediate or 
appropriate technology has become a survivai technology for both 
developed and underdeveloped nations. It is probably the only means 
through which we can raise the general standard of living of the poor 
commnities and it will also help to restrain the industrialised 
countries from overspending the meagre resources of ener,7 and raw 
materials we are left with. I think the bicycle exeqlifies this 
very clearly. Far poor countries where people have to walk miles on 
foot and carry heavy loads, it represents en 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 pollution from fumes of the automobiles. Thus in a number 

A_;?~ ALES, ~,~ ,y~ ,, ,, ,, 



of areas, intermediate technology represents a sort of ronverging 
point for rich and poor countries and also for a life of equality, 
peace and permanence in the whole world. In this sense we might Yier 
it as a post-industriai and post-modern technology. 
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V. THE SCALTh!G-DO',,73 OF MOI)ERN TECH?,OLOCY: 
CWSTAL SXAR KQ4U?ACT'jRIP!G II\' I$!!DIA ---- 

b:y 

M.K. w-g* 

Prior tc 1905, the most commonly used *weeteninF agents in India 
:vere two pmducts manufactured by the age old indigenous technology: 
'khandsari' - a sort of raw sugar which has to be further purified 
far direct consumption - and 'gur' or 'Jaggay - a concentration 
product cf the whole cam juice without sepa~atim of nolasses. In 
1905. importr 3f crystal sugar started from Java in the then Dutch 
East Indies. Initially. there was some resistance to this new product 
but gradually imports began to grow, reaching a maximam figwe of 
half a million tons annually valued at f10 million sterling. 

me modern large-scale Vacuum part technology for ma~Lufact.uring 
crystal sugar was introduced during the First World War. Up to 1932 
its progress was rather slow due to the very keen campetiticn with 
the imported crystal sugar from Java. In 1932, the Sugar Prctectim 
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. 

Ttis mdern sugar industry occupies an importat place in the 
national economy. It employs some 200,000 persons and contributes 
about E50 mlllion sterlin g to the nstional exchequer in taxes. To 
meat its requirements in machinery, six companies are manufactnring 
equipment in co-opcratinn with foreign firms; their technical iink- 
ages however are l~imited to a few special fields. 
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: : TFiE XBALAMCES CREATED BY LARGE-SCALE TECHNOLOGY 

In 1931-X the large-scale sugar piants wei-e consuming 6.6 per 
cent of tte total cane grown in India. At present the;, cons"me on an 

* The author has been working as a specialist on rural industries in 
the Planning Research and Action Division of the State Planning 
Institilte in Lucknow, India. He is currently the hmd of Garg 
Consultants, a consulting firm mecialising in apprcprizte technology 



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 95 per cent of the land holdings are below one hectare. Sugar 
cane j~s the most highly paying cash crap: not only does it bring in 

" higher returns per hectare but it can withstand the vagaries of 
nature much better than any other crop. As B result, the small Zand 
hoidere strive to use part of their land for cane. In 1971-72 the:'s 
were 20 miliion farmers producing 129 million tons of cap.e or? 2.1, 
million hectares. The cane crop is widely scattered and the oppnrruni- 
ties for establishing the intensive growth areas required by the 
large-scale mills are limited. 

The modern mills get their supplies of cane at a orici: which 
is fixed by the government. This price normally gives a I' '1 40 ?er 
cent higher return to the farmer than the other means n' :;p.>m.1 "f 
cane crop, i.e conversion to gm- by the farmer himse?'~ the eale 
to the declining khuldsari industry. The cane growers :.~ the mill 
areas are much better off than those in the non-mill areas. Naturally, 
this has led the latter to ask for more i-emunerative arrangements for 
the disposal of their crop. 

With the diffusion of intensire cropping cycles (two to three 
crops a year in place of the normal 7.~ or one and a bnlf) the farmer 
no longer has the time to crush his cane for makine gur by bullock 
power and wants to save his bullock power and his labour for intensive 
farloing which is more rewmerative then 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 sitution has become equally 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 

,, ~, guidrapled during the iaet 40 years (from 685,005 hectares in 1931-32 
: to 2.6 million hectares in 1971-72) and the availability of fertilis- 

em end better irrigation have increased the averege yield from about 
30 tons >er hectare to 45 tons. 

,,, 
The increase both in area and yields has been proportionately 

higher in sugar mill area 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 150 per cent of the 

,, installed capacity of the mills The mills are forced to extend their 

1,' working days from 120-140 to 200-220, well into the hot summer season 
when recovery ratee go down. hren then, the complete crop often CaNlOt 

be eutirely crushed and in some 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. 
;y;;,y' 



TAE DEMAND FOR A LOW-COST MINI T,XHNOLOCY 

The imbalcnces brought about by the modern crystal sugar indus- 
try have created a demand for en alternative technology. Four groups 
are directly interested in such an innovation: the csne growers in 
areas where there are no mills, who want to get a better return from 
their cane crop end 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 en outlet for the periodic surpl!~ of cane. 

The problem of developing en alternative technology which would 
eventually allow the cane growers to get the same price es that paid 
by the large-scale mills wee referred to the Planning Research end 
AcL2on Institute in 1955. The aim of this Institute, which was set 
up by the Government of Dttar Pradesh in 1954-55 with a grant from 
the Rockefeller Foundation, is to carry out action-research for 
improving ar.d developing techniques for rural apezs 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 end organisational patterns. 

The inherent strength of a large-scale technology is that its 
products meet the requirements and needs of pres??t-day society. By 
contrast, the old indigenous technologies in developing countries 
tend by nature to produce only a particulsr 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 eilough weight in 
the various schemes for renovating end improving indigenous technology 
Most of the attempts in this direction on the part of research agen- 
cies seek to improve workability, introduce new tools and increase 
productivity. As for the government, it tries to improve marketing 
methods and provides financial measures for survival. Needless to 
say, such efforts have not been es successful es expected in putting 
traditional techno1og.j on its feet. To give an exampie, no improve- 
ment in lime technology can make lime take the place of portland 
cement. .iJnless the traditional low-cost lime technology cap be geared 
up to produce portland cement , its future remains in doubt. Old 
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 product qf the whole cane juice; it 
contains about 80 per cent suwore or cane sugar. Kbandsari sugar is 
a powdery, yellowish prod~uct containing 94 to 98 per cent sucrose. 
The increasing preference of the Indian consumer for white crystal 
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sugar (which contains 99.9 per car + 9f sucrose) led t* the decline 
of the khaxdsari sugar industry. but. the annual ~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 tt? United Rir&om, 
the United States and Canada. The low consumptirn of crystal sugar 
is partly due to the fact that a sizeable part of the rural popula- 
tion -uses jaggery, not only as a sweetening agent, but also as a food. 
Rowever. 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 t'ne team of the Planning Research and 
ii&ion Institute was not to improve the existjng indigenous tech- 
nology but to find or develop a technolog, fop manufacturinp crystal 
sugar on a small-scale. comparable in quality and competitive in 
production ccsts with large-scale sugar technology, if not an an 
absolute basis, at least in special circu&tances or locations. 

WE COMPARRATW 2FFICIENCY SF MODEPLN ANiD TRmITION*l. TECWOI.OGY 

The nanufacturirg of sugar consists of four stages: the extrac- 
tion of juice from agar cane (crurning), clarification of the juice, 
its evaporation ad ccmxntration into massmite and final:y Che 
formation of crl-stals and their separation from the masscuite to 
obtain the final product. The team made a detailed study of the 
various types of plants and equipment available for carrying out 
cane pnxessjr?g on a small-scale end compared their efficiency with 
tht 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 crushez?s and 3- or 5- 
rniler power crushers) used in the indigenous khandsari 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 0~ in combin- 
ation with sulphur dioxide or carbon dioxide. The three large-scale 
clarification methods (defecation, lime suiphitatioii and lime carbon- 
ation) remove between 35 and 60 per cent of the non-sugar component 
of the juice. By con~trast, the traditional system of bark vegetable 
coagulant clarification in the gu? and khandsari industry can remove 
only 10 to 15 per csnt GA * 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 

tie second, they reach 15 per cent, and in addition, there is a 
significant drop in the pwity of the product. In vacuum pan factor- 
ies, crystallisation is carried out partly in the pan ind partly in 
crystallisers where the masscuite is kept in motion. Approximately 
1 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 separation of sugar crystals from the aotiier liquor c,?lj;d 
messcuite is carried out in xhe large-scale vacuum technology by 
mechanically-operat'zd centrifuges while in the khandsari industry. 
it was done partly by static presxre and mostly by microbiological 
action. The efficiency of centrilugal separation is considernbly 
higher: on>, 0.1 to 0.3 per cent of the molasses are left in the 
~xgl-r, as against 3 to 5 per cent with the traditional technology. 

THE DESIGN PRINCIPLES OF A PILOT PLANT 

After carefully considering the above facto--s, the team decided 
to desiq a pilot plant based on the following technologies. For the 
extraction of juice, a 5-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 
iarge-scale technology was experimented upon by a research unit set 
up by the Government of India in i936. The process did not prove 
successful when commercially demonstrated. These research xsults 
were carefully examined, changes in t;le design of the equipment 
(especially for the lime and sulphur-dioxide reaction) were made and 
the lime sulphitation process was incorporated in the proposed pilot 
plant cesign. 

As far as evaporation is concerned, the large-scale vacuum pan 
system was found to be too compiicated ars~d capital-intensive. Scaling- 
down was a big research problem in itself and was judged uneconomic 
as well. The only choice left was open pan boiling. Large numbers of 
designs of open pan f-urnaces were available in various regions of 
India but an examination revealed that hardly any of them we~le suit- 
able for the type of pilot plant envisaged. Two of these designs did, 
however, partially meet the requirements of the pilot plant and it 
was decided to try both of them. Scaling-down the twhnology of 
crystallisation in motion was simpler and a scaled-down model was 
incorporated in the design. A suitable and weli tested small-scale 
centrifuge was availabie, and we accepted it as such for the pilot 
plant. 
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THE TECHNICAL PROBLEMS OF THE PILOT PLANT 

The pilot plant was established at Ghosi in the Azamgarh dis- 
trict of Uttar Pradesh in 1956-57. Its capacity was kent at 30 tons 
of cane crushing per day. It operated for three months an;l produced 
white cqstal sugar c:,osely resembling the sugar manufactured by 
large-scale plants. The Product fetched a price about 1C per cent 
lower than that of mill sugar, while khandsari quality sugar used 
to sell at a 25 per cent lower pi-ice. The sugar recovery rate on 
cane was 6.7 per cent as against 5.5 per cent in khnndsari and en 
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 thet 
offered by the mills and the working of the pl.ant did not give any 
loss. 

These results were discussed in a technical seminar orgenised 
in Luckriow in May 1957. The participar.ts were technicians from the 
large mills. khandsari entreprene'xx and research agencies. An inten- 
sip@ programme of action research we.? then engaged to improve the 
technology. This progrmae focused on the design and developnat 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 equipment used in the clarification process, whiie keeping instru- 
mentation to a mi,nimum. Development of better kinds of open pan boil- 
ing furnaces was undertaken to cut down the sugar losses and check 
the colour formation which is another handicap in open pan boiling. 

in spite of the development of a crystalline structure, the 
xystal was not a true crystal but rainer a conglomerate of tiny 
crySte1s. 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 small-scale had a higher vixosity than with the larg@- 
scale method. The Separation of molasses was incomplete, and changes 
were made to s1ow down the acceleration time and increase the centri- 
fugal force. If the travel time of the juice is too long, some sugar 
is lost end the recovery rate falls. The design of the pilot plant 
was accordingly modified to reduce juice travel to a minimum. 

The prreess time required from the extraction of juice to its 
boiling into mssscuite in the pilot plant was 12 hours. This Was 
found to induce inversion of the sucrose. AS a result it was decided 
to adjust tie size and capacity of the equipment so as to remove the 
time lag between various processing stations and reduce the process- 
ing time to four hours only. sun drying of Sugar was adopted in the 
pilot plant. But it was found that about 0.25 per cent of the sugar 
was lost due to wind currents. For this reason, hot air drying was 
adopted. 
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FURTHER IMPROVEKENTS IN TECHNOLOGY 

F~?rther research and development work was carried cut between 
1957 and 1962. A new crushing unit with two mills ,cf three rollers 
was developed in cc-operation with the National Sugar Institute in 
Kanpur. The juice extraction rate increased from 62 to 68 per cent 
snd the milling efficiency from 70 to SO per cent. The frequent 
breakdowns of the crushing unit were ccmpletely overcome and a regu- 
lar crushing rate of 4 tons per hour was achieved. The clarification 
equipmect and practices were standardised so that the operations 
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 
10 per cent and increased the ccncentraticr, rate. Net much headway 
could be made in developing a true crystal and the problem still 
remains. The changes made in the centrifugal Gesign worked satis- 
factcrily Two new types of layout (semi-open and closed) were 
developed, end the juice travel time was cut dcun by 60 per cent. 
The readjustment "i sizes and capacities, and the design changes in 
the equipment resulted in cutting dew the wbcle process time from 
12 to 4-5 hours. Prcgress ip the development of artificial sugar 
di-iers could not be achieved due to the detericraticn of the cclcur 
of the sugar. This problem should. however, have been solved by 1975. 

To improve the economics of the plant, its capacity was raised 
from 30 to 60 tons per day. A ccnpariscn between the Institute's 
mini-technology and the other methods for producing sugar ehcw that 
the recovery rate (i.e. the percentage of sugar rezcvered and bagged 
cut from the total amount of sugar available in the izne at the time 
of the harvest) is between 57 and 64 per cent for the intermediate 
tecbnolcgy. as against 42 to 45 per cent for the traditianal khandsari 
technology and 75 to SO per cent for the modern techn"l."gjl of the 
large-scale mill. Further efforts are being made by the Planning 
Research and Action Institute to narrcw this gap between the inter 
mediate and the modern technology. 

THE PATTERNS OF ENTREPRENEURSHIP 

From an organisational point of view, the applicaticn of a 
technology could be divided into two categories: the entrepreneur- 
ownership type and the producer-ownership type. Large-scale technology 
belongs almcst entirely to the entrepreneur-ownerstip type. The 
responsibility for raising capital for management and for day-to-day 
operations rests on a strong central group which has the required 

- 162 - 



expertise and incentives. Such an crganisaticr hardly takes into 
consideration the interests of the sxpplier or even the consumer and 
at times an element of exploitation enters into it. 

In tbe producer-CwnPrship pattern, ownership is divided into a 
number of le.Jels between the worker, the supplier and the entrepren- 
eur. Capital investment is lsw ar?d the management system is sinvIe. 
The surplus arising from such an activity is shared at various levels 
in place of being collected in a centralised ~~ccl, and can be rein- 
vested locally. This type of crganisation can work at low efficiency 
and stirvive even when the odds are high. This type of crganisation 
has a:lcwed many of the inefficient indigenous technologies to with- 
stand the heavy competition from the sophisticated large-scale modern 
sector. 

In cur small-scale crystal sugar plant, we considered the pcssi- 
bility of a producer-ownership type of crganisnticn, but there were 
two handicaps: the process we selected was of a type which could best 
be carried out under one roof. Efficiency would be lost if tke prc- 
cess slere divided into a number of levels. Management also had to be 
centraiised. It was therefore decided tc try cxt both type.? of caner- 
ship ratber than focus exclusively on the producer-ownership type 
(cc-cperatives). 

TWX "AILUPE OF THE CO-OPERATIVE MOVEMGNT 

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 b&s. Management of the society was vested in a board 
of directors partly elected by the shareholders and partly nominated 
by the government. Top management personnel were drawn from govern- 
mental and semi-government+l agencies, while the lower management 
personnel were recruited locally. 

The members of the cc-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 
cc-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 
Ghcsi in X957-58. Although the technical operation was only a marginal 
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success, many demands to install such uni.- += came from cane growers 
in other areas. By 1962, eigbt units in all were built by P.R.A.I. 
Each of them was run initially under the administrative and technical 
control of P.R.A.I. for two years. Thereafter, the operational 
responsibility was transferred to the Cc-operative Department. Ic 
1962 the installation and construction part was also transferred to 
the Co-operative Department where d technical cell was formed. When- 
ever needed, guidance was given by P.R.A.I. 

To date, four of these units have closed dcxn and four are still 
working. The efficiency of three plants in this second group is quite 
high. Aithough the Cc-operative Department made a year-to-year prc- 
gramme of expanslcn by providing capital loans, hardl~y half a dozen 
units in addition to the above eight were started in the last 12 year1 

This failure of the co-operative sector is due to 9 variety of 
reasons. The first is that the supply of cane received by the cc- 
operative Ircm its members was to be proportional to the share capital 
contributed by each member. In general, cane growers could not find 
sufficient capital to entit~le them to sell their complete crop to 
the unit. The membership therefore had to be increased to collect 
the necessary capital. The increase in membership Zed to a situation 
where hardly 25 to 40 per cent of the members' crop could be prc- 
cessed. The farmers therefore had to look for other cutlet? f?r their 
crop or continue to make jaggery, and thus lost interest in rhe 
cc-operatives. 

The second reason is that the cane growers did not feel ccnfideni 
about getting a good price fsr their cane on the basis of the cpera- 
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 introduced. In fact, the attitude of the cane growers lis-s-vis 
the co-operative was rather 1uXewarm. 

A third reason for failure was the prob~lem of motivation. When 
the programme was started, the administrative and executive respcnsi- 
bility for these units rested with the Planning Research and Action 
Institute which q;lite naturally had the motivation to implement the 
programme successfully. When the programme was transferred to the 
Co-operative Depar?ment, the Department passed cn most of the respcns: 
bilities tf the cane growers. The skill and expertise of the cane 
growers was not sufficient and the efficiency of the units beg3n to 
fall. A fourth reason is that the management responsibilities remainel 
in the hands of the Department's workers who ilere more 91‘ less forced 
upon local society. They did not feel r..:spcnsible towards the cane 
growers and were more interested in working according to the depart- 
nentnl rules. 

In two of the four success511 uni~ts, the administrative and 
executive functions were carried cut 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 unitr and it built up a strong local cadre of workers. 

PRIVATE ENTREPRENEURSHIP AND THE ROLE OF INDWTRIAL EXTENSION 

Efforts to attract rural investors to take up this new techncl- 
cgy were made after the first plant operating on a cc-operative 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 t&e 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.; 

- Facilities were established for training prospective entre- 
preneurs in the cc-operative plants; 

- Designs and drawings were supplied free of charge; 
- Free technical guidance and supervision was given during 

the erection and installation of new plants; 
- In ttie first six years of the programme, turn-key jobs were 

carried cut for some selected plants; 
- Operational advice was supplied during the wcrkil‘g of the 

plant in the season; 
- A training programme was crganised to create a pool of 

skilled workers from which the new entrepreneurs could 
engage personnel; 

- Technic& literature in simple language was published to 
give opersticnal help and insight into the working of the 
plant; 

- The plant, machinery and equipment were standsrdised 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 crganised along with demonstrations of the 
solutions to technical problems. Technical experts from the 
National Sugar Institute in Kanpur and from cthi-~ agencies 
were invited to these demonstrations; 

- Technical seminars were crganised to discuss the working 
coaditicns, handicaps and inefficiencies of plant design and 
proceasing techniques and to develop new solutions. Four 
seminars have been held so far and each of them has been a 
landmark in raising the efficiency Of the plants: 
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- An association was formed to lock after the interests of the 
entrepreneurs and to obtain facilities from the gcvemment 
and the development agencies dealing with the rrcmcticn 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 ur,its in other states. 
230 plants so far have been set us in these other states where 
P.R.A.I. did a turn-key job for the first units. The programme is 
expanding every year, and on the average growth rate of %hese units 
has been around 41: per 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 technclcgy in 1366-67. 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 TECHNOLOGY 

The first pilot plant was built in 1956-57 at a cost of 80,000 
rupees (f4.000 sterling) and had a rushing 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 cut after 1962, cost 
250,000 rupees (X12.500 sterling) and its capacity was 60 tons per 
day. At present the plant cost has gone up to 1 million rupees 
(C50,OOO sterling) for SO tons per day crushing capacity. The major 
factor responsible fcr this has been the high rate of infl?ticn in 
the last two years. 

Initially, the capital for estabiisbing such units was provided 
by rural and urban entrepreneurs. After Independence, changes in the 
Indian fiscal structure had made a substantial amount of capital ccme 
cut of unproduct-ve activities, and some of this idle rural capital 
was invested in the new technology. Government financing agencies 
also cam9 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 SO per cent of the capital required. The ?ech- 
nclc:y has been accepted and is now included as one of the approved 
industries far the technically educated unemployed. If they invest 
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10 per cent of the capitel 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 International Labour Office 
in Geneva, made a comparative study of the low-cost technology (the 
open pan sulphitaticn process) ar.d the large-scale vacuum pan tech- 
nology. His findings are summarised in Table 1. 

Table 1 

COMPARISON BETWEEN THE MODERN AND THE INTERMEDIATE TECHNOLOGY 

Capacity (maximum cane crushing 
(in tons per day) 

output of sugar in an average 
ser,scn (in tons) 

Tctal investment required 
(in million rupees) 

Total employment (seasonal 
and permanent) 

Avercge investment per ton of 
sugar of output (in rupees) 

Investment per worker (in rupee*) 

Large-scale 
modern mill 

1,250 

12,150 

25 

900 

2,305 
31,100 

Small-scale 
low-cost mill 

SO 

640 

0.6 

171 

940 
3,530 

These figures can be ncrmalised: for the same initial investment of 
28 million rupees, one can build one modern plant or 47 small mills. 
In this case. the former will produce 12,150 tons cf sugar for a 
total employment of 900, but the 47 small plants will produce two 
and a half times more sugar (30,250 tons) and emplcy 11 times more 
I;ecple (9,937 r,s against 900). These ratios obviously depend upon 
the assumptions about an avwage mill's performance in an average 
year. However rough t'ley may be, they do show that the small-scale 
technology is mere efficient in terms of capital output and emplcy- 
ment generation. 

b) Labour intensitv 

Another measure of efficiency is labcur intensity, i.e. the 
ratio between the mashcurs worked and the amcuOt of sugar produced. 
Labcur intensity varies considerably, even within the same region 
and with mills using the same technology. A 1962 study of the Indian 
Productivity 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 Philippines 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 lw 2.6, and iu Western 
Uttar Pradesh from 20.7 to 9.3. For our small-scale intermediate 
technology t1.z sverage labour-intensity is 31 man-days per ton of 
sugar, 1.e. i?!x times more than for the average modern mill. 

c) Cost of processina and profitability 

There are a number of variables which make it difficult to 
malyse the cost of production on a standard basis. Two major vari- 
ables are commcn to both small-scale and the large-scale technology: 
the recovery rate. which varies from year to year and from mill to 
mill, and the number of working days. which extends from 100 to 120 
in the case of small-scale technology and from 100 to 200 in the 
case Of large-scale technn1ogy. 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 vlry 
variable for the reason that older mills were installed at a much 
lower cost. The capital cost in 1965 of a vacua- .an factory with a 
capacity of 1,250 tons per day was 18.9 million rqees but ir, 1973, 
it had risen to 29 million. For these reasons, it is easier to make 
a :cmparisan on the basi., af processing and converting a unit of 
10 tons of cane into sugar. The data are summ31‘ised in Table 2. 

For 10 tons Of cane, the average recovery rate in the large- 
scale vacuum pan factories of North India is 9.5 ~;er cent. With the 
small-scale iecknology it varies from 7.25 to 8 pdr 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 techmgy. 

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 &&ways a delay in the disposal of the sugar 
since a much bigger region must be covered b:T the marketing system. 
These factors add 5 to 7 per cent tS the cost and raise it to about 
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 a production cost of 260 rupees 
per 100 kg. The remaining 40 per cent of the sugar 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. 
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Table 2 
,:, 
:, a:, CpsT OF PROCESSING 10 TONS OF CANE INTO SUGAR IN 1971-1972 (in Rupees) 

::: ,, 
-1 ,, Salaries and !#a es 

:, ‘, Fuel ‘, and r.ower ? 2) 
(I 

ji;:.:: ,” stores a6 lubricant 
;g:: ~: ', Repairs and renewals 
;;::;,, Depreciation 

~, ~~,, Overheads 
,,',Texes: Excise duty 

Purchase tax 
_; xost of cane 

: Transport charges on 
:,:i,, i ,, Capital cost 

Large-SC21 
L- 

Modern Nil i? 
Small-Scale 

Low-Cost Mill 

164.35 
57.70 

'Z% 
200.00 

39.23 
123.50 

50.00 
1,200.00 

47.50 
200.00 

151.00 

E?z: 
12'00 
90.00 
ln~nn 

cane 1 
1 

-_ .-- 
55.70 (3) 
50.00 

,200.00 
- (41 

90.00 . ~’ 

2.234.28 1 1,792.oo 

:,,_I' Notes: 

;Z,,' l),The labour in the large-scale mills comes from the organised sector 
,,,::, and works on a year-round basis. 

allowance is payable. In the mini 
After the season, a retention 

the agricultural sector and have 
sugar mills lebourers come from 

some slack time during the winter 
::,,,, 

months when the mills we in operation. These labcurers used to go 
O,~,,' to the cities, but now prefer to seek employment in the small plants. 

,:,, " 2) Fuel economy in the mini suga: mills is poor due to design factor 
,a li well as to the non-continuous nature of their operations. 

,, 
:;;; 

3) The excise duty has now been doubled and the tax advantage is only 
marginal. 

:,; ,,, ,4) The mini sugar units are located near the farmers' fields end the 
:;;:q : cane is brought by bullock cart. For the large-scale mills, the 

cane is carted to the weighing station and from therf it is carried 
by truck and railway to the factories; hence the high transport 
costs. 

::,,::: ,:<;;:,~ 
':,, 
;, 
1:' SOCIO-ECONOMIC FACTORS 

The small-scale sugar plants currently crush 10 per cent of 

;',y", 
India's cane crop, and in 1974-75 produced 1.3 million tons of sugar, 

?I,:;:~ ;:, as,ag?inst 4.8 million ton? for the large-scale factories. This mini- 
technology based on local resources has thus increased India's sugar 

:?," ', production capacity by a quarter. Some 224 million sterling have been 
iji:':~: ', ,,.nvested in the rural areas. A seasonal employment potential has been 
<!::~:," cr+ed'for 100,000 people who would otherwise migrate temporarily to 
z,:;:i:,, ~the'cities ,for,4-5 months or remain unemployed during the slack seasor,. 
:$:i,-,: :?h&,additional tax revenues to the central end state governments amount 

1, ;;y;,,:; ,, ,"to'El m&l&n sterling. 
.:a ,, ,' .A machine manufacturing industry has been set up. Its amuaL 

~~,,~:tuz'nov6r'is in the neighbourhood of E5 million sterling. The amount )j,;,;;,~,;,: : 
~, of,iron and steel needed to manufacture these small sugar @ants is 

:?c,qnly'+bout 60 per cent of that required by the large-scele industry 
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for producing the same quantity of orystal sugar. The machinery design 
furthermore does not require any imported components thus saving 
foreign exchange. 

More than 60 per cent of the cane consumed by the large-scale 
units ia 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 cene growers, and transportation is done by bullock carts. 
These units also act as 'centres of technical radiation' by providing. 
among otherthings, 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 
of the capital for the same cutput. The pi-ice paid to the cane grower 
is at pa? 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 fi0 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 end their efficiency 
has been substantially improved. 
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VI. THE UPGRADIX OF TRADITIONAL TECHNOLL'C-IES IN INDIA: WHITEWARE 
M,W"PACTURING AND THE DEVELOPXENT OF HOElE LIVING TECHNOLOGIES 

w 

M.K. carg* 

In 1900, 69 per ce2t of the Indian population lived in rural 
communities. Vill*ge artisans , which accounted for some 18 per cent 
of this rural popula~tirm, were employed (or more usually self-employed) 
in seven basic trades or community technologies: potters, carpenters, 
blacksmiths, weavers, tanners, ?-xther 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 iiving near the cities and smaii to-wxs 
often supplemented their incosle with small cottage activities like 
spinning, flour grinding, basket making and Che preparation of milk 
products. 

The villages were practically self-sufficient; when cash wes 
required (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-scale mechenised technologies which 
were to make a major impact in three directions: on product selection, 
on technology and on organisational patterns. 

THE PROCESS OF DECLINE !X RURAL lNDUSTRIES 

The modern industrial firm, unlike the village artisan, had the 
capacity to change and expand its product range to ioeet the new 
requirements of the market. -When the kerosene-fired hurricane lentern 
was introduced by large-scale industry, neither the village potter 
who made earthen lamps nor the village oilmen who produced the oil 
to light it could meet the challenge and modify their product range. 

l , Ihe author has been working as a specialist on rural industries in 
the Planning Research and Action Division of the State PlerIning 
Institute in Lucknow, India. He is currently the head of Garg 
Coneultants, a consulting firm specialiiing in appropriate technology. 



Industrial firms could also manufacture goods at a much cheeper price. 
The reaeon fork this is not so much the often repeated argument of 
scale of production, es 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 end 
animal, of village industry. A bullock can generate only 0.5 to 0.8 
hp for 4 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 physic;1 limit. In the village 
oil seed crushing technologies for instance , one bullock or at most 
two can be used, and only 30-32 per cent of the oil is extracted. 
With the same type equipment, 3 to 5 hp of mechanical power give an 
oil 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 end this greatly facilitates the development of new 
applications. 

Acide from the inabilxty to develop new products and the emer- 
gence of better technologies based on mechanic& power, the third 
reason for the decline of village industries was the weakness of 
their organisational structures (ownership patterns, supply of raw 
materials, marketing, financing end availabilitjr of technical know- 
how including research end development facilities). Large-scale firms 
are generally owned by entrepreneurs who have;substential funds to 
hire any kind of technical skill, to innovate and to adopt new pro- 
cesses. The village industries )reTe owned on a family basis by skilled 
workers or master craftsmen and em$oyed tile whole family. iabour 
costs as a result were small but their weak cr:i~J basis was a major 
obstacle to innovation. 

The raw materials came mostly from local eources 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 own use or for export, 
of_fered 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 to the cities and started to sell the new industrial goods for 
which demand was growing rapidly. The artisans were left to casry 
their goods to the cities themselves, sell them in open markets, often 
et 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 end overdraft facilities at nominal 

rates of interest. They aiso had their stocks of raw materials and 
manufactured goods to offer as collateral. 

The greatest advantage enjoyed by the large-scale firms came 
from the machinery manufacturing sector. The latter carried out much 
R and D work, and could offer new technology packages to the user. 
The government aleo supported R and D in the modern Sector. By con- 
trast, the technology of the village industries remained static. 
Village artisans could not finance any R end D, end hardly any govern- 
ment agency carried out any such work for them. 

The procees of deolj.ne of rural industry continued on a low key 
until the Second World War, but after Independence increzsed rapidly 
(the per?ntage of artisans in the village commwitiee 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 a8 quickly as possible large-scale 
mechanised technology in all industrial activities. This required en 
infrastructure which was available on>9 in the urban areas. Productive 
activities as a result concentrated in the cities and changes in fiscal 
policy contributed 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 farmer 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 xeak end production activities remain low. Hence the mass migra- 
tion to the cities which has created very serious economic end social 
problems. 

Another aspect often neglected by the plenners is that large- 
Scale te~hn010gy bee (I~~t~'oyed 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 ha-se such a strength and tiiis leads to instability end ineffiriency 
especially in a developing economy. 

THE POTENTIAL FOR IMPROVEMENT 

Despite the decline of rural indust~ries in the last seveniy years. 

:,I,',, there is still a large number of vi?~:age artisans. The following table, 

,; '; 
based on the 1961 annual survey of industries of Uttar Pradesh, gives 

,, 



a rough idea of the economic and technological potential of these 
traditional indl~stries in a typical Indian. state (Uttar Pradesh then 
hed a total population of come 74 million). 

THE ARTISAN CLASS iN UTTAR PRADESI-' (1961) 

Spinners wewere c 
end reiatsd cra&t.?lt'ers 

Lather shoe makers 
Leather tanners and related 

crafts 
potters 
Blacksmiths 
Oilmen 
Carpenters 

j ;;t:;;;::y / s::‘;::,$;$;d- 

I 444,700 
53,700 I :: 

:;;2:: 
70:400 

;c 
83 

g,;m; 100 
99 

I I - 

Any scaling-up of these technologies will directly benefit 
hundreds of thousands of oenp:e and will have a tremendous effect 
both .n employment and the deveiopment of rui-F. are.%. Rowever, if 
only big industrial units a-e established. they will provide employ- 
ment et best to abaui. l,OOO-2,000 people per unit and for the most 
part in the cities. The number of piants required will be limited 
end the employment potential much smaller and consid~erably ~."re 
costly. 

There are two facets of the problem of upgrading traditional 
technologies: one may call them the 'current aspect' and the 'pilor 
aspect*. The main function of the first is to 'hold the line' and 
prevent a further deterioration of traditional cottage industries. 
Most of the organisations. both national end international, which 
deal with smell industry are engaged primarily in this type of work 
through changes in machinery, financing, the building-up of market- 
izg systems and efforts to increase productivi~ty. This approach 
suffers from inherent limitations and it:; effectiveness is limited. 

By 'pilot aspect' we mean a concentrated effort on all the 
problems of rural industry - product selection, manufacturing tsch- 
nology, organisational patterns (including the supply of raw materials), 
marketing and finance - with the objective of establishing sound manu- 
factui-ing units requiring no subsidy. The products of cottage indus- 
tries should be of the same quality and compcrablc in price to those 
manufactured by large-scale firms. This can only be done through a 
systematic action-research p;ogramme aimed at introducing mechaniae~ 
tion 01: e selective basis and developing processes which can be 
viable on a small-scale. Aardly 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. 



THE EARLY ATTEWTS TO UPCRADE THE POTTERS' TECHNOLOGY 

In 190: there were 3 million viliage potters in India but by 
1971 only 1.2 million were left and more than half of t:-.ese are only 
partly employed The traditional product manufactured by the village 
potter was a nonporou ware made from local clays wbxh after firing 
at 800' to 900% gsvve a red-ccloured product. These were used for 
cooking, eating end storage as well a.5 for structural purposes (roof- 
ing tiles, floor tilea end dx,inage pipes). Today, the whiteware 
articles made from China clay by the large-scale firms have replaced 
these traditional table-wares,while cooicing end storing needs are 
now met by metal-wares. In the structural field, cellnt concrete ha5 
mostly replaced the red clay articles of the village potters. 

Three alternatives for scaling-up the village potten' technology 
can be envisaged. The first is to develop a glazed type of red clay 
ware which would have neerly identical properties as the whiteware 
or China ware and which would part:y replace the unglazed red clay 
wares. The second is to initiate the development of whiteware at the 
village level; and the third is to evolve on the basis of market 
needs new techniques and improved products, especially in the field 
Of structural articles which can be mexxfactured by the -Jillage 
potters. 

A number of attempts in these directions were made by several 
agencies and individuals, including the author. Glazed red clay wares 
require a technology almost similar to that of whitewere manufacturing. 
The glazed z-ed clay we~es developed ae early as 1940 at Hale in the 
British Indian Province of Sind (now in Pakistan) did not find accep- 
tance. The articles, though improved in looks,:were poor in uee. They 
developed defects and baxme dirty after 3-4 months. The cost of 
production wee about 70 per cent of that of whitewere, but the price 
obtained 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 Chuwr, a region which had been producing glazed red cizy toys 
since the 1900's (this activity still continues today). This effort 
did not succeed either. Another attempt wee made by giving a white 
coat to the red clay ware and then glazing it. The product wae very 
similar to the whiteware and had come of its importarc properties. 
This work was done et Khurja in Uttar Pradesh between 1940 end 1942 
by a family of hereditary potters. A special kind of bowl was menu- 
factured in large quantities for troope in the field but when the 
process was applied to other goods, it did not work. Productivity 
was low, consumer acceptance limited end the iionomics of the civilian 
market unattractive. 
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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) Th? Pottery Development Centre in Khurja 

Tbe first &tempt was made in the township cf Khurja in Uttas 
Pradesh in 1542. The locel government decided to mobilise the village 
artisans to manufacture goods required by the defence fsrcss. The 
small colony of potters at Khurja was organised to produce whiteware 
hospital goods. but the quality of the 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 fci- 
shapir< the articles in their own cottage workshops and the raw 
maierials were supplied to them directly. Subsequently, the materials 
were P&Z outright, 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 goeds in the factory kiln 
ai their own risk. and the finished goods were purchased at a fixed 
price. As time went by, the potters were enocuraged to build kilns 
in their own house 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 a semi-urban locality. The objective of the project initiated 
in 1957 in the 'village of Chinhat near Luckncw was to tzt whsther 
a small cl?lster in a wholly rural area could aZsa be successful. The 
same methodology was adopted, i.e. starting with a centralised work- 
shop leading to fully independent ur.its. At Chinhat two kinds of 
technological innovations were also carried cut: easy-to-handle 
decoration techniques and the development of a family kiln with the 
same fuel efficiency es that of the kiln used in the large-scale 
factory. Both innovatinns were very successful. Decorsted Chinhat 
ware now has a very wide consumer market, and the economics of manu- 
facturing have been substantially improved thanks to the new kiln. 

Tile 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 
could start outright in the cottage workshops. For this purpose, a 
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service centre was set up to supply the,rat and semi-processed 
materials, provide ce<..lr.alised marketing facilities, lend money for 
investment and working capital and develop the necessary technical 
know-how +hrough 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 financial 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 requiremem, were probably sufficient. 

d) Phoolour 

Work in the village of Phoolpur near Allahabad started in 1970. 
The objective of the Planning Research and Action Ins'titute was not 
to develop big clusters like Khurja, but to bring the whiteware manu- 
facturing technology dmn to the individual potters by organising 
them in as small a cluster as possible in a number of villages. A 
government-owned eervice centre with better technic& Andy financial 
facilities was set up more or less on the same lines as et Gaura. 
Two types of workshops were established. The first were built around 
the service certre with government finance and leased on a hire- 
purchase basis to those artisans who had successfully completed the 
training programme. The secmd type of workshops were in the homes 
of the village potters whose facilities were remodelled to manufacture 
the whitewares. A well equipsed training centre was also built up in 
the sex-via3 centre. thus alleviating the two main prob7em.3 experienced 
at Gaura, namely lack of training and weak financing. 

The res.0t.s of these various efforts to scale-up the pottersP 
traditional technology have been very positive. I1‘ the State of rJttar 
Pradesh, some 15 nillion xpees worth of whiteware products ($1.3 
million) are manufactured annually on a small-scale in cottage units 
in the semi-urban and rural areas. Employment for some 10,000 people 
has been created. The programme has reached a stage of self-generation. 
New centres in other parts of the State are being opened up at the 
request of local development agencies and twn such centres - one in 
the eastern district ad the other in Bmdtlkhand 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 were are expected to 
he introduced for manufacturing. Low tension electric goods are also 
being produced. 

In any scaling-up programme of village technology, proper product- 
selection and the improvement or development of an adequate technology 
are very important. But the most critical factor is the type of organ- 
isational set-up required to initiate, expand and support such a 
programe for at least a dozen years or so. The artisans do 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 position to provide adequate funds es well 
es facilities for the dissemination of technical know-how, together 
with marketing and purchasing facilities. This can be done best by 
starting a service centre on a regional basis. Such facilities can 
be provided on a 'no loss - an profit' basis or et 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 LIVIKG TECHNOLOGIES 

The potters' technology, whose upgrading we have just enalyssd 
here, is concerned primarily with production. Appropriate technology 
3.150 has what one might call e 'consilmption dimension': many tech- 
nologies we aimed not at the manufacturing of new goods, but at 
providing basic services and amenities, mainly for the rural popula- 
tions in developing co!mtries. In this second group, we find a wide 
range cf 'home living technologies' which deal among others with 
house bu!lding and construction materials, water supplies, drsinage, 
the disposal of human faeces, kitchen fuel sllpplies ad home lighting. 
The Planning Research and Action Institute has been involved in the 
development of many euch tecbmologies, and we will focus here in 
two specific cases: the disposal of human faeces and the supply of 
kitchen fuel through ba-gas plants. 

Village people in India have for generations been in the habit 
of easing themselves in the open fields near the villages Even in 
urban 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 03 the fringe of hluoan habitation. Human 
excreta often contains harmful germs, which cause diseases like 
cholera, typhoid fever and diarrhoea. and intestinal parasites iike 
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 
pn?blems connected with this habit. The inconvenience caused to women, 
chiidren 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 into stinking, insanitary places. The 
health and nuisance problems resulting from these conditions need no 
further elaboration. 

DEVELOPMENT WORK ON RURAL LATRINES PRIOR TO 3~956 

One of the first organised programmes for latrine construction 
in the Indian ssbcontinent began with the Health Units set up first 
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in Ceylon and later in India by the Rockefeller Foundation in 1930. 
Sore-hole latrines with precast squatting siabs were tried out in 
these cent?es in a number of states, including Uttar Pradesh. These 
efforts met with some measure of success but there were practical 
difficulties in gstting this type of latrine installed inside the 
houses, and in moving it to a new location once the bore-hole was 
filled up. There were ~1s" other diradvantaSes. such as foul "dours 
end fly breeding, which were due to the absence of a water-seal. In 
Uttar Pradesh, the idea of replacing the borl-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 junior septic tank but due to certain 
defects, it could not be Popularie?d. It was felt that more work was 
needed on this problem. A number of ager.cies, both official end non- 
official, were engaged in designing a suitable type of latrine for 
rural homes. Some work was initiated at Sevagram by Mahatma Gandhi 
where efforts were sade to pnpularise trench-latrines and the use of 
the 'khurpi' (a smh~l ii-on spade) for covering the nightsail after '~ 
easing in the open fields. These practices, however, remained confined 
to Gandhi's 'ashram' (comxanity) and the programme did not radiate 
to the neighbouring areas. A few p-iv&e firms also developed some 
latrines but on account of their high cost, they could not attract 
the attention of the village people. 

THE P.R.A.I.'s DEVELO?MENT 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%. In the first stage, vrarious types of latrines 
were assembled end their working and operational conditions we?e 
studied, primarily from the Point of view of sanitary conditions. 
This work Showed that no l&crux could be called saxtery unless 
there wae a water-seal between the place where the person sits and 
the Tlace where the excreta is subeequent!~y disposed. Without a water- 
seal flies and foul odours vi11 develop. Rural latrines would there- 
fore have to be of the same type as the modern water closet and the 
excrete 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 w? to determine to what extent the water quantity 
could be redxcei:. _.__ -relopment and tsstj.ng of a number. of models 
showed that dith an increased inclination of the Pan and a smaller 
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siphon, the latrine could be flushed with a maximum of ha?~f a gallon 
of water. Another problem was the disposal of excreta after ir has 
been flushed from the pen. In the villages, there is no drainage 
system and a septic tank would have to be kept nut of contact from 
the villagers. Various experiments showed that the alluvial and sandy 
earths in Uttar Pradesh have an avevge water soaking capacity of one 
gallon per 40 sq.ft of surface area practically the year mwd. 

iiuman excrete ferments end emits foul "dour when the solid con- 
centration is between 9 and 18 '3er cent. If the concentration is 
decreased by adding water. as in the central drainage system or a 
septic tank, fermentation and "dour formation is nil. Similarly, if 
the concentration increases (e.g. when the water percentage is reduced 
by soaking, drying or otherwise) the same conditions will obtairl: 
fermentation and odour formation will not OCCUI). This knowledge about 
local soils and the importance of concentration rates we?= 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, end the 
wall starts absorbing water, leaving excrete in a state of higher 
concentration. The top of this Tit was covered by a cement and con- 
crete cover. To reduce the coet end to make the local manufacture 
possible, the pan and other parts wer- r manilfactured from cement end 
concrete rather than from the porcelain used for city latrines. 

Tine kachcha pit could be expected to fill up after z few years 
and would require cleaning. It may then not be completely dry, and 
removal can present difficulties. To provide for this emergency, it 
was decided to build two pits side by side. The leading gipe from 
the siphon was curved: once the first pit is full, the curved pipe 
is turned over so es to lead to the second pit, thus leaving the 
first one to dry. The excrete. inside the pit dries UD within six to 
eight months end is turned into valuable manure which can be easily 
removed. The cost of the equipment includiw the pan, trap. leading 
pipe and pit cover was 16 rupees (or about $Z.OG) in 1962 and the 
complete system could be built up for about 30 rupees. The cost at 
present hes increased to 40 rupees for the parts and SO rupees 
(about $10) for the complete iatrine. 

The 'P.R.A.I. latrine', as this innovation was called, is well 
suited for acceptance by the rural communities. Its low cost :uts 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 lati-ine 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 EXTFNSION SYSTEM 

The design and development of the P.R.A.I. latrine took two 
years. In 1958 it was ready for extension. The pilot project for 
extension was taken up a s a part of a wider enviromnsntal sanitation 
project in collabcration with the World Health Organization and the 
Fledical and Iiealth Departnat of Uttar Pradesh. 

A manufacturing centre was set up in Lucknow. Training of masons, 
Sanitary inspectors, overseers and primary health inspectors was 
arranged. Subsequently, manufacturing workshops were started in nine 
divisions of the state. Individuals were also encouraged to take up 
the manufacturing and installation work. To make the design known to 
villagers, audiovisual aidn and publicity in exhibitions and in 
villages ware ta!ien up. Literature in simple lenguage was distributed. 
Training camps for the viliagers 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. Sy 1968, 200,000 latrines had been installed 
in Uttar Pradesh and the prvgramme is continuing to grow. Other states 
have also taken up this technology and the Government of India intro- 
duced it very successfully in the Bangladesh refugee and prisoner-of- 
war camps. 

ThF PROBLEMS Am HANXCAPS OF THE P.R.A.I. LATRINE 

,: Village houses are located close to one another. As a result, 
the spats required for the latrine and the pit is often insufficient 
and such households, in spite of their strong motivation cannot avail 
themselves of this design. In some villages, the sail is very loose 
and some cases of pit collapse have occurred. To remedy this, cb?-Lges 

,, in the pit design were worked cat. If the soil is very clayey, the 
pit wall cwnot absorb water at the rai;e required. 

On the basis of experiments, it was concluded that the pits 
should be at least 15 ft distant from the water sou?~e both in h 
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 xeter 
level is l+ meters from the surface, installation proved impossitile, 

: since a pit depth of up to 2-29 meters has to be kept for getting 
the required soaking surface. 

The first pit fills up in four to five years. Once full, it is 
~, left for drying, which takes aboilt six months. In some cases ‘where :;,~, 

~~~~~::~~.1:,,,~~:~:,~~:~ '"c: ;;:, "~, ,;,~ ,, :,, '_;, ,",'(, ,, 
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the first pit was opened for emptying the excrete, it was found that 
it had not dried up but was in a semi-liquid state. Remove; of the 
eontents was extremely difficult. A number of devices have been tried 
out but the problem appears to be related to the soil's absorption 
capacity. If the area of absorption is increased and the surroundings 
of the pit do not get any moisture from outside the excrete dries up 
completeiy but this requirement limits the scope of spplication of 
the latrine. 

TtiE ECONOMICS OF COY DUNG: FEPTILISER OR FUEL? 

In Indie tqth in urban and plural areas, wood was the main 
kitchen fuel until around 1930. I' L was supplemented by dried zakes 
made from animal dung. The availability of wood had gradually 
decreased, especia!ly after Independence: the village forests have 
been cut dwx end the land has been put to cultivation to grow more 
food. As a result, cow dung cakes began ta be used in larger i)ropo~ 
tion in the rural areas. It is estimated that at the beginning of 
the century, CIW duug represented hardly 5 to 10 uer cent of home 
fuel cois~mptior.. This t;tC increased tn abwt 25 per cent by 1930 
tnd 40 per cenr by 1950. Today, it represents about 70 per cent. 

l3urnin.g cattle dung as fvel is wasteful since it deprives the 
soil of valuabie and inexpensive natural nutrients. According to ,, 

fhe estimates of the Planning Comission, the 46 million tons of 
coal equivalent of dried dung burnt every year correspond to about 
460 nillion tons of fresh dung. This quantity of dung is the equiva- 
lent of 1.38 aillion tons of nitrogen end 0~69 million tons of 
phosphorous pentoxide. In 1972 the total Indian production of nitro- 
gen fertilisers in terms of nitrogen was 0.89 million tons end that 
of phosphorous pentoxide was 0.13 million tnna. If agricultural wastes 
like leaves. grass, twigs, sterm and kernels are added, the amount 
of available nitrogen and phosnhate could be increased by another 
20 per cent. 

The treatment of the soil with farmyard manure containing 0.3 'i 
per cent nitrogen incxases the proEuction of grain by 5 to 15 Ibs 
?er lb of nitrogen, dependin g upon the nature of the soil, irrigation ., 
and other factors. Assuming an average increase of 10 lbs of grain, 
t!;e 1.33 million tons of nitrogen contained in 460 miilion tone of 
f:?sh dung could give an additional grain owLput of 14 million tons 
annvally, o2art from other benefits like the general Improvement of 
soil structure and higher fertility. Farmyard manure has a residual 
effect: ite 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 
in 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 cheep al~ternative fuel, and 
the other is to ferment the dung in a bio-gas plant. This yields a 
sufficient quantity of combustible gas which can be used for cooking 
and lighting end the Tesidue ten 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 primafy source of energy (for example soft-coke) in the 
villages because of the economic difficulties involved In order to 
release the whole of the cattle dung for manurial purposes en addi- 
tional 46 million tons of coal will have to be raised. This would 
require a capital investment of about 3 billion rupees ($Y5 million) 
The carbonisation plants would probably need another 4 billion rupees 
($500 million). The additional rail traffic tW?s generated would call 
for a 25 per cent increase in the current rail capacity. Distributing 
the fuel from the rsilway centres to the villages would probably ~11 
for a 50 per cent increase in the present transport capacity of the 
roads. 

In tnis context the supply of rural domestic fuel is essentially 
.e local problem which necessarily has to be tackled et that level. 
The deveioprent of gobar gas or bio-gas plants in rural areas is the 
only appropriate or low-cost way to provide the villages with a 
kit&en fuel which involves no health hezards, which is convenient 
to use and which also 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- 
trifying the village could thus be given a low priority. For these 
reasons, the Pianning Research and Action Institute decided to take 
up this problem anC established a research station which operated 
first at L7xknow under the Rural Industries Section of the Institute 
and later on et Ajitmal. 

T"S GERMAN CONTRIBUTION TO MO-GAS TECKNOLOGY 

The application of anaerobic digestion to cow dung and fxmyard 
manure was developed mostly in Germany. During the Second World War, 
three types of plants were used. The Schmidt-Eggergluse plant was 
developed for farms ranging in size from 570 to 1,300 acres with a 
cattle population betweer. 100 end 300. The Weberplent was designed 
by 8 farmer for his own 50 acre-farm with 26 cattle. It consists of 
four cement tanks - two for fermentation, one for the storage Of 
digested slurry and one for the gas. The Kronseder type of gas plant 
is very simple end cheap. It is meant for providing gas for cooking 
purposes in small farms. A tub for liquid manure, split in the lonei- 
tudinal axis, floats in the cesspool once constructed on such farms 
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foi- excr'eta. The liquid is covered by the tub and ferments. The gas 
produced is caught by the tub end a rubber tube conducts the gas to 
the kitchen. Nothing more is required. 

A" analysis of the above tecbnolog&es shows that they are not 
really suitable to Indian conditions. These bio-gas plants require 
25 to 150 cattle. 'Z+ey are fully mecnanised and need an energy input 
in the form of electricity '3~ 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 plant is substantially higher then 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 onp,, be difficult but oractically impossible. 

More than 80 per Cent of the agricultural holdings in India are 
one hectare end below. A farming family of five people on the average 
has not more than three animals - one cow or buffalo and two bullocks. 
These families live in scattered vill~ages with about 150 hectares of 
cultivable 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. 

:>: 
,.:,, DEVFLOPPIEXT WORK IN IiiTDIA 

;;: 
,,,'> : 

S,,,' 
'-; 

ii ,, 
::: !: ,, 

Social agencies have been very~ actively involved in the develop- ,:,:$; 
ment and extension of gobar gas plants. The main ones are the Indian !?!:i: 
Institute of Agricultural Research in Aew Delhi, the All-India iCladi ,,,; 
end Village Industries Commission in Bombay end the Planning Research :':i 
end Action Institute in Lucknow. Useful work on cost reduction and 
the popularisation of these piacts among the village maeses has been -1 
done by organisations like Messrs. J.P. & Co., in Bombay (Gram Lakshmi ':~; 
Plent), Khadi Pratishthan Sodepur in Calcutta and the Rama K?isbna ': 

Mission, Belur Math, in Calcutta. 
,,':; 

/ ,~ 

';j:;: 
,: 
,. 
',, 

The various agencies working on gobar gas have concentrated on 
a smz?.l end simple family-size plant which requires no energy inputs 

,,I, 

and 110 specialised skiii to operate. The main emphasis has been put 
,,;j 

on cost reduction so as to put the plant within the financial reach 
~,,?g 

of en indiviaal family. 
,,,- 

EXTENSION AND IMPROVEI$EUT OF THE FAKILY GAS PLAXT ~I;? 
,, 
_',, 

,,? 
;,,, 
.,, The P.R.A.I. took up the extension of the family gas plant. 

About 30 unite were installed by giving part subsidy and pert loan 
,:T : 'to the farmers. A survey made after a year indicated that hardly 20 

~1; 

per cent Of the plants were working. 
:,;,:,ij 

A subsequent investigation ,,'j>' 
-: ,' showed that there were a number of reasnns for this failwe. 

'i; " 
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The volume of gas available was insufficient to noet the entire 
cooking needs of a family throughout the year, end after six to eight 
months of use the generation efficiency of the gas plant went down. 
The burning quality of the gas was not constant end the flame some- 
times went out. More time was required to cook food with zobar gas 

,,', than with other fuels. The gas contained moisture, thus clogging the 
pipe line which then required frequent clearing. Moisture spoiled ,, 

,T and cracked the porcelain ring of the mantle in the gas lamps. Finally 
the cooking of 'chapatis' (pancake-shaped bread) orovrd to be difficult. 
The survey also showed that most of the farmers were not feeding the 
required quantity of cow dung because of its shortage. 

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 we.s also asked to develop gas plants working on 
a feed of 50 pounds of cow dung - the quantity usually availeble to 
the farmer with three cattle. Over a period of two years, the team 
reported a number of findings. 

a) Domestic ws requirements 
::; ,, ,, 
-, For cooking jur~oses 12 to 15 cu.ft are required per ?ersnn per 
::~:, day. A gas lamp (40 candle power) neede 26 cu.ft per hour. On this 
;':;:~ 

basis, a family of five needs 60 to 75 cu.ft of gas for cooking and 
20 cu.ft for lighting purposes (two lamps operating for four hours). 
The total daily requirement for a family is tbue between 80 and 95 

j ,,,,;~ 
I,,, 

cu.ft. The 100 cu.ft gee plants which were in-talled could have met ,,,,~,;c 
this but actually the generation of gas was found to be only 30 to 

,~,y!, ,, 

50 cx.ft from November to Febxwary and 50 to 80 cu.ft from Merch to '),,: ,,, 
October, with the peak in June. 

,, ,, 
,., ,i :i 
:z., 
,, ,': b) Generation efficiencv 

The above gives B generation efficiency of 0.3 to 0.5 cu.ft of 
F,, 

gas per pound of cow dung in winter, end 0.5 to 0.8 cu.ft per pound 
:,',, 

',' in summer. In a controlled experiment conducted by C.N. Acharya of ,:,:,; 

the Indian Agriculture Research Tnetitute, a generation efficiency 
of 0.5 to 0.8 cu.ft per pound in winter and 1.1 to 1.5 cu.ft in 

,,,,,, :'i 
;; : 
,,, summer was reported. The various plant designs were based on that of,;;, 

expectation. The variation of gas generation from month to month is 
,~:i 

YE::,,',, directly related to the inside temperature of the digestor. According ~1 

: : to C.N. Acharya, the inside temperature is a function of atmospheric ,:~j 
temperature end it is 1 to 3*C higher then the atmospheric temperature. ,,;'! 

~,, ,(j' The best generation was reported when digestor temperature wee about 
34*C. This condition obtained for six months in the gas plant run by ',,II ,::? 

T' 
Mr. Acharya. ,:,:; 

,,,,:; ,_' ~; 
,;,, I:, ,, ,,, ,,,,;, 
:", ~, Gi" 
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c) Digestor temoerature 

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. 
No improvement in the inside temperature of the digestor was noticed. 
The reason appears to be that cow dung before feeding is made into 
slurry by mixing an equal quantity of water. The temperature of the 
water drawn from the well or by hand pump is always nearly'l6*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 2-4oC. The effect 
of atmospheric temperature appears to be not more than two degrees 
in winter and ehoat three degrees in summer. This means that the final 
temperature ol‘ the slurry will never be higher than 24 degrees in 
swmer and 22 degrees in winter. 

d) Ground temoerature 

The digestors are constructed inside the ground with cement azd 
mwtar bricks. In India, ground temperature below 1 foot is 16*C. 
Such digesters will naturally draw very litt!e heat from the atnos- 
phere since the top only is exposed and that too is covered by the 
gas collector. To benefit from the atmospheric heat, a digestor wee 
made above ground. The cost was higher but it did show inside tempera- 
tures up to 28 degrees :n summer. Ir. June, it rose to 31oC for abcut 
two weeks and the gas output increased to 0.9 cu.ft. The cost of this 
digestor was l?? times that of the underground one. 

e) PreheatinK 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 
ii;, 
I,,~ 33 to 40 per cent of the gas Iroduced. The idea of a solar boiler 
t,,: was then worked out. but such boilers , which are not available in 
~,S,,, India, had to be imported from Japan , and as a result were beyond 

the pocket of the average farmer. 
,,,, 

,,,:, 
f) Ad>ustment of the digestion cvcle 

:,z 

:: Another attempt to raise the gas output was made by adjusting ,,~G;j 
the digestion cycle. The plant originally designed had a 28 day cycle ,l,,:" 
(the Cow dong slurry stays inside the digestor for 28 days). During >i: 

,::, 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 65 per ,,,';Z 

,;~, 
,; 

& ,, cent of the gas was available. The digestion cycle was raised to 56, "~:i 

'-; 
- 1% - 

,, ',: 

#;,y 
:y: 

,, ,,, :i 
:a,;;?, ~, ',; 
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90 and 106 days. 92 per cent of the gas was available in 106 days as 
against 73 to 75 per cent obtained 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) Developme_nt of 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 && feet ard 
a depth of li feet. Its feed requirement was 25 pounds of cow dung. 
Two other digestore with a feed capacity of 50 to 80 pounds were also 
c:mstructed The efficiency on all the smaller digesters was found 
to be at par with that of the 100 cu.ft unit. As a matte; of feet, 
in winter the gas generation per pound in the small digestors w"~~ 
higher than in the standard digestor of 100 cu.ft. These digestore 
were placed on the gro'und, 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 CONWNITY PLANTS 

If bio-gas plants are to be widely diffused? two alternatives 
csn be envisaged: the installation of sophisticated community plants 
at the village level, or the development of more efficient small 
family plants. Community Flants must be fully mechanised and require 
a heating mechanism. Two such plants have been built on a pilot basis 
in India with Hungarian collaboration - 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 ($65,000) in 1962 and it 
will now be about the double. Energy in the form of electricity or 
diesel is required to operate the plants. Installing and operating 
them calls for ar. efficient organisatian. Such plants may net be 
workable in a subsistence economy based on the barter systeln, and 
the transition to B monetary economy will create furthe- complications. 

The okher alternative would be to further improve the efficiency 
of the family gas plant, by increasing the gas generation efficiency 
tr. 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 carrieC out by a colony of millions of 
bacteria, mos'.ly 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 undesirabl~e materials in the 
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cow dung by its cillai (hair-like projections), selects and consumes 
'<,, ,, the suitable material throxh an aperture and suddenly whirls round 
i;::,, 
:,, ', giving a corkscrew motion of its stem, during which process the gas 

,,~.,,,, is liberated. The verticalla resembles a lotus stalk with a flower 
on top. There are also other bacteria Zike 'cynocripta', 'englema', 
'epistylis', etc. 

,,,, 

:;ix:,, ” 
;:~ naybe a new species of bacteria cauld be developed They would 

have an active stage of working between 16" to 22°C in place of the 
,,~,~~~? 
;<;,,, present 30" to 38°C. and a multiplication speed 5 to 10 times higher 

than the present species. If such a species cnuld be developed, the 
;;;::, gas plant based on three animals or 50 pounds of cow dung will provide 
.,,,, 75-80 cu.ft of gobar per day, sufficient to meet the needs of the 
:;,;:,, typical farmer family. The increase in multiplication rate will lower 

,, :~ the digestion cycle: this would require a much smaller gas plant 
: ,, 

whose cost will then be within the means of the farmer. Sl'ch develop- 
ment will constitute an appropriate or low-cost technology. Discussions 
with a nurber of bacteriologists indicate that such a possibility 



VII. THE ROLE OF TECHNO-ENTREPRENFXJRS IN 
THE ADOFTION OF NEW TECHNOLOGY 

by 

P. D. Malga"kar* 

TAE STORY OE' PRAKASH: ENTREPRENBURSHIP 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 two-storey factory in 
Poona, was giving instructions on long dietance telephone to the 
principal of an engineering college situated some 160 km ab.:y. The 
much fondled and valued cargo wes actually a twenty-five year old 
500 hp dynamo meter which had not been used for years and needed 
thorough overhauling and servicing before it could be commissioned. 

Prekash g?aduated in June 1969 with distinction in mechanical 
engineering. Amongst five brothers end three sisters, he is the 
youngest. His father is in t tis printing and publishing business. 
Twenty-five per cent of his classmates after graduation went to the 
United States for further studies and/or employment. Deny advised 
him to go abroad. His father left it to hakash whether to go abroad 
or start a business. If he decided against leaving, the money ear- 
marked for sending him abroad would be placed at his disposal for 
starting a business. His brother-in-law Salunke, who was also e 
graduate in engineering end had about ten years of experience in 
nunning an industry, advised Prakash to decide once and for all 

* vh- m~fhnr V-E tknm~lv the nrinrioel director of the Small Indus- 
(Q.1.E.T.) in Hyderabad, India. 

..-_a1 consultant in Poona end a Visiting 
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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 en item for production which 
could substitute for current imports, which wee not consumer-oriented 
and which had a high technology content. He noted that in Poona end 
its surroundings a number of prime mover manufacture~e were located. 
Prakash therefore selected water brake dynamo mete-s which are used 
for general testing, inspection and research by these manufacturers. 
In September 1969, he established the Dynamic Engineering Co. His 
aesets: a letterhead and a 'factory ' - a room in his father's house. 

The criteria for product selection was based oil the reasoning 
that import statistics would easily indicate the demand within the 
country and that consumer products required sophisticated marketing 
skiiis. Capital goods, by contrast, meent contacting a selected 
market where the buyer was moFe convinced by >erfnrmance than by 
brands. The high technology content would ensure product specialis- 
etion, thus reducing the risk of mushrooming competition. Another 
reason for selecting a product which required a high technology was 
to get away from mass production techniques where high material coets 
always weigh in favour of large companies. 

A search then began to find out more about the dynamo meter. 
He first consulted the textbooks which helped him grzduate in mechani- 
cal engineerin&. The books gave a general description of about one 
end a half pages end nothing about design , parta 2nd component drew- 
ings. Prakash approached his engineering college professor who author- 
ised him to open the dynamo meter used in the college laboratory. 
He found that it consisted of a sma?l number of castings end that 
there was nothing very complicated about ite construction and assembly 
Thereafter, he called on foreign c~xxulates end in a period of one 
week in Bombay collected addresses of about 250 manufacturers from 
all over the world. Beck in Poona, the letterhead of irynamic Engin- 
eering wes shot out requesting information ox products, types of 
machinery end 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 metez he had stripped 
earlier end 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 end the possibilities of their buying his dynamo meter 
with improvements incorporated in its design. Some eighty manufactur- 
ers replied to his letter: the dynamo meter had become a necessity 
for testing end certifying the performance of diesel engines, especi- 
ally if these were to be exported. He further contacted personally 
some 4il local diesel engine manufacturers. 



In December 1969, in the process of contacting manufacturers, 
Prakash came *cross one of the leading producers of diesel engjnes 
who had a dynamo meter of a we11 known foreign make rehgated 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 Pnkash could guarantee their psrformance.~Froud of the possi- 
bility of an order and requiring space to strip the dynamo meter, he 
shifted his factory to his fathe?'s garage. He bad seen a Japanese 
catalog;le referring to this particular type made in the West and he 
argued that if the Japanese found it gcod enoiieh to copy, it must be 
really good. 

During this Preparatory time, he used ts spend Avery day two to 
three hours in his brother-in-law's factory to acquaint bimself with 
the machine shop practices and organisation. Simultaneously he wrnts 
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 fc- getting finan- 
cial assistance from a bank. He took his Proposal to a number of 
b&s (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 faciiity to the tune of 180,000 rupees, 
out of which he would con'ribute 30,000 rupees which is father had 
set aside for sending him ;hroad(l). After discussions with a number 
of banks, one of them showed interes-t 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 developicg 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 h!ovember 
1969 was accepted by the bank eight months later. 

Of course, manufacturing the prototype w*s far from smoot'n. The 
first machine was way off the mark as it indicated 5 hp whilst absorb- 
ing only 2 hp. k&ash checked al~l the castings, the patterns, 
assembling, etc., till at last he succeeded by June IV70 in turning 
out a dynamo meter Performing to international standards. 

The first year was a difficult one. In 1970, with two engineers 
helping him, his turnover was only 5,000 rupees. In lR71, 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 dynemo 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 our story, was loaned to 

1) Approximate rates of exchange: C.1 = 20 rupees, $1 = 7.5 rupees. 
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help him ensure that the dr~?wings end design he bad developed for a :f8 

similar dynzmn meter (to be supplied to the Defence Department) were 
of 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 end he is maw '~'~i 
recognised as an authority on dynamc meters. 

Prakash went abroad in 1973 when he visited over 40 factories 
making dynamo meteTs. This gave him confidence that his production 
facility and product were es good es any in the world. 

He owes a great deal to Salunke. his brother-in-law, for intro- Y 
ducing him to financial discipl.ine. Even though he started as a small ,:I' 
prcprietorj- 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 ban!<. He was afraid 
the big cxstome~s and factories wculd not accept dowments through 
bake, but having ccmmitted hi.mself to such a policy he went on to 
explain to the custome:rs that being small and new, his bankers would 
r,ot accommodate credit sales. As tht equipment was badly need& by ~: 
the big factories (including some public sector orajects) the;; 
accepted his conditions. 

The future for him is all exciting. Favin~ established 'iis ;y,J, 
mastery in d:namo meters, he has gone into making soecial all.op steel. ::':I! 
The stainless steel strip required for the vernier callipers made in ,,:[ 
Salunke's faztory has to be imported in India, which poses problems ',: 
and delays. This was a challenge to Prakash. During his 1973 visit 'Y! 
abroad, he had seen in Germany small manually-operated furnaces turn- ~:; 
in2 out special-purpose alloy steels. Fe has assembled a 200 hp ral.l- i: 
ing mill and a direct arc furnace of 100 kg capacity capable of heat- 
ing up to 17'2OoC. He has improved upon the fur;laces he saw abroad 

'pi 

(his furnace had an electrical control oanel) and employs two gradu- :;I 
ates in metallurgy for this project. He looks forward to supplying ',; 
special purpose stainless steel to Salunke who will have a ready ,,; 

s~upply of stainless steel strips to make the vernier callioers. ,; :t;,j 
,': 

He is now helping five other engineers to set up their own manu-:' 'T,. ,:z, 
facturing ur~ifs, and he is restructuring his firm into a private ,;,z 
limited cc,pany, since the new scheme of alloy steel which he has ;'i,'< 
undertaken requires long range institutional finance. ,::;;,: 

f;',j 

TEE STORY OF "ARTAX: FINDING THE MAPI'AT NICHE ',,:,:, 

Vartak gradrated in 1965, specialising in electrical engineering. ~~'!z 
With tie massive programme of electrification in the country, he ;,: 
thought of manufacturing electric motors since these are the common 

,,,i 
~:.:s 

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 ?f moto~~s but he could not compete on production costs: 
the bigger manufacturing units bought their materials in bulk which 
gave them a cc;siderable advantage in price since materials are the 
major portion of the cost of standard motors. Nor did he have the 
advantage of a weli known brand to penetrate the market. 

At that time a U.S. Peace Corps volunteer specialised in iudus- 
trial management was attached to his firm. He suggested to Vartok 
that the partners should take advantage of their knowledge by going 
in for special pur'pose motors which are generally not manufactured 
by bigger companies, either because their collaboration agreements 
with fcreig2 fix* do no? 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 
equipment and machinery manufacturers making cranes, hoists, washing 
machines, etc. He also developed torque 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 
be obtained in India because of the ban on imports. Vartak is riow 
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 motors were manufec- 
tured by a foreign firm for driving mercury pumps in the alhal indus- 
try. He got in touch with alkali manufacturers 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 re&ily 
responded by placing orders for such motors. 

Later on Vartek went abroad to visit manufacturers of special 
purpose motors. These trips tc America, England and other countries 
made hin confident that there was ncthing extra special or formidable 
with the foreign manufacturers which be could not provide in his 
factory. In fact he bagged a good order for torque motors from a 
foreign manufacturer as be could offer them much below the price of 
the foreign firm. The torque motor requires considerable skill and 

attention, vbere the Irdian workers score, and the wages in India 
are very much lower than in England. 

As a service to industries in the Poona region. he took up the 
rewinding and repair of electric motors, an activity in which the 
big manufacturers are not interested, since rewinding services have 
to be es 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 prosper&J and two of them now have 
their own jeeps. 

Vertak is now full of confidence with his good 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. : ,T 

Having achieved success in special purpose electric motors, he "1; 
began to look for new avenues. In 1969, he learnt that the principal ,: 
of an agricuitural college was working for quite some time on develop- :,ii 
ing a culture for nitrogen-fixing bacteria. The university was 
approached to let the principal act as adviser for the sommer?ial. 
exploitation of the cultures he had developed. The nitrogen-fixing ~: 
bacteria called 'rhizotium' and 'azotobacter' were developed end 
tested in a number of government agricultural centres. With the use 
of this culture, the crop production in the test farms went ap by 
10 to 15 per cent. The cost of this rAtwe works out to less than 
a dollar per acre. Vartak's target for 1974 is to cover half a 

I 
million acres. 

His contribution to this new venture was to get the principal 
of the college to act es 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 -,:$j 
to this innovation, turned the laboratory experiment into a commer- :';i ,,~ 
cial scheme, and got a local firm to manufacture the shakers which ,,,$ 
are required to keep the culture continually shaking. Vartak admits ft$ 
that the shakers made in the United States are better, but if the :j: 
American manufacturer were to supply the technology for making the ,~: 
shakers to the Indian firm, the latter wnld be able to manufacture ~: 
them at m:xcb 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 advocates labour-intensive technology 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 quality and ', + 
output ae abroad may well sense the purpose of a developing nation, ',lii ,,,: 
and is at any rate better than no equipment at all. 

THE STORY OF SAWNKE: STIMULATING NEW ENTREPRENEUPS :,; 

Sal~unke, a graduate in electrical engineering, is the managing ,;;~) 
director of M/S Accurate Engineering Company which manufactures gauges): 
instruments and tools. His slip gauges are made to e pl'ecision of ,I;{ 
l/1000 of ari inch. During his visit to an American firm manufacturing ;,I 
similar gauges, he noted bow they were finishing them and offered to ,,::: 



supply gauges with the same specification et much below the U.S.coet. 
Today he is supplying that firm with one million rupee5 worth of 
gauges a year. Sal&e now has 60 quai%fied engineers in the age 
group of 25 to 30 on his total payroll of aboa ZOO. 

A dedicated person with a desire to adapt modern technology, 
he established in February 1970 a 'Forum of Industrial Technologists' 
in Poona with the support of the local Chamber of Commerce end Indus- 
try ard a State Government Corporation. The objective of the Fiwm 
is to exchange views and ideas regarding industrial technology. to 
discuss the latest technological developments in the advanced coun- 
tries and the ways and means of bridging the technological gay: be- 
tween the developed and developing countries, to assist and guide 
members in economising scarce resources and materials and to encour- 
age young entrepreneurs to break new technological ground. The Forum 
has six pane!s: mechanical engineering industry, chemicals industry. 
electronics industry, metallurgical industry, electi'ical indus*:~.y 
end management p:oblems. 

*he average age of the 137 technologists in the Forum is ;.Zi, 
and 34 of the companies on its roll have developed new products. The 
Forum encourages and supports innovation through advice and facilities. 
Its main focus is on the adoption and adaptation of te&aology 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 equipment, study imoorted machin- 
ery uld equipment with a view to developing an indigenous manufactur- 
ing capacity and encourege fresh engineers to take up developmental 
challenges. 

Salunke has refined a method for technology development and 
transfer: he entrusts a technical en?repreneur with the full responsi- 
bilitjj for developing the specific machines or components which are 
requirea for his own manufacturing facilities. Once this equipment 
is successfully developed,, he allows the entrepreneurs within his 
firm to produce it on their own or? 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 and performance tests, the engi:~~eers 
who developed it were given the opporeanity to start their own :on- 
tern and manufacture it on a commercial basis. The first precision 
lathe shown in a recent exhibition brought forth over 1,700 enquiries 
and 50 firm orders. These engineers have been given a shed on a tem- 
porary basis in an industrial area and within a couple of years they 
will move out to a growth centre in a backward area which Salunke is 
deielo$ng PS chairman of a i;'tiblic sector project. Similtir units have 
been set up for making dial gauges and the wooden boxes which contain 
the slip gauges. 
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The process of development of the watchmaker's lathe will lead 
to the establishment of small firms making the chucks, motors and 
attachments Fequlred for the lathe. Efforts are being made to select 
ten engin-ering students who will be encouraged to start up these 
new industries. 

INPROVING TRE TRANSFER PROCESS: 

THE SUGGESTIONS OF THE ENTREPRSNE"R.5 

These three tecbno-entrepreneurs made the following suggestions 
for accelerating the process of transfer and adoption of technolcgy. 

a) The oroblems of information 

"There is absence of information wixhin the country about new 
products, machinery, equipment and plants being manufactured in other 
parts of the world. If such information were readily availabie, indi- 
vidual entrepreneurs would not have to ssarch for addresses of outsid 
manufacturers end collect information in a haphazard way before going 
into manufacturing". (Vartak) 

"Local information centres whose main task would be to give help 
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) Learninn from foreign designs 

"The equipment, machine tools and components which are now being 
imported should be analysed with a view to finding o~ut the poasibili- 
ties for manufactlxin? them locally end meeting the country's require. 
rents in the coming years". (Prakash) 

"An agency recognised for its technical competence should 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 a high innovation content. This equipment should be placed on 
display for about a year, after which it should be sold to interested 
manufacturers at full cost for stripping it apart and developing new 
equipment". (Vartakj 

"A more liberal trade policy would allow technologically innova- 
tive industrialists to strip foreign equipment and components with a 
view to manufacturing there in India. Vibrator motors with an amplitud 
from 10 miis to 60 mils and frequency from 10 to 80 kcs is a good 
example: knowledgeable manufacturers in India claim that they Can 
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produce such motors at half the imported price provided they are 
given opportunities of stripping one or two such motors". (Prakash) 

"The production of certain types of equipment often requires 
specialised components. These are generally made abroad on a large 
scele znd it w%.Gd be uneconoric to produce them on a small scale 
in India. The permanent infinitely variable drive,to take one exem- 
ple, requires a special chain which would be easier to import than 

to nenufacture since local demand is too small to justify a full 
scale 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 equipment should be allowed liberally". (Prakash) 

c) Pickina up ideas from abroad 

"Visits to foreign factories and exhibitions by an experienced 
manufacturer gives him ideas about the possibilities of improving 
his products end developing new types of equipment for producing high 

quality goods". :Salunke) 
'rConcessional fpreign tours on the lines of Group Travel Scheme 

should be devised for techno-entrepreneurs to visit tecFaologically 
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 machine after strip- 
ping an imported one. During this period, techno-managerial counsel- 
ling thror?gh voluntary agencies is more meaningful than through 
governmental agencies. However, the support for developmental finance 
will have to cow from the financial 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) Co-oDeration with foreign firms 

"A survey should be made of the material-saving, labour-intensive 
and low-voltie manufacturing industries in Poona and later in India 
with a v?'~ew to finding out their potential for manufacturing machinery 
and equipment for export. Manufacturers from industrialised countries 
could 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 we their production capacity, skills and knowledge to 
the full". (Vartak) 

THE INFLUEWE OF THE EWIRONMENT: 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 
a population of 237,000 end there were some 135 factories. Thirty 
years later, the pooulation was over ?..l million and there were close 
to 1,5CO fsctories. 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 capper and brassware factory (X88), a textile mill (1893) 
and a glass blowing factory (1898). Sy the early 1950's Pcona had 
several large industries elong with conventional small industries 
making consumer articles such es '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 products as 
in the case of the two engine factories set up between 1946 and 1954. 
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 Bombay. The growth of indus- 
try in the Poona region from 1940 onwards can be eeen from Table 1. 

Table 1 

TIiE GROWTH OF INDUSTRY IN T:IE POONA REGION - 1940-1971 

Cumulative Total 

Before 1940 1940-1945 '2 
1946-1950 128 
1951-1955 64 
1956-1960 188 
1961-1965 391 

1966-1970 1971-1972 "2 

Total 1,473 1,473 

$2 
:7”: 
966 

1,431 
1,473 

Data collected by Mahratta Chamber of Commerce and Industries 
and published in B.R. Sabade, "Poona: The new industrial city" 
Commerce (Bombay), 23'June 1973. 



These data show that about 60 per cent of the existing firms 
were established in the 1960's. A further analysis indicates that 
about 41 per cent of them .x-e engaged in engineering. Metal proces-. 

sing, chemicals, textiles, printing. electrical end electronics 
instrunentation 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 peop1.e working in the defence factories around Poona. Together 
with their dependents, about 425,000 people (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'e population can be said to depend upon industry and 
ancillary activities. 

Table 2 brings out the changes in Poona's industrial structure 
between 1961 and 1970. Food and beverages, tobacco 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 1961. 

Table 2 

THE CHANGING INDUSTRIAL STRUCTURE OF POONA DISTRICT 

I Pwwntage share in total 
ictory employment 

__.__ 
fa 

1961 I 1970 

Food and beverages 
Tobecco 
Textiles 
Chemicals & chemrcal pru&i;cts 
Basic metal industries 
Machinery (except electrical) 
Electrical machinery 
other ir..bm+-i a= 

13.6% 

2; 
5.3 
1.7 

16.7 
4.8 

IL.3 

5.8% 
1.6 

2:; 
6.2 

30.0 

3% ly..II”&i..” 

100 % 

m: Commerce Research Bureau data, cited in K.V. Desai.ttMIDC's 
Activities in Primpri Industrial Area': Commerce (Bombay), 
23 June 1973, pp. 9-11. 

In 1960 the State Government developed a lerge industrial area 
near Poona. Many new areas have been added and the present tot21 

industrial area in this reg:on 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 sity's complex of 

1) For further details, see the source of T&le 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 en Institute of Paints Technology. The National Chemical Laboratol 
one of the 35 national laboratories - is also 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 Smell Industries 
Service Institute. The Central Mechanical Engineering Research Insti- 
tute has started functioning a few years ago in Poona. 

A number of professional organisations like the Poona Management 
Association. the Institution of Engineers, the National Institute 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 en indepen- 
dent enterprise of his own. This upsl'rge of ambition in men wanting 
to be self-employed is the motive force which has brought Poona to 
prominence as en industrial city. 

THE STORY OF BIrD": TEC~O-~TREPPENEIIPSh'IP AT TEE VILLAGE LWEL 

The scene: a village of about fifty huts near Mangaldai - a 
small tom with a population of about 12,150 some 60 km. away from 
Gauhati ) the capital of Assam, in the $!orth-Eastern region of India. 
We 1anJed in this village with the Fatrepreneurial Development 5:: 
Officers on tte morning of May 26th 1974 at 10 a.m. The village is 

:; 
,,j~;i 

on a cart track which couid be approached with difficultyby a jeep. 

There is silence all around whilst a few farmers watch us from a 
::,i 

~,,: 

distance. Das, the Entrepreneurial Development Officer, leads us to ;i 
a farm the size of a hectare, where fresh transplantation had taken :!? 
piace only the previous evening. The paddy seedlings were transplanted ';,: 
in regular rows and are standing in about 5 cm of water. Ax old lady :I? 
comes hurriedly and talks with Das in the local Assamese dialect. 
Das explains to us that the lady and +.he villagers are frightened 

,,;;;i 
',:,'j: 

because of our presence, especially as we had come in a government 
!:: 

jeep and are dressed in shirts and trousers. She was wondering if 
,, 
~: :; 

::, 
anything was wtiong. The soft ar,d intimate manner of Das convinced ,:: 

I:,,, 
1;;; 

the lady that we meant no harm and 'that we had come to see how her ,,:' 
,,:I 

I;!>; ; 
son Badreshwar Barua (Whadu") was progressing in his experiment 

:,,:~ :~ with IR8, a new variety of paddy. 
- ',;l 

1) Source: special issue of Commerce (Bombay), 23 June 1973. 
gi;g;,, i,' 
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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 light of a hurricane lanterr. lifting water from the pond with 
the aid of a bamboo basket to water his freshly trawplanted crop. 
The previous evening he had finished the transplantation. given the 

.':, 
necessary dose of fertiliser end then saw to it that the crop would 

,,~,, : be adequately watered 'by working the whole night. Tired and exhausted ,;; 
~,, he was now asleep. 
,~!Y: The neighbouring farmers by now had gathered around us. They 

were closely watciiing this experimental introduction 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, end scoffed at '1; 
the idea 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 raieed seedbed in April end 'lad just finished 
transplanting the seedlings. The elders were sure that this whole 
business was a mad venture and that Bhadu would come to his seases 
after meeting with losses end failure. 

The Assam Government launched the mtreprcneurial Development 
,',:,:I 
~;::i ,, ,_ 

,, Programme under the guidance of S.I.E.T. (Small Industries Training ,‘;:?: 
Institute) in November 1973. It placed ioter-disciplinary teams in ::,,t 

:,, :,' different parts of the State, inviting people foT self-employment 
schemes, screening the respondents on the basis of their risk-taking ,,:~i: 

:; :, abilities, need for achievement, end 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 ccnstruc- ,!i: 
tion, road building, etc.). After screening the respondents, those ,': ,~,, 

" showing possibility of self-employment are given a three-week course I,';( 
on the social end psychological aspects of entrepreneurship, the 

,, ,,:$ 

economics of self-employment and the management of new enterprises. ,:' 

Afte? the course, the respondents are given practical field experience ',,~!:j 
for‘ the appropriate length of time in the lines they have chosen. 

,",,;T, 
,:~~, ,,,.,;, ,,,,, 

Bhadx MS 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 d?monstration farms in Assam. :' 'C! 
:,,, With all the agitation going around, Shad" woke up. He changed 'X2 
i,;, ;y over from loin cloth to trousers and bush shirt, and rubbing his eyes ,:Ci 

open, came to meet us. He told us that he had been working for forty- ,,:$ ,,, 
eight hours to enewe the success of his transplantation as timely 
water was considered to be one of the important elements of success 

,, i 



for the crop. We asked him why he did not hire a pump. Small portable 
diesel pumps are hired o5t by the Agro-Service Centre fey about oae 
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 hour's 
pull of the pump would give enough water to the field. But that YPS 
2 dollars, and Ghadu did not have any money left. He would therefore 
have to depend on his brawn and muscles till the monsoon would start 
in a few days. 

Ehadu matriculated in 19'72, with great difficulty. He then spent 
two years 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 local Entrepreneurial Motivation 
Treining 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 Februwy 1974, he selected agriculture as his 
main field. His father however tried to dissuade him from going into 
what Shad" calls 'business-like agriculture' on the ground that these 
practices were very costly, too theoretical, end unsuitable for the 
region and that the government would harass him for the repayment of 
loans. The village elders were equally sceptical, but Shad" was suf- 
ficiently strongly motivated to withstand these pressures against 
innovation and induced his father to give him 3 'bighas' of land 
(approximately 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 about chemical 
fertilisers end 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 Des provided Bhadu wi-ti- hybrid seeds end fertilisers. The balance 

cf the money was spent in getting the lend ploughed, since Bhadu had 
neither bullocks nor plough of his own. 

Bhadu started cultivating summer paddy, which was unknown in the, 
village. This ir,novation became a major topic for discussion in the 
community but Bhadu kept out of the discussions and transp7anted his 
seedlings. The first challenge came when the rains failed to material- 

ise. The villagers,laughed when they saw the paddy going pale, but 
Bhadu solved the problem by spending two days +nd two nights watering 
his paddy with a bamboo bucket. When we came along by jeep from 
Mangaldai on the morning of May 26, the villagers anticipated some 
trouble. They thought that Bhadu had committed a big mistake end that 
his Property wolild be auctioned to pay back the loan he had taken. 
Sut when they realised that we had come to see his progress, their 



attitudt changed: "If government officials ale taking such an inter- 
est in Shadu's exoeriment, thz-e nust be something unique about it; 
let us observe it closely". 

In the following weeks, the rice continued ts grow, and the 
villagers were happf 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 crop 
manually with a home-made muslin sieve, but was somewhat sceptical 
about the outcome. He therefore followed his father's suggestion and 
used the traditional 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. 

A 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 fxm going ahead with his light 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. 
Yith 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 
'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 lift pump. 

The villagers are no longer as sceptical. The educated young 
are arguing with the elders that Bhadu's experiment is worth follow- 
ing by others and there are strong indications that if the yields a?e 
sufficiently high, the whole village will adopt the new technology. 
But if he fails, the effects will be disastrous. It is therefore all 
the more necessary to ensure that this pioneering effort will succeed 
at all costs. Failing this, the village will continue with its old 

1) Or paddy ear-head bug, known in India as 'gundhi bug' on accoirnt 
of its offensive odour. The scientific name is 'leptocorisa'. 
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tecbaolcgy, 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 

_~ 
;,:?I 

xi,:: The three young techno-entrepreneurs frnm Poona were well quali- 

,,;,,,~ fied as engineering graduates and deliberately chose to start a new 
:,,, ;;p company. They came to the conclusion that they should select a product " ; : 

,Z~,, 
:,': 

,,, 

with a high technology content which was badly needed by the indus- 
triai sector. and for which the demand could be assessed from the 
import statistics and the import substitution possibilities. Prakash 
deliberately selected the dynamo meter on these considerations, and 
Vertak shifted from standard motors to special purpose motors pro- 
duced in small-quantities end which require a lot of labour and 
limited amounts of raw materials. 

Having identified the product, the entrepreneurs found out more ,,I 
atout manufacturing through books, literature, foreign manufacturers 
and a careful study of existing machines. The search for foreign 

;: ,, 

iI,,, 
,,: 
;:,, :<> ,, 
_ 

manufacturers is a time consuming process which could be made more 
efficient if there we8 an Information Centre in India where all this ,%;;: 
information is readily available. 

The college professors played a leading part in giving advice, :,-:j 
offering opportunities to work in their laboratories and allowing 
the opening-up of the machines in their workshogs. This however is 

,,;,;; :: 
,:,:,$ 

';,: ,A;$ 
;;,, at the discretion of the individual, end policy decisions will have ,-;,:,z 
,:; 
,ji to be taken to ensure that tecbno-entrepreneurs are offered such 

facilities by colleges aad laboratories on a regular basis. 
::~ 
- The techno-entrepreneurs then located prospective users within ',: 
~,,,, the country, asked for suggestions about possible improvements, and ,,,:'j 

:,~ _ found out whether they would be interested in !.ocal machines which ':';i 

met their specific requirements. This market research could cieariy ',:,; 
be handled more systematically by's speciallsed agency. ,,;;;z 

'i:,, 
:~:, Not cor?tent with the theoretical training in the colleges, they, " ,,:ii 

got down to work in the workshops to familiarise themselves with \Ti 
:,, ', ,.:~, 

', workshop practices, cost estimations and production planning. They ,,,'yi 

-, also saw opportunities in odd specifications. Vartak for instance, 
,,, ,,, 

':-;$ 

in,,, found,that 42-volt motors were manufactured by a foreign firm for a ':-r 

special purpose and used +his knowledge to identify buyers within 
,, ,,," 
,I,Zj! 

,p;, ', 
/ ~, the country for this odd voltage. They overcame the prototype diffi- ,~:z 

,culties with perseveraze, kept in close touch with their clients ,,,~; 
,,,,.e 

'I,, and were on the lookout to widen their range of production. ,:, 
,,. :,,, 

;; They went abroad with the specific purpose of seeing factories 1:';;; 
z~;', " 
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ing the quality of their products. They found out for themselves that 

turers and used the opportunity to sell their products to their 

produced accessories and components for final assembly would facili- 

tories abroad clearly stimulate innovative ideas. In-plant training 
in high technolcgy factories in industrialised countries could 
certainly accelerate the transfer of technology. 

Having succeeded in their original line, they did not sit on 
their laurels but became real entrepreneuF8. They jumped their 

will allow him to supply 

me made the Forum of Industrial Techno?.cgists more meaning 
fxl and acted as chairman of a public sector development project. 

earned experience. 
Bhadu's case on the other hand is from the rural environment, 

where the level of technology is low, the environment unfavourable 

new technology and its success poses a host of problems which are 



VIII. THE REORGANISATIOP OF TTE LICE 
WGINEERING INDUSTRY IN SRI LANKA 

by 

D.LI?. Xendis* 

Sri Lsnka's 1972-1976 Five Year Plan 'has presented the general ,l: 
framework for the country's economic development. This framework has 
been further elaborated in sector plans for agriculture end for ,,':' 
industry. The Industrial Sector Plan stresses the need for a self- 
reliant approach to development. It reco:r.ises the existence both 
cf a traditional sector and a modern sector. In both these sectors, ,:'I 
the development of an indigenous machine-building irdustry has for ,,,';i; 
a long time been retarded by the unrestricted import of even -the 
simplest types of equipment. Very high priority has now beer given ,,,!; 
to the development of a dispersed small-scale light-engineering 
industry to act as an aaent for sIjreading techaolcgical skills in 
the rural areas. Implicit in this policy statement is the recognition ',%> 
of an existing traditional technology which is basically an indigenous,,,- 
low-cost technology. Although this recogrxition is itself without 
precedent, it wil'i not serve the ob$ectives of rapid economic develop- ",,,::I 
ment unless the progressive improvement of this indigenous technology ::~[;;i 
is also planned end vigorously pursued. 

In both the public and the private sector in Sri Lanka, there :~' ,,,_ 
already is a considerable investment in modern technology which is 
comparatively highly productive end cnpital-intensive. The F:ogres- '~,~: 
sive development of indigenous technology in'tiie traditional secto,r~,,,:;:; 
has been planned so as to gain from linkages with the high technology :,: 
in the modern sector. This contrasts with earlier policies when new",,,- 
industrial technologies were introduced with little regard,to exi+i,ng: j 
low-cost technologies whose development as a result was retarded. ',';, 
Examples include the introduction of modern power-looms which corn- ~,,:_' 
peted with existing handlooms, the development of mass-produced ,,, '~ 
aluminium household goods which almost destroyed the traditional " 
pottery indus+ry, the setting-up of a State Hardware Corporation to,; 

,,, 
* 

The author is Adviser (Techniques) in the Ministry of Plenning 
and Economic Affairs in Colombo, Sri Lanka, and Visiting Lecturer, '1, 
at the Faculty of Engineering, University of Sri Lanka. 
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manufacture various agricultural too15 end implements and building 
materials which were already being made by indigenous industries or 
the production of soap by the local srbsidiary of a multinational 
corporation which almost eliminated the small-scale eoap makers. 

TKE LOCAL LEVEL: DiSPERSED PRODUCTION CO-OPERATIVES 

The chief vehicle for implementing the new development policy 

:~' based on low-cost technology and the improvement 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 en organis- 
ation of individual entrepreneurs and workers in a given industry in 
a particular region or administrative division. This type of organis- 
ation offers a number of advantages: 

a) The individual worker is not confined to fixed working hours, 
but may engege in productive work at eny time of the day or 
night that s-uits him; 

b) In come cases, he may be assisted by members of his family; 
c) The training of new workers (not only family me.xbers but 

:':,: 

,, 

,,, 

outsiders as well) takes place on a person-to-person basis 
in a comparatively small work-place; 

d) The co-operetive which is owned by its individual members 
takes the place of the middlemen, so that there is no 
possibility of exploitation by such people; 

e) The individual worker, if he is the owner, has every incentive 
to develop his work-place and improve his technology and his 
productivi+y; and if he is an employee, he has the prospect 
of setting up one day his OWI work-place with the tecWical 
and financial assistance of the co-operative; 

f) 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 Sank through the co-operative 
organisation than it would be for small independent individuals: 

,:,, g) Because of his membership in the co-operative, the individual 
x producer can tide over market fluctuatione mor'e easily than if 

he were alone; 

':~,:, h) Since the co-operative arranges for the supply of inputs end 
,,:,~ takes cere of the marketing problems, its members can devote 

most of their time to actual production. This means a maximum 
utilisatirn of the available labour and technology. 



THE RECi@NAL LEVEL: MEDIUiGSCALE INDUSTRIAL CO-OPERATIVES 

Diepexed production co-operatives of village blacksmiths were 
first set up on the basis of one for each Revenue Officer's Pivision. 

Py August 1974 mope than 100 of these Light hgineering Industrial 
Co-operatives, as they are called, had been established in a total 
of 158 Revenue Officers Divisions all over the island. At the next 
hisher level of technology, co-operatives were set uc for the owner5 ,, 

a.d skilled workers of the small workshops which are very common in 
?mvincial ttwns. These are called Medium-Scale Industrial Co-oper- 
atives, and it was proposed to harz one such crganisation for each 
of the 22 administrative districts in the island. Later it was decided ? 
to also have Medium-Scale Industrial Cc-operatives in each of the 
Revenue Officers Divisions in the Colombo district. By August 1974, 

ecme seven of these Medium-Scale Industrial Co-operatives had been 
established. A Union of Light Engineering Industrial Co-operatives 
was also formed as the apex organisation for the light engineering 
industry. 

The Union, es the representative body of the organieed light 
engineering industry in Sri Lenka, has broken into some new areas 
of activity, of which ship-breaking is the meet noteworthy. The 
Union has also purchased a mcdern production factcry which manufac- ,- 

'cures motor and tractor spare parts, weighing machines and other ,,,: ,,,;:;; 

products. 
,,:,:, :," 

Through the orgenlsation of Lighi: Engineering Industrial Cc- $2 

operatives in the rural areas , the tradition& low-cost technology ~:" 

of the village blacksmith has been made more productive, and the 
::~,!' 

quality of production was improved. The cc-operatives crganised the 

supply of raw materials including sore+ iron and steel, charcoal asd "; 

smali band tools such as files. They else undertook the sale of 

finished products through a commercial centre. Orders for various 
tools and im?lements were obtained in advance from government organ- ':I 

isations .es well as from the plantation sector, an important ccnsomer ~,i 

of such hardware in Sri Lanka. 

,',::: :':, 
:::: ,,, 

OUALITY COXTROL 
,~, ;4 

,, ,,,; 

j', 
,;,1 

With the organisation of supplies and markets for the village '::: 
,,i, 

smithy, the highest quality was demand& Quality control is ensured ,', ':; 
by a combination of traditional and modern methods. Traditionally, ,~,,:;:j:# 

the village blacksmith made and sold imulements to the farmer on the "';:j 

~:: basis of a person-to-person guarantee. This has been forma 

~,< the co-operatives by giving each member en identification number 
:: 

:;,,: 
which is stamped on every product, which is then guaranteed for one ~+ 

,, month from the date of purchase. If a defective item is brought back ; 
,(; 



by 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 servioe is provided by metallurgists in the University's 
Faculty of Engineering and the Sri Lanka Institute of Scientific and 

Jndustrial Research. 

THE PRICING MECHANISM 

Since the blacksmith obtains his raw materials from the co-oper- 
ative, he is liberated from the clutches of middlewn 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 acd 
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 allotted to the co-operative to.determine the selling 
price to the consumer. Profits accumulated in the co-operative will 
in future be used for the progressive development of technology. 

INVESTMENT ANE EMPLOYMENT 

With this type of organisation, prcductivity has been consider- 
ably improved. Today a master blocksmith end two assistants can 
produce more than 2.000 rupees (about $250) worth of digging forks 
per month using the simple technology of the village smithy which 
-rep&e&s a total capital investment of some 5,000 rupees (about 
$$30) at today's prices. New employment has been generated in two 
different ways. Firstly the,master blacksmith will take on more 

', helpers to increase his production. Secondly, skilled blacksmiths 
$-xc are working as helpers will be able,to set up theirown work- 

,' places. The co-operative ezxcourages this type of development with 
,:,,,individual loans from the People's Bank. Some cc-operatives have', 

more,than doubled their membership through this ~prcces8 in the last 
:' +-ee years . 
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THE ROLE OF TAE TECHNICAL CENTRES 

Once a co-operative has been established and has started to 
.f:mction, steps have to be taken to set up a technical centre. This 

centre will be equipped with tools whLch are not generally available ,il 
in the small work-places of the co-operative's q embere such es a :: 
power hammer end power saw for reducing large scrap into the smaller i 
billets which are issued to members. It will also include a lathe. 
a drilling machine and both electric arc and gas-welding equipment. ,,'{, 

Thic equipment will be used for certain specialised operations like :: 
the production of ecme component parts for smell agricultural imple- ,,'y 
merits. An assembly unit will USC be set up in the technical centre '1,; 
to make small agricultural maohines. 

TAE PROGRESSIVE DEVELOPMENT OF TECHNOLOGY 

The progressive development of technology in individual work- ,I 
places has been plarx?ed through the technical centres. At the village ', 
level a blacksmith is usually equipped with a hearth and a pair of 
bellows, an anvil, a number of sledge hammers, a vice, several pairs ': 
of tongs which ha usually makes himself, a few 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 ,,::z;$ 
ger.erai he wes dependent ox traders for the supply of raw materials ',-? 
such es scrap iron, steel and fuel (usually charcoal). The trader ~).; 
also sold him the tools of his trade that needed periodic replacement ,'" 
like the files end the grinding wheels. Likewise the blacksmith was ,,!i 
dependent upon middlemen for the sale of his products. As a result, :I!; 
he invariably functioned at a low economic level and did not have "? 
the capacity to generate sufficient savings to develop his techn@loSy. ,i'! 

With tbe organisation of industriel co-operatives, the viliage ~; 
blacksmith is now able to put aside a certain percentage of his earn,,: 
inge and invest it in the development of his technology. The progres; ;!$ 
sive development of technology can be described as step-by-step ,::, 
improvement of the tools of his trade. This improvement will in the ~:I'$' 
first stage allow him to use the physical energy available to him ins ?; 

: <:, 

a more productive way. Thereafter, it will enable him to add mechani- 1'5 
',;:, 

cal energy to his production process. He will be able to pay for ,:;;; 
mechanical power with his own savings and with credit facilities ,,~; 

,,,, :': 

made available through the co-operative. Next, using mechanical power,$ 
he will be able to meaufacture products on a more systematic basis ,,_a 
and in larger qvvzntities, and go into a production-line type of menu-,~?$ 
facturing if regular orders for hi6 pew products are forthcoming. ','y[i 

In ?zactice, when a blacksmith produces more and increa?es his :$ 
savings, he will probably have priorities other than the improvements :::,;$ 

~, ,i 
,~,,, 



of his technology. Settling old debts, improving the house, and 
puxhasicg movable property like furniture and jewellery generally 
take precedense over improvements in the work-place. The first black- 
saith who takes steps to improve his technology is a pioneer whose 
example is watc!led closely by the others before they decide to folZov 

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 technology of the village smithy can be systematically 
improved in a number of ways: 

a) By introducing a more efficient hand-operated blower to 
replnce the bellows: 

bj By the better conservation of heat in the hearth and the 
use of wasas heat for tempering and perhaps far annealing, 
and by the use of a specially-designed oven placed above 
the hearth; 

c) By introducing a mechanical finishing hammer (manually 
operated in the initial stage) to achieve a better finish 
in a more economical way; 

d) By using grinding wheels to save on fil.ing; 
ej By introducing mechanical power which may be used initially 

for the mechanical finishing hammer, the blower, the grinding 
and finishing wheels and a drill; pcwer may be used later to 
operate a simpiclathe and a power hammer. 

It is preferable to introduce mechanical power when the black- 
srcith already has a certain amount of equipment such as a mechanical 
finishing hammer, a blower, and a grinding and finishing wheel: at 
this stage, mecbanisation is an economic proposition. Mechanical 
power can also be used for other types of equipment, for instance, 
for the simple home-sade hand-operated I.&he which is introduced 
sooner OII later in almost every smithy and which is used to turn out 
wooden handles for knives and other implements. 

It has been found that such a planned step-by-step develowent 
of technology is well within the bollnds of reality, when the produc- 
tive capacity of the village craftsman has been liberated by the 
organization of co-operatives, when the middleman has heen eliminated 
and when reguiar markets have been made available. At e later stage 
it is expected that the village blacksmith will 0e able to purchase 
and use more sophisticated equipment, including welding plant and 
machine shop plant. He will then have qualified for membership in 
the Medium-Scale Industrial Co-coerative at the district level. 

INNOVATICM IN THE MEDIUM-SCALE INDUSTRIAL CO-OPERATIVES 

Nedium-Scale Industrial Co-operatives were set up to harness 
the uwutilised and under-utilised production capacrties in workshops 
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dispersed all over the island. These include small machine shops, 
repair garages and foundries. It has been possible to produce smell 
machines such as two-wheeled tractors by farming out the manufacture 
of component parts to members of these orpanisations. This particular 
project has been tried out in no less than seven co-operatives which 
have all successfully manufactured and tested prototype two-wheeled 
tractors (the engine, the chain and the main bearings of these 
machines are imported). The project has been launched in the teeth 
of opposition 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 prcject is therefore to be measured 
not merely in terms of the number of tractors manufactured in this 
way, but i? terms of the number of individual entrenreneurs 2nd 
skilled workers who have been given an oppcrtunity to use their 
talents to create a commercially viable product. This is a very 
imecrtat element in achieving z self-reliant attitude to development 

The fir.9 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 severe.1 co-operative: 
One such pup hzs been developed locally: i", is mounted on the frame 
of the two-wheeled tractor and driven by the same power unit. 

At the beginning of this project the Ministry of Planning set 
up ad hoc committees of individuals who were known to 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 
direction of these ad hoc committees. It is expected that some of 
these public sector institutions will also undertake batch production 
of these machines in the future. 

Other machines which have been developed in small workshops as 
a result of the organ&&ion of the industrial co-operatives include 
a bicycle and a water pump. Both are now in batch production. Several 
protctypes 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 Planning and Economic Affairs under the DivIsional 
Development Council's programme has met with such success that the 
same apprsach is being used for other industrial sectors. Steps are 
being taken to organise v:llage potters who have been unfortunately 
discriminated against: bureaucratic ignorance has promoted other 
industries that tend to suppress the traditional pottery industry. 
Similar work in orgenising the traditional textile industry can be 
expected in the future. 



IX. WZCHANISATION TECHNOLO'IY FOR TROPIC&L AGRICULTURE 

by 

Amir ". Khan* 

INTRODUCTION 

In tropical regions Where farm income is low, farm holdings are 
small, and labnur is cheat; mmy attempts have been made to mechenise 
agriculture with equipment from the industrialised count-ies. Hovlever, 
farm equipment from the advanced countries, having been developed for 
conditions of either ---o- ?=-*o farz holdings and high labour costs, such 
as in the United States, or for small farm holdings ad high farm 
incomes as in Japan, is not well suited to the agro-economic conditions 
that prevail in the developing countries. Consequently, mechanisation 
of tropical agriculture has been slow and limited mostly to the larger 
farm holdings which constitute a smell part 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 oi farm equipment. A closer analysis reveals that this 
asslzption is based only on the operationai considerations an3. does 
not take into account the other aspects that ha;re an important bear- 
ing on agricultural mechanisation. The economic, social, and cuitural 
needs of the farmer, lack of foreign exchange to import equipment, 
local manufacturing capabilities, and the compatibiljty of the mechen- 
is&ion technology with the resource endowments of the country we 
important factors and must be considered accordingly. 

Because not enough aporoyriate 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, 
mostly for equipment for the difficult 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 hginrerin Department of the 
International Rice Research Institute in Los Ba fi OS, Philippines. 
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wheel power tillers to individual farmers rapidiy increasing in 
Malaysia, even when large tractor hire services were economically 
available(l). It seems thet the desire to retain control of the 
produc-tion operations end the prestige of ownership are strong fac- 
tore that favour individual equipment ownership by farmers. The power 
tillers provide the farmers with greater flexibility, for these 
machines can also transport persons and haul yoods. 

MNXAFISATIOX COT?DUInlTS 

I 
TWO distinct agricultural mechanisa:inn 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 technology is primarily 
aimed at repLacing agricultural labour wit?? machines. Its intmduc- 
tion is not desirable in the populated tropical Asian repion and has 
been seriously questioned by many social scientists. h'umerous attempts 
&ring the last 30 years to introduce this technology in many +evelop- 
ing countries have had rather dismal results. In India, where lerge 
tractors of over 35 hp heve been continuously marketed since the end 
of World Wer II, only one per cent of the total arable land is worked 
with such tractors today. 

Mechanisatian in Japan has not f&lowed the Western approach. 
Xice, a inajor crop in that country, is grown under wetland conditions 
ox small farm holdings. The high support price for rice and the rising 
standard of living, coupled with rapid industrial growth and wideswea 
opportunities of part-time industrial employment in the rural areas, 
have resulted in ihe mecbanisation of Japanese agriculture with small 
but q-ite sophisticated wd costly farm machines. The equipmen:, 
developed to meet the requirements of the relatively rich Japanese 
farmer, is far too complex and uneconomical for tropical Asia. 
Recently introduced Japanese combine harvesters and paddy trans- 
plr?nters we excellent examples of functionally suiteP but economic- 
ally unacceptable machines for the tropical regions. 

Besides being complex, farm equipment in the industriaiised 
countries is developed for manufacture with caoital-intensive mass 
production methods. Production technology to manufactwe such,Zesigns 
is not readily availGle in the developing cwmtries. Since the design 
of a product is cl.osely related to the production orocess. the scope 
for the production of imported farm machinery designs in the develop- 
ir.g countries is severely limited. Unless 2:propriat.e farm r.achines 

1) U. Chancellor, A Survev of Tractor Contractor Onerations in 
Thailand and P?ala~ysia, The Agricultural Development Council, 
New York, 1.970. 
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are made available to suit the low-volume production technology in 
the less develcped countries, low-cost machines would be difficult 

to produce and mechanisation will continue to be a luxury only a few 
rich farmers coulC 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 indcstrialised 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 
problee in the developing countries. 

Rapid technological developments 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 
comtrles. In tne Westerr coujitr-ies, 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 most imported farm equipment in the developing cow- 
tries sell at two to four times its price in the country of origin. 
Furthermore, since this expensive equipment roust compete with low-cost 
local labour, the economic yardsticks on which the farm machine is 
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, 
before power tillers were looai?~y produced in the Philippines in lS70, 
less then 1,000 units of power tillers were annually imported and 
these were distributed among six different makes and over twelve 
difierent models. With such a limited market, manufacturers could 
not establish effective sales and service networks in remote parts 
of the countr,~. 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 countTies are undergoing varying degrees of 
balance-of-payment problems. Large-scale importation of equipment to 
mechanise tropical agriculture is not possible because there is a 
lack of foreign exchange in most developing countries. 

MECHANISATION 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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i,,, 
,~’ ,’ 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 hare to be developed to suit the ;l 
agricultural, industrial, and socio-economic conditions of the develop- ': 

ii;,, 

8:, : 
.,,- :' 
):-z;; ,-~ 
ii:,, 

;,:, 
;t;,;, 

,, : 

,,, 
:' 

ing co"ntT‘ies. 
Small- and medium-sized farm holdings of up to 10 b:ectares con- :p 

stitute a large segment of the arable land in the tropics. Farmers ,$: 
with such holdings find it difficult to operate economically with : 
animal-draw toois, but the larger tractors of over 30 hp are too 
large for their needs. Ironically, this large group of developing 
country farmers have hardly any access to appropriate farm equipment. '6 
TO be successful, agricultural mechanisation must be introduced on ;'," -;, 
the smaller farms in the tropical regions and must be considered in 'i 
this particular frame of reference. 

Almost all past nati-,nal and international efforts to mechanise 
tropical agriculture kave been concerned primarily with the utilisa- ,:: 
tion of imported machines. Agricultural mechaxisation and indigenous 
production of farm equipment are two facets of the same problem and 
must be looked into simultaneously. The establishment of a viable 
farm equipment manufacturing industry is a prerequisite to widespread ,,: 
agricultural mechanisation in t country. The availability of farm 
machinery designs that could be produced locally will favourably 

':'i: 

,;, 
affect the development of indigenous farm equipment manufacturing ,' ,,," 

,' ::,: 
industries in the developing countries. ::*i 

There is little doubt that the desire of the developing countries ';!I,; 
to industrialise and the socio-econonic implications of agricultural ,I~; 
mechanisation will require the local production of farm equipment. ;-; 
To maximise en~ployment in the manufac~turing sector, it would be desk- ,,,: 
able to produce farm machines in the small-scale industrial s?ctors ::i 

:,,- through; low-volume, labour-intensive production methods. 
Social scientists have understandably pointed out the dangers i ':, 

,~,, of displacing farm labour with agricultural machines. Unfortunateiy 
their analysis is generally based on the field labour displaced 

_:~ 
',!j,f;~ 

directly through the introduction of large, high-powered agricultural :,,z 
machines. It is unrealistic to base such conclusions on a mechanisation,:~j 
technology that is completely inapprnpriate for most developing COUP ',:,{ 
tries. Certainly the ictroductian of mammoth equipment, such as that ~ ;,,~!:j 
used in the Western countries, will displace labour and would be : y ':,I 
highly undesiI,able in most developing countries. On the other hand, ,[,'i: 

,, ,, agricultural mechanisation through the irtroduction of small, indi- 
,,,,;; 
2 

,: :, 
',~ vidually owned farm machines, such as is done in Japan, does not ,,:;;J 

; 

':,~ 

:,,: 

necessarily displace labour but rather permits more intensive and ,~ ,,:: 
timely operations, thereby improving land and labow productivity. ', :? 
St is interesting to note that among 11 Asian countries, Japan has 1,: 
the most mechanised agriculture (3 hp/ha) and yet is among the 

: ~~ ,~:,, 
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j :,, ,‘, ,’ 

couztries with the highest labour input (1,400 men-hr/ha) in the ,~? 

:',~ production of rice in Asia (see Table 1). An agricultural mechenis- 

ation strategy based on the indigenous production of small individu- 
ally-owned farm equipment will provide additional employment in the 
production, marketing, and servicing functions. 

,,. ,::; :; i;,,: 
;,,:,,~ ::;,, ,'>Y~ 

: : ,a,,,', LOW-VOLUME MANUFACTIIRING ~,,~ ; 
j; ji 
,~,,~ :<~ : 

One often hears the popular argument that farm machines cannot ':?: .: 

,, be economically manufactured in the <eveloping countries unless a 

,,, substantial local demand develops. This err'oneous conclusion is 
drawn because the product designs and the production pi-ooesses avail- 
able from the developed countries are often not able to tep the full :; 
potential of low-cost labour that is arailable in the developing 
countries. Undoubtedly the economies of scale are important iii the 
industrialised countries where labour coets are high. Economical 
production, however, can be organised in the developing countries 
with labour-intensive methods if the machines are appropriately 

,,,,, designed for low-volume production. 
,, ,, The many interesting examples af low-vol-ume production that are ,,,;;I 
i:::, 

beginning to appear in some developing countries strongly substantiate ,!d$; :'~, 
this thesis. The low-volume production of the jeepney, a locally 

:,, :,, adapted vexion of the Jeep, by small metalworking firms is a good ,::,;$ 
,,, ,: 

example in the Phil~npines. Most of the jeepney components are menu- ,:::{f ::,, 
,,,, ,., factured all over the cowtry with manual methods using simple tools :<: 

and jigs. The complete body grill end other sheetmetal parts are ,: 
:.: 
::; ," hand made; in quality 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 :,: i: 
by large metalworking shops in the Greater Manila area end supplied 

',',', to small jeepney shops all over the country. Tte production of the 
,, 

,! 
,,,~ 
,) ,: jeepney has resulted in the development of,a sizeable automotive ,,,,,a 
!::~y,, ,component manufacturing industry in the Philippines which has sub- 

:;'+ 
,._ :~,,~ 

stantially helped in the local manufacture of other makes of auto- 
:,::,~, mobiles. The jeepney is among the lowest-priced automobiles end is 

,, 

the most popular mode of transport in the country. 
,,,,,: 

s;,: ,~,,!; 
Another interesting example of appropriate product development ,~ -; >;i, is the motorised lowlift ,pump. This pump was developed by a village 

' farmer-m&ha&z in Vietnam in 1963. In less then four years, newly ',$ 
'43 per cer.t of the farmers in the village had purchased such a 

,,,~ 
;, 

;;;;,, pump(l). Different versions of this lowlift pump are now manufactured ,',,,Y:;;;; ,,, 
'~' in low volumes in Vietnam, Thailand, end the Philippines. 

,:., 
,:: ,::~ 

_ _, ~, i 
<?,Z, ,_,,~ 1) R.L. Sensom,"The Motor Rwq: A Case Study of innovation and 

,,:, 

I ,,, y;;;lopment!: Dxfsrd Economic Papers (New Series), Vo1.21, No.1. ,,,~!B 
<>,<,~', ,, 
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Table 1 

SOm AGRICULTURAL MECHANISATION INDICATORS FOR 11 RICE-PRODUCING COUNTRIES IN ASIA 

,, :‘,: 

:: 
: 

; ; 

country 

Sri Lanka 
Taiwan 
India 
Imn 
Japan 
Korea 
Nepal 
Pakistan 
Philippines 
Thailand 
Vietnam 

Prable 
land 

holding 
ha) 

A$;&~'~ 

working 
po>ula- 
tion/ha 

1.59 

:.z 
f:;; 

0:90 
1.22 
2.37 
3.66 
3.64 
1.57 

: 

I 
1.20 
1.95 
0.90 
0.37 
2.16 

::2; 
1.03 
0.71 
1.10 
2.10 

‘i 
2nimal 

%E 0:204 
0.045 
0.120 
0.236 
0.480 
0.285 

::::: 
0.244 

Hp per 
agricul- 

tural 
worker 

o.oc9 
0.074 
0.009 
0.4113 
1.231 

F%x 
0:012 
0.030 

E%Ji 

Labour 
hours 
'or rice 
:"ltiYa- 
:ion/ha 

Net dam 
agriculi 
pr*rAu 

Per 
3erson 

N.A. 
1300 
1O"G 
N.A. 
1400 

R30 
N.A. 
N.A. 

000 
N.A. 
N.A. 

1 
! 
1 

T 

293 

% 
417 

:z: 

;g 

102 
203 

,stic 
tura1 
ion USS 

Per 
hectare 

352 
696 
133 
154 

'2R 

% 
196 

t:tl 

Source: APO Expert Group Meeting on Ae;ricultural Mechanisation, APO Project SYPIIII/67, Tokyo, October 
1968, ~"1.11. 
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Another interesting example is the high-speed air-cooled engines ,;;; 
in a rural area of the Chachiengsao Province in Thailand. The owner 
of the congany that manufactures the engine is an innovative indivi- 
dual who incorporated into the engine design many ideas from popular 
makes of imported engines. Be also has developed simple production 
equipment to produce these engines with l&our-intensive methods. 
In 1974 this company was producing 1,500 engines a month in the lo-. ,:g 
15-, and 20-hp sizes and was marketing them for use in motorboats, ,j 

irrigation pumps, and power tillers. In Eddition to these examples, '? 
there are many interesting cases of lcw-volume production of diesel 
engines, water pumps, machine tools, motor rickskws 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 cmntries if the product and the 
production process are appropriately adapted to low-volume production. 

DEVELOPING NEW EQUIPMENT 

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 ',i 
often uses the results in developing a wide variety of products that ,,!,+ 
eventually generate industrial activity. Product development requires ",-:e 

risk capital which the struggling small-scale industry in the develop- ,:iZ 
ing countries cannot afford. ~,: 

,,;; :;~,. 
Manufacturers in the industrialised countries have the res~wces :' :',: 

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 available 

,, to the academic and research institutions in the developing countries, ;: 
which are mostly in the public sector. Such instit?ztions in the less 
developed countries have therefore the responsibility to cater to 

'the product development needs of small-scale industry. : ;:: 
,,,: ,,, 

ii,,, 
IRK'S MACHINERY DEVELOPKTNT PROGRA?? 

IS 1967 the Agricultural Engineering Department of the inter- 
national Rice Research Institute (IRRI) initiated a prograrrme on the :T, 
development of low-cost farm machines for use and manufacture in the ,_i 
tropical rice-producing countries. Under this progrwae, engineering 

,~, 
,, ;: 

drawings and other technical assistance tire provided withbut cost to I:;, 
,, 
t',:~' manufacturers who are willing to produce such machilies. 
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Six 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 x-e,-~lariy 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. It simplified the manufac- 
turer procurement problems and minimised parts problems for the end- 
users. The other components of the tiller were fairly si&e and 
could be produced by small metalworking firms in most developing 
countries. C:,Fe was taken to limit the prod~uction operations to 
simple cutting, bending, welding, and machining operations. A range 
of attachment.? 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 price of cam- 
parable imported powm tillers. As of December 71, 1974, over 7,000 
IRXI power tillers have been commercially produced in the Philippines. 

The success of the 5 to 7 hp tiller and the continuing need for 
a larger power tiller has led to the development of another IRP.1 
power tiller with a 10 to 12 hp diesel engine, multispeed trans- 
mission, and steering clutches. This larger tillel was recently 
released to six companies in the Philippines and these manufacturers 
are now fabricating their units. 

b) Axial flow thresher 

Experience with two earlier hold-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 roves in an axial' 
directicn in the threshing drum and this prolongs the 'threshing action 
Preliminary separation of the grain and straw occurs in 2 full-circle 
concave that extends to the full length of t‘he 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. 

c) Power weeder 

Since paddy fields in the developing countries are small and 
have no headlands at the end of the rows, turning of a ground-supporter 



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 

Cage wheels with fixed lugs have been popularly used with large 
,+-actors 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 14-inch wide metal 
blades mounted on a wheel frame that can be radially extended to 
obtain better traction ad improved cnbility in difficult field con- 
ditions. When a tractor bogs down in soft fields, one or two lilgs 
can be fully extended to extricate the tractor from the bogged con- 
dition 'ader its own power. The bogging down of a tractor is a serious 
problem for tractor contract operators since it requires winches or 

that almost ail makes of large farm tractors sold in the Philippines 
for paddy cultivation are equipped with such wheels. 

1:;;:; e) Batch dryer 

Drying of peddy 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 difficul't to fabricate in the less developed count?ies. The IRRI 
batch dryer was desigr.ed with features similar to those of the 

ated by most small metal- ,, ,~ 
A simple pot-type oil. 

e permits safe operation. : ,, ,ii 
to 6 hcurs. The standard 

plans zre available for ::, 
es are now manufactur3ng ,, 

t is also~~roduced in 

,,,~ 
fuel, an alternate rice 

is dryer. The furnace con- ,::: 

I for rice hull, and an 
or automatically by con- !;'!, 

drive pulley driven from ,,': 

,:, 



the blower fan. This furnace is produced by the three dryer manuf~ac- 
turers 2nd is finding an increasing market in the Philippines. 

The IRRI machinery develooment ~rogramme has demonstrated that 
public research institutions can play a significant DLI+C in develop- 
ing local industry by channetig research effcrts to solve soecific 
research and development bottlenecks that smal~l-scale industries are 
facing in the developing countries. 

nvD"STPIA.L PXTENSION 

During its early years. the IFRI machineq Ceveloment grogramne 
encountered considerable difficulty in encouraginp nanufacturers to 
produce the IRRI agricultural machines. Advertisements offerinp free 
agricultural machinery designs were placed in the leading Philiupine 
papers with little success. Subsequently orders were placed with some 
selected manufacturers for the suppl~y of a few TRPI-designed machines. 
This prodded sane companies to produce these machines and helwd in 
developing their interest. As the manufacturers gained some confidence 
in the IRRl machinery pragrammr, comercialisztion of the machines 
became relst;-~aiy easier. After one of the IPRI machines achieved 
some commercial success, manufacturer interest increased ranidly and 
many companies now actively seek machinery designs from IRRI. 

The commercialisation nf the designs that originate from most 
industrial research institutions has been a chronic problem in the 
developing cnimtries. Experience indicate- ;hal distribution of 
engineering drawings and tecbaical information te manufacturers is 
in itself not sufficient for successful commercialisation. Most small- 
and medium-sized metalworking firms in the develcning countries are 
not used to working with engineering drawing s and prefer duplicating 
actual sample machines. These firms have very linited 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 
manufacturers. 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 supply of a few, usually one to six, 
machines to the Institute. This approach provided the manufacturers 
with some additional business and permitted them to evaluate their 
production capabilities for producing IRRI machines without taking 
any risks. 

Such a strategy was possible since most IRRI machines were 80 

designed that no special tools, materials and processes were required 
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in their manufacture. An added advantage of this strategy was that 
the design weaknesses end production problems were pinpointed and 
rectified early during t?e limited production phase. The manufacturers 
were encouraged to !wdify the IRRI designs as they sew fit either to 
suit their production facilities or to improve the machine's perfor- 
mance. Almost every IRRI machine underwent some degree of modification 
at tilis stage. 

Each mvlufacturer submitted its first machine to IRRI to be 
evaluated and checked egainst drawings. The manufacturers were in- 
formed of the test results end given the appropriate recommend&ions 
for improvements wherever necessary. If the first machine performed 
satisfactorily, the manufacturer received approval to proceed with 
the Troduction of the other machines ordered by IRRI. The manufac- 
turess were encouraged to test-market some of the machines being 
fabricated for IRRI end any inquiries received by IRRI were channelled 
to them. Even before they could complet? the IRRI order, the manufac- 
turers were often able to sell 3 few of the more promising IRRI mech- 
ines. Such sales provided the mi.nufacturer with a strong Incentive 
to enter regular production. 

To facilitate marketing in the early production stage, IRRI 
provided leaflets, inetructior. 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, end 
these helped in the introductory sales. The machines received from 
the manufacturers were extensively field-tested in various part of 
the Philippines end in other countries through co-operating subcon- 
tracting orgenisations. Menufecturers were informed of any design or 
production defects during this stage. 

Once satisfactory field performance W.&S obtained. the manufac- 
turers were given the go-signal to produce the machines regularly. 
This design-release procedure was quite successful and is now the 
standard method for releasing all IRRI designs. 

Because of .the limited resourcee available to the programme, it 
was difficult to organise a major industrial extension effort for 
csmmercialising the IRRI marLines in countries other then the Philip- 
pines. Co-operative arrangements were made, through subcontracts, in 
nine Asian countries, with orgenisations that indicated an interest 
in extending the IRRI machines. These orgenisations were provided 
with those machines which had gained some commercial succeee in the 
Philippines and n modest amoat 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. 
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Some useful experience has been gained in extending the IRRI 
machines to menufscturers in other countries through the co-operator 
approach. It shows that the agricultural end industrial research 
orgenisations in the public sector are interested in testing and 
evaluating machines but are not as effective in working with local 
manufacturers. These orgenisations seem faced with prnblems somewhat 
similar to those of the academic institutions. Lack of interaction 
with local industry end insufficien' motivation. to commercialise 
machines are common diffic'llties. 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 
power tiller rather than in extending the complete range of IRRI 
machines to other manufacturers. In al.1 caeee the subcontractors 
ergineers, who obtained training et 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 quite encouraging. A size- 
able indu?.try for the mencfacture of small farm equipment has been 
established tc produce IRRI machines. Eighteen companies are now 
manufacturing IRRI machines in the Philippines. The production of 
some IFXI 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 IRK-developed agricultural machines have been 
commercially produced in Asia. Table 2 indicates the number of TRRI 
machines that were produced in Asia as of June 30, 1974. 

Nearly half of the manufacturers of IRRI machine8 had x,ot pre- 
viously produced or marketed any agricultural machines. The rest had 
been either importing farm machines or manufactilring rice-processing 
or construction equipment. 

In the Philippines, a sizeable ancillary industry has developed 
to supply components to the larger firms. The power tiller cege 
wheels, plows, harrows end trailers are produced by small metalwork- 
ing shops and more production specialisation is beginning to occur. 
IRRI is alsc experimenting 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 smell metalworking shops. The small. 
firms would produce the remaining components end market the tiller 



Table 2 

IRRI AGRICULTURAL MACHINERY DEVELOPNENT PROJECT, 30 JUNE, 1974 

1 2 3 

! 1: 

- 

4 
an mar 

5 

act;l* __ 
6 

s report: 

-7 

F 

in.57 
8 

1. No.of machines menu- 
factured till June 
30, 1974: 
power tiller 
Batch dryer 
Axial flow thresher 
Table thresher 
Grain c!.eaner 
Bellows pump 
Multihopper seeder 
Single-hopper seeder 
Power weeder 

2. Production capacity 
utilisation: 
tiurrem 
Before start of 

IRRI machines 
Percent change 

3. No. of new workers 
employed 

4. Additional capital 
investment (US$) 

5. Additional capital 

3,900 

-20 

85 

:; 

339 

6,000 

199 

= Not reported by manufac 
= 6.60 pesos. 

:tu1 

11 

NR 

NR 
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-20 
100 
232 
338 

95 

'; 

65 

~,OOO 

154 

457 

20 
84 

75 

45 
30 

42 

,300 

197 

-6C 

7c 

5c 
2c 

18 

?,4OC 

78 

/ 1 

I 

-4 
9 

100 

;: 

12 

2,000 

1,000 

i 

-9 

NR 

NR 
NR 

5 

~,500 

300 

T 
9 

-74 

95 

"ti 

45 

i ,800 

84 

10 

7 ,;oc 

NR 

NY3 
NR 

NR 

NR 

lux 

Total 

5,609 
113 
108 

% 
100 
232 
338 

7.500 

680 

33,000 

330 

These manufacturers have received engineering drawings and technical assistance from the IRRI project. 
However, addltionel manufacturers ere now producing IRRI or similar machines by indirectly acquiring the 
designs for wiiich no data heve been collected. 

Prototype wits of Some IRRI machines have been fabricated by manufacturers in Indonesia Korea, Prkirtan, 
Sri Lanka, Thailand, end Vietnam. Commercial production has Started in some of these countries. A total of 
11 Asian engineers have received short-term training under this programme. 

,~, ,,, ,,, ~-&,'y,':'~ "y,,,> ,, ,,,:,~ ,~: ,,', ,,:,',~:,,~,, ,~,, ,' ,~,,~~,,', ,~ ,,,, :,,,,,:, ,,,'I, ~, ,~ 
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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 Corporation. have developed tools, dies. ,jigs and fixtures 
to produce 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 hwe replaced the primary chain transmission with spur gears 
and ZJF developing steering clutches for their machines. These changes 
will '10 doubt result j.n improved machines although it is not clear 
how these developments will affect the smaller firms which may non: 
be able tc 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 installation of oscillating screens 
for improved grain cleaning and the recycling arrangement for semi- 
threshed material. 

Manufacture of IRRI machines outside the Philippues 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 Ghana 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 axizl flow thresher does a good Job 
of tenderising the straw. The use of this machine for wheat opens a 
large market for it in almost all developing cnuntries. 

In Indonesia, a cornpay 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. A large fertiliser 
manufacturer in Indonesia is now setting up the production of IRRI 
machines in tflat country. Five engineers from this company who 
recently completed a short-term training in the production of .our 
machines at IRRI have returned to start the production programre. 

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 reeders in Japan. 
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In Pakistan the axial flow thresher is being produced by Mess:-s. 
Habib Industries, Karachi, end 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-Due Cong Ty, are 
producing the power tiller end the axial flow thresher. The manufac- 
turers' response on the IRRI machines has been veq encouraging in 
Vietnam end the information received just before the end of the war 
indicates that many new companies had started the production of IRRI 
machines. 

In Sri Lanka a machine Shop co-operative, the Nugegoda Medium- 
Scale hgineeriag Co-operative Society, which has 22 members, recently 
started producing the power tiller. Each q e.chine shop produces some 
parts of the tiller and the machine is assembled and marketed by the 
co-operative. The Sri Lanka Government '?oently organised over 1,000 
light industrial co-operatives and if this initial experiment succeeds, 
more co-operatives will soon be producing IRRI machines in the country. 

In Taiwan, one firm is producing the batch-type dryer end is 
marketing it as the 'IRRI/TARI Dryer'. The Taiwan Agricultural 
Research Institute (TAXI) is OUT 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 intereated in it. 

PROGPAmm 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- 
f‘acturers in the Philippines aad directly hired more then 700 addi- 
tional worker? in the manufacturing operation at an additional inveat- 
ment of FS$ 200 per job. Many additional jobs in material procure- 
ment, management, marketing:, and servicing operations have been 
created. Deny of the IRRI machines are being used in contract oper- 
ations and thei- overall impost on employment is difficlrlt to 
estimate. 

In the early stages, most IRRI machinery manufaotwers 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 only a few manufacturers in the Metropolitan Manila area. 
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Some of the public policies in the Philippines were changed as 
a result of the local production of IRRI machines. The tariff on 
small air-cooled engines wee reduced and a higher tariff was levied 
on imported power tillers to encouxge local mavlfacturers. zany 
IRRI machines were approved for International Bak for Reconstructiox 
end Development loan financing and local banks now provide loans to 

farmers for the purchase of such machines. Interestingly iRRI did 
not make any representation to the Philippine Government for these 
chazges in policies. These changes occurred after Some IRRI machines 
gained popularity in the local market and the government realised 

the need for encouraging local farm mxhinery industry. 
While the machinery development programme wee initially directer 

toward meeting the need of the intermediate-size farm holdings of 
approximateiy 2 to 10 hectares, it is becoming clear that the IRRI 
machines are being used for contract operations and are benefiting 
even the farmers whose holdings a-e less than 2 he. The power tiller 
and the axial flow thresher are being widely used by farmer-owners 
for contract operations to provide services to neighboo:ing farms 
or by tillage or threshing service contractors. The contract oper- 
ators a-e providing a much-needed service to small farmers who nor- 
mally cannot afford to purchase the machines. This makes modern 
mechenisation 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 networks in the major rice- 
producing areas of the country. In tile case of the smaii manufac- 
turers, often the proprietor initially handles the sales function 
and markets the machines directly to farmers in selected areas. As 
sales increase, these smal~l manufacturers start to sell thrnugh 
independent farm equipment dealers or devel~op their own sales organ- 
is&ions. Because of increased farm machinery sales, many indepen- 
dent farm equipment dealerships are now being set up ir. most small 
towns and a national Eetwork of independent machinery dealers 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 et a rather attractive 
price in the Philippines, competes very well with the 8-hp IPRI 
power tiller. Such competition with imported machines is healthy 
because it provides local manufacturers an incentive for improving 
the machine? 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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components are often less than 20 per cent of the total cost of the 
machine. 

Some Philippine manufacturers of IRRI machines have started to 21 

,,, export their products to Malaysia and Indonesia and al,e looking for- 
ward to increased export markets. 

CONCL”SION 

The experience gained from the IRRI machinery 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 zn indigen- 
ous industry in the lees developed countries through carefully tail- 
ored research and development programmes in public institutions. Low- 
cost, demand-oriented products that could be 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 end develop- 
ment needs of the small metalworking firms and it assisted such menu- 
facturere directly without going through the normal industrial assis- 
tance institiltinns in the public sector. 

ting a wide variety of research on agricultural mechanisation. The 
programme was highly market-oriented end in executing it, IRRI gave 
the needs of the farmers and those of the manufacturers appropriate 

on hardware development, 
The programme emphasises the importance of pre-project evaluati6n 

end market Studies. In the product development process, factors that 

the socio-economic objectives but quite often disregard the most 

introduce a technology, no matter how effectively it may meet the 

The popular socio-economic criteria of eaploryment generation, 

but secondary to the market factors. The significant role that the 
market signals play in the assessment. development end transfer of 



i, 

progr*mme. Whatever the social end economic benefits were, the natural 
outcome iies the introduction of a commercially viable technology. 

;i 
The Programme has demonstrated that agricultural mechanisation 

I;:, based on the Japanese pattern in which small farm machines are indivi- 

T;' dually owned can be successful in the developing countries if appro- 
;,:_ 
;:,,, ', 

priate machines can be made available to the farmers at reasonable 

i: prices. The indigenous production of farm machines can be instrumen- 
_:' ,,,,~, tel 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. 
i: 

I_' 

While metalworking shops did not develop new machines, when 
faced with competition they were able to substantially improye the 

I',~ designs origi.nating from IRRI. As soon as a machine demonstrated 
some ccmmercial potential, some manufacturers demonstrated the cape- 
bility of developing fairly sophisticated machines comparable to 

TV: imported ones. Providing local firms with simple machinery designs 
seemed to OYercOme a psychologica?~ harrier that had previously kept 
them from manufacturing some of the impcrted designs. The selective 
approach to i.ndustrial assistance offers considerable potential when 
applied to many other industrial sectors in the developins countries. 

,,,~ 
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X. INTSFGWDIATE TECHNOLOGY AND REOIONAL DSVSLOFW?,NT IN THE PHILIPPINES 

by 

Flufin s. 1gn*0i0* 

THE UNIVERSITY AS A FOCUS FOR REGIONAL DEVSLOPMgNT 

Nindanao state university (N.S.U.) is located abed 500 mi:ee 
from the capital city of Menila, in the midst of a culturally dis- 
tinct end socially deprived wea of the Southern Philippines. It is 
committed to the integration through education of the cultural com- 
unities of Mindanao, particularly the Muslims, into the national 
body politic. It is also committed to providing the necessary profes- 
sional manpower for the development of the island. 

The growth of M.S.U. has been phenomenal. It started in 1962 
with 828 students end a budget of 700,000 pesos ($1.3 million), in 
1975 it had some 7,000 collegiate students end 8.000 high school 
enrollees end its budget totalled 60 million pesos ($10 million). 
The main campus is located in scenic Merevi City, in the province 
of Lenao de1 SW; external units were gradually eatabliehed in Lana0 
de1 Norte, Cotabato, Sul", Tawi-tawi, Xieemis Oriental. end Davao. 
These external units he"= programmes geered specifically to the edu- 
cational and cultural needs of the area they serve: the Iligan Insti- 
tute of Technology for instance offers w,~ioue Lyear technical 
progr-ee for the burgeoning industrial complex of Northern Mindenao, 
end the Sulu College of Technology end Oceanography in the province 
of Tewi-tawi gives oourees in deep-sea fiaheriea end oceanography. 
A string of community high achcols exist et strategic locations to 
better equip young Muslims for entry into college. The standard of 
scholarship is generally high since the students, Chriatiena end 
Muslims alike, ere well aelected from the different high schools in 
t&z zgicn. Yzrious remedial end specie1 programmes have been devised 
to assist the less gifted students. 

Young ee it is, Mindanao State University has proven its worth 
es a school of good standing end in come programmes like engineering 

x 
The author is Vice-President for Academic Affairs of Mindenao 
State University in Marawi City, Philippines. 
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end education, could compare well with the best universities in the 
country, on the basis of criteria such es the quality of faculty and 

students, faculty pay end incentives, research facilities end scholer- 
ship, performance of alumni, end the flexibility end relevance of its 

programmes. 
The university is developing very well es an instrument, or 

venue, for the direct development of the region. Its informal prc- 
grammes, alongside end in co-ordination with the core academic prc- 
gremmee, are designed to meet the immediate needs and demands of the 
region. R.S.U. has informma prcgrammes on tourism, adult education, 
exeou-iive development, F;lblic leadership, science training fcr ele- 
mentary end high school teachers, manpower training in engineering, 
agriculture, forestry and fisheries, end others. An integrated prc- 
gramme for the development of smell and medium industries was estab- 
lished in 197& under the name of Regional Adaptive Technology Centre 
(RATC). 

THE ORCANISATION AND PROJECTS OF THE RATC 

The RATC is ~university-based organisation vbich is directly 
concerned with the enhancemeat end growth of small end medium-scale 
industries in the region. The Centre's programmes focus on appropriate:Q 
technology: entrepreneurship, acd the formulation of public policies ,:;;,;i! 
for industrialisaticn. These thematic thrusts have resulted from a '::::Z 
?bn~ association and close i.nteract-a. +-.I lith the Technology *nd ~,, 
Development Institute (TDI) of the East-West Centre in Hawa~ii.~~l:b9.. " 
activities of the Centre include training , consultation. research ~,,: 
and development, surveys, and the establishment of pilot end train- 
ing plants to demonetrate the viability of e new industry. Orgenis- '~ 
ationally, the RATC is divided into a software end a hardware division.::, 
The software division works on the literature used in the various 
training programmes, conducts surveys and helps rCormulate the neces- 
sary delivery and functional linkages with the comwnity end the ,~, ,:: 
local agencies. TLe hardware divieioD undertakes research and develop- ,:'" 
ment on technology and conducts the various training prcgrammes for ':-,:I: 
specific industries. ,: 

One of the RATC's projects on the University campus is a cera- ,,'I, 
mice centre which serves both es 8 training centre end as a demon- ,,;i 
stration plant. A brasswere centre is being set up in Tugeya, 50 
miles from the campus, in cc-operation with gove-ent agencies like ;$ 
the National Science end Development Board, the Mindanao Development :!: ,,j 
Authority end the toxn council of Tugaya. A low-cost housing project, i : ,!I:{ 
initisted by the M.S.U. College of Engineering, ie being promoted by ,1:-i 
the RATC through training end technical assistance for the establish- ,;:I 
ment of low-cost housing villeges on a self-help basis. An integrated ,::~$ 



,,:~,~, 
i: 

,,,, coconut charcoaling end copse drying plant, invented by e local arti- 
san, is being improved by the University through the RATC: fn co-oper- 
ation with private entrepreneurs, the Deve1cpmer.t Bank of the Philip- 
pines and the Philippine Cooonut Authority, the RATC is currently 
working out the installation of similar plants in the most suitable 
areas of the region. The Neewen Fisheries Station, a marine fishery 
research unit of the University. which has made a breakthrough in the 

~,~ spawning end culture of prawns (jumbo-shrimps) is training the local 
fishermen along the lines of the RATC concept of technology dissemin- 

",,, eticn end entrepreneurship development. ,,y,, 
i 

TRAIBING PROGRAMMES AND THE PROMOTION 
, OF LOCAL TECHNOLOGICAL TRADITIONS 

As the RATC is a new crgenisetion, different techniques end 
methods of training are being experimented on; only et a later stage 
will it be possible to evaluate end compare their effectiveness. 

a) The Ceramics Centre 

'Pie province of Lana de1 SW, as revealed by a recent survey, 
abounds in family-owned and family-operated cottage industries like 
weaving end brassware. The villagers, both young end old ere 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 end the projected demand for cera- 

.~ ~ik,icse@roducts. i\ famiiy-b~j& skills t-airiing prog-me ~2s thought 

to be reasonable. In the Ceramics Centre , groups are divided on a 
family basis: children end parents work together, with the latter 
playing the role of work leaders, end duties are distributed among 
members of the family. Training is conducted ia 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'. The RATC ,:,; 
plans to loan out the potters' wheels which the trainees are now ,',' :, 

,:i: ,, 
using in the Centre, end is envisaging the possibility of lending ',I 

them some glazing materials to produce ceramics wares from their own '~,,~,z; 
local clay deposits. The artisans could then bring the un-kilned 
weres for treatment to the large kiln of the RATC, and the fees for '~~;i ,.,,,, :',~, : 
this service will be paid after the sale of products. r~ 

The longer-range plan of the RATC is to get the villagers to 
,':,;I 

crganise production end marketing co-operatives end to build commun- ;I 
ity kilns of their own. The interest shown by the families in their :: 
training end the qual:ry of their prcduote end designs give the RATC ':I 
staff much hope for introducing the industry in the province. 
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b) The Brasswere Centre in TUE'BYB 
I Brassware manufacturing is en age old industry among the Menanao ;: 

Muslims but has "ever really developed on e large-scale because of 
the low quality of products (the el‘two=k however is excellent), the 
lack of capital, faulty marketing and other problems. Using its own ;,,:jz 

;:,; lesources and a grant from the National Science end Development Board '$i 

i,, (NSDB), the RATC is conducting a research project to improve the ,,:' 

y:, ma"ufeCtU=i"g p=ooess end find solutions to the problems of the 
industry. 

,,, 

i ,: 
!;::: A Brassware Development Centre , aimed like the Ceramics Centre ~:: 

,,, ,,,, at training and production, is planned to be built as coo" es possi- ~'G 

ble in Tugaya, the town of the brassware artisans. The Centre will 
: se=w to demonstrate the improved yet simple new technology of brass- 
:', wa=e manufacturing. Similarly, marketing co-operatives are in the 

Process Of fO=metio". Financial inputs i"to the Centre e=e coming 
from the NSDB and the Metal Industries Development and Research 
Centre. AS in the case of the Ceremics Ce"tre, training wiil be co"- 
ducted in family groups. 

TRE DEVELOPMENT OF INDIGENOUS INNOVATIONS 

_::; 
,,,~, aj The coconut charcoalina and drying plant in Iiigan 

,,, :: 

!,,~:~ 
:i: 

:, 
t,;,, 

~, 

!:::;,, 

Coconut charcoal e"d dried coconut meat (copra) are two mejo, 
products of the Philippines and there is a tremendous domestic xd 

,:% 
'i,~;: 

foreign demand. In co"cei% with the local inventor of an integrated 
', : 
,i 

COCOnUt charcoaling and cop== plant, the RATC has been working o" ',, 
proposals to improve the invention end diffuse it within the country. I'! 

The RATC discovered that this plant is the only one of its kind in 
the Philippines and possibiy in the world. It had the technology 
patented in favour of the inventor 
ma" in his fifties. The invention 

, en unschooled but very experienced :; 
, according to experts of the Philip- i: 

:x: ': 
Pine COCOnUt Authority (PC!) and the United Nations Development Pro- ":/s 

,~;,, 
gramme (DNDP), could,revol"tionise the coconut industry in the co&& ,:;:?: 
if used widely on the farms. 

i:,', 
,,, 

Me+acturing plants of tbis type could be installed in strategic',,>:;! 
Breas and operated on commercial basis. 

~;~,:,, 
Proposals to this effect are ~,:~:,;; ,,,~ 

,,~, Presently being prepared by the RATC in co-operation with the Depart- -:;j; 
Dent of I"~~stries.'The,staff has prepared't+e financial projections ~:~:$ 

,:, ,, ,~ and plans, and has eye" completed the incorporation pape=s for two ,,:~!< ,:~ 
groups of farm-ow"e=S who wish to have the plant on their own holding&,,,.; 

,,,,,~ ,:: The PCA also plans to install a similar plant in its demonstration : ,,,:~$j! 
site in LeYte Island, 200 miles north of Mindenao. 

,,, i: 
,, I ,:,i 

Simple t=ai"i"g packages on the maintenance, repair and upkeep 
~,,,~I 

of,the plant, end lessons a" the formation of co-operatives e=e 

,,,~!: 
,,~, 

/:P 



programmed by the RATC in co-operation with appropriate government 
agencies. Local entrepreneurs ere also given guidelines on the plant's 
economic end financial aspects. 

b) Low-cost housina technolo&y 

>: 
: ,: 
,,, 

The M.S.U. College of Engineering has done research on low-cost 
construction materials for e number of usages, including housing, 
feeder roods and irrigation. Building blocks made from soil mixed 
with cement end bamboo roofing have heen explored quite successfully 
in the laboratory. The RATC. in co-operation with the College actually 
built a lo-house village on the campus using soil-cement end bamboo 
roofing. The idea was to encourage local people to use such materials. 
Students end treinees from various localities did the construction; 
both groups got treined in the technology, end et the same time the 
project raved e lot of money for the university. 

A much larger village of 50 cottsges is planed to be constructed 
on a self-help basis in the remote tow of Lumba-Bayebso, 50 milee 
from the capus. Low-cost feeder roads using these new materials 
developed in the laboratory will service the erea. The RATC staff 
end the researchers of the College are in chsrge of the project. 

1; 
Housing-related industries are made awere of the project. 

i: 

I;,,: 

;~:, 
” ,, 

,, 

c) The Sumbo-shrimr, industry 

In 1973 the X.S.L'. Fisheries Station in Iieewai (60 miles from 
the main campus) made a major breakthrough in the spawning end reer- ,,,, 
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 e demand thet far exceeds supply. 
The Fisheries Station has graduated to commerciai-sized hetcheries 
that are capable of supplying the fry requirements of the region, 
but the new technology must be taught to the people. Whet the RATC 
is doing, concurrently with the Fisheries Station personnel, is to I 
spread the good news, convince pond-owners to convert their present 
fishponds to prawns or open new ones, end invest some of their money 
in the new technology. Eventually, marketing co-operativeswill have 
to be formed, end storage facilities end other services rill have to 

,~, 
be developed. 

One offshoot of this project is a much larger hatchery-ree:earch 
complex built by the Philippine government with financial inputs 
coming from six other countries in Asia. The complex is located on 
the island of Iliola, 200 miles north of Mindenao. 

d) Other projects 

The RATC is currently looking into the manufacture of siwle ,~, 
machines using jun& vehicle parts, food processicg equipment and 
low-cost scientilic instrwients. 

,,,~, 
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THE GROWTH PAINS OF AN INTERME!,IATE TECHNOLOGY CENTRE ‘; The above summery of the RATC's activities after one year of 
operation suggests that it is indeed en active orgenisation. But as 

k p 
,,;: 

,::,? with any new institution there are some growth pains, and e number ~2 ,,~ 
of problems remein to he solved. 

a) ?b@ lace of RATC ir. the universit 

Some herd-core academics in the university tend to consider the :: 

RATC es a low-priority project end several deans of colleges think 
that the RATC's activities could very well be done by other govern- ,: 

ment sgencies end not principally by the M.S.U. It is true that there :; 

are government agencies responsible for the development of small end 
medium-industries in the country, but their reswxces we too central- : 

ised in Manila arid there @r@ not many meaningful projects in Mindenao. " 

Added to this predicament is the precarious peace end order situ&ion 
i?? t%e island. With this in mind, it can be argued that the university y 

d duty-bound to do something for rural industrialisation end that 
the RATC is the most appropriate instrument. Linkages are being @stab- 
lished with Manila-based agencies like the Department of Industry, 
the National Cottsge Industry Development Authority end the UP-ISSI -::bj$ 

(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 Cent=@ in Haweii and the International Development R@@earch 
Cent=@ in Canada. 

;, 
:: >,':,, b) &riculum d@v@lor6ri@nt 

The integration or introduction of courses on small-scale indus- ': 
:,:: ,;,; 
,,,~ 

trialisation, entrepreneurship and similar problems into the curricula ,,;, 

_: ,, 
of the colleges is promising hut not easy to achieve. Some~ headway 
has been acoomplished in this regard. The research tbxzt of the j~_i 

;~;:y College of Engineering for'instance is on the development of appro- ', ~,I,+ 
priate technologies, end the newly-created Institute of Development ,:,:jz 
gives cowses on small industry development. Whet ma@@, it difficult ,,:'" 

to really i-e-orient the educntional system is the fact thet the 

,?,~, existing currisi;Ia f&low the standard university patterns which for :,j; 
1:' 

;:, 
5ost part are western-oriented. Engineering, for example, presupposes ,,':; 

z:: ,~ studies on big industrial plants, their design and efficiency, end ,;;,T 
e: 
,,:, 
,,, 

,: 

z,:, ,: 
;;':, ,: 

~, ,, 

does not focus on the proo@ss@s and technologies obtaining in the 
,~ ,# 

,'- 

region; as for the curriculum on business administration, it deals ,;,;< 

with big companies end large-scale investments. The practice so far ,,;:I! 

has been to plug in two or three coursfs on small-scale industry 
in ,! 

into the already hesvy curricula of the colleges. In ?th@r word@, ':?: 

smell end medium-sc@le,industry development, Bs a target discipline ~,I, i :) 

in itself, is not yet sufficiently wide to form the basis of a 
,::i 

complete curriculum. ,I( 
,i,: 
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c) 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 pr~gramme. A dynamic programme of staff development has therefore 

;~J;:';, ,been established, and ten people have so far undergone crash training 
,,,,, 
;> ,, 'fin Elanila and Hawaii. This has got to be supported on a continuing 

:.:~ basis. Arother problem is the rapid turnover of staff in RATC: one 

key staff member has become vice president of a bank, and xnother ,,, 
want to UP-ISSI in Manila. 

d) Financing 

One of the crucial problems is the availability of money to 
support the RATC's programaes. Prom the way it looks, the RATC is 
an expensive proposition indeed: publications, travels, seminar3 
and conferences cost a lot. It is premature at this stage to expect 
the beneficiaries of the HATC to piough 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 
..,.,.ir.? -l.._l_ a Srest contribution to development. Ths second is that the 

RATC is a viable and relevant programme based on the university. The 
third conclusion is that this experiment couid prove to be h useful 

instrument for formulating a science and technology policy on a 
regional level. 
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XI. THE DESIGN AND OPERATION OF A WATER FILTER "SING 
LOCAL MATERIALS IN SOUTHEAST ASIA 

by 

Richard J. Frankei 
i 

An epprdpriate technology for Southeast Asia was developed to 
prv:ide potable water for rural communities using local filter 
materials. A se=ies filtration 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 SOUTHEAST ASIA 

In Southeast Asia, economic development is closely linked with 
iEnproved social welfale of the massive lrlral population. The techno- 
logical priorities appear to be transportation, commwity water sup- 
ply, and rural electrification, in 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 disillus- 
ioning experience. Capital costs are high, and each plant must gener- 
ally be tailored to a local set of conditions. Thus design and cbn- 
st=uction are time-consuming and require weil-trained personnel. 
Operating costs are likewise high and operational djfficulties are 

nuinersus. Sased on a recent evaluation of rural water supply projects, 
the following problems we=e found typical: laboratory equipment was 
not available for daily o= weekly jar tests to determine the proper 
chemical doses; operators were not sufficiently trained to perform 
or understand the coagulation jzr test resuits; chemical costs we== 
high in rural areas and operators often tried to cut back on the use 
of chemicals t3 reduce water-treatment costs; chemicals ran short, 
and ordering in advance o= obtaining additional chemical deliveries 

l Dr. R.J. Frank& is president of Southeast Asia Technology Ca.Ltd. 
(SEATEC) in Bangkok, mmand. 
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The high levels of organic pollutants 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 essentiai, so research was carried out to 
develop e 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 end 
suspended particuletes and microorganisms. 

Yerious potential filter media were studied using local materials. 
including pee gravel, charcoal, coconut husks. bagasse ash, jute, 
ground corn husks, and rice husks. Send was used es a control media 
for comparison. Single end series-filter systems were studied. 

LABCRA'L'ORY EXPERIMENTS AND DESIGN 

A six-month preliminary study ah sarried out in search of 

efficient filtering material. Filter media wes soqht for both a 

primery. or roughing, filter and a secondary, or polishing. filter. 
Criteria for selection were abundance, ewe of preparation and 
&ox-age, filtering efficiency, service life, and low cost. Emphasis 
we8 placed on the natural state and size in which such materials 
were found locally in order to evoid complicated nethods of prepar- 
ation end to maintain simplicity in design and operation of the 
filters. 

Use of the .:ocal filter matarials es filter media for the 
treatnene of su~‘fece waters was cari-ied out in two stages: stage one 

on time was always a problem in distant communities; Griihout proper i 
dosages the chemical coagulation-sedimentetion portions of the plant 
operated ineffectively with the result that turbidity loads were 
almost entirely handled by the rapid send filters; understanding of 
wky or &or. to beck-weeh the rapid send filter wss plenerally lackinr: 
mud bulls end short-circuiting were typical in many filters; proper 
Sizing of sand was found Lacking; end lack of sufficient operating 
funds often curtailed the use of chemicals and limited daily plant 
operation to 2-T hours of discontinuous production. These difficul- 
ties left village leaders and villsgers alike feeling cheated end 
deceived when what they received was seemingly en out-of-place and 
unworkable technology. 

Thus, a p-oven technology in the deveioped world is not neces- 
sarily en eesi:y exported commodity for the developing countries. 
The need for e new epproech is wident in rural *weter supply, even 
in the seemingly well-proved areas of conventionsi water treatment. 
This study deais with a suggested approach for treatment of surface 
waters in Souxheast Asia - ?a approach that has been -ander test for 
three years in Thailand. 
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et high-rate filtration end high turbidities in the range of 100 to 
400 ;tu (Jackson turbidity units); end stage two et a slow rate of 
filtration with turbidities in the i5 to 40 Jtu range. Stage one was 
carried out to establish the effectiveness of the media es roughing 
filters - that '6 to roqove a considerable portion of influent tur- 
bidity fo- a sustained period of time et low head-loss. Removal of 
other poll*xtants was considered secondary. In the testing of stage 
two, the prime objectives were to meet the drinking-water standsrd 
of clarity and to test the bacteriological removal efficiency of the 
filter media. When necessary, synthetic turbidity, in the form of 
kaolin clay, wss added to the influent river or municipal water to 
insure a constant range of turbidity levels. 

LABORATORY RESULTS 

a) The primary !roughina) 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 end hew little market value. except in 
erees where the husks are shredded for pecking material end used in 
sugar making. Cost of obtaining the raw husk is generally transport 
cost only. In Bangkok shredded coconut husks were obtained from a 
coconut coir mill for USS 0.125 per kg. In Figure l(1) ttrJ efficient, 
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 consictently above 90 per cent. Duration of filter 
run increased directly with increasing depth of medium. Effluent 
quality wss improved with greeter depth of medium during the first 
hours of filter operation. Differences in effluent quality diminishes 
however, es the duration of filter r'un increased. The filters were 
operated over a twelve-week period. Penetration of influent turbidit] 
was substantially deeper than that of ether media. Clogging started 
et the top layer, bet the particulate mstter penetrated deeper into 
the bed es the filter run progressed. The shredded-coconut-husk 
filter appea-?d to operate in a manner similar to an ion-exchange 
column. Once the exchen@ capacity of the upper pcrtion of the bed 
had been exhausted, influent turbidity was removed in the lower por- 
tions of the bed. Seed loss building was slow end was proportional 
to the depth of penetration of colLoida1 end suspended materisls. 
Ao accumulated heed loss of 1.2 m was used es a limiting criterion 

-.- 
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Figure 1 

FILTER PERFORMANCE OF COCONUT tiUSK 
FIBER AT DIFFERENT DEPTHS OF MEDIA 
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for duraticm of all runs. In no case did a deterioration in effluent 
qilality occur prior to reaching the limiting heed loss. 

Operation revealed that the media were complicated to clean 
because of the deep penetration of particles into the filter bed. 

The cowout-husk fibres would require complex cleaning methods es 
well as large volumes of back-wash water. Therefore, wasting of media 
after clogging was more practical then cleaning end would be more 
applicable in rural opsrations. No back-washing of the filter was 
carried out. The need for additional valves, pi?ing, a backwash pump, 
end z storage water tank was thereby eliminated. The availability 
end low cost 3f the medium also fevoured discarding the hxks i-ether 
t%n cleaning them. Ideal operations would require the operator to 
replace the filter media about once every 2-3 months. 

b) Thewdarv (polishing) filter 

A secondary filter medium was requiF"d to polish the water to 
the World Health Organisation's (WHO) standards (for turbidity colour 
and "dour) and to improve microorganism removal. The most successful 
filtering material found for the polishing 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 et a nominal price (al-2/ten) 
Rice husks are disposed of es waste, althollgh a lerge amount is nsed 
es feel by the mills in Thailand. Elsewhere in Southeast Asia, where 
bhe mills are rw by diesel or oil-fed steam boilers, some husks are 
brick ;.ilns. The burned rice husks we not burned tr. a white ash 
because combustion is incomplete et low temperatures in the boiler 
(less than 350°C). The husks ere burnt to a blackened ash which 
consists of about 90 per cent silicon dioxide, 6-7 per cent oxides 
of magnesium, aluruinium, calcium, and iron, end the remaining 3-4 
per cent organic matter (m"st?.y 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, absorption 
prcpertir= *l*..r*r c-l scti~ated rarhnn~ smell pore size, high per- ____I.., 
meability end very low cohesion, making the ash highly suitable es 
filter material. 

Performance of the control send filter and the burned rice husk 
is shown in Figure 2(l) using raw water from the Chao Phya River 
with en influent turbidity of 25-85 Jtu. A slower filtration rate 
of 0.25 m3/m2/hr. was used to compare turbidity renewal efficiency 

1) A?:gr Albert" S. Seville, A Study of Filtration Methods for 
Prrvlding InexDensive Potable Water to Rural Communities in Asia, 
%sls for tt MS degree (mimeo), Aslen Institute of T 
Bangkok, 197;: 

ecbnology, 
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Figure 2 

CGMPARISON OF SAND AU0 BURNT RICE HUSK 
AT THE SAME FILTRATION RATE AND INFLUENT TURBIDITY 

123 
I 

110 : 

104 

1 

/ 

90 SalI----;/* 

/ ii 
Et we 0.34 nun 

t 

"nilomty Cdf. .' 1.35 .--' 

83 // 

70 t / 

/ 

80 T 
L+ -\/d-Ah Y 

- 

.- 243 
,,, 
:,,:~,‘,, 
:,,,: s ,,,, 
_;.,; 

: ,,~, .,, ,,.,,,, ~::,:‘,,,: :, ,,,, ,,; ,, ~, ,, ,,, : :‘: ,: ,,~:,, ,~ ,,, :~: ,,I,, ,,, : ;, ,;,, ~, :, 

i 
0 21 50 15 100 125 150 u5 ml 

II I I ! I I 

0 I 8 12 16 20 24 28 32 

Du,mion 0, Run-ho”,. w,,oga day* 



_ ,,,,,,, 

with that of a slow land filter design. Operation was stopped when 
the head loss reached 1.2 m. Throughout the length of 11111. effluent 
quality was excellent with a residual turbidity less than 0.5 Jtu. 
Penetration of the filter medium was superficial. since most of the 
t"rbi;lity was removed in the upper 2-3 cm. Thus. ideal operation 
would require scraping off the upper 5-10 cm of the median about 
once every 2-3 months. Because the burned rice husks are plentiful 
and inexpensive. discarding the medium after "se appears far more 
attractive than washing. 

Numerous tests at filtration rates of 0.1-2.5 m3/m2/hr. were 
made comparing burned rice husks with sand as filter media. The 
results are plotted in Figure 3(l). In all tests "sing burned rice 
husks a 25-J: per cent longer filter run was achieved without sacri- 
ficinz effluent quality. Thus, it appsars that the burned rice husks 
can be substituted very effectively for sand in water-treatment 
filters opwated at slow to medium filter rates, thereby eliminating 
the sizing problem associated with sand. 

PILOT FILTER UNITS CONSTRUCTED AND OPERATED 

This research project was carried o"t under the auspices of the 
Mekong Committee. The United Nation's Economic Ccmmission for Asia 
and the Far East (ECAFE) funded the construction of one small village 
size filter "nit in each of the four Mekong Basin countries (Laos, 
Khmer Republic, Vietnam and Thailand) and one large village unit in 
Thailand. 

A summary of the pilot plant units, indicating their location, 
capacity, number of persons served, construction costs, and initial 
Operation costs are given in Table 1. For the smell village "nits, 
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 portion of the total invest-" 
ment cost varied from 45 to 85 per cent. 

For the lar-ga village size ;;lit, the single lnnst 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 - 
52.60 per capita. This is considerably less than the $6.00 - $8.50 

1) After N. Jaksironot. m. 

d 

,,, 
,, 



xy, 

;i ,,,,, ‘,” 

Figure 3 

COMPARISDN OF SAND AND BURNT RICE HUSK AS FILTER MEDIA 
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Table 1 

Swf,y OF CONSTRUCTION AND OPERATING COSTS OF TIE PILOT WATER FILTER PLANTS 

(in 1973 US dollars) 

Location of 
Pilot Plant 

capacity 
m3/hr 

Ban Sam, Thailand 
(830 persons) 1.25 

Kambual, Khmer Republic 
(800 persons) 1.50 

/ 
r.J 
& 

;z;;l&Lo"g Thong B, 
1.00-2.00 

(200 persons) 
I 

Nong Thha South, Laos 
(500 persons) 1.25 

Ban Nong Swag, 
Thailand 

(5,000 persons) 15.0 

Equip, 
Mate 

Local 

330 

105 

373 

235 

3,660 

CO”: 

rt and 
LdS 
tmported 

74 

124 

60 

250 

2,000 

;tr 
I 2 

1 

‘uction costs, 4; 

N.A.(3’ 11c3 240 

28 64 525 

N.A. N.A. 485 

530 1,600 

lot21 

635 

7,850 

T- I 

I 

l- 

:nvestment /Village 
cost per operatinfi 

capita costs pe* 
month (1: 

r 

C 
:c 

;iF 

0.30 26 0.35 

1 lo-14u 20 . . 

.95 ' N.A. 

1.60 115(5 

! 
I ) 

-- 

Iperating 
:3sts per 

Family 
ser month 

(2) 

0.30 

0.50 

N.A. 

0.15 

Notes: N.A. = not available. 
1) Based on one full time operator 8 hours per ;~y, 30 days per month. 
2) Assuming on equal charge per family regardless of water use or "umber of family members. 
3) All construction labour and transport supplied free by Ministry of Public Health. 

. . ..l_. _ 
4) Pilot unit was designed to serve 500 persons. A" additional expenditure of only about USa3O.UU was needed 

to complete the distribution system to serve the other 300 persons. Hence 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 to build conventiona~l water treatment 
plants in Northeast Thailand(l). 

Operating costs for all units remained low and varied between 
$0.15 - $0.50 per family per month. These costs include+ labour, fuel, 

filter media replzcement and pump repair (end in the special case of 
Ban Ncng Suang. chemical costs). Even at the low levels of income 
found in these communities, villagers indicated their willingnees 
and ability to pay for the operation of the uni2. In Ban Sam, far 

example, the average water charge per family per month requirea to 
maintain the system was 4 Baht (US$O.ZO). The average family income 
for comparison was 2,000 Baht (US$lOO)per annum. When the village 
began to operate the system on its own and pay for total operat?ng 
costs, the village headman set up a dual price system of 5 Baht per 
family per month after the rice crop was harvested and I.5 Baht per 
family per month during the growing eeason when cash on hand was et 
a minimum. Insufficient time was availsble tc observe how effectj~vely 

the villagers would finance the system on their own. However. in 
comparison with other water systems operating in Northeast Thailand, 
the water charges needed to operate and maintain the water filter 
units were one fourth to one half the normal ratea charged in similar 
villages(2). A village-wide su~ley made after four months of filter 
operation in Ban Sam indicated that the average villager's w!Iling- 
ness to pay was 10 Baht (US60.50) per family per month. 

EXAMPLE RESULTS OF PILOT PLANT OPERATIONS 

a) Ban Son, 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 lmonths 

as the filters ~e?e operated only Z-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 burxt husks 
obtained from the rice mill outside Khorat. The same fibr'e and husks 
were still working effectively when the media were changed for the 

second time some 418 hours oi operation later. Water quality of the 

treated water was very good throughout the 4 months of operation and 

1) C. Athikomrungsarit, Benefits and Costs of Providing Potable Water 
to Small Communities in Thailand. Master's thesis (mimeo), Asian 
Institute of Technology, Bangkok, 1971. The values relate to water 
treatment plant costs only, and would be considerably higher when 
adjusted to 1974 dollars. 

2) Richard J. Frankel, Gvaluation of the Effectiveness of the CommVn- 
ity Potable Water Pro,ject in Northeast Thailand, Asian Institute 
-IT3 (Report submItt d to the Environmental 
Heal:; ,:v;%,*%%, of Public Health, &$ok). 
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generally met the recommended W?iO Internations Drinking Water 
Standards for clarity, colour, odour, and taste. The bacteriological 
content of the treated water varied from O-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 techniques 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 villeges, the operator continuing to run the 
plant only 2-5 hours per day rather than increase the number of hours 
of plant oprrztion; and (b) three p-ump breakdrwns. 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 
*'jsence. 

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 acce~ptance 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 thet 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 stream running by Ban Son) 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 to waste time in fetching the water (the villagers 
catch the rain water through roof gutters which convey the run-offto 
earthsn or concrete storage jars). Interestingly enough, 75 per cent 
of a~1 'families stored both kinds of water. Fifty per cent stored 

rainwater and filtered water in separate jars; 25 per cent of the 
families stored the two waters together in the S'LIOB jars. The other 
25 per cent stored rainwater only. 

b) Hamlet Lone Thong B, Vietnam 

The pilot filter unit at Hamlet Long Thong B worked well from 

;,:; ,,;, :~;‘;’ L,,i, _, ,~_~ ,,,, ,” ,’ ‘,, ,, :,, ,,,~,, ,, ,, ,,: ,,,,‘, ‘,, ,,, ,‘,~‘, /,:, 



Table 2 

RES"L:S OF Q~ZESTIONNAIRE ON FAMILY WATER USE IN BAN SOM 
September 1973 

Questims owed to some 100 families during the rainy season: 

(1) How often do you use rain water for drinking? 

- . . . every day 
- . . . when it rains 

100 . . . until the supply is exhausted 

(2) During the rainy 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 projeci 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 jar 

(4) Awrt from drinkinK, what else do you use the filtered water for? 

83 . . . cooking 
83 ,.. bathing 
83 . . . washing dishes, clothes, house, etc. 

. . . gardening 
17 .._ have sufficient rain water for all household uses 

(5) Do you -prefer drinking rain water over filtered water? 

- . . . No 
100 . . . Yes 
Give reason why? 

Because do not have to waste tine in fetching the water. Also 
rain water has no colour or taste. 
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the time it was opened. Not one single day of shutdown was reported 
during the first 6 months of operations. Supervision of the unit end 
technical support for the operation by the Ministry of Public Health 
wee excellent. Tine quality of filtered water met the recommended WC 
International Drinking '&A?r Standards for clarity, colour, taste, 
and odour. The data showed the dilution effects of the rainy season 
in the level of chlorides in the water , which are not removed by 
filtration. The villagers consumed water of 400-2000 me/l chloride 
content dur?ag the dry season (the recommended WHO International 
Drinking Water Standard is 250 w/l), and of only X-40 mg/l chloride 
content in the wet season. 

Turbidity levels duri.ng the high flow period of the river were 
higher thao in the dry season months. The filter unit generally 
removed more ~tban 90 per cent throughout the entire 6 months of oper- 
ation. Bacteriological removal was erratic. Values of zero to more 
than 2.400 coliforms MPN/lOO ml were reported in the filtered effluent. 
The raw water coliforms count always exceeded 10,000 MPN/loo ml. 

Acceptance of the water by the vjllagers 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 liked its taste end had no objections to its taste or odoar. 
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 es follows: 
a) Successful field testing of eeveral different sizes and design 

of filter units have been accomplished in the Lower Mekong 
riperian countries. Two small village-size wits, each 
serving several hMdred persons in Thailand end in Vietnam, 
have operated continuously, almost trouble free, for a total. 
testing time of 18 months. Units in the Khmer Republic end 
in Laos have not operated sufficiently long to judge opera- 
tional effectiveness. A large village size unit has been 
constructed end operated in Thailand for epproximately 5,000 
pel-SO"S'. 

b) Field data have indicated that the filters are capable of 
treating almost all surface waters successfully without the 
need for chemicals, except for those waters with abnormally 
high colloidal turbidities. However, these waters can be 
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. 
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,aparkling clear, with a turbidity of less than 5 Jtu, colour- ;, 
less, odourless, end cf pleasant taste. Turbidity removals 
were generaiiy greater than 90 per cent end as high as 97 per 
cent. Colour removal YBL similarly effective. Iron removal, 

,, where high iron containing waters,existed, was sufficient ;; 
to reduce all waters to within recommended limits. In general, :::f 
treated water met 'MO International Drinking Water Standards 
,for clarity, colour, taste, and odour. ,,'I, 

d) The bacteriological quality of the treated waters was gene?- ,L>; 
ally 90 per cent or more improved over the untreated raw ,,, ~, 
waters, a removal rate which compered very favourebly with 
removal efficiencies obtained from conventional water treat- 
ment plants prior to disinfection. A small dosage of chlorine, 

probably less then 1 mg/l, would be sufficient to meet the 
recommended WHO International Drinking Water Standards. 
However, chlorination was not used because of the possible 
rejection of the water supply for drinking purposes bf the 
villagers, end because of the questionable need for a Ipure' 

water supply, given the sanitation condition and water use 
habits typical of the villages. 

,:,; 
,' ; 

e) Lengths of filter runs exceeded all expectatiofis based on 
projsctions of laboratory findings. The variability of the 
turbidity loads end the greater range of particle sizes 
found in the field, as opposed to the more uniformly con- 
trolled laboratory raw water quality, 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 quality. Thus filters were operated 
4-5 months without a change of filter media, whereas in the 
laboratory the filter media had to be changed every month, 
to six weeks. 

f) Operational problems were minimal. The coconut fibre can be :: 
washed and reused. The upper portion of the burnt rice husks, ,x:'qiJ 
some 5-M cm depth., can be scraped off and discarded. Addi- ,: 
tional burnt rice husks can then be added to maintain the ,i: 

szme depth of filter medium. Pump,breakdown was the only 
significant operational problem, which accounted for some 
15 days production loss during the pilot studies. ,,,:; 

g), Considerable interest was generated, both in the villages ,~ ::, 

near the pilot projects, and in several of the Ministries :,: 

responsible for providing,water supply to rural communities, : ,'~j 
to build and operate other filter plants of similar de&zn. ',::;? 

c) The physical quality of the treated waters was generally 



ing the basic phenomena by which the coconut fibre and burnt rice 
husks achieve ~their remwa1s of turbidity, colour, bacteria, and 
other impurities in water, with the objective of developing basic 
design criteria so that it will be possible: based on tests of a 
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 



XII. THE SOLAR PUMP AND INTEGRATED RURAL DEVELOPNENT 

J.P. Girardler and M. Vergnet* 

The drcught and acute famine in the countrxs of the Sahel have 
drawn attention to a very serious yet ancient problem: the lack 01 
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) developed a pump appropriate 
for these countries in 1964. 

This pump runs cn solar energy only. The plane salar collectors 
act as the hot source and the ground water as the cold source. Usirjg 
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 stationary, 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-operation with 
the Dean of the University, and then within the Mengin Company and 
the Soci6te fran?aise d'&udes thermiques et d'&?rgie solaire 

(SOFRETES). 
In view of the essential requirements of reliability and endur- 

ance this equipment would have to meet, tests and experiments went 
on for a very long time. After the development and optimisation Of 
the working cycle, all the components had to be tested xzder the 
most severe conditions. 

* J.P. Girardier spent several years at the IYikar 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 af 
waterways and forests, worked for a number af years in Africa On 

,problems of water systems and solar pumps. 
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During this development period, SOFRZES extended its co-oper- 
axion to other solar energy research establishments in African coun- 
trifz: thr National Solar Energy Board (ONERSOL) in Niamey (Niger), 

the Solar Energy Laboratory at Bamako (Mali), the Inter-State College 
for Rural Engineering (EIER) at Ouagadoogou (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 St=ess. 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. Tois station is located some 
700 km inside the Mauretanian desert and supplies water to the popu- 
lation of the oasis. Built in June 1973, the plant is an inregrated 

unit whico includes a school whose roof has bern converted into a 
solar collector. This was,made possible by the efforts of a group 
oft architects who worked on the architectural integration of the 
buildings and designed coilectors 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 enerpv, industrial 
developments have been rather disappointing. if not practically nan- 
existent. The energy policies pursurd by the industrialised cJ"atries 
did not encoufage the development of solar energy. In any case this 
substantial but low-density SOUIIC~ of energy was considered inappra- 

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 developing 
countries. 

More recently, the energy crisis has considerably broadened the 
interest of the industrialised countries in solar power which until 
then had been considered mai-ginal. In i974 France spent JO million 

francs on zxlar 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 snon became involved in the 
Droblems of applying this form of energy. The most appropriate regions 

1) For further details on research expenditures in solar energy, see 

?!EErvs note). 
R & D - Problems and Perspectives, OECD, Paris, 1975. 
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for the development of solar energy are cleariy t'e desert and seni- 
desert areas, where sunshine is abundant and, above all, regular 
throughout the year. From the economic and human standpoint, these 
regions experience enormous problems in pumping their vital water. 
The transport 0f energy end spare parts is considerably hampered by 
tte dispereion of sites end the difficulties of access, and costs 
rise accordingly. 

The ex$oitation of solar energy is to a large extent a problem 
of stor&?. In the particular caee of the solar pump, the eoluticn 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 solvoe the problem of operating solar energy 
installations in desert regions. The design and construction options 
selected were therefore dictated by considerations of maximum Suit- 
ability to the climatic and technical conditions in theee regions. 

The first choice had to be made between plane collectors and 
concentrators. The obvious advantage of the concentrator is 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 to 70 per cent of total radiation. The reason is that 
the sand 6uspendr.d in the atmosphere diffuses aboiit 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 rearientated 
either daily or et least on a seasonal basis. The turning mechanism 
must be e&remely strong to withstand the frequent and 'violent winis 
in these areas. It must also be sandproof if it is to have a long 
life. 

In order to ensure a high degree of concentration, the reflect- 
ing surface must be kept very clean and perfectly r?:~lar. These 
conditions are very difficult to fulfil in desert areas owing to the 
sand (cleanliness and surface erosion) end problems of transport end 
difficulties of construction (risks of damage). 

The advantage of plane collectors is that they trap eo1ar radi- 
ation in its entirety, an important feature "her: skies are frequently 
overcast. They operate well even in mediocre 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 end 
robust, and as a result have a long working life. 

On the other hand, the thermal characteristics of :olane collec- 
tors give temperatures of the order of '7Oo only ar,d 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 eource (the 
water pumped from the aquifer) is very small, the use of plane 
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collectors requires vary careful study of the therm31 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 ;?lane collectors were chosen in prefer- 
ence to concentrators. 

As far as the utilisation of the two sources of heat were con- 
cerned, the thermodynamic cycle wse an obvious choice by virtue of 
its simplicitjr. An organic fluid movee between these two temperature 
sources and converts the available heat energy into mechanical or 
electricai energy. 

TECHNICAL CHARACTERISTICS 

a) Solar cells 

A b-ttery of etatic solar cells of a rudimentary design collects 
the solar radiation end converts it into heat. Eech cell consists of 
e plate acting as a "black body". It 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 farm 
suitable for' conversion, in this case a thermo-dynamic potential. 

For this p!upose, 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. 

Water is drawn from a well or from a r,un-,of-river inlet by 6 

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 90 cubic metres of 
water a day at a head of 20 q etres. This equipment can easily be 
adapted to other heeds, as shown in the following table: 



Heads 10a 15m 20IO 25m 30m 35m 40~ - / 

Average Hourly Delivery 
Average Daily Delivery(m3) 

% 4: 32 2; 411.5 3 
I 20 17 .- / 15 

The first turbo-elternator supplj'ing electricity directly is 
currently in service in Mexico. It has an Lastalled capacity of 
25 kW, and provides water to the town of San his de la Paz. Solar 
power stations rated at 50, 100 and 150 kW will shortly be built in 
Africa and Latia Awrica. The design of this equipment was aiso 
governed by a concern for rellabil~ity and simplicity of operation. 
All the components we derived from equipment which has operated 
satisfactorily over a long period. 

FIELDS OF A?PLICATION AND THE DIFF;C"LTIES 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, liveetock end irrigation. 
These sealed systems are highly reliable end do not require mainten- 
ance which in any event would be difficult to prpvide without skilled 
staff: operating costs we low which is an advantage for a community 
whose resources are limited. These qualities are essentiei for equip- 
ment installed in the couree of development programmes fol‘ arid 
regions, 

a) Village ‘veter swvlies 

The solar pwrp provides a simple solution to many econcmic 
problems but its introduction does bring about fundamental social 
changes. 

In the Sahel area, the job of getting water by traditional 
meane usually occupies the children aged between 6 end 15 for a 
large part of the de.y. They and a few old people gather round the 
well where disccssions take place in a kind of traditional school. 
Installing a paping station in a village released the children from 
this job and breaks this traditional bond. It seemed important there- 
fore to associlte the installation of a pumping station with the 
creation of a school to replace the 'informal' school which drawloped 
wound the weil. The group's architects, J.M. and G. Alexandroff, 
studied the problem and succeeded in integrating the solar installa- 
tion end 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 usin; the roof as a collector, and it appreciably reduces 
the temperature inside the building, by 6-8oC at Chinguetti. 
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Ano~Yher application of village pumping equipment is for improv- 

ing bush dispensaries. These are integrated in the same way es the 
school; the system provides the basic sanitation needed for this 
type of bui.lding es well as keeping i?. cool. The possibility of 
introducing a small amo'2nt of refrigeration for improving the effic- 
iency of riles= dispensaries is under study. 

In Kexico, the instellation of solar pumps is part of a vast 
programme for colonising the arid areas in the north of the country. 
Each new pap beco?les a development pole around which the peeeents 
rapidly gather and organise a community life. 

The induced effects of a new solar pump, whether architectural 

or sociological, is attracting increasing attention from national 
autnorities end is now being systematically investigated whenever 
regional development plans are being draw up. Fairly advanced 
research is in band in Senegal, Mexico end Brazil. 

b) Water for Dasture 

The policy of establishing central water points for large graz- 
~ng areas in the Sahel has been in most case.5 .3 failure end it sppears 
preferabie 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 end in the present state of 
drought this phenomecln is virtual!y irreversible. 

Pumping stations, which a-e complet-ly self-contained end highly 
reliable, make it possible to build up a more balarLced 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 suoplies for a,qriculture 

An essential problem of development in the Sahel countries is 

to increase agricultural production. Soil studies have revealed en 
unlimited water potential which ten only be exploited through pump- 
ing. Solar powered pumping stations are particularly well suited 
both to large settlement areas , which require capacities of 50, 100 

or 150 kW. and to small village-type development projects. 

OBJECTIVES 

The first stage of developing pumping installations based on 
solar energy is coming to en end with some 30 stations currently 

completed or under construction in Africa and Latin America (Upper 
Volta, MeuritanLa, Chad, Niger, North Cameroon, Mexico and Brazil). 
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produce them on an industrial 

work in particular with the Technigaz Company on aid conditioning, 
refrigeration and heating. 

The second approach is that of the transfer of technology. The 
design options which were chosen (plane cells, thermodynami? cycles 

ing building 50 per cent of theee systems locally, 

process of being set up. 

CONCLUSION 

Life is gradually disappearing from these immense regions 
despite the fact that they have en 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 meane to extract water 
and the industrialised countries have not for the most part tried 

specially for them. 



XIII. GARI MECHANISATION IN NIGERIA: THE COMPETITION 

BETWEEN INTERMEDIATE AND MODERN TECHNOLOGY 

by 

P.O. Ngoddy* 

INTRODUCTION 

Gari is a dehydreted food product made from casseve. Of the 
traditional staple foods of West Africa, it is certainly one of the 
most widely knowm and it is eaten particularly among *he communities 
along the coastal belt, where it is known to contribute as high as 
60 ?er cent of the total calorie intake(l). The present pattern of 
production in Nigeria has evolved over the past 75 years and a reason- 
ably stable equilibrium in the division of labous end 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 whet appears to be a static, or even a contracting 
supply. The second is the imminent likelihood of a partial OF total 
mechanisation of the production process. Theee two developments are 
interlinked, with the first generating the second. 

In a free economy, end 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 social benefit, innovation in this caee aseumee a great importenc& 
not only because of the preyeminence of gari in the socio-economic 
framework of the country, but also because gari is the first staple 
food in the processing of which mechanisation is being introduced on 
a significant scale. What happens in gari mechanis?tio? could set 

,~‘, 
important precedents in the processing of other basic foodstuffs. 

* 

,‘:, 

,~ 

:‘~:, 

Dr. Ngoddy is Senior Lecturer in Food Engineering and Processing 
at the Uliiversity of Ife in Nigeria. 

1) W.O. Jones, Menioc in Africa, 
1959. 

Stanford University Press, Stanford, 
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We are faced here with a classic dilemma of contemporary growth 
in a developing economy. A technological innova+ion is generated in 
response to a genuine natioilal need The introduction of ;i;ch 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 prrjcess 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 interdieciplinary research project was initiated at the Uni- 
versity of Ife izi 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 with the Science Policy Research 
Unit of the University of Sussex and is receiving general support from 
the Canadian International Development Research Centre (IDRC). When 
compieted 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 has 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 maniac, is a widely grown tuber of the 
tropical world. It grwsbest between latitudes 20' North and 20' 
South but can also be found as far North as 30' and as far South 
as 300. Precise statistical data do not exist at the moment on the 
total world or regional crop. FAO estimatea have placed the 1969 
crop at a world total of 91 million tons, grown on 9.7 million 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 %&h-East Asia and India. 

Cassava is attractive to producers in these regions for a number 
of reasons(Z): 

a) It is a hardy crop, able to resist extreme drought, and it 
is attacked 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. 

I) FAO, Production Yearbook 1970, Rome, 197@. 
2) See T.P. Phillips, Cassave Utilization and Potential Markets, 

Research Publication No.020, International Development Research 
centre, Ottawa, 1.974. 
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b) It is easy to grow. Small 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 animal fee?s and processed foodstuffs. As food, 
it is used in a variety of forms - flour, fermented mash, 
gari or simply boiled. 

CAR1 AS A FOODSTUFF 

In West Africa, and in particular in Nigeria, the most commonly 
eaten form of cassava is gari. There are no precise &,atistical data 
on the productioil and consumption of gari in Nigeria. However, various 
sou~~ces have estimated that the national consumption is between 1 to 
1.5 million tons per year(l). This would indicate that more than 
70 per cent of the total cassava crop goes into gari manufacturing. 
Market turnover is estimated to be somewhere between 100 and 120 
million *air* 5er year (i.e. $150-180 million)(Z). 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 sometimes 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 production and cnnsumption of 

1) SssI.A. Akinrele, "Nutrient Enrichment of Gari", West African 
Journal of Bioloev and Applied Cheinistre, Vol.10 (r), 19 19by; 
I.A. Akinrele, H.M. Joseph, R.O. Okotore and F.O. OlantAji 
"PersPectxVes of the Protein Enrichment of Industrially Pre&red 
Gari", Paper presented at the High Protein Foods Symposium, 
University of If=, 1971; and Federal Institute of Statistics 
Food Sectiaa, Production of Major and Some Minor Crops 1960-1469, 
Lagos, 1970. 

2) I A. Akinrele, M.I.O. Ero and F.O. Olatunji, "Industrial Specifi- 
cations for Mechanised Processing cf Cassava Into Gari", FIIR 
Technical Memo No.26, 1971. 

3) D.G. Coursey, "Cassava as Food: Toxicity and Technology in 
R.Nestel and R. McIntyre (eds.), Chronic Cassava Toxicity, IDRC 
Research Publication No.OlC, Ottawa, 1973. 
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cassava throughout West Africa. The basic formula for ;~;-.:;z~*.:x~ 
cassava into 'farinha de mandioca* (a gari analogue sti!~? biiel:? 

eaten in South America) appears to have criSinated from Ir:iirn ethnic 
groups of tropical America. It was one vzriant of a rangr of techna- 

logies devised by Amerindians to detoxicate 5% w-e poisonous varie- 
ties of c*ssav*. 

The traditional processing method consist:: LI ~:*id following 
stages. Both the corky wter peel end the tt;:.x c3r:ex of th? cassaw 
root are removed manually with the aid ot' G r.it::hen knife and the 
root is then gra-ied by hand on home-mad>: :XT"~TS into a pulp. The 
grated mash is dewatered on a primitive pl‘e;^, ,:onsisting of weighted 
cloth bags in which the pulp is left for 3 :?r 4~ days. During this 
time fermentation and de-watering take nlzr.? simultan~acsly. Fox- 
woven vegetable fabrics al‘e used as a eie.ve to sift out the fibres 
and the ungrated ends and stumps. The deratered pulp is then fried 
in a large cast iron pan over an open fire, with or without the 
addition of palm oil. The finished product is a dried granular mese 
with a moisture content of between 10 to 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 01‘ reconstituted in boiling water and worked physically to 
a soft dough which is eaten with vegetable soup end meet. In both 
forms it serves es a precooked convenience food, easy to keep end 
easy to prepare. 

The demand far gari has increased steadily since the turn of 
the century end parAcularly since World War II. This growth in 
demand is attributable to the rapid rate of urbaisation end 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 pronounced end have been 
reflected in the price structure. In Lagos for instance the price 
of gari has risen from about BllOO per ton in 1068 ($150) to above 
Y200 ($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(l). This disproportionate rise is directly related to the in- 
elasticity of supply which in turn results from the place of cassave 
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. 
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THE LINK BETWEE! TECHNOLOGICAL INNOVATION AND MARKET NEEK 

Far a long time following its initial introduction from Brazil. 
gari production remained primarily a household operation character- 
ised by low dzily output and high labour requirements. As long ae 
the p*npose was to serve the i.mwdiate requirements of the farmer's 
family, there was no compelling pressure for far-reaching innovations 

,,,. ",,Z Things began to change with the development of the cities - a 

ga:;,!: trend which can correctly be 'traced to the establishment of a per.- 

manent colonial administrative capital supplemented by a nuber cf 
,::, regional headquarters. These 'towships', as they were then called, 
:,,_,, .* constituted new centres of gravity, attracting people to new oppor- 
Nil,, 
!',: ,I~, 

tunities for jobs and training. However the full momentum toward 
::,,, ,, 
',!,, 

urbanisation was cot realised until after World War II. Once military 
conscription got w:.e:. way in ttie w*r. the low cost and ease of pre- 

,:~, 
:,',' paration of gari combined to make it the *Cost important component of 
Jo: the ration in army barracks. A scale of trade in gari completely 

:: ~rn~u.own pl'ior to the wa: got underway in an effort to supply the 

I ,, large requirements of the army. In order to eern some cash, small 
':,;,~ producers (village housewives in most instances) started to q eke 

j,',, more gari than was absolutely necessary to meet the family's daily 
requirements. 

The first recorded attempts at innovation in the manufacturing 

::;;-, of gari appears to have occurred in Francophone West Africa(l). Some- 

;~;+ ,~~ time during World War II, the French assisted the Togolese in build- 
@ ir,g small 'factories' for manufacturing gari and tapioca. These were 

a considerable advance over the uewal manual method. Each factory 

::~,~I: consisted of a smell had-fed rotary grater driven by a gasoline 
engine, batteries of concrete tubs for starch sedimentation, and a 

:::y;; ,‘< j 
row of low wood-firsd cookers for drying the product. The women in 

/::, the villages used this improved equipment to prepare their own gari 

:::: or tapioca. 
,,;;i,, The engine-driven grater is believed to have found its way into 
;,', 
:;;,,~ Nigeria in the 1940'5. This improved technology was welcomed in a 
,, ,, handful of areas where its superior output brought demonstrable 
in,, ~, ,,economic advantages to the producers supplying gari to the towns. 

;;:;t; ,::~, ,',? 
:g.:j;: ;,, 
gj:;,,,,:: " ~", 

LARGE-SCALE KECHANISATION EFFORTS AND THEIR SPILLOViR 

z,r;q ,;,, ,,, ,, : :' ,: 
,.-I,:, ;; 

,l) See W.O. Jones, w. 
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Innovation in gsri production was confined to the mechanisation 
,', ':?f the grating stage until thy? early 1950's when the newly establishei 

,,,: ::,,Federal Institute of Industrial Research (FIIR) in Lagos initiated a 
,"~ 
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major effort aimed at acdernising the technology for gari processing. 
Evidence LI~~WS that full meihenisation was the goal from the outset(l). 
The justification for the project was to alleviate the drudgery of 

the traditional lathed, improve both hygiene and quality in the pro- 
ces: and attain large-scale production of a basic food required to 
feed the rapidly groring populations of the urban centres. The aim 

was also to assist industrialisation in whatever way possible by 
geoerating attractive commercial opportunities which either private 

investors OP the government could exploit. 
: The earliest effort was directed st the development of a mechan- 
I ical fryer. Failure to produce a prbduct acceptable to consumers as 

genuine gari led the Institute to the conclusion that its understand- pi 
:: ,, ing of the chemistry of the process was incomplete. Fundamental 

research was henceforth ~mdertaken to study the biochemical changes 
which accompany the conversion of cassaSa pulp into gari. Co-operative 
w,rk between FIIR and Professor Collard of the Department of Baateri- 
ology at the University of Ibadan was initiated and subsequently 
elucidated the full sequence of changes in the fermentation of 
cassava pulp(Z). While this fundamental work was in progress, engin- 
eers at FIR, somewhat impatient with the ~1.0" pace with which results 

evolved nn the biological side of things, completed detailed plans 
;,R for a fully mechanised pilot plant around 1954. However. owing to z,'; 
,;:i 

lack of funds, the impiementation of these plans were abandoned till ,':': 
,.ii 

several years later. It was apparently in lieu of this mechanised 
pilot plant that a decision was taken tc develop a completely hand- ;';iyi 

':,,, operated process which would be supericr to the existing village ,, ~;~ 
method. A comprehensive report giving the engineering details of 

I>, the hand-operated system was published in 1958(3). ," 
" ,Y, ,:~, Two major contributions were made by the research effort embodied ,,,:i 

::t 
in this report. The first was a detailed and simplified guide, includ- '?' 

,,; ~, ing working drawings, for the local construction of mechanical graters. :I; 
,,,,' This development was quickly pcpularised in the gari producing ComDUni- + :,, : 
;_~ ,, ties of Southern Nigeria through the active promotio;i of government ;+j! 
: : agencies concerned with rural development(4). Rural ~Earpenters and ':G 

" ,, blacksmiths were soon manufacturing mechanical graters and the 
,,,,, 

:$ 
i,, 
>;, 1) Report of the Department of Pommerce and Industries, Lagos, 1950-51-,,::1T 
: :, 

'2) P. Collard and S.S. Levi, "A Two-stage Fermentation of Cassava", ,::X<; ,.,,, Nature (London), Vo1.183, pp. EGO-621 (1959). : $ 
::,, ,.,, '~ 3) ?,.S. Levi and C.B. Oruche, Some InexoerSive Improvements in Villaae;,:;] ,i;;,, 

~Scale Gari Malta, FIIR Research Report No.2, Lagos, 1959. i,,,) 

4) M.Th.'Zwaakhuizen; The Improvement and Utilization of Coors, Cassa~a~':,;Ii 
IGari), Rice and,Cashew option in Rum 'L "st=ys,$ ,i,, ,,:_, FAO, Report No.1529 to the Government Of Nigeria (Eastern Reglon)v :?';; :,:,,, Lagos, 1962. ,;>,: 

$;;;r', ,, ,~;:; 
,I 
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motorized nit capable of grating several hundredweight oft caesava 
per how rapidly found its way into village co-operatives. Zural 
entrepreneurs were encouraged by parallel developments in the milling 
of maize and 'lafun' (a dehydrated piece-form cassava) where private 
owner-oprrators of disc-attritio:, mills were doing a profitable busi- 
ness operating on a *mill-and-charge' basis. 

This type of operation is now commonplace in all rural communi- 
ties where giri is produced for commercial purposes. Large-scale 
co-operative producers have their own mechanical graters. Alterna- 
t'vely, privately-owned grater,5 mill the caesava delivered by cus- 
tomere in the neighbourhood. Privately-owned mills oi thie nature, 
:*hich ai'e used in the grinding of a wide wi'lety of food items (beans, 
cereal grains, yams, pepper, tomatoes, onion=. case.wa, etc.) must 
rightly be seen es the ,~arliest and still the most importsrit form 
of grass-laots food processing in many parts of West Africa(l). New 
arrangements to encourage the use of mechanical graters are continu- 
ing to be evolved by private owners. One interesting development 
which has gained increasing importance in learnt. years is the intro- 
duction of an ecgine-driven mobile grater mounted on a 4-wheel or 
2-wheel trailer which is wheeled from one place to another to serve 
the customete. 

Aigh user satisfaction has sustained a steady climb in demand 
for greting equipment. 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 erxnally. The overall development in caesava 
grating? thus appears to be a balanced and effective one, not only 
from the standpoint of economic success but particularly 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 pens in a row. In the process of fry- 
ing, gari is transferred successively at &minute intervals from the 
coldest pan next to the chimney to the hottest one next to a wood-fed 
fire-box. Sanitation and generai working conditions were improved. 
'%vo women yerating the rs.nge achieved an ho-wiy output siightiy more 
thm double tne traditional fryer. It is not clear whethe> the mul- 
tiple-rage frying technique was promoted as vigorously as the mech- 
icai grater. For if in fact it wee actively promoted, it remains 
unexplained why gari producers, and in particular the co-operative 

1) Francis Aylward, Reoort to the Government of Ghana on Foods and 
Nutrition, ETAP Report No.1449, Accra, 1961. 



,;,, ,,~ ,,,,,,, 
::,‘,, 

operators have not taken advantage of its superior productive capa- 
city(1). The situation is rather interesting: herr is a case of two 
.imcurrent innovations with demorstrable labour productivity advan- 
tag,~, originating from tie same source, in more or less identical 
circumstances. One of them 98kes a tangible impact, while the other 
turns out to be a failure. 

*round 1957 the collaborative work with Professr,r Collard began 
to yield definitive results and the two-stage fermertation of gari 
was elucidated. A. -.. -m-d with this knowledge, FIIR proceeded to develop 
a seeding technique suitable for use in large-scale mechanised *so- 
duction. These fir& significant silccesses gave a much needed impetus 
to the project. The 1954 proposals were revised, equipment ordered 
and trials on a wechanised pilot plant initiated in 1963. The engin- 
eering problems proved no less difficult and protracted than the 
earii.er fundamental research. By 1964 the hardware had undergone a 
series of redesigns, cKlmin*ting in B pilot plant which functioned 
more or- less as follows. The ca*sava roots were placed in a water- 
filled concrete mixer adapted with wooden mixing arms. When the arms 
were set in motion, the rubbing of the roots against one another and 
against the siae wall removed the outer corky tissue. The roots were 
grated in an impact mill and the resultant mash was put into aluminiu? Ai ,,~,, 

,',' tatis seeded with 4-day old cassava liquor and left to ferment for 
,,: 

,, 24 hours. Next, the mash was centrifuged to reduce its moisture con- 
tent to abwt 50 per cent and then granulated and sifted to separate _:;$ 
the particles and remove as much of the fibn? as possible. The puti- :!,$ 
sles were 'garified' - a process involving partial gelatinisatioa and 
drying to between 6-8 per cent moisture content in a cascading louvre ,':: 

: 
dryer equipped with a patented garifying section. 

In 1965 this l-ton/day pilot plant was loaned to a group of 
,,,~ ,~, 
~,, 

:,: ,, :;: : 

entrepreneurs in Ijebu-Ode(Z). Beset with rising cassava prices, 
difficulties in the frying process and frequent breakdowns. the plant 
was xturned to FIIR in 1966. The Institute, which had made cost ,:, 
projections on a lo-ton/day plant, continued develipment wo-k at a 
rather low profile on the frying unit. Progress is believed to have 
been significantly slowed down by staff dislocations and other diffi- :,,,I:j; 
culties associated with the civil war. Consequently it was not until :~$i 
the very end of the 1960's that the first major redesigned frying 

Z,,~ 
,:, hardware, embodying a separate garifier and a separate dryer, was 

supplied by Newell Dunford mgineers, a British fira with a reputation ,:l,; 
,: 

,: 

,,, 

1) According to officials of the Eastern Nigeria Development Corpor- ;~~:!$ 
ation, efforts to promote the adoption of the multiple range fryer ::k 
did not yield much results. It was believed that the equipment did ,,',,? ,~ ,:: 
not work satisfactorily. See P. KilDy, Industrialisation in an ,~ ; ,;,; 
g&p!9; . Nigeria 1945-1966, Cambridge University hess, ,t ,, / 

2) See P. Kilby, Or).cit. ,i 
,,;c ,:> 
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in dryer manufacruring. 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 tad by now undergone 
a series of rpdesigns(l). Further modifications -were to follow, lead- 
ing in the 1970-71 period to a 3-ton/day capacity plant still in 
operation zt FIIR and iiving quite satisfactory results(Z). 

A: the beginning of 1969, a Lebanese entrepreneur fror; Gambia, 
Mr. Masri. approached the Tropical Products Institute (TPI) in London 
about setting 'xp a starch factoryi3). The TX suggested that he might 
consider gari production and put him in touch with Neweli Dunford, 
who supplied Edgar Massi and Co.Ltd. with a lo-ton/day plant based 
on the FIIR design. The performance of this plant was fauity, sug- 
gesting that the developmental work on the hardware (the garifier 
in particular) was incomplete. After a dispute between the two parties 
Newell Dunford undertook to bring the mechine up to the apeoificaticns 
of the contract. This was achieved by 1972 with the active collabor- 
ation,of FIIP.. 

A number of high level technical staff at the Institute visited 
Gambia during t:lis time on the invitation of Newell Dunford to assist 
the intensive R and I: effort in progress there. The end product of 
this cc-operative effort was the Mark III Newell Dunford gari plant. 

Its estimated cost in 1972 was E55,OOO sterling - a considerable 
mark-up from t?'e original 513,000 which Edgar Masri and Co.Ltd. had 
paid for the Mark I plant in 1969. The present situation is that the 
Mark III plant is functiwh:ly successful although its cperaticn is 
hampered by the lack of +d,~,~~uate supplies of cassavs. There is also 
the problem of developing i local market for the product in Gambia. 

The fully mechanised technique as embodied in the Nark III hard- 
ware is in the process of being introduced in Nigeria for the first 

time(4i. The Ido (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 suppQ all the cassava requirements of a fully 

1) See 0. Adeyinka and C.D. Akran, Improvements on the 1 Ton/Day' 
Gari Plant. FIIR Research Report N0.29, Lagos, 1964. 

2) I.A. Akinrele, M.I.O. Erc and F.L. Olatunji, Industrial Soecifi- 
cations for Mechanised Processing of Cassava lntc Gari, FIIR 
Technical Memorandum Nc.2b. Lagos, 1971. 

3) A Visit to Gambia by two members of the gari project team from 
the University of Ife enabled us to interview the oww-s of the 
Gambian sari plant. 

4) Chief Obafemi Awolowc gave a press conference on the 9th cf 
November 1973 at the launching ceremony of the co-operative. The 
statement was later carried in several leading national dailies. 
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mechanised gari processing plant. Planting on nearly 2,000 acres of 
this land was completed in 1974 and the lnstzlletion of the Mark III 

plant was in progress in 1975. 

THE ALTERNATIVE APPROACH: INTERMEDIATE TECHNOLOGY 

Because of the overriding commitment to full mechanisaticn 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 technology appeared on the gari scene as a one-sided 
reaction to the large scale, high cost and considerable sophistica- 
tion of the technology resulting from nearly 20 years of research 
effort at the Institute. 

The first sustained effort to develop an interzedxate 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 returnees were many scientists and technical people, some 
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. "n&r the circumstances of the war it would 
have been logical not to give priority tc the development of a tech- 
nology for which a iabour-intensive but otherwise effective alterna- 
tive existed. The development was in fact postponed, but after the 
disturbances, the East Central State re-established this activity in 
a unit called PRODA (Products Dwelopment 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- 
volved in the mechanisation of gari. They formed a firm called 
Fabrication Engineering and Production Company (FABRICO) whose prim- 
ary activities wex-e in metalworking and furniture manufacturing. 
FABRIC0 then developed a motorised gari fryer which has been in com- 
mercial operation at Issele-Dku (55 miles East of Benin) since 1971. 
The first sale of the gari fryer to a goverraent-owned company was 
made in the East Central State(l) and FPlBRICO 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 Gove:nment. 
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Both the PRODA and FABRIC0 machines a-e of similar design. They 
are simple aad low-cost when compared to the FIIR design (which served 
as a catalyzer in their development). Both machines represent a con- 

siderable advance over the traditional method: in each case the fryer 
can handle one ton of finished gari in an S-hour shift. The traditional 
technique, by contrast, has remained a menuel operation, and the only 
significant illilcvation in the last 75 years has been the introduction 
of mechanised grating. For the rest it has remained totaliy insulated 
from modern scientific and technological improvements. 

The heart of the FBRICO machine, and its most significant inno- 
vation, is the frying unit. The man-hour output of 150 lbs is clearly 
phenomenal when compared with the 5 lb output uf the traditional fry- 
in,- 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 inexpensive open 
structure. 

The contrast with the ND machine in Gambia is striking. The ND 
machine is characterised by its relatively sophisticated technological 
irrputs 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 hardwere Eli 
is available for purchase as standard equipment in the internationai : 

process engiueering market. The main thrust for its development has 
been of the integrative engineering type. Aitbough 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 ECONOMICS OF INNOVATION(l) 

As could be expected, the ND-MK III plant costs a great deal 

more than the FABRIC0 plant. There is .some difficulty in valuing 
each one since the commercial market has not yet msterialised. Cow- 

ever, on the basis of conversations with the respective parties, we 
have valued the installed Gambian machine at NlZO,OOO(2) and the 

B 

1) This section is based on a detailed analysis prepared by Raphael 
Kaplinsky of the Institute of Development Studies of the Univer- 
sity of Sussex with the assistance of the author. T*s full study 
will in due course be published elsewhere. 

2) Or approximateiy $180,000. Newell Dunford published a feasibility 
pxjection on the MK III plant in 1971. However the Ido (Ibadan) 
Co-operative Project has estimated the cost at a much higher level. 
See Chief Awawolo's press release. 

- 270 - 

_ ,, ,,, 



FABRIC0 equipme:it at ~lO,OOO(lj. If anything, these figures over- 
state the cyst of the local intermediate technology and understate 

that of the imported fully-mechanised technology. When operating at 
full capacity (three shifts per day), the FGSRICO plant produces 
3 tons of finished gari a day end reql;ires L; workers; the h' plat 

produces 10 tone of gari with 83 ?ecPle. 
Beth techniquesiare'Sasically efficient: the, FABRI(.O machine 

has a somewhat higcer. prcdflctivity of cepi'iel, b%Jt this is counter- 
balanced by the higher productivity of laboor in the ND machine, ad ' 
all other things being equal, one technology is ae good as the other. 

This first conclusion must be qualifi'ed. If one assumes that the two 
machine< are operating not at 100 per cent capacity, but at 33 per 
cent (a <more realistic as&dmptian), the production vcste per +cn of 
gari are r+atively higher with the N3 machine(E). A number of fac- 
tors account for thi;: the-FAERICO machine's comparatively high 
efficiency in terus of capital productivity, the smallnes? of ND's 
advantage in labour productivity, the efficient use of x-a-# materials 
in the FAERICO prccess, end the relatively high wages par-d tc wcrkere 

of the MD plant. 
An entrepreneur planning to set up a gari factory can choose 

either one of the two technologies, but the deci,eicn is far from 
simple. Viewed in the peijpective of private o&iaalitp, his choice 
will depend on a number of factors, and in particular on the cost of 
labour end the interest rates en borrowed capital. If the piant is 
to be set ud in a rural area: where wages are low, thezFABRICO 
machine is clearly more profitabie. In us-ban areas, whei'e salaries 

are higher but a quaiified iabcw force more easil?? available, the 
ND machir.e ia 3 better choice. The higher the prevailing interest 

rates, the &Teeter the comparative &vantage of FABRICO's inter- 
mediate tecimolcgy. Taking these twc constraints into account (wages 
and interest ratesj, one can draw a boundary line betxeen the two 
techniques and show at what level of salaries or interest rates a 1 
switch-over from one teckaique to the other becomes inevitable. 

The choice between the txro techniques can alec be made on the 
basis of social cptimality. In this case, the crii;ericn is not the 
prcfit made by the individual entrepreneur, but, the bener‘it act-xing ,' 
+o the country as a whole. Measurements pf social optimality tend ic 
be rather shaky, for they are based not dn tiarket prices (for w&es, 

1) Or apprcxirrately $15,000. The ADA paid E3,500 (05,250) fwz the 
FAERICO machine in 1973. Two additional FAX?ICO units were sold 
to a private owner for Y11.000 ($16,500). 

2) At full capazlty, the production cost of one ton of gari is Y97.5 
for the ND machine and 8174.6 for the FABRIC0 machine. If capacity 
utilisaticn falls to 33 p-r cent, the costs are Y112.7 and K31.8 
respectively. In 'the first case, the ND machine's production costs 
we 31 par cent higher, and in the second case 38 per cent higher. 
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raw materials, etc.) but on 'shadow' prices and 'opportunity' costs. 
Furthermore they introdxe a certain number of qual;tative factcrs - 
for instance the social value of indigenous innovations or the nezd 
to penalise imports -. which can be quantified only in a very rough 
way. Despite their sbcrtccmings, such calculations are important both 
for the policy-maker at the national level and for the managers of a 
country's R end 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 FABRIC0 machines, these calculations 
of social cptimality - based on shadow wage rates, foreign exchange 
conservation, the value of indigenous inzcvation and the effects of 
innovation on the price of gari - all tend to-show Shet the FABRIC0 
machine is more attractive then the imported ND mcc2ine. In other 
terms, the conclusions yielded by 8 social nptimality ana1ysi.s happen 
to go in the same direction as those suggested by the e?.rlier private 
cptimality analysis. This of course does not mean that private entre- 
preneurs wili necessarily all choose to use FASRICO machines in their 
gari plants: in a free market economy, it ie very difficult to inte- 
grate social cptimality 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(l) 
* 

The fact t:.t there have been some innovations in gari production 
in Nigeria over the past 40 years confirms that there are profitable 
opportunities for innovation. However, there are also a number of 
institllticnal, crganisaticnal 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. lrhet 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 
"rr?a!,ised demand" for scientific and technical knowledge. 

Of equal interest to cur current ccncern are some of the more 
subtle end largely unexplored aspects of underdevelopment. There is 
evidence to suggest that in the case of Sari, the basic simplicity 
of the necessary innovation may have been obscured by the professional 

1) Many of the ideas discussed in thie section have resulted from 
interaction with various members of the Institute of Development 
Studies, Universie; 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 of FI14 staff is 
at the basis of the high level of scientific inputs in 'the ND tech- 
nique. The preccc=pation with full meccanisation from the start is 
partly a reflectj.on of the dominant national mentality at the time, 
but also partly a reflection of the fact that research officers con- 
fronted with a problem nave delved into their vast stock of technc- 
logical knowledge for an answer. Armed with a comprehensive knowledge 
of a wide assortment cf processing operations, they were inexorably 
propelled in the same direction. The outcome is a technology package 
which appears to have giver. very scant attention to the environmental 
conditions in which it is to be used. 

The obvious discrepancy between the resource-mix for which such 
modern technology wee designed, aud the actue1 resource-mix which 
exists in a developi.ng cantry like Nigeria places this te~hnclcgy 
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 ,,:, ,,v, 
a nagging question: to what extent have FIIR in particular, and 
Nigeria in general, gained from their share in the inventive and : 
innovative process? The term 'gain' referred tp here does not pertain 

ii 
::; 7; 

primarily to property rights, although this is impx-tent, but concerns ':;j!! 
the development of an indigenous technological capacity and the ;;j:;;; 
ability tc make it a cumulative and self-sustaining process. At the :,,,,,,! 
moment, the answer to this question remains at best uncertain. ,, 

,,,;c 
In contrast to the above picture 

j,, 
, and precisely because it 

~,,, lacked high-powered scientific +nd engineering skills, FABRIC0 was 
:::; 
::: able to see through the 'skeleton' of the problem. As a consequence, :' 
;, the simplicity of the FABRIC0 hardware blends it naturelly into the 

rural environment in a way that the ND technique cannot. Qualitatively, ;< ,,,~, 
it represents a purposive development in the historical process of 
innovation but it does not conform to the slow pace of change which 

,,~,, 

,, j 
I,,', ,'is' generally characteristic of traditional technology. It has been ,, ,: ,,, ;;, 
~,:, aided from abroad in its conception but retains its indigenous char- ~j:, 
~,: 

acter. In this sense's positive transfer of technology has taken 
;,, :' 
::, ,, place and there have been indisputable gains in indigenous techno- 
,;:,,' logical capacity at the grass-roots level. 

,?,C 

:;:,: ,,,, ',' The weight and orientation of science and technology in the : ,,T; 
,,,,,:: 

advanced countries might have a decidedly negative impact on the ,,,',~'j 
development of technologies which are appropriate to the specific ,I, :'; ;,~, ,, 
requirements of the developing ccuntries. In the gari case, there 

,7; 

,' has been a double-edged 'blinding' effect which derives directly ,,: 
:,,,; ,frcm modern engineering approaches to pivcess design. The spectrum 

;i 
,:,,j 

::,,;:~, ,',, 
z,F: ,, 

,,:,,s, 
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of svsilable high-cost components from which sub-units were selected 
by FIIR and ND for the integrative design effectively precluded a 
consideration of low-cost, labour-intensive alternatives. In the 
FABRIC0 case, the lack of conventional engineering knowledge, par- 
ticularly of modern techniques of design cptimisaticn, resulted in 
a relatively efficient, low-cost and l&our-intensive machine whose 
functional potentialities, we strongly believe, has not been fully 
exposed. We cannot, however, condone the ignorance implicit in 
FASRICO 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 sltills will, in the long 
run. impede the development of the innovative potential of organis- 
ations such as FAERICO. 

Under present conditions everything appears to conspire to 
prevent developing countries from selecting, even from the existing 
spectrum, the capital-saving and employment-generating technologies 
which may be optimal. The consulting firms which they employ in 
preparing projects, making feasibility stw'ies, drawing up specifi- 
cations and examini.ng tenders are all steeped in the technological 
outlook and traditions of the richer countries. The same is true 
also where local professionais are employed since their basic out- 
lock derives from the same dominant monolithic orientation in science 
end technology. What is needed among other things is to politicize 
scientists end engineers in research institutions like FiIR to a 
point where social cptimality takes on a new importance in their 
design considerations. 

THE SOCIAL IMPACT OF INiVOVAT?ON 

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 cppcr- 
tunity cost of this labour. The distribution of income is largely 
a reflection of the division of la-oour between 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 these 
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 immediate areas, and most of it probably goes to expanding 
marketing activities. Innovation is neither rapid nor widespreat and 
the pattern of social relatfcns, while by no means static, has eVOlVe 
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cave= the past 100 years in such a way that the production Of cassava 

end gari has become an integral part of the social system. 

At the other extreme, the fully mechanized plant is likely to 
have wide-ranging coosequences. The plant producing 3,000 tons of 

gari per year requires only 83 workers and will dis@ace a large 
number of people. There will also be a substantia:. displacement as 
a result of mechanisation in cassava production although the extent 
of this ir. not known. The effect of this upon other crops depends 
on the seasonal availabiiity of agricultural labour. Income from the 
production of gari will be redistributed from women producers to xhe 
owners of the plant and its workers, and only a small number of the 
latter could be the same "omen. 

In the prod~xtion of cassava, income will be redistributed frcm 

peasant farmers to the owners of the plantations, the agricul'.ural 
labourers (some of whom could be the same ftzmers) and the producers 
of the equipment, who are predominantly foreign. The concentration 
of inccme will increase significantly, since it !.s very likely that 
both mechanised cassava production and mechanised gari manufacturing 
will 5~ 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 viii depend on profit opportun- 
ities, but it is unlikely to be a; 3~ tally-centred as it would ba 
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 rurai areas. If the fully mechanised plant is 
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 pettern oi rural 
class formation but is unlikely t-0 result in significant differences, 
with regard to other factors. The organisation of successful co-oper- 
atives must be recognised as one of the main difficulties here. 

Intermediate tech-lology innovation in cassava production can 

take either one of two institutional forms - peasant co-operatives 
or core-plantations complemented by peasant producers. In each case. 
'there is no major imperative for mechanisation, although the private 
profit inherent in mechanisation may make it ettractive to individual 
innovators. Growth of output 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 
locality. Both forms of organisation will affect social relations and 
the process of rural class formation, but tine co-operative system 
should be less disruptive. 
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APPROPRIATE TECHNOLOGY IN GHANA: THE EXPERIENCE OF K"MAS1 
UNIVERSITY’S TECHNOLOGY CONSULTANCY CENTRE 

B.A. Ntim and J.W. Powell* 

,,, DEVELOPMENT GOALS AND THE PREREQUISITES FOR DEVELOPMENT 

,,: ,, :,, 
:G ,; 
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In a recent conference on international co-operation in rural ~;:!I 
development in Africa(l), it was generally agreed that the basic aim ," 

,,,:, ,,,,s 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, 
shelter, water supplies and employment. The conference also stressed :i: 

tj<?, : the following elements of an integrated rural development strategy: ':I! 
a) At the local~level,~there is a majcr need for detailed sur- ,,:;;,i 

.$;',, veys of the economic, social and technical resources of the ,,~ ,, ?$:i i :yz;>; 
community. Such surveys which must be made as far as possible ,:;;~:?:z 

jz;;,:,;,: with'full participation of the local population, are the ,~:~;;;;;;;tj 
basic wsy tqidentify the,most urgent needs and to help in ,;;:i;; 
the implementation of new development projects. ,;,:,q 

s-9:~ <z~<- b) Since the,main occup%&ion in developing ccuntri& is'agri- -;$ 
culture, the starting point for development~lies in the dif-, ;; 

;& ,, fusion of improved production technique?, the supply of mere ,zfj 
j!;;::', appropriatti agricultural implements', a wide/&e 'of,'fertilis-':~~ 

h;.,: ers, better animal husbandi$,'and the provision of servicks ,:, :~~':,?$ 
;!,q.y ,', ,$ 

;gi 
such,as storage facilities and supp&ies~cf~imprcved~seeds. ,,~;;j; 

g,;!);,h ,,;y 
c) Additionally:, it ik,~i$eh.X~~<~,~, ~,++.&'th~ iestablishment~,~.:~~~ 

.~.,',, 
of '~small-Scale "indu&i& "in', fields, ,liKe &alticrkmng ,, car7 ,,'! :,;::~+i;;: 

g,,: ,~, i, ,;;:y>; 
;:.^ ,,,, ~,, ,~ ', pentry; ,and ~&;a, +xe&n&,-to "&po'+ the, $g+cult&+i &c+',;~;;;;;~~~ 

:, 
$b,i 

tbr 'and to +eet the basid,,ne&ds 'bf ,the ,iocal' ~pc+iaticn.~~:' ,"',,,.,:;;::$i 

i&;?',, ::, ;: ? ' De in, J.' W. ,Powell 'is 'ihe direct&,; &d,:&. 'B.'A. N’& the deputy? ~,,~,,,, y f:::;& 
,director,,o,f the Technol,ogy~'Consultancy' Centre of the Uxiiversity' ~:~ :':j;:; 
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' 'l),Repcrt of the'Third:~Sub-kegicnal'Wc,~kshcp'on &t&&& 1:' 1 :,: ::?z 

$;r, ;j~,~ j, ',:,, ,, ', ': Co+operat ion in, Ru?@ Development :, in ,Africa ; sponsored by the ~,' ,' ;::,::':@ 
';r:,z;:-, : Ecdcomic Commi?sion for Africa (Reppti, No',. ,E/C,N +/swcD/,~~,) ,', ,, ,' ,~~,~:,~,;;;J~~ 

"' " ~;Noy+,ber,1974.~ " :~,'\ ,,:, ,',' 
',', J,,$J 

gFj, ~,, ', ,, ,',,, ,,', '~, 
:,,, 

&;f;~~,;;;,; :i ,,,,' : ,, ', " I~;, 
&:,~;f,>~>:~ ,:', : ,',, ,; '; : ~':, ',, ,I:: -' 276 ,- ,:,, :‘: ‘, ):, ~: : i ,:~ ,; ‘,I :,’ ‘, : ,:,,::,, ;,:.::i;-:;# 
‘@*,;,,~ ,,,, :~ ‘, ~, ,:~’ ,,, ,i’ ,” i,,,‘, :,, ,~,: :, ,, ,,, 



d) Continued intensive multi-disciplinary research programmes 
on rural development should be sei up to identify the major 
innovation needs. The objectives, scope and nature of such 
programmen must in the first instance be explained to its 
potential beneficiaries. 

e) United Nations agencies , national and international voluntary 
Fgencies could, whilst co-operating with governments, play 
a useful role in the promotion of rural \Sevelopment by under- 
taking and financing the feasibility studies for such projects, 
providiag technical experts tc 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 wailability of 
raw materials and manpower, the size of the market and other econcmi~, 

social and cultural f!aotors. 
During the early years of technology transfers from industrial- 

ised nations to developing coontries,'much frustration was suffered 
by the latter group because whole industries were imported unmodified 
without due regard to the local economic and technical resOUrCe5. 
The ease of agricultural machinery is a typical example. After indr- 
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 insuffjcient 
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 -anknown in the Troject area and which met with 
the disapproval of tne local pcFdiatlcn. Failure was the inevitable 
end result. 

It is not surprising therefore that 3 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-bow 
which are normally required in setting up and operating new production 
facilities. 



MODERN TECHNOLOGY AND ECONOMIC DUALISM 

Ye are all aware of the growing glp between rich and poor nations 
and, within developing countries , of the gap between the towns end 
the rural areas. Sigh rates of unemployment, massive migrations to 
the cities and excessive dependence on imports from the industrialised 
countries are common to alma:;:? all developing countries. These problem; 
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 B lot to do with technology, ?nd in particular with the 
import of capital-intensive labcur-saving technology which requires 
a high level of skills, a sophisticated educaticnal i,nfrastructure 
end 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 heretofore. This is particularly true in the 
case of a country which, like Ghana. suffers from a chronic shortage 
cf foreign currency. In that country, the cement, sugar, beer. tobacco 
and soap in&dstries, which rely either on foreign raw materials sup- 
pl;.es or on foreign maintenance support, are all operating today &t 
Iess then 80 per cent of their capacity, and in some cases even much 
less. After se-reral 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 
vi11 ever be used before the best part of it is scrapped. 

The use of highiy productive modern technologies in situations 
where their products compete with those of indigenous crafts (e.g. 
textiles produced by weavers or pottery ma% by local potters: results 
in the destructian 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 enplcymert they offer is created in the 
metropolitan areas whilst their establishment causes unemployment 
mainly 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 
low capital costs per work place, per unit of output and per machine, 



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 implemented and brings to ligtt 
some of the problems of diffusion of low-cost technology. 

OFF-CAMPUS BUSINESS GENERATED WITH THE DIRECT ASSISTANCE 
OF THE ‘XRNOLOGY CONSULTANG XNTRE 

The Centre was set up at the Universie; of Science and Technology 

in January 1972 to make available to the public the expertise and 
resources of the University and to promote the industrial development 
of Ghana. The Centre has ccnceVxated much of its effort on the 
development of small-scale iniustries. as can be seen from the follow- 
ing case studies. 

a) The manufacture of wider glue - Mr. 5.K. Baffoe sought the 
he:p of the Centre in 1972 fcr the development of a formula to manu- 
facture paper glue from cassmva Staroh and alkali from plantain peel - 
'two raw materials which are in abundant supply on the iocal market. 
The Centre pl'ovided 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 financial loan. Within a year, the entre;reneur 

,',,,, was supplying the best part of Ghana's needs for glue, thereby saving 
: ,' substantial amol;l?ts of foreign currency. Additionally, this project ,,, :;,,, ,: is providing employment to some 25 rural dwellers who would otherwise 

:: :: be unemployed. The currently envisaged expeasion of this project is 
likely to bring an end to imports of glue and the prospects for 
exports exe very bright.. In fact, the entrepreneur has concluded an 
agreement to manufacture the product in the Ivory Coast, and Senegal 

z,:~ has placed a token order to sample the local market. This project is 
:i likely to lead to the development ard adoption of other technologies. 

For example, there are arrangements to manufacture locally the plastic 
ccntainers which have ,tz be imported and which Often run short on the 

:,: " local market. :: 
The glue project is outstanding in that after the development 

of the glue formula, most of the remaining work (production, know-how ', 
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) The Schorls Scientific Impcr t Substitution Entercrises (SSISE)- 
,3,,, 
:Q;', In October 1973 the Centre imported two machine tools for SSISE. The 
i:,,, first was an 8 inch centre lathe and the seocnd a high-speed wooden 

handle turning machine. The latter is capable of producing wooden 
handles for chisels, files and screwdrivers at a rate of 200 per hour. 

;::>' " Some instruction has been given to SSISE employees in the production 
:;$ 
:::,:, : 
p:; ,,:: 
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of handles and the fitting to chisel blades. The use of good quality 
tropical hardwoods should enable the handles t3 be exported ta B-ltair 

which has already placed a large order. The only problem now is -to 
produce these items at competitive export pi-ices. SSISE have also 
contributed enormously to the building of soap plants originally 
designed in the Centre and which are being installed in most parts 
of the country. They have manufactured all the platforms, soap moulds, 
cntting tables, lockers, duck boards and tressels. Another project 
in which SSISE has been involved is the manufacture of the broadlooms 
for village weavers. Yore than 45 of these looms, which cost a&at 
$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. I" 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 unasrtaken in the Faculty of Science and the client 
was advised if the quality conformed to the National Standard and, 
j~f not, how an improvement might be made. 

The chemical starch production for laundries was a typical cake 
of the above request. A local entrepreneur presented to t&t Centre 
a sample of laundry starch prepared from cassa"a starch and the 
alkali from a wild plant. The sample was tested and four?d successful. 
The Cen':*e 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. 

Some clients ask foi‘ help to improve their existing skills. 
others for technicel assistance to set up import-substitution produc- 
tion units and still others want to know where they can obtain pro- 
duction equipment oi- packaging materials. Sometimes these questicns 
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 CAMP”S PROD”CTION UNITS AS A M!uNs 
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. Basicaily, 
these units have the following aims in mind: 

- to train craftsmen and managers in the skills of thf new 
industry; 
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- to complete prr + development under production conditions; 
- to test the rn?-,:v for the product; end 

- to demonstrate t -.trepreneurs the viability of a new 
industries i activity. 

So fi. ;hare are three of such units in the Centre 'o: the 

manufacture of nuts end bolts, pale bar soap end weaving i‘ms. 

a) Nuts end bolts 

In the case of nuts end bolts,, es much as half a million dollars 
worth are imported into the country each year, end until the Centre 
started up production, there was no establishlent in the country 
which produced them in any quantity on a regu.ar basis. The little 
amount which we.5 produced by local blackeni'&.? was usually @f very 
poor quality. With the establishment on tbe campus of this production 
unit, which uses second hand imported machines. all the production 
end commercial problems associated witli the enterprise have been 
studied, analysed end documented(l). The quality of the products is 
as gccd as the imported item, end 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 
entre);reneurs 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 foI‘ entrepreneurs to bring 
into the country machines similar to those used in the pilot produc- I:,,,, ,, 

bj~jiL 
tion unit. 

?, 
b) So?.,, production ,, ::, 

::,I' The soap market in Ghana is quite erratic. The main producer ;, :,i 
of soap in the country is Lever Brothers Ltd. who use mair,ly imported 

_: 
raw materials (oils, caustic coda and additives). At the present 

.::,, world-wide high inflation levels, these imported materials are rising '!'j 
,i' in costs. However, the price of soap products is state controlled i ,,::, 
p. end consequently there are frequently,time,s when these products can-, :; 7; 
I!,,, 
it : not be produced et the controlled pi-ices. As a result there are 

,,, ;!,j 

shortages of soap, especially in the rural areas. 'j,:p 
The Centre therefore embarked upon a project to develop a simple ,,::,?$I 

plant for making soap in bars from locally available raw,mate$als. ~:s 

i,:~, i_, 
Ite ~~-a& uses caustic soda produced from local slaked lime end 

,, _ *; 
':' :::,y; 

s siC-~,z carbonate. The forner is a waste product frcn a local fi,rm ,: ,: ,,;:, 
,j,', wh_ ';,.e the latter? ie imported, but it is easily aveileble at prices '?i i,: ,, 

;>:,;::,, 
h:;' ,,,,, 1) Technology Consultancy Centre, Second Annual Report on the Steel :' ,,;$ 

,,,, :\ .,,.~ " $$t Production-, Kumasi. April '974. ;j,,; 
'::,s~ 
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milch lower than those of imported caustic soda. A pilot soap plant 
has bee" built on the campus and it is being used to instruct poten- ;_ 

tial soap makers who are planning to install plants in different ,,::; 

parts o? the country. Additionally, a soap factory has bee" built 
:, 

,c,: 
by the Centre to house a soap co-operative society in a village five ,~i 
miles from the campus. A follow-up of this project at the village ,,, ,:,~ 
level is the establishment of an oil pal.m plantation and a" oil mill ,',~,,:'f;i 
to feed 'c-e factory. The successful implementation of the plantation ',~;,I%, 
and the m:il should completely eliminate unemployment in this village. :,i;ji 

:: ;g 

c) The Broadloom Weaving Pro.iect 
,,i: a,ts,j 
,:<;:; 

The traditional loom of the Ghanaian weaver is capable of weav- 
,y,>- 

,,,:i,: 
Ing a width of 4 inches only. The development of the 40 inch broad- ':-'i9 

loom on the campus arose from the need to increase the Froluctivity 
Z'S,, 
,,,: ,- 

of the village weaver. The production unit on the cr.mpa h-s trained :,~i 
a numbe? of weavers on the broadloom wb9 have returned to their ,,i 
villages. The cost of the broadloom with all the accessories is only ,,:i 

about $150 and consequently the rate of transfer of this technology~ 
: :':;j 

,,::,.,?: 

has been much wre rapid than it has been for nuts and bolts and ; r 
soap production. However, the high cost of yarn makes the weaving 

':;,$ 
,',,~::;:B 

venture rather unprofitable. 

” ‘I ECONOMIC ANALYSIS OF THE CENTRE'S PROJECTS 
,,, ~#,?,+$g 

ANil THE NEED FOR TECHNOLOGP PACKAGE :~:;~al '::;,,$;#t; 
:,',:-:m,;$! 

The following table shows some of the basic data on the projects ','~3?:* 
undertake" by the Technology Consultancy Centre or with its direct, ; ,,i;z$ 
assistance. The glue and nuts and bolts are manufactured in existing ,,',,,:,ts 
buildings and the figures have been adjusted to make provision f& 
housing these projects in a factory, as is the case,of the soap, ': :- $ 
manufacturing co-operative. I, ::, The small soap plants and the glue and weaving projects are ', ', :,'~;?$Z 

typical cottage industries , ,a8 "?y be fle,duced,,from the figures, of ~, :,:: ,,:;;~;!?a 
'this t+e.' 

in ,,;;;:2>; 
They $1 ',need less "than: $1,000 :of ii:?&t&"t~ i";:pl&t': ::,::::~::,~:-;:li~~ ,, ,,, -,~:i 

$:,:r'; ,;i:';;f$ 
and,machine+ per work&,,&d'a' total :bf ,$5,000, a&h '&:e's&biish: <~~ ,~::,:;;;-d 

a small plant. They 'all rely~,o"~ ltial ,supplies ,cf raw materi&& &":~::~~:~:;~~~$/ 

:,~' consequently the hqrizontai transfer of the ,te,chnolo&r is ea.& &d,, '~,';,:',;':'$$i 

i- ,,' rapid . ~+ther point is that the ptiofita+lity Of the glue ,Fd: &a; ,:~,,,,,,,~,,, '~;;:;;~,~@ : ,:, ~:~;$;&,j 
;;z; :: :: q:::,:: _ ,, 

manufa$ture is relatively high ,tid offers a useful 'incentive', for :"~ ,:,:;:, : ,;,'.~y;& 

!'s:; ,: ,' : : 
quick transfer of the ,techpology. On the~,other h&d,'~,because,:& the; ,-i~,~~~~~~~ ,,:~ 

;,$~:F 
'>"~ : 

high cost of yarn, the profitability of,;$h& weaving pr+ject,is &i$e~,:,:~:,;'$$ 
,%:,,', 10". ': 

The nuts w&bolts maniif~ r,tur&,i 
,~, ,, _: ;,$f;$;;( 

s quite 'clearly, a capital:inte"-,,,,,,,~,:~:~~~ 
SiVe Ventur;.. relvina. as it dc ~bes ) on the ~i&ortati~" ,of, ma&e ':: ' ';I 1,; ,,~;,, :.i;>$ 



E TECHNOLOGY CONSULTANCY CENTRE'S INDUSTRI?'. PROJECTS 

Glue 

50,000 

6,000 

50 

1,000 

120 

300,000 

6,000 
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pita1 CI 

of inv4 
,produc- 

uiremen' 

at the 
er. 

- 

I 

[ 
n< 
551 
3st 
tic 
t*, 

Nuts 
& 

Bolts 
(1) (2) 

150,000 

100,000 

45 

3,300 

2.200 

144,000 

3,200 

Fair 

soap 
Factory 

50,000 

8,000 

1s 

3,300 

530 

200,000 

13,000 
Good 

7- 

lma11 soap 
Plants 

(3) 

4,000 

3,000 

4 

1,000 

750 

50,000 

12,500 

Fair 

Weaving 
Project 

(3) 

4,000 

3.000 

24 

167 

125 

24,000 

1,000 
Poor 

:edis; 1 Cedi ($) = $ 1.15 
;;,z building have been added to the 

m, which will provide 30 per cent of the 
, i* about ten times the present levei of 

Atage industry level, and only needs a 

,gh the raw material inputs are locally available. 
*ever*1 inquiries from entrepreneur* who want to go 
'e bl;t until ncrr the technology has not been trans- 
clearly due to the large initial capital requirements, 



,_,,, 

~I : Centre should always be ready, when the need arises, to extend its 
assistance on production and management. ,:, ,, 

~, The above factors came into play in the successful establishment " 
of the glue project which now has a production level of $20,000 per 
month end supplies about SO per cent of the country's requirements. ',', 
In this case. the Centre helped in the development of the glue formula, :: 
built a process plant, assisted the entrepreneur in securing a banking :i ,, 

::,,, ,,,,, loan, assisted in costing the commercial product end finding a market. :!i, 
Many projects, however, have failed because of the disregard of the i; :,,, 

,;::~ above guidelines, end in particular because of the lack of regular 
,,.,~ 

contact between the entrepreneur and the agent of cheng?. ?~:) I_,:, 
:f;'~, : : 

I:,:,, 
INTERNATIOnAL CO-OPERATION IN RL!!AL INDUSTRIAL PROMOTION 

,, :~: 
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 technology, four trees for co-operation "lay 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 tesks, to undertake research work 
directed to the development of technologies for rural a?-eas in 
developing countries. Developed countries could also assist in the 
financing ard establishment of research and development activities 
ir, developing countries directed to the development of specific 
technologies, with suitable arrangements foi- secondment of experts "; 

; ;~E and counterpart training. 
~,_,,, 
t<,:,, 
,c; b) Men~ower Training 
,,<: 

In the developing countr.ies there is a shortage of technical ,,,~:,: 
;:,,: manpower capable of developing appropriate technologies to suit local, ::-j!; ,,,, 
"' ,, 

needs. International co-operation could be improved if industfialised,, :~;;;; 
:,,, countries were to accept an expansion end improvement of their facil- ,,:',d 
;;I; 

ities for educating end training technical people from developing ,:::I;: 
,:~~~!:,, 

;: j 
nations. : ~C 

:,~,, ,;,l ,p 
,,: f: 

c) Regional Co-operation ,~li ~,,~,, (i ,: ,,:: 
,, ,I 

Technical contacts between individual developing countries and ,,, ,$ 
industrielised countries are widespread. However, there is little ,~ ;,,:;::, 
conta::t between neighbowing developing countries and consequently ,,'1 

gl:~~ " : ', ,,;,,:I: 
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$f, ,c 
,::,, 

there is much duplication of *cti?rities in development work. Agencies ,"I: 
for the promotion of industrialisation in rural areas should place 

I much more emphasis on the development of closer working relations 
with their counterparts in neighbouring countries. 

d) Forms of Technolow Transfer 

Attempts should be made in developing countries to specify in / 
detail the areas in which technology transfers from the industrial- 
ised countries are most needed, *s well *s the mode of transfer (i.e. 
whether in the form of cspitrl 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 inve*tment* opportunitie*. 

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, 
the size of the market and all the other social, economic end cultural ' 

;,! 

:,: : 
,:: ,~ 
,,,~ ;,, 
i,,~ ,, 

,;,;, c,,: : 
,,,,~ yip,,': 

factors. In particular, initial studies of appropriate technologies 
must as far as possible involve the p*rticiF*tion of the indigenous ,: 

,,?$ 
wtrepreneurs. 

The experience of the Consultancy Centre, limited as it may be, ,~,'-;;;jj 

has evidently indicated that such centres have a major role to play -<!;g 
in the industrialisation of developing countries. In particular, the :::!?: 
experience has demonstrated the need for reviewing and adapting the ,, ,,,, _ 

,:~ 

i: 
traditional university curricula to suit the needs of developing 
countries. Such establishments can also contribute to a closer co-oper- 23 
ation between industrialized and developing countries and accelerate 

,,,_ 
,~::fi; 

:i:: ; the diffusion of low-cost technology betwaen neighbouring countries. 

,,~ It is, however, doubtful if one can defend the establishment of ': 
j production units on university campuses in the context of the tradi- ::; 
;,::,,~~ 
;,:,,~f tional university curricula. But,it is ,equally true that teaching end 

~~ resear-ch in institutions of higher learning are meaningless if they ,::,<4 A,;,:; 
are not linked with ;he industrial and 'economic development of the ,,,~i 

,~: areas they serve. The~purpose of such production units is to show to :,,:!$i 
potential entrz?preneur* what can be done and to demonstrate how it ,~,~ 

;;,, can'be done. The campus production units, when proved technically ',:;!> 
,,,~ cd financially viable. will hopefully fill a vacuum in the rural 

:,:, 9ndustrialisation policies of developing countries. 
,,;:,, 

i:l,,, :;::' 
;t,,,, '5;~ ,I),,: ,, 



SMALL-SCALE DISTILLATION OF POTABLE SPIRITS FROM PALM WINE 

by 

I.A. Akinrele* 

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 available from sugar mills, the tradi- 
tional raw material for distillation we* raphia wine derived from 
the sap of Raphia hookeri and palm wine from the oil palm w 
guineensis. The raphia plant grows extensively in the riverine areas 
and delta creeks of the country. The communities in these regions 
*i-e composed mostly of fishermen, and both the men and women relish 
a drink of 'ogogoro' (rephia wine spirit) on social occasions. They 
also use it for medicinal and ritualistic purposes. 

The traditional distillation technology is very primitive and ::i 
leads to serious contamination of the product with organic an6 
metallic toxicants. Because of this, the *ale of the product was 
declared illegal by 'the government. The market as a result was driven 
underground and distj.ll*tion operations were transferred to the back- 
woods to *void detection by the police. The processing technique thus 
became very secretice and remains totally insulated from modern 
improvement*. 

Another factor which has restricted the development of the 
industry is the fact that the terrain over which the raphia plant 
grows is swampy. Transportation of raphia sap or wine is difficult, ,',;; 
arld this accounts for the fragmentation of the distillation units. ,':: 
Similarly on dry lend where the oil palm thrives, the wide scattering : 
of the trees end their low yield (*bout one litre of sap per tree ~', 
per day) make collection on a large scale uneconomic. 

It is estimated that in the 1,400 square miles of fresh water :: 
swamps in the Niger Delta *re* there are some 300 million raphla 

* The nuthor is Director of Research of the Federal Institute of 
Industrial Research, Oshodi, Nigeria. 

,", 
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~/,, " million gallons) could be obtained from oil palms(l). If this wine 
i were distilled and converted to ethyl alcohol, some 91 million litres ~,; 
,,,~,, (20 million gallons) of potable spirit with a value in excess of 
,:' 
_~,::, : Y'ZO million ($33 million) per annum before excise duty would be :,,:, 

available for manufacturing various alcoholic beverages and for 
,i ;:;,, 
,' ,,: 

industrial uses. ,, 
.,, ,~:;: ,: 

The exploitation of this vast potential resource of potable 

$: spirit end the development of the associated native industry are : >,,?:,, ', being tackled in the following way: 
_,:, ,,,: 

a) A legalisation of rural distillation operations through 
,, ,:,, licensing arrangement*; 

,; b) The design and manufacturing of a che*p and sturdy still :< 
i,:, that can he used in a rural ecvironment by unskilled lebour ,~, ,I ii after a short period of training: 
,:;, 
,,, o) The granting of a ooncessionary excise duty to enable the 

industry to survive economically against imported alcohol 
7, concentrates; 
_: d) The permission to market less refine&, but nevertheless ,,:: 

potable, spirit beverage at a price low enough to meet the ,,::'::, 
demand of the low-income rural market; ,',,,i 

,,:: 
e) hsuring that the main economic benefit returns to the ~: -;:";;jj 

producers and is not ..aptured by a new class of middlemen 
or~entrepreneurs. ;j;;:;:;;;!;f<i 

:: For a number of years, the Federal Institute of Industrial 
,-' ': '~Research (FIIR) in Oshodi has been studying the ways of improving gz~;; ,, 

'<i.:;, '," the native art of distilling locally prepared warts for spirits. 
'$$ ," The investigations carried out involved a survey and evaluation of ~~ ;'l::i; 11,~ 
:sll:, ', 'the,economic potential of current illicit distillation; an investi- :'~;+ & 

'g&ion of the ,microbiology 'of paim wine fermentation; the design "d :,:?:[$ 
development of a distillation method based on modern scientific and :"':!i$ 
chemical engineering principles; the biochemical screening of the 

,'!,';> ,,,,~ 
g.2,::, 
gt,: !,:' ",d$still*tion, product,, for ,toxic ,residues,,that 'can ;*ffect the health, :,:,',; ':~,,;;?ii 
';,~,',m 

:, Of' the ':o&&rs,; '2 &so& evaluation, &$&is of ,th?' product +d ,,f :~,,;I;~+$; 

: fi&i$:~r&k@ rer+roh @the acdeptability of the final products,,,, ,~',:,;:L% ,, 
:y ,: &the oc&imer.~ ~': 

: ,Field,te&s with a ,commero,i&lly mtiufactured prototype of t:e " '~,:;,;;j 
-$;, ::~ 

',',&till tier&carried o&tid& a c&operative arrangement by~the ,,:, ',' :: ';;g 
F&era1 Instit&e of'Industria1 Resee?oh, t+e'Nige+ien Brewers and ,' ~:I& 

,,, ,),jg 

;$,,I ""1 : ' ,Di*tillers Co-operative S&&y,,and,the Addis hgineering Company :; ,~,,::';>j;j 
* ,,; Limited. 
if;;:;::; ,:::, ,, 1,'~, ,;,:, 

,, 1) ~So&e of' d&a: "pri&e comm&c*tion from the Se,cret*ry of ,the )' ,::~,::>:j$$ 
:$z;o,,,, Biger~Development aoard. ,, ,,,: ,,,;,? 
r,>,:-,,:,, ,, ': 

,;,287,',-' ~' :;*: 
& ,: ~, 
i$:Tt<; ', ,, ; ,~ 

,j,, ,~, : ::,h',~ :~':,:,i" ',: :, ::I~'~~~,;,::i:,,~ ,,:: ;;:,,;-,, :,;,:,,~,,:~;;;~~;I 



THE DEMAND FOR ALCOHOL PRODUCTS 

The average yearly growth rate for th* legally imported alcoholic 
beverages is 18 per cent. However, the statistics mu*t 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 majWity of tte rural consumers. Farthermore, with 
the expansion of the industrial sector, it is estimated that in the 
next five years the average annual growth rate of dem,and for indus- 
trial alcohol 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 Nationai Development Plan(Z). ,~ 

F,‘,, 
,: : 

,::; TEE BACITA FACTORY 

,,, 

‘:‘, : 

A new factory, the Nigerian Yeast end Alcohol Flanufacturing 
Company Limited (NIYAMCO) has recently been established at Bacita, 
in the state of Kwara. This company, which is owned by the Federal 
Government in partnership with other institutions, is designed to 
produce industrial and potable aicohol, spirits and yeasts, and 
animal feeds. NIYAMCO will use annually some 9.5 million litres of 
molasses, which a* by-products of the Nigerian Sug*r Company, have 
until sow been wasted. Its capital cost ~a* 1.7 million ($2.8 million) 
and its initial production capacity of 2.5 million litres of ethyl 

1) Federal Office of Steti*tics, Trade T*bulations, December 1972 
and December 1973, Lagos, 1972-73. 

2) Federal Ministry of Economic Development and Reconstruction, 
Second National Development Plan 1970-1974. First Propress Report, 
tag**, 1972. 

Nigeria, witt its population of SO miliion, currently spends 
some B12 million a year ($3.3 million) on spirits and alcoholic 
beverages. The available statistics indicate that the legal imports 

of ethyl alcohol at SO per cent per volume amount to more than 1 
nillion litre* of concentrates, wi+h en average ye*rly value of 
B1200,OOO ($330,000) while the corresponding v*lue for alcoholic 
beverages is around 81875.000 (S1.L. millionj for some 830,000 litres(1). 
It has been reliably claimed that about the **me quantities are 
ille@ly smuggled into the country, and that equivalent amounts are 
supplied by native rural distilleries. A conservative estimate thus 
suggests tha-; the total market in Nigeria for alcoholic beverages is 
around 2.5 million litres (550,000 gailons) per year. 



",, alcohol should r:se to a maximum of 3.375.000 litres a year. Th<? 
NIYAMCO plant was designed for the urban domestic market and for 

,,, export, en3 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 

'!,f,: 
-: a) The traditiwal distillation technology 

In large areas of Nigeria. people iilegally distil palm wine 

;~ ,' into a crude spirit containing between 30 to 40 per cent of alcohol 
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 e 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 

Ti straw-yellow. Solid contamination is usually visible. The flavour is 
characteristically strong. Heray losses of alcohol occur 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 desimed by FIIR 

The FIIR still has bet designed tb improve on this traditional 
1: ,: village technique and to give an optimal produc~c yield and a potable 

quality. The main design feature of the still is a column with pre- 
L' 

,!',: determined packing height, so as to separate the volatile components 
prssent in the fermenting liquor. It is packed with charred palm 

c,: *~, kernel shells, but other packing materials can also be used (glass 
:_:: beads orrings, nut ehel,ls,,wooden fibres or pebbles). The colt 
:,::i, is well lagged so that the,temperature profile, in the packed column 

: is due to the pressure drop of the yapours across the packing. A 
~: I 
Z,,~~ : thermometer is provided at the top of the column to read the temper- 

;,,, ature of the vapours emerging from the column prior to condensation. 

_, : A soft wooden disc, highly,polished on one side, is attached to the 

I:~;: ,, middle of the column; the polished side facing the pot minimises the 
~;~, 

~,, 1) Fresh palm juice, which has a sucro+~e concentration uf 13g/lOOml,, 
ferments very rapidly.'Within 24 hours; the process of ferment& : 
tion is usually cotiplete, and the resulting liquor contains about 

I:,,, 7 per cent of alcohol by voli"rrb. 
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heat transfer by convection and radiation from the pot to the 

condenser. 
A 25 gallon charge of fermented liquor (114 litres) containing 

5 per cent alcohol by volume gives 3 gallons (13.65 litres) of alcohol ,:: 
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 alcohol at 30 per cent gives about :,:, 
0.8 gallons (3.64 litres) of alcohol at 80 per cent. The recovery 
rate is 35.5 pep 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-automaticoily. 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. Maturetion of the alcohol concentrate ,' ,: 
is allowed to occur in wooden casks for periods ranping from three ! 
to six months. Demineralised or deior' ed water is then used to dilute A 
it to potabi+ level, and the blend is clarified by using activated ,i 
carbon 01‘ other suitable clarifiers. To the diluted spirit, the 
appropriate flavour is added, usually about 0.5 per cent by volume. 
The final product is filled into standard .:lass bottles of 1.2 litres ;: 

>~<,, 

;, '~ 

,:, ,::: : 
,, ,, :~, ,j:,,, 
~5, 
I>,,, 
>' 

!~',, 

;;; ,, 
,v,,, 
:: 

Based upon an estimated average yearly demand of 234,,000 gallons ,"{f{, 
(1,064,700 litres) of concentrates end 183,000 gallons (832.650 litres):'? 
01 potable spirits. the recommended plant capacity is 500 bottles per ~:!; 
day (26.6 fluid ounce bottles), i.e. 25,000 gallons (113.750 litres! ::!j 

,'~; per year. A factory with this capacity will use the distillates of 
six~teen FIIR stills, each of which produces about 792 gallons (3,604 ,,: 
litres) of alcohol at 80 per cent per volume annually. It '5 estim- ':: ,i 
ated that about 647 FIIR stills will be required to supply the ,,f:i 
entire Nigerian market for alcohol. Table 1 s-arises the cepital~ '~,$ 
costs and cqital structure for tbLs small-size processing plant end 1~~; ,, ,_ 
Table 2 jts production costs and profitability. ," 

The cost estimates for this project are based on the following ~:A!, 
assumptions: ,,'~:z~ 

:~.:, ,, 

,,:i ,: ,i 

- The palm nine used for distillation in the rural area will 

be undiluted and hence should contain maximum alcoholic 
content; 

:z 
:, :;, 

,i 

1, ,,, - The whole project will be integrated, i.e. the village dis- ::i * f:; ,: tilleries will be linked with the blending, flavouring and 
,:, ,e:,,,, .; :,, ::: ,, bottling centres. 
;j:,,;; ,; 

:,;, 
:s; :, 

,,~ 
;;'j, 

!:I,,;, ,, :;~j 
ijf;,j;~,,,,, ~' - 200 - 

,:~,~ 
;,,'Z,,Z! 
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Table i 

CAPITAL COSTS AND CAPITAL ST!?"CTimi 
FOR A SNAIL-SIZE PRODUCTION! PL*?mIT(l) 

Fixed Capita! 

Land and building: (2800 sq.ft. warehouse at bi2 
per sq.2.) N 

Furniture and fixtures 
Equipment end plant: 9,930 

- 2 holdin tanks of 2275 litres for alcohol 1,200 
- 1 holding tank of 2275 litres for water 80 
- 90 maturing wood casks 6,000 
- 1 blending vessel with stirring unit 1,000 
- 1 filling machine (capacity: 700 bottles 

ner hour) 500 
- 1 capping machine (capacity: 480 bottles 

oer hour) 150 
- 1 water purifier and 1 water de-ioniser 400 
- 1 filter press '100 

Total fixed capital costs N 3~5,930 

Working Canital 

Two month supply of aicohol at 80% per volume 
Six month supply of flevour 
Six mooth silpply of packaging '??terials 
Three months of labour costs .L manager at YiC!O 

ner month. 1 suoerviaor at N50 and 10 workers 
‘at er26) 

One month's value of excise dusty 
Accounts receivable 

29,100 
S,iOO 

16,4@0 

1,230 
2,500 
3,000 

Total fixed capital costs pi 60,330 

Capital Structure, Interest end Depreciation 

Total initial investment required 
(Fixed capital plue workinS capital): 76,260 

Source of fixed capital: 40% from share capital 

Source of working capital: 
bank loans 

Interest charges 8% p.a. on loan capital, i.e. 765 
12% p.a. "6";;;;:"L~~"ib: far 3,620 

Depreciation charges: 4% p.a. on the building, I.e. 
10% ?.a. on plant & equipment 993 

Notes: (1) All figures are given in Naira (BI). 
approximate rate of exchange: Yl = USS1.6375. 

(2) This working capital will be raised from commercial 
institutions and shoul,d be paid back within a period 
of six months. 
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Table 2 

ANNUAL W.OD"CTION COSTS ANI! PROFITABILITY FOR A MEDIUM-SIZE DISTILLERY 

Production Costs 

Raw materials: 
i2500 gallons (56,875 litres) of SO per cent alcohol 

xi- volume at 8114 
155 gallons (625 kg P 

er gallon 
of flavour at Y26 per kg 

Packaging materials: 150,000 bottles with bungs and 
labels at NO.22 per bottle 

Laboar 
Supplies 
Excise duty '811.20 per gallon, or NO.26 per litre) 
Electricity 
Rent and insurance 
Interest on loar. capital 
Interest on short term working capital loan 
Uepreciation 

Total production costs 
Production cost per bottle: 1.77 

‘?E 
'220 

30,000 
210 
318 
765 

3,620 
1,233 

265,536 

,, ,,,, m ,,, ,~,. ,. ,i:, 

Profitability 

Total reven"e: i50,OOO bottles at BT2.50 each u 375,000 
Total production costs 265,536 

Proiit before tax 81 109,464 

Profit before tax as a percentage of total investment: 143.5% 
Profit before tax as a rercectage of sales: 29.2% 

As can be seen from the figures below, profitability varies award- 
ing to the price at which each bottle is sold: 

Price 
F=r 

Zoitle 
. . - 

2.00 
2.X 
2.30 
2.50 

,‘, - The FIIR stills will be located in rural communities in order 
to q inimise the cost of trasporting palm wine; 

- Tie factory wall is built of concrete blocks strong 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; 

- 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 sixteen FIIR stills located close to the factory: 

- 2?2 - 



- The factory avoids the use of middlemen in procuricg the l-n- 
cent-&es from the rural distilleries: 

- Grid supply of electricity is not necessary since most of the 
equipment can be operated manually cr with batteries; 

- The production costs were based on the FIIR Fiiot Plan-. 
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 entrepreneur:. Considerations were also given to 
the effect of government excise duty and its effects in terms 
of favourable competition with imports. 

The seemingly high cost of local 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 ?- ;a in the cost of palm wine will significantly effect the 
profitability of the entire project. The incidence of the cost of 
palm wine on the price of the alcohol supplied by the FIIP r:ills 
to the Grocessing can clearly be gauged from the data presented in 
Table 3. 

Table 3 

ESTIMATED ANNUAL PRODUCTION COSTS FOR ONP FIIR STILL (i!i N> 

- Cl.50 8,250 
0.45 
0.40 z*i;; 
0.35 5:775 
0.30 
0.25 x:; 
0.20 3:300 
0.18 2,970 
0.17 2,805 
0.15 2,475 

Other 
'roductior 

costs 

850 
850 
850 
850 
ii50 
650 
850 
850 
850 
850 

Total 
cost 

9.100 
8,275 
7,450 
6,625 
5.800 
4.975 
4.150 
;,;2; c 
3:3;5 

verage Cost 
er Gallon 
f alcohol 
t 80 per 

cent 
___ 

11.49 
10.45 

9-41 
8.36 
7.32 
6.28 
5.24 

E: 
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 end 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 ache financial 
institutions. 

- 29) - 



.I:,,, 
,,~,, If the factory ie organised on a co-operative 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 'wiil be much smaller. 

:,;~~~ The production cost for one bottle of potable spirit is 811.77. 

:<J;, 
Taking into account an 11 per cent profit margin for the manufacturer, 

:"', ,, and B further ZC per cent margin for the retail distributer, the final 

1,, selling price is anticipated to be Bi2.50. At this price, the product 
,, wlil compete favourably with imported gi,n , which at present sells for 

;j: 
N4.40 per bottle, and widen the market to the low-income groups. The 
manufactures can expect to make an attractive profit margin on his 

i 
investment: even if the bottle of spirit is sold at a low price of 

pi2.00, he will still have a profit of 11.5 per cent on total sales(l). 

': There is a wide variation in the prices of palm and raphia wine 
between the urban and rrlral communities in the country. This report 
has assumed a price of NO.11 per litre (810.50 per gallon) for the 
palm wine and raphia wine, but if it can be purchased at HO.7 per 
litre (MO.30 per gallon) - a normal price in the rural communities - 

>,,, ,:, 

;~,' 
~ ,,ii 
;;i ,, ,,:,,' 
i 

,~ 
,,: 

::~ 

the profitability on total salee will correspondingly increase from 
29.2 per cent to 45.8 per cent. 

',:, 
:c;;,:: 

CONCLUSION &ND RECOMMENDATIONS 
,, ,,< ,. ,,i: 

::;cj; 

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 prospects for the economy. 
The production technology involves slight modificatiors to the 
traditional method, but it is highly efficient and easily adaptable 
to the rural environment. There are several optimal location sites 
in the swather" parte of the country where palm and raphia trees 
grow in abundance. 

:: ,,, 

,,, ,~ 
~': 

,,:1 : 
::, 

i 

The project is expected to create more employment opportunities; ,,, ,:, 

help reduce the large-scale corwuxption of crude gin which is U&F- 
~,:;, gienically distilled and therefore injurious to health; improve the ,,, 
q:, utilisation of local material reeou~~ces; and stimulate ancillary ;B 
,, 

,, ,,: 

industries such as the cork, packaging and glass industries. It is 
,: ~:$:; ,; 

also anticipated tnat the location of the plants in rural end suburban 
~,j 

,~":'! 

areas will contribute to reducing the population drift towards the 
urban centres. 

;;: 

In order to minimize costs , it is recommended that the project ;: 

;,', be organised ia the form of co-operative of rural families who own 
,,,,; 

,~ ,, 
::,,,, :~: 

I,~:,, 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. 

li( :, ~, 
::,, 

,,;I 



the land on which the palm trees grow. This form of organization 
with the usual governmental support would be able to raise the initial 
working capital required to pay the village distillex while awaiting 
the sele of the final product. The Nigerian Brewers and Distillers 
Co-operative 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 farther saving in operational costs may be achieved 
by using plastic rather then glass bottles. 

Any private entrepreneur planning to inirest in thie project is 
strongly advieed to ensure The availability of sufficient working 
sapital 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(l). 

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, 
investmer;ts in this field should be actively encouraged. 

1) The Ghana Distillers Co-operative is currently evaluating this 
small-scale distillation technology with ?he hope of establishing 
a pilot production project. 
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XVI. APPROPRIATE TECHNOLOGY IN ETHIOPIAN FOOTWEAR PRODUCTION 

Norman S. McBain and James Pick&t* 

,,~ In the light of lively and widespread interest in developing 
;$;>;,, 
,y,s country technology it is not surprising that the search for 'appro- " :- ,, :, 
$7~: priate' technology should be bedevilled by semantic confusion. This ,;j 

ie, nevertheless, a nuisance which imposes on those who participate ,i 
in the search and related discussion a tiresome oblxgation to try to ~:;j 

.,_ 
;y,, make more than usually clear the meaning of the terms they use. In ,:! 
,, this regard. it come6 naturally to economists to take as 'appropriate' ':i 

that technology (set of inputs and processes) which would minimise 
:,~: 
i the cost of production of a given volume of a given good in eny 

pzrticular iocation. This minimum cost can, of course, be calculated ,:~_ 
either at ,market or social arices, and the application of the latter - ;,:? 
,if they accurately reflected the real oppotiunity costs to the ecr?my ~,:i 
of the various factor inputs - would for many identify the optimum ,::;:,;;;g$ 
technology. 

,;,:, i* 

The economist's view of appropriate technology is not, of course, ,('(i ,, 

z~:' the only possible one(l). Notwithstanding basic agreement on the'need ,~;?I 
to connote 'appropriate' in the light of local conditions , a variety ,,,I 

gT:,t;'; ,, of meanings can - at least apparently - be attached to the general ::4 
,,, ,j$~' term. One intereetiixg way of polarising views which has been suggest+::$ 
::;,,; 
b;:;:, distinguishes between engineering and economic understanding of local' ::::~ 



conditions(l). In the former the need to reduce the scale of pxduc- 
tion, to make cse of local resources. to take account of climate and 
topology are given prominence, and the emphasis is on the choice, 

eda?tation 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 anti 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 differences in these as between develc+ed and develop- 
ing countries - and as within developing countries - ought, in 

principle, tp 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 economic 
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 recognized that the two categories are not 'pure': the 
-ngir,eering contains important economic elements - including market 
size and product character; and the economist's most elementary 
llnderstanding of production is founded on a fusion of economic and 
technical considexitions. Tkis overlap is important because it means 
that the distinctio? does not really ans*wer the questLoo of whether, 
conceptually, there is but one appropriate technology. This question 
is in turn important because it bears on the sectoral and locational 
allocation of resources, end thus on the whole problem of urban-rural 
balance. The answer~to the question is difficult to obtain, particu- 
larly since it cannot be divorced from th? specification of national 
policy objectives. It is nevertheless worth pursuing, and the identi- 
fication of the relative economic efficiencies of different forms 
and l--.&ions of industrial production should be an important part 
of this pursuit. In ihis regard , ngiiiir ~eqilires t&t like be coxipared 
with like and means consequently that definitive views are only likely 
to emerge after a sufficiently large number of 'controlled' case 
studies have been made. 

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 
'regeneration' of the rural areas and the breeding of an indigenous 
class oft eritrepreneurs from which future captains of large-scale 

,, ,l) IJ&!DP, Technical Advisory Division, Appropriate Industrial Tech- 
nologies: A Note for Discussion, (mimeo), Few York, 1?75. 



industry might be drawn have been linked to the establishment of 
small industriai units. Moreover, the expansion of such units in the 
countryside and the smaller towns is often seen as 9 meant of increae- 
ing attractive employment opportunities outside the main urban cr?ntres 
and thus reducing the employment problem in these centres. That the 
whole question of urban-rural balance is critically important in 
development may readily be accepted. as may the importance of small- 
scale industrialisation in the integration of the rural areas and 
small towns intc 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 
choice of products and an awareness of the difficulties confronting 
would-be entrepreneurs are required. 

Against this background, the purpose of this peter is to pr,:sent 
and discuss the results of economic appraisal of alternative tech- 
nologies and factories which could be used in the production of foot- 
weal) in Ethiopia. The factories considered range from the very large 
to something li!.:e a cottage industry-type of organisation. The quality 

of the product is. however, invariant, m that it is pcssible to 
isolate differences in economic characteristics associated with dif- 
ferences in factory size and form of organisation. The paper implic- 
?rtly emphasises the ircportance of economic efficiency to poor coun- 
tries zcd sees in carefully defined measures of this some basis for 
clarifying the meaning and specifying the character of 'approprizte' 
technology. It is recognise.5, however, that not everything czn be 
captured in economic 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 judgement would seem to be 
against then). It is hoped that the paper has implications for a much 
larger number of countries than the one to which it explicitly relates. 

In comparing technology variants and factory size, the basic 
criterion iised 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, 
on the basis of observation, that these would generally have sold at 
a retail price of Eth.$lO in 1972, and input prices used in the cal- 
culations are those which prevailed in Ethiopia in the same year. 
Account is also taken of capital allowances, taxes and duties pre- 
vailing in 1972, and - unless otherwise stated - the net present 
value arrived at is a meawe of private Trofitability. 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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and a one-shift working day 

is assumed. 

conclusions frm what;has gone before. 

TECl,?JOLOGY VAXIL?!TS 

Nuch of the concern with 'low-cost ' technolok-y derives from a 

,' ,' wish to save capital, which is thought to be relatively scarce, and 
to trovide employment fnr~'unskilled laborer, which is taken to be 
relatively Plentiful. Given this (and perhans rashly ignoriw the 
distinction between micro- and aggregate considerations) a pertinent 

question is: for sny given level of outPUt 2nd product specification. '~:; 
what difference does variation in technology make to capital require- 1if 

_,,, mat, employment creation ad, it is necesssry to add, Profitability? ',t 
:, 

:;y ;~ Ihe information deployed in Table 1 permits some answers to be I{ 

returned to this question for each of three levels of footwear output ,:,;Yi{;i 
in Ethiopia. These are the production of 50.000, 300.000 and I,.8 j;~, 

cement-lasted shoes per annum. ":,';I * :, million pairs of men's leather-upper, 
For each level If output three technology variants are coxidered - ,;::?i >,;,: 
the most machine-intensive, the meet labour-intensive and the least- 
cost(Z). Table 1 consequently deals with nine different factories, 

g:, ~,, 
information crncerning which is given in three groups. As already ;, 

:,,:, 
explained, the factories are *synthetic'. To repeat, they do, however, I#;;, 

,, represent fuily articulated, feasible processes. Moreover, in making 
; ,,~ 

~,<,,, the calculations which underiie Table 1, care was taken to include ':,, ,,, every conceivable item of capital and operating expenditure. ;, 

In considering the implications of,the table, it is convenient ,~;,,;;.i 
to assume that private entrepreneurs and engineers would, left to 

,, '$2; 

:,~~ ~~ 1) It is worth stressing that the factories'are fuliy designed end 
,,,,,, their operations fully costed. Their Iconstruction' is based on 

visits to shoe factories in a number of developing and developed _ 
countries, manufatiturers of capital goods, research organisations, 
government agencies,' etc. as well as on careful study of the 

,~::$ 
,~:,';, 

,technical literature. ,~,,,$ 
i(i, : ,',, ,: 2) This somewhat confus&ng terminology is conveniently brief. In ~,,i 

principle the least-cost technology could also be either the most 
machine- or the most'labour-.intensive technology. in the COmPWi-, 

:,:;;!I 

sons reported in'Tabl? ,l,it ,neyer:,i,s. 

,, ,,;,':T,< 



Table 1 
,: ,~::‘:;$;{$ 

SOME CHARACTERISTICS OF MAC"INE-INTENSIVE, LABOUR-INTENSIVE AND LEAST-COST 
VARRIANTS OF ZACH OF THREE SIZES OF ETHIOPIAI SIiOE FACTChJES 

Characteristic 

--. - 
‘r 

,iant 

c3 + ,’ :,,:::-:3 -- ,~, ,?,?;>$ 
460 ,; ;,;B 

Feet 

Al A7 A3 I ! / I 
No. of unskilled workers 6 6 

or-y sizt 

Bl -- 
69 

h5 
154 

and tee? -. 
a2 

92 

126 
218 

,1ogy v 

B3 

01 

86 

167 

1.590.0 

793.0 
2,383.0 

1,605.a 

404.7 
2,010.5 

Jwrking oapit a1 st full I :,:,',!$>g$ 
cspacity (E 

th$'OOO) 2R8.9 2R2.0 281.0 9,410.5 ,<~& ,,iil 
Fixed capital at full 

rlnari+.i IP -Lr---"l .Itht'OOO) 327.1 128.4 140.4 3,439.4 :?:g 
Total capital (Eth11'000) 616.0 410.4 421.4 ' 12.840.0 

Average annual wage per I:,:: 
employee (Eth%) 2,348 2 ,067 2,136 1,304 ,, 

Fixed capital per employee (Eth$) 9,346 2,a53 3,343 3,804 ,q:;: 
Annual net cash flow at capacity (Eth!%'OOO) 47.4 30.4 40.9 2.480.1 ,~;j; full 
Internal~Rate of Return Nepgre=-z;)V2;;e 5.8 7.9 8.3 24.5 

1,703 

5,100 

304.6 

18.8 

1.643.3 

1,483 

1,856 

337.6 

20.4 

1,660.4 

1.590.5 

660.2 
2,250.7 

1,614 

3,972 

393.5 

20.1 

1,774.7 (Eth$'OOO) 2i8.8 -77.9 -65.2 L- 14,055.u ,~~~ 

Size and Technolozv Legend: 
1 = Most machine-intensive. A I 200 peirs of shoes per shift. 
2 = Most labour-intensive. B = I,?00 pairs of shoes per shift. 
3 = Least-cost. C = 7,200 paws of shoes per shift. :: :: 

y:; 
;,k ,,,:, 

j,,,_~,',',,_', ~,:', ,,':,',_;~:,,,;, ~: ,,,,' :,,;, ',~: ", ', ,, ,, ,, ;,>s< ,, 

444 
904 

: '$@ 

,,, 



themselves, nOrmal?y tend to install the most machine-intensice tech- ~~Yi 
nelog, at any of the three Levels Of output, rather than 8earCh 
exactingly for the most profitable technology(l). If this is done, 
then me use +a which the results of the table may be put is to 
answer question* concerning the desirability of technology choice ,: 

of this kin,i. 
Examina'ion of COl~3mS 1, _~ 7 am3 3 for output levels A, R and c ~, ,,??jj 

shows that, in fat?, the most mi:chine-intensive technology would not >,<;? 
he chosen ty profii-maximisinp el~trepreneurs. In each of the three :z*,: 

cases. the reiional choice would be in column 3. The consequences 
:~ ,::j 
V'j 

rf making this choice, rather tha that described in columns 1 and "';::;3;, 
2 for each of the three factories, far capital investment and employ- ",Y?$ 
q ent are summarised in Table 2. From thiz it can be e.een that the 

least-cost factory at each level of output lies between the ~‘0.9 ,,,,, 

machine- and the most labour-intensive technology in virtually all ,;,; 
respects. For tha,se partisan for labour-intensive technologies the : :'I 
results relating to factory A are the most pleasing. For this factory ,::';j 
the least-cost technology comes close t3 matching the most labour- 
intensive technnlogy in the extent to which it would save capital ,, :i 

,'~' ; 
and provide additional em*lcyment as cwappared to the most machine- ,,,,,: 
intensive technology. For factories 9 and C, capital savings and job ,,, >' 
creation are decidedly less dramatic. They are, however, not insig- ,'.ii 
nificant. $j; 

;';~:::7,f< 
With regard to capital it is ultimately savings (investible 

funds) that are scarce in developing countries, so that it is news- ~:C::$ 
sary to consider total and not simply fixed capital invested(Z). 
Even accepting this, savings of 6 and 7 cer cent on total capital '~,',:;j 
requirements are not entirely to be sneezed at. In addition overall ,:,,:z, 
increases in employment of 5 and 8 per cent, and of 11 and 17 per 
cent in unskilled employmen represents a welcome positive addition ;: I!!+ 



;;;,, ,,, ,to income earning opportunities. Thjs Js particularly so in the light 

f’::::, ,, of the fact that footwear manufac;urir~ is , generically. a labour- 
intensive industry anyway. Ever. :::x? fai-ly small decline in the aver- 
age wage recorded in Table 1 as between technology 1 and technology 3 

,,,,, is perhaps to be welcomed, since 2~: 
y,:,, 

could help to reduce the disparit] 

z:,;,:~ between urban and rural income-. 
,_,; 
"/,,,~~~ ,~ ,, Nothing has yet been said about profitability. Here the hopes 

,~,:of the labour-intensive partisans take a knock. The inescapabie 
,evid,enc,e of Table 1 is that in circumstances obtaining in Ethiopia 

f:;:;:,:~~' 

in 1972 it would not have been economically justifiable to have 

;f:.,,::~ est,ablishcd factory $, ;.agardless of the type of technology installed. 
It,would, hoWeVer, havr '.-en defensible to have established both 

'$:; fXtorY B and factory C; and all the technology variants would have 

R:~,:,':> " 
been~profitable in each factory. Indeed the higher internal rates of 

,,,,, return shown in the table indicate that factories B and C would have 
.;, ,,, 
;c; ,~': 

survived a cost of capital ranging from 18 to almost 25 per cent. 
,,:, :,, 

:;:; 
i ‘~ Table 2 

: 
CAPITAL AND EMPLOYMENT CHARACTERISTICS OF MACHINE-INTENSIVE 

LABOUR-INTENSIVE AND LEAST-COST VARIANTS OF EACH OF THREE 
SIZES OF ETHIOPIAN SHOE FACTORIES 

(;- 
(In index numbers, with machine-intens: ive = 100) 

;~j;;; _~,, Factory size and technology variant 
:,;,,,~ ,. & ,-7 
,~a:,< Characteristic I Al I A2 I A? I Bl I % I 
-::y 

B3 1 Cl 1 n ,y::;'i 

&, ', PI",. 
146 ) 106 ,,::;: 

go;;,; 
TOT 

,zj_, ~~ I 
,, Fix 

Total no. I 

employed' 100 128 120 .. ,of unekilled 100 141 108 100 

bmployees 100 209 200 :a1 Capital 100 133 117 100 135 111 :,,: 

nvested 100 66 68 :ed Capital 1 100 84 94 100 a4 93 

& Invested 100 39 42 100 51 83 100 49 78 

yy, 
:,:,,,, ,' Source (and !.egend): 'Table 1. 

,::, 
:j;;;;:;,;;,; ;, Al,,, ::,The,unprofitability of the smallest of the three factories 
$;;;:;$= ~:d,es+~ed ,in ,Tabie ,l suggests that small-scale operations may be et ,~~"'t~: 

"ii-:i,~~, ,,~%: :: = ++aytage~ in the, footwear industry compared to larger factories. ',,;!, .:gF,;-: ,; ,,~,, 
~~GSince; as has already been noted, 

:,;,: 
'appropriate' technology is often ;?t 

::,associ+?$ with small-scale produdtion - and indeed since smell-scale, ,,:I" 

$g,;, ~;y+duc*io*, ,often connotes ,much smaller unite than eny represented in :,":~:', 
"::y : Table1 - this suggestion is worth pursuing further. 

!;)i,i,, ;;;:,, ,, 
:i;j:';~, ,,, ~, :; 
::, ,: ,::: &: : 

~$j;;,;:-;:~;;; : :: 
; :';: 
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:‘g;;:;, ,‘~ 

1::; ALTERNATIVE WAYS OF PRODUCING A GIVEN OUTPUT 
r;:, :,, 
‘,,,’ 
,.:,,, One interesting way in which a~comparison between large and 

small shoe factories may be made is by answering the following 

question: if the Ethiopian shoe industry were to be substantialip 
expanded, would this be most efficiently achieved by a single, very 
large factory, by a limited number of somewhat smaller factories 011 
by a large number of very small factories? Putting the question in ,,,,, ,, : 

::,,: this way has a number of advantages. It implicitly places a quality 

!Z:', 
constraint on the comparison, explicitly puts profitability at the 

I:,~;:, centre of it, and although it does not ignore the fact that small 
9,:~~ shoemakers exist, it 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 ai: eccnomies.of 
scale. 

,,~ In 1972 Ethiopia produced about one railliar. pairs of leather 
boots and shoes. Virtually 211 of these urere disposed of on the 

,: ', domestic m-rket. 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- 

:>:' ation) to swpose that a decision had been taken to expand the 
i: 

existing capacity to produce men's leather-upper ~shoes by, say, 
1.8 million pairs per anna( 

;,,:i; Table 3 sets out some characteristics of four different ways 
in which the extra shoes could be produced. The first comprises a 

,, single enterprise which, in producing 7,200 pairs of shoec per day, 
ii could alone satisfy the entire additional requirement; the second, 

6 enterprises each of which would produce 1,200 pairs of shoes per 
:c,:, i,e day; the third, 36 enterprises each of which wou1.I produce 200 pairs 

:.,:, of shoes per day; and the fourth, 1,200 enterprises each of which 
would produce 6 pairs per day. The range of factory size thus con- 



;,,,; 

i: 

:, 

:::, 

,;,: 
i,, 

: ,; 

j;,:; 
I,, 

It is worth noting that the smallest factory unit - the three- 
man easerpri.=e - coulc 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 choice of factory A would imply. In the present comp=arisons it 
hns been assumed that the small-scale enterprises retail directly 
to the :onsmer. Moreover even if it were assumed t$zt such enter- 
prises took the form of a cottage industry with a link to a central 
selling agency or if it were assumed - rather drastically - rhat the 
tot31 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 :v11. If it 
were (realistically) accepted that the very small units could not 
entirely do without fixed capital, but if it were assumed that t&y 
had no need for working capital - because they purchased materials 
and sold finished shoes instantaneously - then they would still 
appear economically unattractive. It should also be noted that since 
all the entries in the fifth row of Table 3 were computed using a 
d~iscount rate of 10 per cent, no account has been taken of the possi- 
bility - which would cost further against the small unit - that very 

,,,,, 
;,,: : ,, 

,, 

,~:,, 

:;;‘,,~ 

/, :, small operators might have to bear relatively high capital costs. 

1) To write of a (small-scale, clearly not automated) factory employ- 
ing 3 persons, is clearly strainirig language somewhat. It is con- 
venient, however, to use the same term 'for the two basic alternativ 
form of organisation. 
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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 avidence of Table 3 is not, on the face of it, encouraging 
,for those who would put their faith in smalls-scale organisation. It 
is clear that if economic efficiewy (as measured by the net present 
value of the vz?ious projects) is to be the over-riding criterion 
then the large sing% factory (which is the least-cost and, as it 
happens, not the most machine-intensive variant of its kind) stands 
out as the obvious choice. Even disaggregating to as few as six 
enterprises substantially I-educes the net present value. On the 
other two criteria - size of capital investment and of employment - 
the smaller factories fair better only in job creation. The fourth 
TOW of Table 3 makes it clear that the total ficed 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 
economichily most efficient factory. Some measure of the consequent 
'displacement' of labour if factory A were to be chosen is given in 
the third row of the table. 



Table 3 

.?om SW.XACTERISTICC 2~ ALTEP.~'TATI"E, LEAST-COST WAYS OF 
p~OI)LlCIm 1. s s SHOES PER ANrrlm 

Characteristics -__ 

NO. Of employee* 
per entarprise 

NO. Of esq21ayees 
required to produce 
IL.3 million pairs 

NO. Of employees 
'displaced' if 
Factory A USed 

Tota,~ fixed caaital 
investment ( Eths '000 ) 

let Eresent value 
---i 

* 

904 

904 

c 

3,439 
14,055 

t 
I 

1 

nlternatives (11 
R 

167 

1,002 

?‘3 

3,961 
1~0,646 

f 

L 

c 

42 

1 512 t 

605 

5,054 
-2,34@ 

D 

I) A = 1 enterprise produciy 7,200 pair.5 per dw. 
I? = 6 enterprises each producing 1,230 pairs per day. 
c = 36 enterprises each producing 200 pairs per day. 
D = 1,200 enterprises each producing 6 pairs per day. 
The project life of A, B 2nd C is 27 years: that of D, 10 years 

2) Includes retailing pi-Ofi~i and no profits tax. 

CONCL”SIONS 

Thus far, considerable stre*s has been placed on econonic 
efficiency and it has been implied that the search for 'appropriate' 
technology Shoiild rea:.1y be directed tawards 1ccating the 'ieaSt-coSt' 
tachmlo:ogy. Phis way Of looking .st the r.atter is ilot fa?-iurable, on 

the above evidence, to small-scde units of production. It suggests 
rather tb3t efforts to swe capital and generate more employment than 
would normally result frm the decision-taker's predilection for the 
highly machine-intensive should be embodied in attemnts to find 
'appropriate' technology subJect to a strong economic efficiency 
requirement. 

It can, of cour.w, always be objected that the implicit assump- 

tions of this paper are too restrictive. Even, far example, cm its 
0w1 terms it could be said that the comparisons made above were 
'static' rather than 'dynamic'. In so far as 1972 prices are an 
inadequate surrogate for real costs throughout the respective pro>ect 
periods there is force to this objection. However, although differen- 
tial variations in inputs casts - not to mention technic& pro.fress - 
over time would undoubtedly affect the detail of the above findings, 
extensive sensitivity analysis suggests that the broad conclusione 
would hold for a wide range of vaiues of the main parameters. 

A different objection would claim that the present anal~ysis 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 economist on capital, 
redistritoute income (at least as measured by average income levels, 
in the urban end rural areas) and provide more employ?lent then is 
presently the case. Even if it were found necessary to aaopt radi- 
caLy different criteria in order to obtain the wider objectives, 
it is surely still important to have sew meeeure of the econon!c 
cost c_^ doing this. 

Another possible objection to the present line of argument is 
that in Ethiopia end in other developing countries very small shoe- 
makers survive and are indeed cherished. Their continued presence 
might be taken es a practical demonstration of viability. It is, 
however, necessary to ask why the small units survive, end to recog- 
nise that to some extent they do so in an ecoaamically unexacting 
way. They undertake a range of functions - repairing ae well ee 
making shoes end acting es retail outlets for other manufacturers. 
These functions need not be efficiently discharged since accounting 
prxedures 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 
tirat 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 zable. It ie true that there would be no neoes- 
sary spontaneous way of spiriting over 2,600 small operators into a 
relatively large-scale orgenisation. This is, however, a challenge 
for policy and not, per, a defence of the small operator. 

The four alternativen considered in Table 3 represent two quite 
distinct forms of organiaation. Thus A, B end C are variants of the 
modem factory system; 0 is more akin to cottage industry and suggests 
'informal' back-street or village-level operations. In some ways, 
therefore, D might be thought to be closer to the engineering end 
A, B end C to the economic concepts of appropriate technology dis- 
cussed above - although each of the four alternatives is capable of 
making use of Ethiopian rather then imported leather end in conduct- 
ing the analysis on which Table 3 is based it was assumed that 
domestic raw material was invariably used. Thus far the very small 
enterprise has compared unfavoureb!~y with the factory system, end - 
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: capital elements i.1 the cost calculations - it is unlikely that 
social ccst-beneLi* 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 eo, ihl: need to 

it is worth noting that the appraitdls presented in Tables 1 and 3 
were conducted in terms of private profitability. This being so it 
was necessary to take es given the present system of Ethiopian invest- 

on imports of capital equipment and raw materials. As it happens, 

of production. Consequently the application of social cost-benefit 
analysis could be expected to make the relatively labour-intensive 
alternatives considered in Table 1 seem more attractive than they do 
in the light of private profitability criteria. 

The perhaps disappointingly small savings in capital eseociated 
with choosing the leeet-cost rather then the most m-chine-intensive 
technology is largely explicable for factories B and C in Table 1 
by both the conetancy of working capital ecroee tectiaologies e?d by 

merits. Much of the working capital in turn reeulte from w!lat, by 
developed country standards, is high levels of raw material stocks 

and finished goods. This identifies a particular point in the produc- 
tion procese at .WhiCh the further search fo? 

that they can be removed. 
Finally, it may be Seen that the selection of factory A in 

Table 3 would imply a perhaps unwise degree of centralisation. The 
establishment of a single large factory in Addis Abbaba, say, would 



ecciiomic objectives - alternative B in Table 3 could be preferred to 

e1tercetivs A. 
This possibility is worth enlarging on briefly. From Table 3 

it can be seen that to locate six factories in different parts of 

em@oyment by 11 per cent, 

(Addis Ababa and Asmara) the spreading of six shoe factories to other 
areas night be desirable. 
requirements of a shoe operative are not high. 

a powerful one, and the methodology and the range of questions dealt 
with - including (at least impiicitly) that of the relationship 

industries in deciding on size, location and form of organisation. 
it is consequently hoped that the paper throws general light on 
small- and larger-scale industrialisatjon, although it has to be 

more plausible than very small-scale, 'informal' methods cannot be 
extended to other products witF.out specific investigation. A main 
message of the present paper is that such investigation should be 
conducted over a wide range of possibilities. 
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XVII. ED”CATIO!~ AS A I.cJI~-cosT TZCF!NOLOGY FOR AGRICIILTu”AL DEV:ELi)U?~l;‘T 

bY 

P. Dubin* 

The Institut Africain pour le D&eloppement Pconomique et Social 
(INADES) working through it.3 "INADES-Fnrmation" deuurtment, ha: been 

concernsi with the training of peasant farmers since 1%:. Through 
its correspondence courses and seminars. its 3ournaI "Acripromo" and 
the field trips it organises, the InstitiltL is involved in nineteen 
Mrican countries, including all French-speakinp Afr'ice, Otbiogia 2nd 
Ghana. Its headquarters are in Abid,jan. Ivory coast, and oifires have 
been set up in recent years in Rujumbura (Burundi), Douala (Cameroon), 
Sod&c (Ethiopia), Kigali (Rwanda), Dananga (Togo) and Kinsbasa (Zaire). 
Two other offices, one in Accra (Ghana) and the other in Ouagadougau 
(Upper Volta), have been opened in 1':.3?5. 

GEJERAL PRINCIPLES 

Farmers who are beginning to make progress as a result of the 
support thev receive from different SOUIIC~S - the government, state- 
owned enterprises, schoolteachers, rel.igious missions, vnlmteers 
from a wide range Of countries, 1,ocai mn"PmentS and so on - want to 

know the reasons that lie behind the advice they z3.r-e given. Fecently 
a woman from :he Senufo tribe in Northern Ivory Coast said to us: 
'We've been told we should plant in rows and iree? the rows weeded, 
but we would really like to know why". There are also mvly instances 
where the boot has been on the other foot and preplsterous ?Sistak?s 

have been made through a failure to appeal ta the farmers' gnod sense. 
We need only quote two examples: if farmers do not realise thet 
fertiliser is a plant food, it should come as no sir-yise if they do 

as one farmer did in the Koudougou region of Upy;er Volta and aply 
ten times the proper amount and then completely lose confidence 
because they do not obtain the results they expected. SimilarL>-, if 
the role played by water in the spread of disease is not clearly 

1) The author is Director General of INADES-Formaticn in Abid;ian, 
Ivory coast. 
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grasped, it ought not to be surprising if, even after a weil has been ;f1 
dug, villagers ccntin~x to drink the river water which they find 

,:, tastier. 
Tier-e can be no long-term increase in agricultural nroducticn 

mless peasant farmers are given proper theoretical instruction and 
,,,, ,, ::,,, a-e allowed to assume responsibility for their own development. While : ,!: 
,,,~,, I~ ; this point is particularly important in the present coatext of food ""2 

< ,y shortages and pcpulaticn gx .:h, it is also closely bound up with the iI{ 

,,, ,;, question "f the type of scciety we wish tr- construct. 
The manner in which cur agriculture "curses we "rganised has ,,',: ;:;', 

a close bearing an the subject of low-cost technoloa. We have to 
tailor the contents nf "UT ccwses to the tecfiaicii 1evel of present- i'; 

:, 

~,'~ 
day peasant farmers and to what they can be "ffered in the light of 
their ability to assimilate ajroncmic, economic and scciclc~ical 
matters. If a particular form of technology is recommended in a course, '! 
the assumpticn is that It is technically feasible, profitable, suit- 
able for widespread mplicaticn and well adapted to the knowledge and 
zareness "f the people to wkmm "e address ,,,rselves, This is why, 
when we *Fe drawing up our program", we have t" enlist the aid "f 

I:, 
agronomists, economists, social anthr"p"1"gists and educaticnalists. ~~~ 

Y,,, If we are going to teach mathematics to a student, not only do we 
have to knaw the subject but also, 

,_~ 
and above all, we must !&now me ~,I;$$, 

;, ; St"dent . :,z~,,, 
In this paper, we shall examine the content of the courses A;; 

;;,, : ,: ,, developed "ver the last nice yeax. Our first-year "curse has been ,',>I i, :,,,, remrinted four times and the last edition was completely recast. We 4; 
,, 
;,: cwcein a sxxsiderable ~iiiount of feedback fr-om the work done at home '::' 
_~. ,, 

by course subscribers as well as from working sessions and tours 
f:;;:" 
;, ," during which 1*-o meet both students and course supervisors. :'. 

:,:, CorresponZence ""urses, combined wit!; seiirilrars and local tuiticn, ': 
are ar. example of low-cost technology applied~ to teaching and train- ",;t Y 
in&. Although the capital outlay is quite high because a drafting and :+ 
applications team with high qualifications and ccnsiderabie practical,,,,":;;; 
experience is required, the marginal cost is very low. The number of ,:':-,::j; 

<;: ,,, : subscribers t" the ccu~se can be increased many times "ver without it,: ,~::t; 
,,,i~ 

being necessary to build teachl;lg premises (course work is usually ,,:') 
::,, done in groups at people's homes) or to engage salaried pe&omel "' ', ,z,;; ,;;,~ since practical work, which only occupies each group for a few hours : ,;:j 
<, ~:,,j 

a month, is supervised by the existing extension service. The yield ::+ 
[;;,'y: 
:,t: 

on the initial investment is enhanced by the fact that the basic ,-' 
,,,, 

documents in French have been translated into English, Arabic and ~;;: ,,1 ,~ 
Indonesian by the mod and Agriculture Organisation (FAO) for projects ::!f; :,, ,,, 
in India, the Philippines and Latin America; into Amharic and KirmCi ,L:, y:-:: 

', by I?:ADES-Formation pending their translation into a number of other ';:-,: 

African vernacular languapes, and into Portuguese by the Caritas 
Brasileira of the State of MaranhS" in Brazil. 

a, : ,, 
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,,, 

,’ :: ,,,, ,, :,,,,, 

The aim of the agriculture courses is to improve the living 

standards of peasant farmers by teaching them better techniques based 
on empirical knowledge and the experience acquired over generations. 
At each stage in the acquisition of new skills, cwrse subscribers 
take a lead from their experience and learn the technical minimum 
they need to increase their output and accordingly their income. If 
the annual growing cycle is followed, farmers who are accustomed to 
the rhythm of n'ature can acquire r.?w knowledge more easily. 

THE CHOICE AVD ?RE?ARA?ION CF LA?!D 

In traditional farming, the individual is left little scope for 
choosing his 01111 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 cclour of the earth and the natural vegetation, with- 
out any regard for crop rotation or fallow periods. As a result, 
shifting agriculture is the practice. 

In cur courses, tne peasmt farmer learns to know his land. By 
means of a simple experiment, using the earth from his fields and a 
box k-itn holes in it, he learns to distinguish the physical components 
of the soil, such as sand, silt and clay. From chservations 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, roots and stubble, which 
decompose to form humus. The course goes on to study soil life and 
the microbes 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 
an? 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 thar, prepare the ground, 
r'emcve weeds and ventilate the soil. In a very few cases like yam 
and cassava,the farmer makea mounds or ridges to ensure that as much 
as possible of the humus in the surface soil layer is concentrated 
round the plant roots. 

We teach simple techniques such as the uprooting nf tree stumps 
wita 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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3y the Study 3f plant ro"t.5, knowledge can be pained about the 
role of manure and fertiliser in soil structure and plant nutrition. 
Plant feeding i6 a new technique which our students learn. Manure 
and cmp"st, which are easy to make and require only the invest- 
nent of labour, are studied in detail. The study of mineral fertil- 
ise~s is not omitted but stress is laid more an its profit-yielding 
~leatures since the gurchase of fertilizers implies some familiarity 
with farm accounting. 

SO'rlIF!G Am TE?IDIFG 7x3 CPOP 

In a traditional situation, the farmer is quite capab1.e of sow- 
mg or pianting subsistence CLODS at the proper time and at spacings 
which take account both of the plant's needs and the fertility of the 
soil. The technique becomes more difficult when new crops or more 
prnduc~ive Ywieties are introduced. The farmer only makes a rough 
and ready *election of his seed stock and keeps the best hez~ds of 
rrain, cuttings or Tubers fo? planting in the following season. 

':ith aodern cash cxaps and the imprnvements made t" Subsistence 
cmgs, we have ta study sowing techniq~ues which, although inexaensive, 
require cansiderabie care w-hen being applied. Sowing has to take place 
at the right tine, especially in the C‘ahelian region where the growing 
PeaEC" is short. Ccwhg a!so has to be at the right spacing, so that 
a larger CTOD can be obtained from the same area without requirin,? 
extra work fi.r weeding, hoeing and Tlant dressing. The use of mire 
productive seed varieties and treated seeds are two techniques which 
can be a source of substantial profi'i for a minimum outlay. ?y study- 

in:. the slanting-out technioue for certain crops, the way is paved 
for scudyinp market gardening which, with its advanced technology, 
is particularly attractive as a result of the grnwing reqrlirements 
Of t?e ur~ban Consumer. 

Just as the study of land preparation leads on to the study of 
snlmal-draw" clllti"atin", the loPica sque1 to an analysis Of correct 
macmgs and depths for sowing is the study of simple img1~ement.s. such 
as drills ane DlantinE wheels, to ensure proper planting. We then go 
n" to the more com~~lex mechanical sower , which is an expensive piece 

of equipment but without which a really good crop cannot be guaranteed. 
In traditional agriculture, the crop ie tended merely by weeding 

with a hand hoe at infrequent intervals - on account of the difficult 
and tiring natire of the work - at a time of the crop cycle when weeds 
grow quickly. The farmer is defenceless against the insects nnd 
diseases which attack his crews . The only possib3~e means of combatting 
insects is to destroy them by hend and the only remedy readily svail- 
abie to the fammr apainst disezse is the admittedly clever but 
scarcely 2ffective technique 9f sureadinp wood-ash on the sic!< plants. 



In 07x- ccmrses, the farmer lewns wh'j it is important to weed 
crow at frequent intervals: weeds Q-C%' faster than cultivated plar?ts 

and conpete for mineral nourishment and water. Vithout any extra 
expenditure, frequent and proper weeding provides the plants with a 

9ut weeding is a tiring business and study of animal-drawn hoes 

technique than hand ploughing. The seeds have to be m-overly sow in 
straight glows and the animals b:ve to be very well trained so thaz 
they can pass between the ~-0~s without damaginq the plants. 

3y applying the simple and inexxnsiva technique of harrowing 
2nd ridging, the farmer learns to make the most nf the water in the 
soil. Irrigation or draina&e are sometimes necessary far some wops 
and for certain types of soil The basic investment requirement for 
these tw water-utilisation techniques can be quite modest at the 

them by building earth dams, 

The present-day chemicals industry provides the farmer with a 
wide ant vvaried range Of 

defenceless but today many res"ui-ces are at his disposal. However 
these products are expensive and mistakes in epplicatinn can prove 

easy, since it involves a knowledge of chemistry and machines, as 
weli as piant physiology, and yet it is an essential requirement. 

C""seque"tl~,~, in ow courses, we study the ~hysiolocy of plant 
stems, leaves and 583. All this knowledge is useful to the farmer 
in his day-to-day life since the conversion of raw sap into elabor- 
ated sap by the chlorophyll fan&ion is at the very heart of agricu1- 
ture. It is important for the farmer to be aware of all these 3x0- 
:cesses which determire whether harvests will be good OII bad. 

P.4RvESTING AaD PoST-"*RvECT TREATTMErnT 

harvesting slackens off because transport conditions are poor, and 

instance and then for sale at a later 

harvest is not an easy inatter 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, hewests are more 
abundeat but they are more ,Zifficult and trying for the farmer. In 
our couxee, 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, iike small carts, despite their high 
price, become increasingly useful to the farmer who has expanded 
production. A large number of tripe have to be made between fields 
end farm end between far= and market and all too often ""men have 
to carry everything on their head. If the farmer has a cart, he and 
his wife are freed from this irksome 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 ant, in particular, of producing grain 
and fruit crops lead on to discuesions of plant physiology end 
especially of fertilisation. Although this phenonenan is known to 
farmers, it is hardly ever explained very clearly and hence it is 
important to present the subject in as simple an: complete e mauler 
ae possible in our courses. The cultivation of selected varieties 
is becoming more widespread, hybrids are beginning to be popular, 
and the farioer 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 far-mer who has expanded his 
crops and wants to derive maximum profit from his labour. Our courses 
go into this problem and attempt to work with the farmers in studying 
simple end inexpensive means of conservation end storage such as sun- 
treated seedstccks, hay silage and so on. 

STOCKRAISIEIG 

Domestic animale are kept all over Africa, from the herds of 
sheep and cattle of nomadic herdsinen 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. Animais are not slaughtered on eny sys- 
tematic basis but only on special occeeions such as religious festi- 
vals and family celebrations or ir. honour of visitors. These animals 
which are raiseti in 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 among 
the young. 
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Herds m-e a source of wealth, but wealth that is dormant and 
our cowsee. endeavour to assist farmers to 'awaken' it. The modern 
peasant farmer must use his animals to produce more eggs, milk and 

meat in the same way thzt he uses his land and crc?s to produce more 
food for himseif and his family. The first technique taken as a sub- 

:,,t:';~ ,ject of study is that of animal feeding. By improving the feed (grass, I,, 
;:, ', grains and tubers) produced on his land, the farmer can obtain more 
,, ,~ 
,, ,, from his cattle without spending much. Even more important he thereby 

acquires ~tockbreeding skills and know-how he often lacks. Another 

::::,: valuabie low-cost tehnique studied in our cmmes is cattle hygiene; 
:',,,, ,., this includes the use of vaccinations and first-aid with simple 

remedies available to everybody, 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 aim?. physiology 
and3 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 satisfi, these needs. In 
studying reproduction, we tackle the very important problem of selec- ,,, 
tian and the improvement of animal breeds. These are more costly 

:', techniques which can cnly be envisa@ when feeding, hygiene and 
day-to-day care have been improved. 

In training draught animais to assist him in his work in the 
::,, fields, the farmer assimilates a very difficult yet most valilable 
:,: : ,, ;P technique. He really becorces an agriculturalist and acquires a skill 

:fi ,, that is respected as much as any other. He combines cultivation with 
;:, stockraising, improves his working and living conditions and diversi- i<, 
i, ,,,,,, fies his output. With the manure from his animals, the farmer learns 
{$ ,,,,: ,,,., the technique of fertilisation, which is a source of wealth fo? his i:, .,, 
,;,: : land, his crops and himself. Shifting cultivation is no longer neces- 

:::;., Most of the subsistence and cash !-raps currently produced in : ,;:;; 
,I; Africa are studied in the second year of our courses, as as-e the ,: '::!!; ;: ,, 

,, 

different fomns of stockraising. The student himself chooses the 
options he wisher to study, depending on the region he comes fron )_ 

and the crops he produces. The proposed outline is always the same 
):,, and the course goes over the age-old techniques known to everybody 
z,: ,,,, ,, 

', so as to enable the student to identify them, giYe them careful ,,, ,/ :s;:, ,, 
thought and attempt to explain why they are used. ,, 

3; 'j After studying the day-to-day techniques used in villages, the 
COURSE suggests an initial series of techniques for improving culti- 

~__,,~~ vation. These tecFu?iques encourage the student to use his sense of ,:9 



,':, observation and point to improvements that cost little or nothing ;,~, ,,, 
silxe the farmer has seldom uly 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 

,:I,: only ten days in sowing, half the crop may be lost. This is a tech- 
nique which is easy to epoly and does not requir-e any investment - 

,:: all it needs is a rational organisation of work. In the same way it 
,,, ,, may be preferable to weed a millet crop earlier so as to leave more ,,; :,::~ ,,_, tine for sowing cotton on the date recommended. i:, 

The number of times a crop is weeded determines whether the 
I',', 

harvest will be successful or not. This technique, which is studied ,:I 
:,,:;,, in the course, can be easily assimilated znd does not require any 

costly investments. If a cotton crop, for example, is weeded three 
: times instead of two, the production will be mnrkedly higher. 

Another example of a siaplc improvement which can be achieved 
by everybod:? at the cost of additional carefulL: planned labour is 
pig-breeding. The local breed of pip which can be found in many 
African countries is left free to fine its own food; it reaches a 

:', ,, weight of 6C kilos at the end of two years, if it lives that long. 
On the other hand, an animal of the same breed wills only take one 
year to reach 50 kilos if it is kept in a clean wooden pigsty with 
a thatch roof and stone floor, if it is fed every day on produce ,,;,; 

" 
'; ;,,, from the farm and on garden and Bitt+ waste and if it is given ,~!,_ 
:c,, plenty of water. : 

Obviously. these low-cost techniques are no longer sufficient ',;; 
when the farmer wishes to propess further. He will then have to 

,,,:, 

I:, 
',:~ make an investment in cash. Dut the fact that he wiii have already 
,,,, been successful in appl~ying simple low-cost techniques will make it ;;i 

ail the easier and more profitable for him to assimilate more soDhis- 
;,,' 

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 shills, q ech*nic*l know-how, soil fertilieation ':,: ,: ,, 

,~ end accounting. This technioue will work to %he farmer's advantage ,',I,;; 
only ii he has already mastered other techniques requiring physical :,'~$ ,. ~, 
or aental investment and involving such operations as tile uprooting 1ji ',:~ 
of tree stumps, sowing- in rows at the right time with proper spacing ,,~:?f 

,~,, 
and so on. Another example of moFe advanced techniques requiring the : 

,, ;,$, 
,,,: 
::-~ investment of capital is the use of insecticides +S treat crops. ,, <j 

'!;,: Complex appliances have to be purchased and the handling of expensive ,,,, ~~'z 

products that are toxic for both man and animals must be careful. 
:;; 

I:,< ,~; This technique. which calls for a knowledge of chemistry, zoolo&y ,';:;:,j 
and machines. can give high yields only if it is applied to a crop :~' ,:, 

,,,, on which all the other work (ploughing, sowinE:, weeding, pruning, 
f,,, ;,, and so on) has been carried out properly. 
i::,,: :: 

,;; ;:' : 
,~,>; 

<,,~ : #:), 
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THE PEASANT FARMER AS AN 'ITXSTRIALTFT 

The peasant farmer is no longer merely a producer of crops and 
cattle and his occupation can be likened to that of the head of 611 

industrial firm who has to foresnst production, organize sales, 
calculate expenditure and administer his assets. This implies a very 
different role for a cultivator who was accustomed to relyinp on 
other people such as the authorities, '5echnical advisors, and traders 

tc think out and solve all the%2 manaReria1 ort.blems. 
In the traditional system, the choice of crops and animals was 

goversed by the habits of the village community, and the individual 

did not have to decide for himself. The amount of food that had to 

be produced was determined by the ccn.%mction requirements of the 
village, which lived in a subsistence economy. The peasant farmer 

has now entered a market e::onomy. He still produces food for his own 
use but he now also produces food crags for the urban ccnsumer, raw 
materials for industry and cash crops for exoort. A?' this invol~ves 

new e!iills. In our couiises, concrete examples of notentia?ly attrac- 

tive wops *re @Yen to encourage students to reflect on the matter, 
to envisage what work aqd expenditure will be needed if a particular 

crop is chosen, to calculate the yield irom the lend and to estimate 
the volume of the harvest. The combination of cultivation and stock- 
raising obliges the farmer to organise his production and make pro- 
vision for feeding his cattle, znd they both require forethought. 

method and infornation. 

WE FIARKETING AND FOOD DISTPIBUTI"Y SYCTTF: 

In 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 quickly. The trader offers a price which the farmer can scarcely 
question, because he has no other means of disposiw of his crop. 
Frequently, the need for money is so acute that the farmer sells 

more'than he ought and no longer has enough food left to tide over 
his family until the next harvest. Fe often has to buy back food at 
high prices. usually from the same trader to whom he sold his crop 
at harvest time. 

The title of one of our courses is "Iiow to seil crops at a 
higher price". 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 
law of supply and demand, he must find out about the tastes of 

customers and consumers, assess the risks and hazards of transpotia- 
Con 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 qualities and presenting and packa:zng the product 

.:, to the consume~~'s taste. Storage of the crop in whol: or in part, so 
that it can be sold at the best time, is a mu, aovanced technique 

;j;~' which requires substantiai investment and considerable technical 
!,I,:,~ knowledge if, for example, a watertight silo has to be built or if 

",,, the foodstuffs which are stored have to be treated to protect them 
(i ,;,,~ ,,, from insects. Transporting the produce to larger markets where prices 

are more attractive can often be envisaged only if an association is 
:~i formed with other farmers: the normal transport capacity of a truck 

is too large for the produce of a single farmer. This technique which 
is studied on the basis of specific examples end precise figures, 
enables the farmer to consider and understand the need for group 

in a traditional barter economy, money is of little importance. 
When cash crops are introduced, money begins to circuiate 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 negotiated. This money coon usually passes 
through his fingers: creditors claim their entitlements, taxes have 
to be paid st once, repayments on loans are demanded, end a host of ,". 
touts often make sure that what littie money is left to the farmer 
is spent on the very s&me day. 

Money is a necessity in a market economy and people have to 
Zearn how to handle it. It is one of the techniques studied in our ', ;< 
courses. First we teach some arithmetic since the farmer must know ': 

if he is not to be caught out by traders who are more 
he is et handling figures. Our peasant farmer's with- ":; 
ovides the student with an opportunity to rev&e his ,,, 2;; 

the four basic operations. With simple concrete examples :;;y 
it sbws him how to calculate yields and percentages end how to check 
the amounts showo on weighing machines. 

~'?g 

,,,:,I 
Another part of the course covers the farmer's accounts by meane ,:j 

of e simple system which enables him in a first stage to ascertain ,,,,:, 
his income and expenditure. It teaches him how t& make provision for ,,ij: 
his expenses, investment:; end repayments on loans; it then shows him ,, ,:: 
how to draw up e technical budget to keep a close watch on his money. ,:,:I 
In order to convey ti?is accounting technique more clearly, the course ,A 

step through the story of a village family whi.iL owns ,~ i, ,,, ,;,~,;, 
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of spending end buying. By following the story of this family, whose 
eons go to school and can write and calculate the cost of everything, ',i 

the student learns the technique. The course concludes with concrete 
examples of data charts for crops end stockraising which teach the 
student to calculate the prospective yieid of a particular crop, end ,~,:; 

,ur,ders-tend why one crop brings in more money than another. By celcu- ,::A! 
,, lating the amortisation of the family's agricultural holding, its 

production costs and expenditure on equipment, he can work out a ';,,;i 
balance sheet, 'understand what it means and find out if money has 

;: ,, ,,':i 
,,= been made or lost. 
,:,, 

The farmer has always used credit, even if he does not tail it 
by that name. In order to bridge the gag between one harvest and the ,, 
next he borrowa a certain amount of food from e 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 end :>: 
pays beck 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 seek of 
coffee worth say 30 francs. Moreover, 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 turn. The farmer who wishee to make pro- :,;;: : 
gress has to turn to modern credit facilities: however useful tradi- ,,,:;:j 

,Y;:?!,: 
:/ :,, :i :~ tional forms of credit may be, their volume is not very great end 
:i: they are a heavy burden on the farmer's budget. Money from the common ,~,!I 

:,) 

:,;,; ,': 
,!,,,~, purse of the 'tontine', although less costly, is often used for non- ,:~', 
,,: productive expenses such as traditional celebrations, marriages or ~,,~' 
:: /:: consumer goods. ,,,~, : : _ 
-f :, Modern agricultural credit is much more complex then the tradi- ',::I, 

tional forms of credit. Information has to be obtained about the 
::,,,, different types of loans, the interest rates, the collateral required, ,~,;< ;g;+,;,, ', ,:,' 

mutual guarantees and personal contributions. Cash flows have to be 
worked out end annual repayments calculated. In an endeavowr to pro- ': 
vide the farmer with guidance in acquiring all this knowledge. our 

~cours,e on credit uees the story of a fwmer who wishes to progress, ;,,:,s; ,,, 
:,,; ,, : : land who is in need of money. with the assistance of an extension ,' ,:_ 
;,<, ,~,: ,, 

:" ,,,worker, he weighs up the problem and tries to find out how he can ,::,; ,,:> 

c;:;~,', ~"menage. The story goes step-by-step through all the representations 
~:, 

;,:, ,, 
~Q,, ,~ the~farmer has to make to apply for and obtain the loan. It then " ,:;; 

~ ,, shows him how he organieee his work to produce results from the money :' $~I,~:{ ,:, 
:;:, obtained so as to be able to meet the annual repayments. This simple ,,'!,:t ;t:: ~,, 
!. ,, "' ,but comprehensive story enables the farmer to have an all-r&d g,, ,,,:~,l 

: ,i 
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,,,, 

picture of the problem. He acquires a very thorough knowledge of the 
credit system, of ways and means of obtaining a !oan and of the terms 
and conditions af reoayment. 

UPGRADING TX TRADITIONAL VILLAGE CRO”PI!,!‘S 

There have always been groupings of peasant farmers in villages, ",;; 
inciuding work groups to do difficillt jobs ii? each membey's fields ,-,';j; 

in turn, mutual assistance poups to care for the fields of the sick ',,r:;,!ij 
or the absent, or celebration groups w.hose members work together and $ 
save the proceeds of their lzbour to have a celebra.iion. 

~', y<: :,i 
,;,, 

A strong spirit of villwe solidarity and an inqained habit of ~; 

working together have grown out of these groups. 4owever. ovine to ,':;!; 

their relative lack of strucawe, these groups no .onger meet the 
present-day requirements of agriculture where 'the energies of all ,,, ~:,,: 

must be harnessed if there is to be some oro;rrress. The old sDirit ,,,,: 

can and should be uoheld and adauted to more firmly structured end '~'~2 

more efficient types af essoci*tion. OUT course 017 associations 
attempts to meet this need. It uses concrete stories to explain why 

~1 ,,>:, 
,~;: 

it is difficult for one farmer on his own to make progress without ~,,,':;q 

arousing the ,jeaLousy of others, and to show that a united and deter- ,',:~;;j 
~1:~ ,,;;;s; 

mined group can produce much more fog each of its members. The co'xrse ,+;x< ,,,,, _ 
then goes on to explain the cocdiHiona that have to be fulfilled if ",:;:$jj; 

a group is to be successful. So many attemnts at co-oaeratives ha-:; 
failed that it is very important for the farmer to hwe a clear aGer-,~~S: 
standing of the factor governing the 'success of an association. The 

:,:,; 
"CC: 
,,,,,x 

farmers th.emselves have to choose the members of the group -ind then ;$ 
the group selects en immedj.ate aim that cm be easily achieved so as ~" ,:z 
not to dissipate its efforts. The selection of ,group leaders is i: 

:i 
important since ~these people will be responsible for organisinp the 

,,,, 
~~:: 

work, representing the group on outside matters al -3 ensuring con- ',,,::j 

pliaoce with the rules. 
In narrating the story of a village which has set up an ~,,, 

ciation, the course expl.ains the reasons behind the decision, 
motivations of its members and the nit falls which have tp be 
if the initial enthusiasm is not to tarn sour when difficulties crop :: :'I':,:i 
up. AS the story progresses, the course brj.ngs the student to reflec,t,:"~';::d 
on the actions he has .illst read about, to understand the reactions, ::,':;:;;, 
of the characters in the story and to draw conclusions that 'will ,guidq ;;$ 
his own personal actions. 

The techniques taught in our courses are not theoretical. They :' ',:::5;; 
zre based on the observations which ou.- student subscribers have made ,I ~;I;$ 
in their villages and their fields. They are illustrated by concrete ~',,;<;i 
examples and they are dynamic in that they incite the students to take,,';:;:? 
action to improve their own lives and the life of their community, ,:,,:;I 



XVIII. TfiE ROLE OF NC?!-GOVER?rMENTAL INSTITJTIO*x? 
IN TF!‘.E IKw~ATIOr PROCESS 

bY 

JOhE We Pilgrim* 

Maize was introduced to African ;rtisants in Kenya by European 

farmer settlers at the turn of this c,;ntury, and was actively encour- 

aged as a crop in African farming z-w35 durinp the First !,u'orld Var. 

The c*ncomitant introduction ai new @o"ghing, rnill~irl.g, storage and 

trana~, -t technologies in these a-825 led to the development in the 

1920's 3f a market economy based on maize. The ne*r crap progreesively 

came to replace oi- supplement the traditional cultivation of finger 
millet, and the technical innovations which accompanied it paved the 

way for the growth of Kenya's present agricultural market economy. 
Three .:spect.s cf this innovation process ai-e of partiru'ar 

relevance here. The first is the appropriateness of the:? nr;r tech- 
nologies. The secand is the adaptive cixxacter of the orcmisetions 

and institutions which either fostered the innavatinns or were 
directly affacted by them. And the third, which bears directly upon 
a country's development policies, is the eiTect of technological 

innovation on social and agrarian structures. The main theme under- 
lying the present paper is that non-governmental ciganisatians 
(churches, eaucational institutions, research centres, pi-iv&e fir%UpS, 
etc.) can play, and have played in ihe past, n major role in the 
development process by fasterinp technical and social innovation, 
and in partic-alar appropriate low-cast innovatims. 

THE INTTRODUC*Im OF NAIZE-G%JK”TG I?’ KE”YA 

One of the main reasons for the aucc~ssful adaption of maize in 
the Kericho District of Kenya(l) was the exibtence of zattle herding 

* 
The author was the Director of, and is~curr,vtly adviser to, &he 
Centre for Applied Research of the Panafrictn Institute fol‘ Develop- 
ment in Douala, Cameroon. 

1) Although this section focuses on one particu:ar district, it must 
be emphasised that the processes of innovation in maize cultivation 
and processing in other parts of Kenya xare not fundamentally 
different. 
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aa the main male economic activity which made it wassible to use 
oxen as draft animals. Praductian of maize for the market thus became 
mainly a man's activity, w?,ile women cnntinued to produce finger- 
millet for home consumption. The basic innnvation in production tech- 
nology was the iron plaugh, manufactured in Enn,qLand and introduced 
to Kenya at the same time as maize. This innovation had an immediate 
and ?rofoimd effect on the agrarian structure and induced far-reach- 
ing changes in the use of l~and and labour and in the rroperty system. 

The trariional method of milling finger-millet, by rubbins it 
beuueen fiat stones, was not applicable to maize. Norever maize was 
unsuitable to traditional methods of grain storage, being more subject 
IA' infestation by weevils, and for these reasons was not immediately 
i?~-o. .,itrk for dome.stic 115e. 

1;s gradual adoption 3s a dual crop, for hone consumption and 
:..--!i sale, was therefore dependent on the introduction of appropriate 
nllling and str,rage metho5s. The first of the5e technologies in the 
form of importec! iron sn6 aills and lccali:~-made water mills, was 
le?rlad from missionaries; the secono, in the form of onen crib 
stores, from both m:Esi-!x~;'ies and 5"urapean farmerE. 

30th technologies had been aeveloped over a period of hundreis 
of years in Eurn?e, and were still I used in 7iirope and the United 
Ycates et the begirmin.~ of this centurv when they :vere introduced 
into Kenya. The missimcries who played the most active part in this 
trnnsir Of technal",cy were mainly American. The water mill which 
emnioys the princi?ie of p-witp drive by water was not a scaled- 
5wn modern technology, but a traditional medieval technology. It 
continuee to be the rosin means of milling for home consumption il; 
Kenya xcoday. Such mills 2x-e generally owried and managed either by 
irdividusls or by mall g-ours of three or four men. 

FE ?“UIY F&m,m?S OF THE :ln!OvATIOK PFOCESS 

PesearcX into zhe overall agrarien anP institutional processes 
which were associated with the development of maize cultivation and 
post-harvesx technoloey has brou@t to light a number of important 
elements in the diffusion of these innovations(l). 

One of these is the critical role of environment& circumstances 
in the initial adop:ion of maize cultivation. Coils and climate were 
suitabie and maize presented an attractive alternative to traditional 
forms of capitel accumulation like livest.ic3k ownership. "his was in 
itself a differential and differentiating process. 

1) see J.W. Pilgrim, Agrarian Develownent end Social Ch8nE.e in an 
African Society, Centre of Applied Research, Panafrican Institute 
for De"el.agnent, Douala ( lS75. 
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The irn~vatnrs were entrenraneurial in character, an* wien 
starting to grow maize for the market, were prepare+ to en;-aide iri 
cmf?ict with fellow-"illayers. ihe difficu!ties tnis created are 

clearlp spelled or in two government remrts which tin be quoteri 
her*. 

"A situation is arisinc in South Lumbwa Diririct which mav we1 1 
prove a matter for anxiety in a :-ear or twn. rl nl,o'-P'- OP t?!e 
:mre advanced Xinsigis are r;lo:~gh owners, ir:d a5 the triie h,as 
no system If land tenure, QtdlPr‘ tl7r.n a-F i c"mml,r,:t'~, these 
p1clupn nwners tend 1;" cultivzte ver:, :arre a'-ea5 iTee&, i'-iir 
reducing the avai1abl.e amunt of i~razinr....".(l) 
"A growinr clash of interests between the :'i~riyic .a~r.ir,t't::ri~t 
and the Xipsigis eastoralist is noticeable. The one user 2 r~'nu@~ 
and brings iarge areas under cultivation and the other a;;~uws his 
;iercis and fLOCkI to t'ramnle and c"Rs:me t'ae ensuin; cro3e. Fencinf 
of sax111 gardens is the general practice k12t larpe acreages cannot 
be fenced because in most ireas there i.5 32 a?.no~t comy?'ete lack 
"f fencinGF naterial."(z) 
These problem were also noted by an nnti~r"?~ln!:iP? in':1 CXC"r-d 

iJlli"WEit): 
"In every C"mu~ity one or TWO wealthy yeO;l!~E n"EFeiC a rlnu~r, 
and they hire shem o"ilt to the Others . Feople ,<!T,o have EOlLi 
a few cows to buy z plo-rEh have made lar:ge -r-fits b.; this trans- 
action, as they hire the p19u,-h et a very higk r.ats.. Ccmetiires 
money is not demanded, but the man to whom the @~oc:~h is lent is 
asked to assist the owner in plou@ing -,r weedin,~ hi; fiel4z 
. ..."(i) 

TEE DTi’CE”F‘VTliL. Ik!ATlrnF: C’ TF“ p’“p,,;,TI~‘~ p’,“rs.c.c 

mi?ese diPPerentiai, ca3ital accumulative r~s~)o*ses were rein- 
forced by institutional and cognitive siqpo:‘t $2 the individuals and 
g-oups involved. 'This supprt was orovided mainly j!, mission member- 
ship and schaoling, by employment experience with Euronean farners 
and by recruitment io administrative nests within the local coloni;?. 
government. The 'a~~riculturalists' ploughinr up la-se a-ear- and 
building water mills were mnrt often mission-educated ani' he!? pod- 
tions as headmen and chiefs, *ften after mending severeI years 
wor'king on local European farms. 

1) District Commissioner's Eegnrt, i~;erichc District, 1CYb. 
2) District Canmi*siomx*s ?ecort, Kericho Lfistrict, 19X. 
3) J.C. 

1939. 
Peristiany, The Social Institutiocs of the <insi&. London, 
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:j;p”, Access to new technology therefore tended to be accompanied by 
exceptional access to initial capital inputs, to administrative and 

;j,:;,; 
";,: ;~ 

2: ,,, T<*:: 

judicial pr-u~tection and to educational res"UIICBS. 
During a critical period of ten to twenty years, plough agri- 

culture and innbvations in economic and domestic behaviour were 
generally closely associated with mission menbership. 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 
villeges' - groups of adherents who had Ciuskred together, usually 
around a school. 

Land enclosure (i.e.~the dividing up of the community's lacd 
into individual or nuclear family holdings and fencing or hedging) 
was an eventual direct result of these innovative land-use practices, 
and again tended to reinfcrce the technical and economic advantage 

1 of the innovators. In 1960 this advantage was still discernible a5 

a correlation between mission adherence and land ownership. 
,, 

:j ,, 
I ,: 

,,;~,, ,: ~, ,,~ : ,, 

,;, 
,,~ : 
,,, 

In general, however, differential adaptation to inn"vation and 
t" a "ash economy was related more directly to the size of land 
ownership. Pesearcb at one vfllage in &rich* District showed for 
instance that in 1960, 66 of the 1lTiand a+?. Pr-8.hF.d 16 acres or mar+ 
ax? that 57 owned 15 acres or less(l). The affluent farmers employed 
a much larger number of hired iabourers: Twenty-eight (42.4 ?er cent) 
of the large land owners employed one labourer or more, as against 
only one out "f the 57 small holders. Twenty-four of them (36.4 per 
cent) had planted tea as against nine (i5.8 per cent) of the farmerr, 
with 15 acres or less. Twenty-two (33.3 per cert) of the affluent 
farmers had sons who had passed through s"me secondary education and 
were now in some form of gavernment or white collar employment, as 
against two (3.5 per cent) of the farmers with 15 acres or less. 

:,~, 
;,,,,,, 

Y-35 ROE OF NON-GOYEil.NKE!,TAL INSTITUTIONS I.', THE IiWOVAT,TTON PROCESS 

: :, The story :f maize-growing in Kenya shows not only that tech- 
nological innovation was accompanied by the emergence and formation 

I'~ ,' ,' 
:, 

of innovative, entrepreneurial men, but also that the instituii"xG ,,": 
support which i~as a necessary "orollary of this process led inevitably ':( 

t" internal institutional change. One effect of this has been the ~:'?i 
creation of different cia;sss within the rural population. The rela- ,::! 

',', ,, tivej~y wealthy and privileged in terms of material resources had 

1) These figures d" not reveal the extreme cases of innovative : ,:2, 

individuals, such as the man "‘uning 168 awes, who had benefited ,',;ij 
f:,,'; from the fact of playing daminating roles in the early pr0cesses 

of agrarian change. For further details, see Pilgrim, m. 
:j;f 

pp.109-1.11. ~,,<: 
,('~'~, 

p; 
,f: ;;;, ,, '~ ;i &,,, !,, ,, : 
& :, - 324 - 



access to capital. technology and influence, while the relatively 

poor and underprivileged did not. 
> : 

Tnis is a very general pne:imenon. In most develnninp countries. ,:,, ,, 
the agrirultural extensio? systen,credit orwnisations 2nd other ,:,:~ 

x'~:,, 
I" support services tend to cortinue this distinction by operating 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 pO?2lation 

are relevant to the more consciously designed 'development ?m.iect' 
(unheard of in 1920). One of them in particular is the rule of nnn- 
governmental institutions, of which the mission is a prime example. 

The mission's function as a successful agent of technical change 

rests upon a number of factors. The first is its stability which 
allows it to act as an ongoing institutional base for innnvaticn. 
~-he second is its conscious effort in trainirx 2nd edxcaticn: this :: ,, 
WOI.!i incidental~I~ matches man to technology and technolnpy to men. ",, 
The third is the fact that it 0peraCes 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 efforts over an indeiinitely ',,< 
long period. Finally, it does not set out to provide any superior 
external expertise, nc8r does it base its authcrity on technical Bnov- 

::,,;I~,, 
i.' how or on privileged iinks with a national or international tecimo- 
,>,, ,, cracy . 
: By and large these assets oontinue to be those of non-governmental 

deveiopment agencies. It is worth while asking why in particular i:,: 
organisations with missionary origins should operate in this way. 
One answer is that their main purpose is to integrate themselves 
into the locai structures and local culture, and that it is not any 
specifically religious need that induces them tS behave in this way. ;::::, 
A research organisation, or an educationel institution, has similar :',,~,~ 
motivations and similar capacities for endurance and adaptation. :;: : 

Ristorically 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 Dkveloppement Economiqwz et Social, the 
,1 

Panafrican Institute for Development and such universities at Ife, ,,, 

,,, 
1) See Niels ROling, "Forgotten Farmers in Kenya", paper prepared '1 

for the OECD Seminar on Development Projects to Reach the Lowest 
I<~, ,:, Income Groups. Paris, June 1974, and Joseph Ascroft, Fiels !Wling, ::~,, Joseph Karinki and Fred Chege, Extension and the Forgotten Farmzr, _ ; 

Landbouwhogeschaol, WaSeningen, 1973. ;,:I',;, 
R6ling and his colleagues demonstrate that, in a neighbouring area 

.:, of Kenya, credit and agricultural extension services are similarly 
channel.led tc the wealthier farmers, and that in consequence the 

p 
g,:;,:::, " diffusion of hybrid maize is impeded over a major part of the area. 

:'-!::,~~,,:~ ;,, ', _' J25”- 

:d;/,,,:,,,: ,,_ ,,,,: ,,, ,, 
!~~~,~~~~~;~-~,~~,;;~,::.,j;,, ,y;:;,:, ,, :, :; ::, 'r~; ,, ~, ';,,:I~?~~~;A-.,~,,;, ;,_ ,,z, ,~~,j,,, ,,,,,, ,, 
~~~~~~i~~::~~~~~~~~~~~;~;~~';,-:--:::~,,,~,;,~~ ,,,, j,:<?:;,:I, :~;;,i;;; ,z;~z~ ,: i;:ii _j: I,,:,,,: 'r,~~ ,,,, li ;_;, :/, 5; 'i;;,,,~:- ; ,,,,,, ;,,:~; :, "~,', : :' ', ,, ,,, :~,, '~ i,, ,, ,,,, _,, ;,:,:,<I:,:,,; ,,,; :,,:_(i:,,,;i,,,:,, ,,<,,,y,,, r,;;,;:~:l:'::i 



Ijr.d?n and Ahmadu 3el’~ I’m Nigeria, Njala in Sierra Leone, and 

Iiumasi Institllte i:f %:-~:I ce and rrci‘.na1ogy in wana are plaving 
siai1ar rc1ec Of technoio~ica~ extension(l). 

T”Z S”OETCGKI?GS OF Go7ErjNNmTAL I”ST~T”TIONC 

These rii:n-~n”ernmeEtai instit, ..tions are not primarily thee 

which 5;ov~~~nr:r-\tE and fXterr2.L de”el”pnlenE agencies tilin’k “f or .seeii 

to create in order tc’ accelerate deveL”pment or to achieve a specific 

tecknniorical cnanje. General iy spedking, the major institutiOna 

machinery ilaed for tnese purposes in rural areas is that of routine 
exte"El"n or other rural development services. Vniversities and other 
researci~~ and educati-ml institutions may contribute to these servica5 
I~ndirec-;? v nr ui ii iinited context, but they are in tha71selves usually 
c-mplelrij~ different in structure from the centraily-based bureau- 
cracies oi the ~evernment sector. 

If ~-esearcn 2nd educational institution.? d" not as a rule nrc:lde 
an adequate mac:hinery for the diffusion of new technology, it is 
equally true that the track record 01 agricultural extension services 
has be3 marxed by a c"nStant tendenc:; to fictional~ise achievsnent . 
Thus in Ghana, while the agricul~kural services sdw no difficulty in 

evaluating ixreases in cocoa prc?uction in terms of the technica 
services the,! offered to cocoa farmer-s, subsequent research has Shown 
that ihe cocoa farmers in fact succeeded in increasing production by 
virtue of their owm economic understanding of land and labour utilis- 
ation. They "ad eer1y learned the lesson that the ec"n"miCS Of cocoa 
farming rtyuired that the farmer ignore the technical advice offered 
year-m year-o,ut over B quarter of a centur:; by the agricultural 
sErvices(2). 

In Kenya the government's agrarian p3 licy hhS beea based on the 
'understandinr that individual holdings were the "nly path t" the 
development of q~iculture and in Kericho District in the 19:0's the 
enclnrure pragramme conducted under Lie pvidance of the agricultural 
service was chimed t" hew been the basis "f a totally changed 
economy 'based on ro~ercially-nrien"e, + 2 agricuiture(3). In fact, there 
had been virtuelly no "verall change in agriculturai production "ver 

l! Tee the capers by P. Dubin on the INADEC, and by 3.A. Ntim and 
J. Powell~on Xumasi Universit:J in this book. 

2) S *e Foilv "ill, Miqrant C"""a Farmers of S"uthern Ghana - A Studv 
in 9ural koita?.ism, Cambridge Universitlr Press, Cambridge, 19637- 

3) Tee c:i. Salwell, "A Nate 
K:igsij?is Tribe@f, 

on Some Changes in the Economv of the 
Journal of African Administrati"n, V"?.?, N".2, 

inri: l?S6. 3; .":--101. 
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a thirty year period, and enclostire had in any rase taken nlace 
spontaneously through internal processes to which the government had 
previously been *tir many years cmposed. Fecent prosperity in the 
district has largely c"me about through ti-e effects Of niprant ware 
labour. !ihere technical innovations and t new commercia'iy-oriented 
agriculture were developing, this was basically, as we have noted 
above, the vork of men with entrepreneurial characteristics who 
learned from the experiences of a E"ro?ean-based apricultural economy 
and from the missionaries. 'These innOYatilnE. "hid. date from the 

introduction of maize as 2 cash cm? in tiie !~720'5, we-x a cause 
rather than a result of land enclosure, and government agencies 
played little if any hart in the ~r0ces.s. 

one reason for the pneral WeakneSE or BpriCUlt"rel~ extension 
services is the absence of a~ P and D cqxbilitv of the tyne "hi& 
universities or other research institutions could nrovide. 3ut tne 
importance of P and 3 in low-cost technology shnul~ nmt be wer- 
emphasised. Account nest be taken of the fact that all innovative 
techmlcgie* are experimental anC that the social processes of 
adoption are Often very long. 

In this context the n aall !I function may best be carried out 
by an institutional structu~‘e with rugged and gi‘imitive canabilities 
of learning and perseverance rather than by one +-ith sn,histicated 
technical mean* at Its disp0s.5.l~ Success vii!,, come frsn an abi'ity 
to communicate in the language of the people, to use loc21 rns~*rces 
and to orerate at the cost level of a loca' moor uneducated society, 
rather than in tile language and with the reEOlxCeS af external tech- 
nological or administrative institutions. These are ihx cualitie.9 of 
the missions rather that? those of the research station. 

Any attempt to emulate these qualities must however be conducted 
in a way which will avoid the defects of the missinnary approach. In 
fact, the examples of effective action on tte part of non-governmental 
organisations are greatly outnumbered by the caeys of failure due to 
irrelevance, poor learning capacity, lack of means for wide-scale 
extension, poor links with the major social and ecanomic development 
efforts prmided by public agencies, and leek of awareness of the 
broad chznges in land and Iabbour use. There is no merit in rugged 
and irrelevant endurance. 

There is, eazally, no virtue in slowness for it* own sake in 
the processes nf learning and response. It could be argued that where 
a missiomry type involvemert has led to technological innovation, 
as in the Kenyan case cited above, this is usually because the iearn- 
ing and testing process is in fact taken over by sham-minded entre- 
preneurs. Entrepreneurship will, hawever, by definition, always lead 
to a differential process of adoption of new technolony. Development 
objectives (as against the objectives of simply introducing techno- 
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,Lorical change) may therefare need specifically to be framed in ternis 
of control over these differential processes which discriminate betwee, 
individual and individilai, grow and group, region and region. In this 
context, the R and D which is required may be essentialiy of the over- 
all glannin:: ty?e. 

WE ~Ax?.lE?Gcs OF TEX P*N*FF4~Icm mSTITUTE Em* rmmLO?l?mT 

Apart from the missions, another tyne of non-governmental organ- 
isation which can play an important part in rural asv~lopment and the 
diffusion. of low-cost technology is the training and educational insti 
tution. One such cause is the Panafrican Institute for Development 
(PAID). It is an internatinnal non-governmental and private orFanis- 
ation, affiliated in variws ways to the United Nations and other 
internntionel orqanisations and supported financially by some twenty- 
five governments and independent aid agencies. It has a small office 
in Geneva and four institutions in Africa, all located for the moment 
in the United Republic of Cameroon. 

"CID ;-tart-d in ?065 a~ an interzatiocal college, w1175e f~mctinn 
was primarily to train middle level deveiopment staff from francophone 
African territories, whether from ~w~ernme~~t OII from non-governmental 
agencies. Its main concern is with rural development (and especially 
with agricultural and rur.sL training generally), community develop- 
ment (lanimation rurale') , sub-regional planning, co-operative argan- 
istim and project management. Five years later a similar college 
was set u? for English-speaking African trainees in Suea, in the 
angloghone part of camer3an. In 1772 and 1977 respectively, the centre 
of Applied ?.esearch and the Centre for Fra>ect Nanagement were created 

A major aim *f PAID has been to maintain the link between train- 
ing, research and mana,gement and et the same time ta strengthen what 
hss al*a>-s been a primary concept of the Institute, namely, direct 
in"OlVement in the field in collaboration with the local population 
and S&e administration. iintil now this has been achieved only to the 
extent'that national agencies use PAID trainees in functions which 
correspond with their training. Xore rece*r.ly with the creation of 
capability to conduct research on a sustained basis and to provide 
assistance with planning and management, PAID has begun to find itseif 
involved dixctiy witii government and other agencies in the formula- 
tier of development programmes, and has had to recast its own structur 
and aims to maintah and improve control of its operations. 

The pattern which has emerged is one in which PAID can operate 
over a relativePj long period at the sub-regional level without 
relinquishing its traditional thinin role but linking it to research 
DUnnine and management assistance for the integrated development of 
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a zone (which might be a province or district of the assisted country). 
This pattern is illmtrated by programmes currently undertaken in 

C2mer3Or.. 
one question which arises in this context concern.5 the nature of 

integrated rural development as a planned operation. In the South 
vest Province of Cameroon, for example, feasible law-cost tecbnol~g- 

icsl innovations can be introduced in the ?.il!~age-level rubber and 
oil palm p:aatationa, in ~si.2 storage of mai.e and root craps and in 
the raising, processing and marketing of pigs. Nuch of PAID's present 
research is concerned with the simultaneous introduction of these 
innovations at the farm level, in the csrr~cula of primary school*, 

in out-of-school vocational training centres and through the training 
"f development agents. 

This has, in our mind, particular relevance to the working out 
of methodologies for integrated rural development planning within 
which flows of cqital and technology can occur. In the absence of 
comprehensive data for the zone, pianning may be effectively gmvided 
by the linking of specific teciimologica? innovation to edncational 
and other informational processes on the one band and to mar'iet 
strvctur*S on the other. The other essential prerequisite for such 
a pi-ccess of sub-optimal planning is that of 221 on-going institutional 
capacity to evaluate and feed hack the exgeriencs of innovative aciion. 

This in our present operations may be provided by PAID initially but 
ul'kimately it poses the need to provide for an indigenous institu- 
tional cap2city ior R and ii, which we beiieve has to operate at the 
iwel of a geographical and administrative mne. 



XIX. LC;I-COST TECmcLOGY, COST w LABOUR MAliACEME,‘,T 

Am IWD”STRIALIS*TION 

by 

A.J. 31,2112* 

I 
vhht is low-cost techc”l.ogy? ,tiile terminology is not always 

what matters very much, it is useful to define the context in which 
the practitioners of low-cast technology operate. Low-cost technology 
my be defined as technolofiy which is low in terms of capital (ohysi- 
cil pius woririn,~) , foreign exchange, labour skills and any other in- 
nuta which a-e often sea-ce in the rwai areas of developing countries 
in particular, and in the economy in generai. Cm the other hand, it 
is hish in terms of abundant local resources (e.g. indigenous mater- 
ials and unskilled labour). In addition, if OCB looks at the tech- 
nology 3-m the output point of view, it may he low in terms of scale 
of outgut, and sometimes even in terms of the quaiity of the product. 

In this chart study, the cost of labor management will be 
related to the chioica of technology in the process of surai indus- 
trialisation. It is or'ten argued that low-cost technology might often 
be labour-saving relative to indigenous technology, yet labour- 

intensive enough to raise questions of high costs of supervision and 
management. !lie shail examine this hypothesis in the light of eapiri- 
cai, evidence about industries in developing countries. It will be 
maigtained that management costs arising from such factors 2s rates 
of labour discontinuities, increase in supervisory wages, and social 
resistace to labnur dismissal, etc. are also irz"iuenced by the natrrs 
of industriaiisation strategies that are adoTted, and the modes of 
production (wace-based, or family-tased) under which different tech- 

' The author is Chief of the kchnology and EmDloyment aranch, World 
Emngloyment ?rogramme, of the International Labwr Cffice in Geneva. 
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is devotei’ to tez!molo~ica~i trmsformatio? nrc-cesses in industrialis- 
atiar. befnre ana1ysinfY tile I-e*- 1 atinnshin between l.abou:' manapem6nt 
ccsts and low-cost tecnnolclfu. 

~EC”]$CLfJ,>IC,tJ TS,p F”“T4ATIOil S”P.4TEG:ES 

It is Ofien .+rperj that ‘the rorai~ al-e88 and the llrban ‘informal 

sector ire the min sources of low-cost techna?opies. Even if the 

technnlogies currently rrevailin~ In these sect'lre ma:7 not rlecessari1y 
be econoeica lhly efficimt , it is possible t" ecllieve lower c05t5 of 
nroriuctiar, by raisinf the teChnll.O~iCal leve! Of treditional tech- 
no!c;ies. T"is ?roiess nf moderr~isa~tlon could either be pradual or 
t"O rapid and discontin~""s(l). Fowever, the latter 'crash modernis- 

ELticm str?.te,q; "rider which the rilral and urban 'informei' sectors 
plaj only a pasrive role in ti:e deveianment nroce?~s, arci under wr.icn 
the bull< of the l~imited resnllrces are concentrated on the small: se;- 
ment of 'arp+scal~e modern ird113tr:: is likely tn militete against 
rural industrialisatinn and -cii-cost technn:o.-ies. in fact, a vlicy 
0: ranid ter!inolorjicel trarsforne Ation is onlv li!;el~!y to disnlace 
t*e rural iI-""stry ani! artisan sectors unless the -Latter are ?I-"- 
tected ti:I-Ou,~h 5onle sort Of s~ubsidy. On the Other hand, the pradilal 
rransfwnatinn oolicies are IiZeiy to ensure a camnlementary develop 
ment of rura:! and small-scuie industry anti modern larpe-scale indus- 

try. 
The experience of rural industriali.sation in China and of its 

'walkicg on two legs' policy clearly demonstrates that leg-one 
(larger-scale and caoitai-intensive), and le&two (small-scale and 
labour-intensive) nro,jects were linked to ensure productivity improve- 
ments in the letter. Since the Great Leap Forward, increasin,- atten- 
tion has been paid to narrowing the gaps between the twn legs: 
emphasising fuller utilisation of existing capital stock in large 
modem industry to maae ~lesources available for ensilring technical 
improvements in the traditional technologies, small-scale and rural 
industries. 

The linka,ges between aqriculture, rural industry and modern 
industry in China ar‘e illustrated in the diagram below which is 
borrowed from Sigurdsoni2). It is shown that rural industry is 
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1) For 2 cosparison and contrast between *7rngressive transformation' 
and 'crash modernization' pro~rammes in a quantitative framework, 
see Keith Marsden, ":ntegrated Regiana,L Deveio~~~~ent: A Ouantitative 
JLpp-oath" , InternationaL Labnur Review, June 1~95". 

2) Jon Sigurdson, The Wle of Small-Scale ad Aura: Industry and its 
interaction withiculture and Lame-Scale Industry in China. 
The Economic Research Institute at the stockholm school of Economics 
(nimeo) , Stockholm, 1774. 



expected to be complementary to both agriculture and modern indiistry. 
nilral industrialisation iz introduced in gradual stages. The first 
w represents rural industry as an in~termediary between agricul- 
ture and modern industry: producing industrial in-outs for agriculture 
and processing agricultural outnut, and receivinp equipment, tech- 

nology and training fra. udern industry. At the second stage, rural 
industry and agriculture become partly integrated (shown by inter- 
.5ecting circles), with agriculture supplying more and more raw 
materials for Ligtt indusirisl products 2nd wit;1 an emerging tao- 
way relationship in modern industry. In the third stage, rural indue- 
try is cnmplementary to both agriculture and modern industry, and 
integrated with rather than eliminated by the Latter. Quality stan- 

dards of prcducts of ra~.l industry and improvements in technology 
take on additional importance at this stage. 

Although the schema below may be a rather simplified version 
of real-worid situations in many developing countries, it does show 
the workin;- of a gradual trans formtticn of ruraL industry in the‘ 
Context c!f which the cost of labour managemect issue needs to be 
examined. 

DEVELOPMENT OF RURAL INDUSTRY: 
INTERACTION dlTH AGRICULTURE AND MODERN INDUSTRY 

\ (I?D Agric,&re 
Rural 

\ Modem 
( , l"d"Slly 
\ l"d"S1R ,, 

\ -/ 
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Ti%CF??OLOGY, MAN*CEb~m!T *MD OHGAb!ISATION 

Hirschman can be cxsidered as one of the early and centrover- 
sial writers who ;ointzd out that in developing countries the require- 
ments of labma m-2 proportionately much larger when less capitals- 
intensive methods are used, due to lower labour efficiency and lower 
managerial expertise(l). His prescription is that a developicg economy 
can ma!<e more efficient use of capital-intensive methods, especiaily 
ir. machine-paced (as against operator-paced) industries, since the 
Isbour farce is unstable, inexperienced and less disciplined, and 
managerial talent very scarce. If tt~ese technologies are used, the 
differential in industrial productivity between devel~oped and devel~op- 
in6 countries will tend to be narrower than might otherwise be 
expected. 

Implicit ir the above prescription is elsa the choice of a par- 
ticular industry-mix in the developing countries. In support of his 
hypothesis, Hirschnan considered the following types of industries: 
(a) yocess-centred machine-paced ina-stries. e.g. oil-refining, iron 
and steel snelting, and cement mer.~ifacture, and:b) product-centred 
operater-paced industries, e.g. construction and fabrication indus- 
tries, carpentry, brick-laying, metal-working, where tools and 
machines are largely accessory to vio?kers. Sy the natwe of these 
industries, it would seem that those in category (b) lend themselves 
to rural areas and small-scale operations much more than the latter. 

Squzting nrocess-centred industries with machine-weed capital- 
intensive cnes somewhat arbitrarily, Firs&man argues thet the latter 
are more efficient. This is so because "machines set a rhythm of work, 
a steady pace and standard norms of efficiency difficul~t TO ensure 
when the work-force is undiscipliwd". Secondly, management costs 
may be lower with machine-intensive methods because the mechanical 
or- chemical processes define precisely f?r the manager %bat is to 
be dme where and at what point'af tj.me . ..I-. Thirdly, another argu- 
ment in favaur of machine-paced integrated continuous flow processes 
is that they require adequate maintenance. However, since machine 
operations are also dependent on adequate maintenance skills which 
may be in short supply in developing countries, it does 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 two dif^erent 
plants, large difference s in productivity may be observed. This is 
due not to differences in capi~tal per worker, but mainly to differ- 
ences in managerial efficiency (caused perhaps by motivational 

1) Albert 0. Hirschman, The Strategy of Economic Dcvelorxnent, Yale 
University Press, New Haven and London, 1955. 
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factors). %igher nroductivity may a?so resul~t from a simple reorpn- 
isation involvin,- pianl: lay-out, nateriels hmdlin~, Wasbe contro!s, 
etc.(l) 

E”IPIRICAL IE.C”S ni’ iiiI?sc:*!*:!‘s ‘IfiP”T”ESIC 

:~irschma”‘s ,~eneral hpnthesis thaS the greater Lbe de:yree of 
capital-intensity in industry, the small~er the labour productivity 
diiferentialm between iievelr~~3d ~3rd devel~o?ing cmntriee, has bepa 
ec:!iricCl:p Tested ox the br.Si.c of rather arpe~atc data published 
in national censuses of mam~fecturin~. .ie ski, briefly examine the 
conclunionE of tiire4 tests, t:,e izst of which (by !hu"erneur) is 
im.Eee nn t,".e i15e If :,l~ant data. 

Ca~los Aleian?rn has examincA the cnmparrtive grofiuctivitg of 

isduetry in rhe IlC and Argentina(2). 3y kdifyinp the !iirschman 

.iy,?dhesis he has tried to find c'"t i;, :41en the labour-intensity 
of Arfentinian industry increases, the productivity differential 
with rnspect to herican ind-uscry aiso tends to rise. Pir results 
-mvicie "mly nc,leII suynart for the assumption thet indliStries with 
low 1zbnur-intensity 'tend to he ailoci^ted with im~nrt-suSltit"ti"n, 
:,,ri?~e t'lnce wiz1 hl,$ labotm-intercity ial.?. nore intc the catepnry 
ci *nme or n"n-.+rseesbie .<"Od,,l T3 the extent t3a-t r!lrz'~ industrial- 
isation r*rnu.zh a I' padml trmrf~rmation sxratxyg" reouires wa,ce- 
:?"OdE namA=ac::n"en ior !~inited 'coca? markers ( the E"ater labour- 
ictensit!7 of industries would prevail at least initial?y. IT ma!i a!~50 
‘Je , as we sbal?~ examine in the fo??awinp section, that hme industries 
k rural Rrx35 or Flwi?! tows are lrioi‘e la’orur-intenrise nr “EB 1 “w- 
3nC.i teihnal,“;ies becauze the internatiOnal co!manies with advanced 
!mnapemtnt and yoduction technioues are much more like!~y to inve.5t 
crnit31 in imrort-suSsti'tutin~ larp-scaie industries then in the 

sma?l-.~cale domestic ones. 

'he eec.w~A empiric,1 test is baaed on 2 comparisor of 110 broadly 

sir;iilar imkstries in the 3;: and India ior the yiezr.5 ZfQf?-L9 and 

l?&?(3). There is no conc?usive or definite evidence to support or 

refut,e FTi~schmnt6 !hypothesic. Ic some extreme cases, laboiir-intensive 

‘:T) 2 e 2 :eter :,:ilby, "Orfpnisatinn and Prodvctivitp in B2c:wsrd 
Zconomie~" , ?uarterLy Journal of Zcnnomi~s 
Leihenstein,~~ll.o~ative 3:fficiency versus 

, ??a:< 1962; znd IJa,vey 
"X-Efficiency", Pimer~ican 

Economic Seview, June 1066 

2) Carlor- F. Diaz Alt3andm, 'sIndustrialisation and Ls'aour 7roductivity 
Differential" , T'eview of .Zconnniics and Ctatis'tics, Nay 176?. 

2) ,j.v. :.ieo:ev, "Jn+ustrialisation, Canital-Intensity ~3rd Efficiency", 
.I~lli~etin of the Oxford irniversity Inptituie of Economics and 
Y%tisiics, P 



indlistries mey Se particularly irisfficient: this doe* not necerrerlly 
mean that capita>-intensive industries zi-e esnecislly efficienr in 
an icdustrially less de"ela?ed country. wnm the nllzer"ef aesociation 
between cerital-intensity and efficiency in Some industriez, Fealey 
concludes that this "rns;r be mow yiausibly attributed to a 'techno- 

logical gap' hyqmthesi.3, rather than tne Uirschman type socinl",~ical~/ 
psych -yicEd thesis". 

1 arin~l~gica: sags between t'he develn~ed and developing cmritries 
are likely tn be na11~0west in tke case of the most canital-intensive 
rather tnan in the ~a.92 of labour-intensive indlmtr:es. The reason 
for this is the greater inrernhtional mobility of physical eouipment 
as conyared to labour skills. This factor is relevant I" the consider- 
ation of supervisory casts aEsoci:~ted wit.'- al~ternntive tecrnn1o,cies 
(see the following sectimr:. 

The third and perhans the mst recent em~i,rice? test rel-ateE to 
individual plants in the shipburlding and fl":ir-milling inC:!.5tries 
in Zaire (formerly Congo-xinshasa) an? 3el,giurr(l). The seem? of 
these two indilstries is mwcess-centred and therefore reiev2r.t to 
rurai industrieiisation. The slants analyEed by "-I""exleur were al- 
rum by experienced 3elQa.n EntrepreneurE. Thi?, met?nE ti;-c nr"r.i^tivit:; 
differentials were Ldiinly due to the nature Q; t"e in6ilrtries hrld to 
their type of operation. The empirice!~ analysis shows that the grn<ilc- 
ii-city differential between Zaire and 3e:,~ium in ??6? WSE t,? ner cent 
in ship'buildin~ and 30 per cent in f-L"'ur-millin,r. This nay Se seen 
a5 broadly supportinp t‘he riirschman hy?"thesis, ImE?y tiirt p'"""c- 
tivity differentials would be hirrher in product-centred (onerator- 
y37sd) i*du?t7ies t"lan in prccese-centre? n;chine-paced industries 
even when similar technaloaies 3re ured in the develooed an? develon- 
inp countries (enphisis -,,.. -rifled). 

knrever, the Couv2rneur study has a merit over tk earlier two. 
It brings to the forefrnnt an assump'tion imo licit in I~:irec:3n?rl's 
arguments, namely ihat prodactivity differentisIs between c?eveloned 
and developirc countries will tend t7 be rriell~ fi,i glJ onerations 
since tte aectral mechanical >rocesses indirect'!: set the Izce "f 
all other anci?.lary "oerat"r-ym?d nperati!?cs. "l?iS hynothesis how- 
ever is contradicted by the facts, aa Cal be Seer. from the rinta 
presented in the tatl1.e below. 

?he aroductivity diiferential between the Zzirian and Del,gian 
flour mills is 30 per cent fnr ]1 pmdnction wor3ier.s; it is only 
4 per cent for those jnvolveri in the 'technicai flow-sheet' (mechine- 
paced) operations. 

1) J. Gouverne~r, "!'irschman on iabour Pro~~uctivity Different-ids: 
itn Empirical halysis" , Wlletin of the Oxferd TJniversiJv Insti- 
tute of 3connmics and Statistics, A:i~~s~ i??C. 

,,, " 
:,' 
~; ,'Z,,, 
'?,, ,, 
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LABOW PRODUCTIVITY DIFFERENTIALS RETWEEM LAP3 AND BELGIU,? 
(Flour-Milling, 1964) 

Selgium Zaire (3) 
- 

A. pduction workers 
11 production workers 100 

Workers in 'technicai f:.ow sheet' 100 
(1) 

Workers in t~eneral handling'(Z) 100 46 (46) 

a. oenera1 maintena*Ce workers 100 66 (54) 
C. All production and maintenance 

workers 100 69 (58) 

Notes:(l) Machine-paced operation;. 
(2 
(3 

Man-paced operations. 
The figures in brackets are riot 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- "11 product- 
centred industries but. the extent to which individual operations are 
machin<-paced and operator-paced, and the degree of capital-intensity. 

The Hirschman assuqtion that ali machine-gazed operations 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 well be done by manual low-co& 
technology. Similarly, operator-paced operations like internal .t~ans- 
portatior. also lend themselves to varying degrees of labour/zapital 
intensity and to different technological choices. 

suPExvIsoRY 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 shill-intensive. Since 
some types of skills tend to be extremely scarce in most developing 
countries, it is worth examining whether these technologies are also 

low-cost in terms of skills required. In this cor,text. a distinction 
between different kinds of labour skills (managerial, ~wpervisory, 
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 a17. 
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 al~so A.S. ahalla, "Small Industry, Technolo-gy Transfer and 
LeDour Absorption", In OECD Development Centre, Transfer of 
Techr1o1.o~~ for Small Industries, Paris, 1974. 
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of supervisory, operative, and manaperial skills. The scale 6s well 
as the technologies employed may be conducive to family style non- 
specialised management which can dispense with complicated control 
procedures and hierarchical authority, required by sophisticated 
tecbaoiogy in modern industry(l). 

Case Study Illustrations 

a) In Tanzania, attempts to introduce mechanisation 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" inputs. It was therefore 
decided that the work undertaken by two ILO/UNDP experts in Arusha 
on the design and construction of equipment prototypes should conform 
to the needs and capacity of the villagers themselves in the use of 
intermediate 'village' technologies(Z). 

b) In a pilot survey of 37 plants in three tropical African 
countries done by the X0(3), questions vex asked as to whether 
technology in African industry was influen I by the quality of 
labour, the training possibilities, and the 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 foll>iwing conclusions: small- 
scale saw-milling enterprises, engineering plants, 2nd some wood- 
working enterprises felt no shortages of skilled labour; but bigger 
plants (cement, steel and engineering) using capital-intensive 
methods reported skill shortages at both higher and lower levels. 

c) In the Nigerian manufacturing sector, the use of a greater 
number of older type of machines accompanied by the use of labour- 
intensive handling techniques is reported to have lowered the number 
of senior (still largely expatriate) technicians required to maintain 
the more nechanised processes. However, this choice would involve 

1) For a discussion of technologies under different modes of produc- 
tion and employment, see Amartya Sen, Employment. Technoloav and 
Develonment, Oxford University PreSs (on behalf of ILO), London, 
1975; and "Fmployment, 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 Labour Review, February 1975. 

3) See ILO, Some Factors Affecting Emulovment and Choice of Tech- 
in African Industry - A Pilot Surve (mimeo), Geneva 1972; 

%i%k-A.S. 9halla ' 'Implications of Tee "logical Choice in 
Af;.ican Countries*', .&rika Soectruc (Hamburg), No.1, 1973. 
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higher operative skills, greater reliance on D!igerian supervisors 
and greater vulnerability to interruption.? es a result of human 
failure(l). 

d) In Kenya, in connection 'xitb the ILO-sponsored employment 
mission, a case study was undertaken on the semi-automatLc and auto- 
matic processes in the manufacture of tin cans(Z). There was some 
suggestion that supervisory costs 2s a proportion of tota~l unit costs 
rise in line with the degree of labour-intensity. The main problem 
about semi-automated processes Seemed to be the requirement of super- 
visory labour which acted essentially as a substitute for worker 
skills(3). In the case of round open-top cans, suvervieion costs were 
j? per cent of total costs on the very labour-intensive lap-selmir,s 
line: they were proportionally lower on tili more capital-intensive 
lines (1~6 per cent 2nd 13 per cent resDectively). However, the super- 
visory costs rose sharply with the most capital-intensive process, 
rising to 21 per cent of total unit caste. It is interesting to note 
that supervisory costs are lowest with intermediate te&rxJiogies, 
and rise with greater labour-intensity and greater capital-intensity. 

A related case study of can manufacturing in Thailand yielded 
plant data similar to that for East Africa, but shoxwed no clearcut 
association between labour-intensity end supervisory costs: the latter 
were, pcerally in the region of 15-20 per cent. HoweveT, the Thei caee 
study "suggested an interesting qualitative difference between super- 
vision on capital-intensive lines and the labour-intensive ones". 
The s~qvervisory wage rates are much higher on the automated than on 
the 'normal processes, and this is only par~ily due to the former 
'being : the high-wage modern then the low-wage 'informal' sector. 
An important factor explaining this wage differential is the type 
of supervision needed. On the automated processes, the supervisors 
are required to Jossess a high level of technical ability to manage 
machines, whereas on the labour-intensive lines, they a-e mainly 
asked to organize lar.ge numbers of workers. The IL0 case study argues 
that in develcoing countries in general, the skills needed for organ- 
ising workers may be more readily availabl~e than those needed 

1) leter iiilby, Industrialisation in an ODen Economy: ISiserie 1945-66, 
Cambridge University Press, Cambridge. 19b9. 

2) ILO, Emolovment, Incomes and Equality - A Ctratefiv for Increasin 
Productive Employment in Kenya, Technical Paper Xo.7, Geneva, 1 2. 

3) This Situation in can-sealing needs to be distinguished from that 
of labour-intecsive small works where supervision is a necessary 
complementary organisational input for managing large numbers of 
men. In the case of manufacturing, a more labour-intensive process 
may no% necessarily require supervisory skills. Much depends upon 
the precise pattern of skill input I required for various techiliques 
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~for supervising machines on e.uto?ated pro'e**e*. This ,le*ds ,the ~' " :;~"-s# 
,,, authors of the study to suggest that "the *u&ervision may'not'be ,~,~,,~+;T( ,,, 
,, ,' 
,~:,' :, 

quite ** general a problem in the manufactur+g sector 2s it is 
~,,:$; ,,, sometimes thought to be"(l). ,A,, 

e) A report on Indian industry showed that good management was ,"'~::[:$ 
more important for task simplification than for mechanisation. ***urn- :, '2; 
ing one shift, poor management and poor incentive systems would lower ~'2 
production in semi-automatic operation* by one-fourth and in hand-fed 'Y::: 
operations by one-third, implyin that good management is more impor- ,,:,'i ,,:: 
tant in hand-fed ogerations(i). ,:;;, 

The foregoing illustrations give no clear-cut support to the 
; : " 
',':f;; 

hypothesis that the cost of supervision and management are higher ,,,S$ 
with the low-cost labour-intensive technologie*. Of course, one ,: 

diffic>ilty with mo*t of these ca*e studiT:* is that they did not 
assess directly the effect of scale or vohme on the managerial and 

,',- 

supervisory coets . Eowever, to the extent that low-cost technologies ",::;j,$ 
are more suited to small-scale operatiws, it wocld Seem a nriori 
that management and supervisory problems could be reduced through 

: .;,;;,;>tL; 

the scaling-dcwn of plants. Besides, in the context of rip21 indus- ,,'!y,t$j 

triaiisation, small firms run by owner-operators and unpaid family ,, :,;;>t:: 
workers do not rtq~~ire intermediaries, since organisation is much 
simpler. With each production 'Jnit oroducing for its own ConsumDtion, ,,~.~,y; 
or with each individual working in producing a single commodity, the ,,:,I!: 
problem of co-ordination of simultaneous operation*, supervision, 
and marketing management (typical of intra-commodity divi*ion of 
labour) are either *voided or considerzbly reduced. 

One could also argue that given the scale of production units, ,; 

mo?e disciplined cultures would perhaps rsduce the need for tight ,~ 'Y::: ,,,~~ ,s:, supervision. In support of thip 'hypothesis, the Japanese system ,of ~>::,, ::::,:,?:J 
,+ &agement may be put forward a* a ca*e in point. Unlike many Western ,',:~:,;;i;z 

en 
'::;xj>J 

capitalist countries, in J*,*n traditional culture has not bet 

,,, replaced but rather has been assimilated by industrial develqpment." 

In an industrial enterprise, or in any other type of organisation,' 

it is the grou? rather than the individual which as*ume* re*pon*ibilY :;: ,::';E~$ 
: :, 
:~, ,, ity for decisions. And as H*rbi*on nuts it, "from the individual the -:!jj: 

ethical code demands unqualified loyalty to his group, subordination ,,:,,-~,:,Gi 
to his superior*, respect for hi* elders and complete identification ~:,:':;;;$; 

', with the goals of the house"(3). These non-economic factors by which ;3;;! :, 



%I:,,,::,,,';;,, em?loyment within an enterprise is regarded as a life-time commitment 

if,.,;,<: ,',; ', 'may tend to generate a sense of discipline which makes a high degree 

,;Lf;,~,;,,, 
of supervision of workers wonecessary. The que.stion that arises is 

,m~,,: ::' :i_i: ,, ,,, whether the Japanez;e-style 'paternalistic' system, under which the 

:,,<:,,, 
: relation between the head of an enterprise and the rest of its mem- 

be?? ,Cre?tes an atmosphere of co-operation and discipline can be 
I?&;~~,~ : ::,: ,,,:~ ,,'found in other cultures I If lhis situation is highly peculiar to 
,&:;!"':, '~;,J+?n, what,kinds of in&itutions are required in developing cow- :$j~;>p : ,, ,, 

g;;:, ;? ,,; 
tries,'ta relax the constiint of supervision in the application of 

~2~~~-:i?terydiatf ,technologies? This is an area which deserves much more 

!;;:;;,z'y,' : : ,,,,:attention and research than it has received so far. 
!F:j,:', 
6::;: 

Supervisory costs may also be lowered if cierical or other less 

- ,<,,~ ,;,:, expensive staff could be substituted to do the job of euDervisore. 

This brings UP the question of substitution possibilities among 
different skills. The Chinese eqerience in road construction in 

.j$ 
,,;,; ,; Nepal where they used iacal village headmen to supervise local 

labour demonstrates that such substitution possibilities can et 
,:,;j ,,,:: ,times be successfizliy exploited. 

?,<!~,?:- 

it;,?,; ;,, i 
l.ASOux DISCON* 

e;;:,:,,~ 
Hirschman's hypothesis reviewer 

I’INUITIES 

1 above implies that the 
,, StrUCtUratiOn and stabilisation of the labour force in developing 

t@~,': ~ ~, countries would raise the chancee of efficient use of operator-based 

;~:: ,,, : ,', 
,~' <ectioloqies in product- and process-centred industries. 

,GP,,, @w of the parameters indicating discontinuities of labour is 

f[:;,;;;;,, the rate of turnover and absenteeism which may both account for losr 
labour productivity. An attempt to reduce labour turnover is designed 
to raiee labour productivity by stabilising the X~abour force and 

,' creating work discipline. &fore considering the implications of 
labour discontinuities for the use of low-cost technologies, 



disrcissal after the secorid mcurrence......"(?). 
b) In a sample of 1;7 plants, Gregory and Reynolds pointed out 

that 63 per cent had more than 4 per cent absenteeism, and mostly 
over Y per cent(i). 

c) In the Indian textile industry, P!yers and Xmnsppan note 
however that tiirnnver rates are re?atively low, and absenteeism 
rates hi~he::. In .Cudanese textiles, even turnover rates anpear high. 

Ctrasn-enn distin,ruishes between 'proficiency' end 'consistency' 
asnects of prokctivity and argues that abssnteeism is not 50 imgor- 
iant in l0werin.g consistency as in avoiding brea!idams in production. 

One may hypothesise wnditions of a simplified technll~ogy wher, ever 
high turnover and absenteeim map not be very troublesome to manage- 
nlent, since 7cpl~acenents can be easily founti or trained. On the other 
hand, in the early stages of industrialisatinn, the costs of strnc- 
turinb; an undiscip?ined 2nd inexperienced labour force are li!<e!~) tn 
be ili;l;er. 

Cne element of these costs will be t!?e inn-ease in wap rates 
of skill,ed and unskilled labour o.ffered either as an incentive to 
attract a itable war!.:-force in the first ~lacc, or tn induce yreater 
steb:.i.ity amang ihnse who are alread~y hired. !'i<hU wEICe. CPE 'e oni,! 
more ersily by larcnr firms using mndern technol.9yy than !q~ the 
smaller ones. Ali:hou~:~ ~32 latter tend to have higher turnover rates 
they say be less abl+ +n &Yard these extra ware casts. Pnather in- 
direct e:.ement in the -,:.A is the "auxiliary management cos%s which 

are directly related TV- the use of the factor labour and which per- 
tain to such management fiinctione iike hiring, induction, nlacemect 
and sugervisionrr(3~) For any :iven managerial cagabiiity. these coete 
vrili very, denending on the quality of the hred~ Zabaur and the 
general Iabour nar!:et environment. 

The a~r.l-2 i.:cts of statilising the work-force may he more rde- 
vant to complex operatiws whicl- also i~vnl_ve consi,derable s'ti?l 
accuinuletion in the course of wor-1~. "*is WWild be less true Of i~abnlir 
intensive innovetions. The x?de of nrodnctinn in a @"en industry is 
re',evar.i in determining whet::fr these casts are .iustifi& in re!.atior. 
to potential benefits, end whether t!?ey deter innovations. V"nere 
pmd~xtion is oreanised partly or mainly outside the wage system, 

2) Lic;yd G. Rel~nal.ds and Peter Gregory, Ya?es ?roductiritu &d 
Indu?trialisatian in Puerto Picn, Horn- 

3) Cub~diah :iannappan, "The Ecnnomics of S~tructuring an Indiistrial 
Labour Force: Some ?Ieflections on the Commitment Problem", 
British Journal of Industrial Relations, November 1966. 
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the varying needs of production can be met by using a less stabilised 
work-force. The casual labour market is a eource 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 Cii-CUmStanCeS. 

RESISTANCE TO LABOUR DISMI,%AL 

The costs of management may also be higher when there are insti- 
tutional presares a;;zinst laying off workers. When regulations either 
prohibit the dismissal of workers oi- enforce addi~tional employment in 
industry (as in Kenya under the Tripartite Agreements), labnw 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 .-;2?,zgers to ictro&tice iabour-intensive techniques or innovations. 

Case Study Illustrations 

a) In the Thai case study of ten manufacturing, management's 
attitude to iabour was considered as one of the factors inflllencing 
the choice of technology. C!ne of ';he firms in the sample, which used 
high-speed automatic machines, ran into a number of labour-management 
problems. Given inadequate supekisory skills, line-operating labour 

for example had to be trained into supervi.=ory positions. There was 
dome apparent resentment on the part of the labour force that promo- 
tion possibilities to supervisory positions within the plant were 
liaited. Besides, the difficulties in nunnine a high-speed line to 
produce a wide range of products re-'Llted in large machine doull-time 
and a high propensity foi- machinery to "strike". The Thai case study 

arrives at the rather unexpected cocclusion that labour management 
problems would have been reduced if more labour-intensive techniques 
had been used. 

The follcwing seasons are put forward in support of this hypo- 
thesis: 

- a larger line-operating force would have meant a greater 
scope for potential supervision; 

- a larger number of supervisory positions might have ensured 
greater promotion poasibil:ties; 

- and a simpler operating routine of very low change-over 
frequency in a more labour-intensive technique would have 

provided greater scope for training and utilising supervisory 
skills. 

b) In the case of sugar processing in India, it is noted that 
the mechonisation of such operations as cane unloading has been 
avoided because of trade-union and social pressures fog maintaining 
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the present level of employment(l). There is another reason for not 
substituting machines for men: wages constitute only a small fraction 
of total costs in these operations. 

c) According to a Tripartite Agreement siened in 1070 by the 
employers' federations, the trade-unions and the Kenyan Zcvernment. 
the employers were to expand employment by 10 per cent of their 
regular establishment(t). This was a short-term measure rather than 
x long-term one. Among the firms interviewed, one can distinguish 
between those which intended to expand in any case and those which 
were required to hire addit:anal employees although they did not need 
them. No firm reported that its output h&2 gone up as a result of 
extra employment. Many employers complained that additional workers 
were a pure cost since they contributed nothing to output. One firm 
even claimed that the administrative and suoervisory cost involved 
in managing the additional men had a sizable negative effect on 
output. None of the fLi?s interviewed reported "any major change in 
method of production, organisation. or capital intensiveness of 
technique in order to accommodate itself to the A,yreenent'. 

These case studies do not suggest any definitive conclusion as to 
the effect of legislation against dismiss& one management behaviour 
with respect to innox&izns, investment and production decisions. In 
the case of Kenya, tile 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 Thai can manufacturing also casts doubts on the oft-quoted 
Lypothesis that increased labour-intensity of production (often 
iaplied by "low-cost" technology) raises labour management problems. 
It may actually be a positive kfluence. 

CON'CL"DING REF*"ARKF 

In this study we have attempted to show how the cost of labour 
management, labour discontinuities , and social resistance to labour 
dismissal vary according to different technological levels. Emphasis 
has been 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 appl~ica- 
tion need to be considered. 

1) See C.G. Baron, "Sugar Processing Techniques in India", in 
A.S. Bhalls (ed.), Technology and Employment in Industry, oo.cit. 

2) See ILO, Em lo ment Incomes and Equality, w., Technical 
Paper NO .2+ 
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