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Preface

The process of development assistance has to tackle the problems of
ignorance, backwardness, helplessness, and resistance to change - not
amongst the rural poor but amongst development agencies themselves.

Although few members of the development community would wish to
apply such characteristics to themselves, these are still implicit in the be-
haviour of many institutions. This is especially true when work focuses on
the areas of technology adaptation and innovation. Few development
workers can honestly say that they are not guilty in some measure.

The ignorance of development agencies is ignorance of unfamiliar tech-
nological approaches and ignorance of the richness of traditional resources
of knowtedge. This richness is now being recognized widely, for example in
the area of ethnobotany, where indigenous knowledge of genetic stocks of
plants and their practical applications far outstrips that of the professional
biologist and agriculturalist. The Tinker, Tiller, Technical Cnange case
studies demonstrate that equivalent levels of knowledge exist in other
areas of indigenous technology.

The backwardness of development agencies is in not taking account of
the extent of local knowledge, and in not recognizing that communities
living in close balance with their envirenment have had to develop survival
strategies that depend on an ability to innovate and change One of the
papers illustrates a remarkable degree of experimentation and innovation
among fishing communities in southern India. In the face of declining fish
stocks. local fishermen experimented with and developed artificial reefs,
lines, bait and other items of fishing gear.

The helplessness of development agencies is enshrined in pro-
grammes which do not build on locat knowledge, skills and enterprise,
but which seek to impose agencies’ systems and create yet more institu-
tions to prop up external assistance structures. Schumacher said ‘help
the poor to help themselves’. He did not tell us to assume that the poor
are helpless. and to impose aid as a charitable exercise. One of the
Finker, Tiller. Technical Change case studies illustrates how an artisanal
fishing industry in Nicaragua was stultified by a totally misconceived
and overwhciming programme of support. The case study refreshingly
and honestly analyses the failure of the project. This is something far
too rare amongst development agencies anxious not to prejudice
chances of funding in the future.
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The resistance to change of development agencies is perpetuated by
monolithic organizations and complex procedures which keep agencies
distant from people in fields and villages. These barriers do not allow
agencies to appreciate the real needs of local populations.

As an agency, Intermediate Technology (FTDXG) believes that develop-
ment assistance must be guided by the participants themselves, and must
start from and build on a clear knowledge of the resources, capabilities and
knowledge of local communities. The case study work for the Tinker,
Tiller, Technical Change project was planned and executed by workers
within the countries represented. The seminar that presented this work to
an international audience was also designed by these workers.

Participation in programmes of work with local pariners helps ITDG to
develop a fuller understanding of the development process: noi just an
understanding of the technologies themselves and their economic environ-
ments, but also the processes by which technologies can be adopted, adapt-
cd and spread. ITDGO also seeks to communicate that experience — {0
inform, influence and persuade all those who in some way participate in the
development process. An important aspect of this role is the provision of
channels which may help the exchange of experience, and help other
people and agencies to articulate their views and expenences. The Tinker
Filler, Technical Change project is but one example of how this may be
achieved

Frank Almond
Chief Executive, ITDG
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introduction

MATTHEW GAMSER, HELEN APPLETON and
NICOLA CARTER

Poor people in poorer countries are not ignorant, backward, or helpless
regarding technelogical change. These people are no more mystified by
machines and products from industnalized countries than are many people
from these richer countries. Villagers' knowledge of local flora, fauna, and
envirenmental management can be more extensive than trained scientists’.
Artisar solutions for effective use of available raw materials are often far
superior to solutions proposed by trained engineers.

So why do so many aitempis 1o introduce “Western™ technology to de-
veloping countries end in fatlure? The answer is not because poor people in
thuse countries resist change, or because they are not prepared to work
with new machines and 1deas. Considering the limited time during which
Western technology has been present in many of these countries, the speed
with which the poor have adapted to its presence is quite remarkable. In
some cases, adaptation has allowed for the _se of new materials and pro-
ducts. In some cases adaptation has allowed traditional production to sur-
vive in a competitive environment where Western technology is present. In
some cases focal innovation is not enough tu sustain traditional livelthoods.
But in alf cases the poor are experimenting constantly, innovating in a
struggle to survive.

Peoples’ technology in a global perspective

Cascs documented in this book show that the development process in most
countries has marginalized poor people, their local knowledge. and their
innovations. Technological development in most countries is dominated by
imports of products and machinery from outside which can hinder peoples’
innovation. Formally-trained scientists and engineers are put ‘up-front’
while artisans and other ‘informal’ innovators are at the back. Such policies
lead to poor people losing control over local resources and decision-
making that affects their lives.

MATTHEW GAMSER is the policy economist within the intermediate Technology
Development Group's Policy and Country Representation Unit (ITDG/PCRU).

HELEN APPLETON is the social scientist, ITDG/PCRU.

NICOLA CARTER is the co-ordinator, ITDG/PCRU.
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Paradoxically. this situation can encourage the development of peoples’
technology. Government actions may hinder local innovators and innova-
tions but the worsening phight of the marginalized groups can provide a
greater motivation to innovate. Unlike research scientists who innovate to
satisfy their professional aspirations, peoples’ technology innovators work
to survive. locreased poverty can encourage the growth of peoples’
technologies.

Peoples’ technologies grow in different ways from technologies ‘trans-
ferred’ from outside. The latter are often parachuted into a country in a
fixed package. Hardware and skill needs are set before arrival and may
bear Little refation to local skills and experiences. Labour and management
requirements are established in countries of origin and are based on those
couniries’ socio-economic priorities and cultural norms. Natural resource
reguirements. (0o, are based on economic and ecological concerns at points
of origin.

Peoples™ 1cchnologies, on the other hand, develop and diffuse slowly and
steadily through a trial-and-error process. They rely on close communica-
Lion between users and producers to identify changes required for improve-
ment. Because of this close consultation, the technologies develop in a way
that retains and builds upon local skills and closely reflects the priorities of
local people. Such technologies show greater consideration of gender roles.
Use is less likely to require men or women to do things that are physically,
soctally. or culturaliy difficult or unacceptable. Because people don’t like to
pollute their own neighbourhoods, peoples’ technologies tend to be more
ecologically sound.

Although poverty often stimulates development of peoples’ technologies,
spreading these technologies can be difficult. Local innovation is not recog-
nized by the formal scientific and industrial community. This denies
peopies’ technologies access to technical information and to the financial
and communications channels open to the formal sector. The growth of
peoples’ technology occurs in a horizontal pattern, across groups of poor
people. Prevailing social, political, and institutional structures are barriers
agamnst this sort of poor-to-poor interaction and so the full potential of
these technologies is seldom realized. Where peoples’ technologies have
become widespread, a re-organization and adaptation of these structures

has taken place. This is often made necessary by an economic, political, or
environmental crisis.

The ‘ignored’ technological revolution

From the perspective of large and expensive ‘technology-transfer’ projects,
the history of technology in developing countries is a tale full of problems
and short on progress. However, from the perspective of poor people and
the technologies they employ in daily life, recent history shows many
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dramatic innovations. Africa is often singled out as the region most resist-
ant 1o technoiogica" change, but it is in Africa that some of the most rapid
and remarkable chunges have occurred at the grass roots level.

Tanzanian people were not permitted to grow coffec until the 1920s
{Europeans originally controlled everything'. *.ow, Tanzapian small-
holders account for most coffee production and fur moust processing of
arabica and robusta beans. The small-scale processing equipment is vir-
tually all made locally. Far from being intimidated by foreign crops and
technology, Tanzanian farmers absorbed outside influences at an impres-
sive speed. By comparison. Scandinavian nations, now regarded as ad-
vanced industrial states, took far longer to assimilate the tools and products
of the Enghish industrial revolution!

Nigeria's people faced a food crisis in the early 1980s. Economic reces-
sion forced an end to expensive cereals imports, upon which many people
depended. But famine never arrived. Today the population relies on locally
grown, locally processed cassava. For some of Nigeria, this is simply going
back to a traditional food with a new marketing and processing system.
Other Nigerians are learning to accept cassava as a new staple.

How did such change occur in the largest country in Africa? It was not
simply a result of government laboratory products being introduced
throvgh gifts of development aid. Change came mostly through the work of
small artisans, traders and farmers. Ordinary men and women increased
cassava production, developed processing machinery and organized pro-
cessing enterprises to increase the consumption of gari, fufu and other
cassava food products in Nigeria.

The 1980s brought a similar crisis to Sierra Leone’s salt supplies. These
were made up largely of rock salt imports from Senegal. When foreign
exchange grew scarce, imports dropped. A development agency tried and
failed to introduce solar salt manufacturing. Local salt producers, extrac-
ting salt from filtering brine-rich silts, saved the day. These producers
improved their techniques and expanded their output. Today they provide
35 per cent of national supplies and their production and market share
continue to grow.

Asia is seen by many as less of a technological problem area than Africa
but some of the poorest countries and regions of Asia are often dended.
Yet cases from some of the poorest parts of Asia demonstrate impressive
mnovations that have transformed life at grass roots level.

Nepal is one of the world’s poorest and most technologically backward
couniries. In thc 1950s it had virtually no local engineering capacity.
Today it has at least eight private companies designing and installing
hundreds of micro-hydro schemes. These provide mechanical and elec-
trical power for crop processing and other rural needs. Small firms are
literally lighting up the countryside and are transforming rural women’s
lives by reducing the time and drudgery of crop processing tasks. The
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firms are nurturing local engineering skills that suppon other initiatives,
such as large-scale electrification projects and the growth of new manu-
facturing industries. Nepali companies now export turbines and other
micro-hydro system components to other Asian countries, and to Spain.

In Bangladesh, blacksmiths have attracted hittle public attention but they
account for 5 per cent of the country’s gross output, 9 per cent of its value
added, and 11 per cent of total manufacturing GDP. About 10,000 black-
smithing enterprises are a major source of non-farm employment in a
nation with an estimated 65 million landless poor. Blacksmiths also help in
import substitution, producing spare parts for power tillers and tractors.
Without the biacksmiths, these parts would have to be imported — at twice
the cost!

Official recognition and local innovation

Technologies arising from research laboratories have a support system to
nurture their development. Government and aid agency funding supports
introduction to new countries and markets. Academic and aid agency liter-
ature describes the potential of "official’ technology and promotes its use.
Peoples’ technologies generally have no such help. Poor people are not
recognized as sources of new technology, so their initiatives are rarely
examined, much less promoted. Yet the few cases where such recognition
has taken place show what great potential there is for collaboration
between scieatists, policy makers, and local innovators.

Development of the local micro-hydro indusiry in Nepal accelerated
rapidly after the National Electricity Authority repealed a ban on private
electricity generation for small mills — and even more rapidly after the
Agricultural Development Bank offered capital subsidies for upgrading
mills, Local fabricators and foreign hydro experts have co-operated in
experiments on new component designs and produciion techniques to re-
duce costs further. This has made the benefits of micro-hydro innovations
affordable to poorer mill owners and commaunities.

In Gujarat, India, staff from an engineering research institution encour-
aged local artisans to persevere with attempts to produce multi-purpose,
amimal-drawn farm implements. Staff helped to persuade the government
to mnclude this type of tool in its farm equipment subsidy scheme. The
multi-purpose tool bar has become one of the most popular new imple-
ments in the state. It has saved farmers time and has increased yields by
enabiing greater control over fertilizer application. New manufacturers
have set up in rural areas to produce the implement. Agricultural
labourers, increasingly displaced by tractors and other large-scale machin-
ery, retain their jobs on farms using the tool bar.

Most official recognition of peoples’ technology seems to have occurred
in Asia, but there are examples from other regions. Since 1981 the
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Tanzanian Academy of Sciences has run the TASTA (Tanzania Awards
for Scientific and Technological Achievement) programme to recognize
and reward local innovation. One producer of the widely used coifee
pulper received this award, which has assisted his further refinement and
promotion of the technology.

However, recognition can be a double-edged sword. Artisans require a
certain degree of freedom and recognition can degrive them of vital room
to manoeuvre. The provision of equipment, infrastructure and credit for
artisanal fishermen on the Pacific coast of Nicaragua has driven off the few
artisans that originally plied their trade in the Aserradores area. After
$1.5m of ‘help’, only three of the 25 original members of the fishing com-
munity remain.

The environment and peoples’ technologies

There is great concern about the impact of new technologies upon the
environment. Poor people feel this impact most acutely, for they are the
ones in closest contact with threatened natural resources. What is little
appreciated is that poor people are often at the forefront of technological
change to protect and restore local environments.

In the 1950s, artisanal fishermen from Kerala, the poorest state in India.
first protested against the introduction of mechanized trawling in the
Arabian sea. Their claim that fish stocks would be decimated was dismissed
by fisherics scientists, but the people have been proved correct. With their
superior understanding of the local ecosystem, the fishermen are leading
the way in developing technologies such as artificial reefs and species-
specific baits to restore the shallow water marine habitat and populations.
The state government now supports the fishermen’s research under its
Five-Year Plan. and funds a collaborative research project on artificial
reefs by its Marine Fisheries Research Institute and the fishermen'’s union.

The local community in the Ica valley of Peru saw its lands and liveli-
hood threatened by government land grants to rich outsiders. Expro-
priation was limited only by the difficulty in irrigating the arid lands
effectively. Borewells delivered required water, but the crops fared poorly.
Local farmers knew this was because of mutrient deficiencies in surface
water-based irrigation. When the government promised to build a canal
from the Choclococha river to provide nevwcomers with irrigation water,
the community did not react by just lamenting the lot of the poor. Instead,
the community carried out its own 18km extension of an existing canal that
dated back to Inca times so that irrigation might be under its control. In the
end, poor farmers lost out to larger landowning interests — but
not as a result of a lack of technological knowledge or creativity. Indeed,
the local peoples’ ‘civil engineering’ provided the base upon which
agricultural productivity expanded greatly in the region.
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People living in the most difficult environments often show the greatest
skill and innovation in dealing with environmental problems. In the poor,
arid Coquimbo region of Chile, the greatest skill and initiative in water
supply and irrigation is found in the community of Los Rulos, where water
resources are scarce even by regional standards. Farmers can detect under-
ground water sources through surface inspection. They build specially
designed hillside excavations (piques) to obtain subsurface water and elab-
orate systems of dams and canals for water delivery.

In the squatter settlements of Santo Domingo in the Dominican Republic
and in Huancayo in Peru, people build houses in some of the most densely
populated and difficult environments imaginable. Their homes are not
preity. but they are affordable and they enabie families to survive. A wide
variety of materials are used in construction, in hillside stabilization, and in
the provision of basic services such as water, roads and power.

Energy innovation: power from the peuple

One of the most widely researched and repoited areas of energy tech-
nology in development is that of stoves for the poor. Scientific institutions
and aid agencies have invested much time and effort in this cause, but few
of their stoves are reaching rural households. This could be cause for
despair. but the case studies of peoples’ energy technology provide a dif-
ferent, brighter perspective.

In Zimbabwe, a cooking system consisting of a metal grate provided by
metalworking artisans, and a kearth and windscreen constructed by women
users in their kitchens, can be found in the vast majority of rural homes.
This system has evolved over time as cooking practices and cooking pots
have changed. The system owes virtually nothing to formal research and
development and has been unreported in stove literature — but it is the
innovation upon which rural Zimbabwean food preparation depends. The
grate system provides a versatile and energy-efficient way to use firewood
to cook local dishes.

The seeds of a similarly dramatic innovation could be present in Kenya.
Deforestation and rising fuelwood prices have led artisans and households
in the Meru area to develop stoves that can use agricultural residues in
place of wood. Up to 30 per cent of households in the local villages are now
using the new stoves.

Fuelwood scarcity is fostering local innovations of a different form in the
Coquimbo area of Chile. At the beginning of this century, all houses cooked on
open fires. Bread was baked by preheating stones with wood or dung. As wood
became scarcer, ceramic stoves and ovens were developed. These evolved in
size and in construction materials to make them suitable for all types of cooking
and baking. As kerosene and liquefied petroleum gas fuels have become avail-
able, stoves using these have been introduced in many homes.
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Local innovators in Villanueva in the Venczuelan Andes have adapted
stove designs from Brazil and Ghana. The resulting stoves and ovens are
suited to village cooking needs, such as the preparation of local pancakes
(arepas). One important eiement of these innovators’ success has been the
ability to evolve and adjust new models to meet changing household needs.
Initially villagers sought new stoves primarily to reduce cooking time. But
after using the new stoves for a while, people began to ask as well for
changes to reduce smoke emitted during cooking. Local builders were able
to recognize and respond to these changing tastes and priorities.

Bolivian farmers from the harsh altiplano region, where frosts, dust
storms and droughts are common, have demonstrated great ingenuity in
using solar energy to protect thet - crops. Drawing upon designs imported
by various aid organizations, the +rmers have produced greenhouses and
cold frames affordable to poor people. Scrap tin and adobe (rammed earth
blocks) replaced imported metal for doors, window frames and roofs. Local
fibres served as lies and screens in place of wire mesh. Greenhouses were
made smaller and built partly below ground to increase insulation and
reduce construction materials required. Temporary covers were developed
for cold frames, reducing costs and allowing farmers to expose crops during
good weather. This shows that the farmers, far from resisting change, crit-
ically assess all options put before them. Non-adoption of particular hard-
ware is not rejection of change, but rejection of what is impractical or
inappropriate.

The Tinker, Tiller, Technical Change project

The case studies in this book are the work of a group of 17 investigators from
14 countries in Asia, Africa, and Latin America. These authors — scientists,
social scientists and engineers — represent a variety of organizations, work-
ing in 2 wide range of social, cultural and economic situations. The dif-
ferences between them are great but they have found a common ground in
‘peopies’ technology’. Al feel that too little attention has been paid to the
role of farmers, artisans, and other ‘non-scientists’ in the development of
new technologies, particularly those most useful for poor people.

The ‘Tinker, Tiller’ investigators each selected a technology from his or
her country and carried out detailed field studies of its evolution, its social
and economic importance and its limitations. Investigators examined the
background to see how the skills associated with technological change have
developed and spread.

At the same time, investigators met colleagues in their region to learn
how factors supporting and hindering locally developed stoves compared
with those affecting building materials, and those affecting food processing
machinery. Investigators noted how local innovators fared in Bangladesh
compared to Nepal, in Kenya versus Zimbabwe, and in Chile versus the
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Dominican Republic. These discussions identified common issues to con-
sider during their field studies.

Having carried out their field work, the group met altogether to see how
peoples’ technology in Asia differed from that in Africa, and in Latin
America. The group shared their work with representatives of donor agen-
cies, non-government agencies and research institutions at a seminar at the
London Business School in June 1989. The material in this book is the
product of both field work and group discussion.

How to support peoples’ techriology

The cases presented in this book demonstrate the need to put peoples’
technology and the local innovation behind it on the same footing as
‘formal’ research and development. Recognition of the value of peoples’
technology is the necessary first step towards strengthening this technology
and organizations behind it. From recognition comes an important re-
exammation of development relationships. Reforms should bring local in-
novators into greater prominence and should combine local experience and
scientific knowledge in the development of new technologies. Examples of
these reforms include:

1 pgovernment financial and policy support for water-miil innovation by
artisan manufacturers in Nepal;

2 Kerala state government inclusion of fishworker-originated experi-
ments on artificial reef construction in the state’s new five-year science and
technology development programme;

3 the Zimbabwe government decision to provide permanent land for
metalworking artisans involved in the manufacture of cooking grates and
other essential products;

4 Nigerian polytechnics’ inclusion of lectures and training sessions involv-
ing practising artisans in their courses, to add a new dimension to their
students’ technological education.

Such reforms can help to stop reinforcing the structures that are mar-
ginalizing peoples’ technology and its innovators. Reforms must strengthen
whatever peoples’ organizetions exist. Over time, there must be more
institutional bridges between these popular organizations and formal
science, technology, and aid bodies. This will combine the useful knowl-
edge and experience developed by all.

At the same time, support for peoples’ technology has to respect the
informality under which it thrives. What is needed are policies that facilit-
ate but do not ‘bureaucratize’, policies that ease access to credit, informa-
tion, and markets but that do not over-regulate. These case studies suggest
a variety of ways in which these reforms can arise. Perhaps they can pro-
vide the initial impetus for a global revitalization of peoples’ technology.
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The world knows of Leonardo da Vinci, Marie Curie, and Thomas
Edison and the impact they have made on human life. Few have heard of
Nigeria’s Ologbon Ori or Nepal's Akkal Man Nakarmi, but they and others
like them are playing a similar role for their peoplc. Gathering information
about such local innovators helps an understanding of their skills. their
potential, and the obstacles they face. Learning what they are doing, what
they can do, and what they want to do is a first step for any oultsiders
wanting to help.

A note on currencies

The following conversion rates, dating from June 1989 (the time of the
completion of the field research for the case studics), will give the reader a
general idea of the values.

£ sterling US$
Bangladesh 49 .8 laka 315
Bolivia 4.1 bolivianos 2.6
Chile 405 pesos 256
Dominican Republic 10.2 D. pesos 6.5
India 25.6 rupees 16.2
Kenya 33 shillings 209
Nepal 38.2 rupees 24.2
Nicaragua 11725 cordobas 7414
Nigeria 11.8 nairas 7.5
Peru 5034 intis 3183
Sierra Leone 99.8 leches 63.1
Tanzania 219 shillings 139
Venezuela 61.5 bolivars 389
Zimbabwe 3.3 dollars 2.1
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AFRICA — Regional overview
J.G.M. MASSAQUOI

Background

Six case studies were prepared from Africa. One study covered the evolu-
tion of cassava processing technology in Nigeria. Another study, also from
Nigeria, discussed the diffusion of one specific hardware in the cassava
processing technology, namely the cassava grater. A third case study which
was conducted in Sierra Leone examined the traditional method of salt
production from salt-bearing silts. This study examined the evolution and
diffusion of both the processing activities and the hardware involved. A
fourth case siudy looked into the history of the development of the
Tanzania coffee pulper which evolved from a simple stone crusher to a
motorized machine. The last two studies dealt with energy and the ability
of people to adapt to the Jecline in fuelwood supply. In one case, the
traditional Kenya fuelwood stove was adapted by the people in order to
use agricultural residues in areas where there was scarcity of fuelwood. In
another case study, the evolution of the Zimbabwean cooking grid was
examined. This cooking system developed not only from the point of view
of saving fuelwood but also to take account of other needs, such as a highly
rigid pot clamp to withstand heavy mixing. Space heating needs were
helped as well.

All six studies addressed very important issues that affect the socio-
economic development of the countries in which they were carried out.
Cassava, especially in its precessed form gari, is a very important foodstuff
in Nigeria. In Sierra Leone, salt processing in the informat sector is import-
ant because there is no organized salt production. In Tanzania, coffee is a
main export crop which brings large amounts of valuable foreign exchange
every vear. Finally, set in the deforested areas of southern and eastern
Africa. there is a study of the innovative capability of rural people to use
efficiently whatever energy is available. The six studies show that rural
innovators are making contributions in vital areas of the socio-economic
development of their countries.

DR 1.G.M. MASSAQUOI (Sierra Leone) is Dean of the Faculty of Engineering at
Fourah Bay College, University of Sierra Leone, Freetown. He has nearly 15
vears’ research and teaching experience in Energy, Appropriate Technology
and Technology Policy and has published over 25 papers.
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Common themes

Although all the studies were very diverse both in terms of the topics
covered and the regions in which they were carried out, it was still possible
to identify common themes. A total of four such themes were identified:
the evolution process and stimuli of the innovation; the beneficiaries of the
technology; the viability/diffusion of the technology; and the knowledge/
skills acquisition.

In all the case studies, innovation was stimulated by needs identified
within the community by the people themselves. This may arise as a result
of a government policy, changes in the natural environment or any other
factors affecting demand for the product of the technology. The Nigerian
case studies clearly illustrate how a government decision to ban the import
of foodstuffs led to a big demand for the cassava product gari and the
consequent evolution and diffusion of the cassava grater. In Sierra Leone,
scarcity of foreign exchb .nge to import salt, coupled with unfavourable
climatic conditions for the operation of solar salt fields, helped to increase
the demand for salt produced from salt-bearing silts. in Tanzania, it was the
need to improve income from a major cash crop that stimulated the innova-
tion n the coffee puiper. In Kenya and Zimbabwe it was changes in the
environment and effects on energy supply that encouraged innovation in
cooking stoves.

in all cases, the various activities of the technologies considered were
traditionally carried out by women. However, it was observed in each case
that, as the technology evolved, the role of women changed. They ceased to
be cperators and became merely users of the t.chnology. This was ob-
served in ail cases but was more vivid where mechanization was introduced
e.g. the examples of the cassava grater and coffee pulper. In both cases the
women traditionally operated the hand grater and pulper. However, when
the technology developed to the level of mechanization, the men carried
out the operations.

it was also observed in all cases that the contribution of the peoples’
technology to the supply of products in the market was very significant,
ranging from 30 to 60 per cent of the total supply.

The case studies also showed that the traditional technoiogies under
investigation were economically viable. There were even instances where
the traditional coped satisfactorily with cuallenges from imported tech-
nologies. The traditional technologies were also diffused widely which is
reasonable in view of the fact that people developed these technologies in
response to perceived needs within the community.

With regard to skills/knowledge acquisition, it was reported in all cases
that there is no formal system for this. The transfer of skills’knowledge was
always through a system of apprenticeship, learning-by-doing.




Common constraints

Three common areas of constraints were identified. These were technical,
financial, and the lack of official recognition. With regard to technical
constraints. researchers felt that the pcoples' technologies under investiga-
tion had now evolved to the highest possible level taking into account
facilities and information available 10 the innovators. There was a definite
need to link up with the formal R & D sector to tap the knowledge avail-
able there. The innovative capability will still be with the people but inputs
into the innovative process should be enlarged to include information from
the R & D sector.

Financial constraint was mainly in the lack of either working or fixed
capital. There were little or no credit facilities available to acquire the
technologies. Most users relied on heir personal savings to finance the
acquisition of the technology.

Finally, iack of recognition was tdentified as a major problem. Since the
existence of these innovations was not noticed in official circles, it was not
possible for the improved technologies to benefit from any government
palicy. In some cases, governments actually took policy decisions that
inadvertently stified the innovations of rural peopie.

Recormmendations

The general recommendations for all the projects were in line with over-
coming the constraints highlighted above. However, there was one case
(Sierra Leone) where it was recommended that innovators of a particular
technology organize themselves to impose some quality control. It was felt

by the researchers that quality conirol was necessary to build up consumer
confidence.




The coffee pulper in northern Tanzania

SIMON R. NKONOKI

Infroduction

Coffee in Tanzania’s economy

Coffee is Tanzania's number one cash crop for generating foreign ex-
change. Other cash crops are, in decreasing order of importance to the
country's economy, cotton, tobacco, cloves, sisal. cashew nuts, tea and
pyrethrum. Taken together, these eight cash crops earn the couniry about
B} per cent of its foreign exchange. Of that 80 per cent, coffee alone
accounts for about 40 per cent of the country’s annual foreign exchange
earnings. This may be up to 30 per cent when harvesis are good and world
prices are high.

Coffee is grown in five of the 25 provinces of the country — in
Kilimanjaro and Arusha in the north, Kagera in the north-west and in
Mbeya and Ruvuma provinces of the south-west. The processing of coifee
is a very imgportant activity for Tanzania’s economy, not only because of
the crop’s contribution to the nation’s treasury but also because the
activity engages and absorbs a lot of otherwise idle or excess iabour in
rural arcas.

An historical overview
Coffee was first grown before the 1890s in the Kagera Region of the former
Tanganyika. Robusta-type coffee was grown there for two main reasons.
Coffee chewing has been a cherished tradition amongst the Haya people
ever since the pre-colonial period. Even today, courtesy in a Haya family is
to serve roast coffee beans to the visitor for chewing. (Robusta is ideal for
chewing because of its mild, sweet taste.) Also, coffee has been symbolic
among the Haya for use in rituals. For example, coffee has been used in
ceremomies for cementing friendships and robusta is best for this as well.
Robusta coffec is also preferred because it is resistant to diseases, repro-
duces better than arabica coffee and flourishes well in the soils of that part
of Tanzania. Hard bourborn (arabica) coffee was introduced in the area

PROFESSOR S.R. NKONOKI (Tanzania) is Professor of Science and Technology
in the Institute of Development Studies at the University of Dar es Salaam.
Research interests in rural energy technologies including biogas technology
and dissemination of improved woodfuel cookstoves,
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in the early 1930s but today about 70 per cent of coffee grown in Kagera is
robusta. The 1934 Report of the Department of Agriculture noted that
‘fourty pounds of bourborn coffee seed has been obtained from Moshi
and six nurseries have been started iwo years carlier at Ntungano in
Biharamulo’. [Thangiro and Western Kiango. Bukeba District, now Muleba
District, and Wenyarwanda are reported to have started growing arabica
coffee in 1934, The leading province for arabica coffee production in Tan-
zania is Kilimanjaro, a province which lies largely on the southern slopes of
Mount Kilimanjaro, while Kagera leads in robusta coffee production.

Coffee growing in the Kilimanjaro and Arusha provinces began in the
carly 1890s for settlers and in the early 1920s for African peasants. Coffee
growing was introduced by German Missionaries at Kilema Catholic Mis-
sion Station in 1906. *The planting of the first coffee tree at Kilema Mission
over 6() years ago was the beginning of a period of sustained development
in Kilimanjaro. This brought the Chagga people a prosperity in agriculture
which surpassed that of most other peoples of Tanzania’. (Brewin, 1965)

Initially. only Europeans were permitted to grow coffee in Tanganyika,
now mainland Tanzania. Africans began to grow coffee in 1921 on a signifi-
cant scale, following the repeal of the 1890s rule that coffee was to be
grown by settiers only. It was out of the Chagga Chief Kilamia Marealle’s
instigation and campaign that African peasants could and ought o grow
coffee that the British colonial rulers finailly bowed to such demands.

Arabica coffee production in the south-western part of Tanzania, Ruvuma
province. began in 1926 when the local chief of Mbinga, Chief Chrysostomus
Makita, introduced coffee from Moshi, Kilimanjaro province. Chief Makita
had visited Kilimnan aro and northern Tanzania on several occasions. He
made close observat.ons and acquired basic skills in tending coffee plants.
Chief Makiia sent several groups of his people on study tours to Kilimanjaro
to learn about cof.ee husbandry and the processing of ripe coffee. Thus, the
coffee which was i.-troduced and continues to be grown in Mbinga district to
date is mild arabica. Likewise, the technology for processing ripe arabica
coffee in Mbinga district, from the time it is harvested up to the stage when it
is marketed as dry coffee beans, is almost exactly as it is for the processing of
coffee in Kilimanjaro and Arusha provinces.

Nowadays. in Kilimanjaro and Arusha provinces of north-eastern Tan-
zania, arabica coffee 15 the number-one cash crcp which is grown by vir-
tually every small-holder. There are also large-scale coffee estates which
belonged to settlers before the promulgation of the Arusha Declaration in
1967. In Kagera province, a comparable situation exists regarding robusta
coffee growing. In Arusha and Kilimanjaro provinces, large-scale, setiler-
owned coffee estates were nationalized in 1967. These were then owned
and managed by ihe appropriate Co-operative Union: Kilimanjaro Native
Co-operative Union (KNCU) in the case of Kilimanjaro, Vuasu Co-
operative Unton (VCU) for Pare District and Arusha Co-operative Union
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(ARCU) for the coffee estates in Arusha province. Up to 1976, coffee pulp-
ing was done either at a central coffee factory or at family homesteads. After
the dissolution of Co-operative Unions in 1976, coffee processing, especially
coffee pulping, became more and more the activity of each small-holder’s
family. A locally developed and produced coffee pulper was used.

The small-holder coifee farmer

Smail-holder farmers in Tanzania are those whose farms range from onc o
three hectares or about two to six acres. Such small-holder farmers constitute
about 85 per cent of all farmers in the country. Large-scale farms and estates
utilize about 13 per cent of the cultivated land which totals 4,465,000 ha.
Small farmers cultivate 3,880,000 ha and 585,000 ha are large-scale farms and
estates. Up to 1980, large-scale farms and estates produced slightly below 50
per cent of export crops while they employed about 5 per cent of the agri-
cultural labour force. Before 1980, small farmers produced 50-55 per cent of
the cash crops plus nearly all food crops. Currently, the contribution of cash
crops by small-holders has risen to about 70 per cent. Small-holder farmers
use mainly hand-tool technologies, including the traditional hand-hoes and
manual crop-processing technologies. Both technologies involve intensive
use of muscular energy. Apart from inefficient hand-hoe technology. the
other reasons for lower productivity of the small farmers, compared to the
large-scale farmers or estate owners, are:

1 inadequate technical know-how;

2 inadequate organization for effeciive production programmes;

3 limited capital outlay;

4 inadequate professional advice and too many farmers per extension
worker (1,500 farmers per field technician).

Coffee production trend
The average annual preduction of coffee in Tanzama from 1966 to 1985
was between 45,000 and 55,000 metric tons. A major bottleneck in the
coffee industry has been non-availability and/or inadequate agro-chemicals
to combat coffee berry disease. The siump of coffee prices on the world
market up to the early 1980s was aiso responsible for the fall in coffee
production in Tanzania. During the early 1980s, with the deepening of the
economic crisis, soaring inflation and a slump of coffee prices on the world
market, some Chagga small-holder coffee growers turned to growing other
crops such as vegetables and fruits. This raised concern in government
circles because of the negative impact on coffee’s vital contribution to
foreign exchange earnings. With better prices domestically and inter-
nationally, the situation has reverted to normal.

Nevertheless, poor technology in the overall small-holder farming
system in Tanzania is largely responsible for low productivity. This now
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stands at only 300kg per hectare as against a possible average vield of
500kg per hectare if modern crop husbandry is used.

Obijectives of the study

T to study the origins/evolution of the coffee pulping technology;

2 to establish the extent of product diffusion;

3 toidentify present bottienecks and policy issues related to mass produc-
tion improvement and wider dissemination of the technology;

4 to formulate specific policy recommendations.

Research methodology

The primary method used in this research was to interview peasant/small-
holder coffee farmers in their villages in Kilimanjaro, Arusha and Ruvuma
provinces. The researcher concentrated mainly on Kilimanjaro province
for details of the technology that was being studied. A total of 40 peasant
farmers growing coffee were interviewed in their village communities — 25
in Kilimanjaro, 8 in Arusha and 7 in Ruvuma province.

A further 6 small-holder peasant farmers from Mbeya province and 7 from
Kagera province were intervicwed. This was not on their farms, but either in
their province’s or district’s headquarters or in Dar es Salaam. With regard
to artisans who make coffee pulpers and/or train others to make coffee
pulpers, 7 were interviewed in the Kilimanjaro/Arusha provinces, 4 in the
Kagera region and only 2 in the Ruvuma province. Thus, the total number of
farmer-interviewees was 33.

Apart from interviews, researchers obtained secondary information
from documentary evidence, such as the Journal of the Tanzania Society,
Tanzania Notes and Records, records on early Christian missions in main-
tand Tanzania and reports of the Ministry of Agriculture.

Significance of the study

The coffee pulping technology which is used by small-holder peasant farm-
ers is diffused very widely in the arabica coffee growing provinces of
Arusha, Kilimanjaro, Mbeya and Ruvuma in Tanzania.

Similar technology has been developed by local artisans, almost indepen-
dent of foreign influence, in the Kagera province in north-western Tanzania,
where the coffee grown is mainly the robusta type.

The evolution of indigenous coffee pulping technology

Fermentation and manual removal of pulp
Coffee pulping had been done by hand long before German colonial rule
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started in Tanganyika in the 1890s. This was especially so in the north-
western province of Kagera which lies to the west of Lake Victoria.
Before the twentieth century, and even up to the 1920s, arabica coffee
pulping was done by a cumbersome and tedious process. This involved
soaking the arabica coffee berries in water for a period of three days or
more, followed by the manual removal o1 the pulp from the ripe berries.
In that way, coffee beans were separated from the pulp. This method of
pulping was not only extremely tiring but also time consuming. To pro-
cess and obtain a volume of 20 litres of clean/pulped coffee beans would
oceupy at least one adult working hard for at least two days, each working
day being eight hours. Such was the earliest traditional coffee pulping
technique for arabica coffee. This type of coffee was grown initially
almost exclusively in the north-eastern provinces of Arusha and
Kilimanjaro.

In the case of robusta coffee, traditional coffee pulping consisted of
spreading the ripe coffee berries on a mat in an open space outside the
homestead immediately after harvest. Drying used rays from the sun and
usually took three to four days. After that, a flat crusher-stone of about
30cm length by 15cm width and about S5cm thickness was used to grind the
dried coffee berries against another, stationary stone of a much wider
surface area. The big stone was sometimes ten to fifteen times larger than
the crusher-stone.

Using this stone-crusher method, pulp was separated from the coffee
beans. Manual winnowing using natural wind followed. However, often the
crushing had to be re-done two or three times for about half of the dried
coffee berries until the coffee beans were all separated from the pulp.

The pestie and mortar pulping process

The pestle and mortar method of pulping was later used widely as an
improvement of the stone and stone-crusher method. This method for
processing robusta and arabica coffee was dominant especially in the 1920s
and 1930s. In the case of robu ‘a coffee, sun-dried coffee berries were put
directly tnto the mortar in quanities of about 6kg weight at a time. About
one litre of water was added to each tot before pounding started.

Through repeated manual pounding using the pestle, the berrics were
hulled, leaving the coffee beans either intact or spht iato the two
cotyledons. Pounding took about half-an-hour {or each {ot of 5-8kg. After
every half-hour or so, the mixture of the pulp and the beans was removed
from the mortar and put in a wide basin-shaped papyrus-made container,
The mixture was subjected to winnowing, using natural wind to separate
the pulp chaff from the coffee beans,

Coffee berries which had not been completely separated from all pulp
were put back into the mortar for further pounding for about ten to fifteen
minutes. This was followed again by winnowing. A fresh lot of coffee
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berries was taken only after a previous ot had been pounded thoroughly
and the separation of coffee pulp from coffee beans had been completed.
As with the pestle and mortar, this method was extremely strenuous as it
demanded a lot of physical labour.

Unlike robusta coffee, arabica coffee was usually soaked for two to three
days before pounding using the pestle and mortar. The soaking made the
puip almost ‘rotten’ and hence helped the separation of the pulp from the
coffee beans.

The indigenous coffee pulper

Arabica cofiee berries are picked when they are ripe, that 1s, when the
colour of the berries is red. These berries are then put in a pulping machine
for processing. Some water, about one litre, is added to the berries to
‘tubricate’ and cool the machine. The bowl in which the ripe coffee berries
are put varies in size depending on the size of the machine. Some bowls can
take one tinful of coffee berries {about 20 litres volume) or two or three
tinfuls at a time. Two metal channels lead the berries to the pulping
chamber when the roller is rotated by using the handle. The berries are
crushed as they come between the pulper and the bottom of the bowl.
Coffee beans come out the front while the pulp-cum-husks drop out of the
pulping chamber through an opening at the rear of the pulper.

Depending on how efficient the machine is — and particularly the actual
pulping system — the husks are not supposed to be mixed with seed as they
come out. I mixing occurs then both tiie husks and beans are spread
separately for sorting. If some whole berries come out by the front with the
seeds, they are sorted out and re-pulped. The coffee seeds are coliccied
into a receiver-basin just in front of the machine. The coffee beans drop to
a container on the ground.

The metal parts of the coffee pulping machines are made out of scrap —
old paraffin or edible-oil tins. These parts include the handle for rotating the
roller, the iwo tube-like channels which lead to the pulping chamber and the
cover over the wooden roller. The machine stand and bowl for holding
berries before they drop into the pulping chamber are made out of wood.

The popularity of locally-developed arabica coffee pulpers

As noted earlier, the first portable, family-size arabica coffee-pulping
machine was maoc locally by African artisans in the mid-1920s. African
artisans, mainly blacksmiths and carpenters, were encouraged and given
some short training in the use of simple workshop tools by German
missionaries. The missionaries had keen interest in promoting the partici-
pation of Africans in coffee growing. Local crafismen were trained to make
thesc machines using locally available materials. Each machine was made
out of wood with a few metal parts. The pulping roller was made out of
wood and covered with lanced sheet metal.
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it was not until the mid-1930s that imperted coffee pulpers were brought
into Tanganvika. Such imported coffee pulpers were usually sold to rich
coffee growers, iritially through the Kilimanjaro Native Coffee Growers
Association. Later, from the late 1930s to 1976, pulpers were sold through
the Kilimanjaro Native Co-operative Union. Those who bought the im-
ported machines were mostly rich farmers. When the co-operative unions
were dissolved, there was a critical shortage of imported coffee machines
and appropriate spare parts. This situation forced the majority of coffee
growers, including rich farmers, to go for the locally produced coffee
pulpers.

Central coffee pulperies were built by the co-operative unions,
throughout Kilimanjaro, Pare and Arusha. However, nearly all coffee
growers preferred to do the pulping at home before sending the coffee
beans to market at the nearest Co-operative Society’s store. The price
obtained for pulped coffee was nearly ten times the price of unprocessed,
raw coffee berries. The locally made coffee pulper is so popular that of
the over one million people who live in Kilimanjaro province, approx-
imately 210,000 homesteads, there are about 120,000 locaily produced
and operating coffee pulpers. Some are smail while others are relatively
large.

Small pulpers sold at 18,000 and 20,000TShs a¢ early 1989 free-market
prices, while the larger pulper sold at 35,000TShs. A small pulper can puip
up 10 20 litres {(one debe) of coffee by volume at a time while the larger
pulper can take up to two debes at a time.

The fabrication and use of such indigenous coffee pulpers was started
initially by iocal blacksmiths and carpenters but has now spread almost all
over Chaggaland. This is an amazingly high rate of diffusion and social
acceptability. This type of arabica coffee pulper has spread to all cofice
growing previnces in Tanzania except for Kagera province where a similar
but slightly different pulping machine has emerged. This other machine is
extremely popular among the robusta coffee growers.

Nearly half of the smaller coffee pulping machines are made locally.
These machines process approximately 60 per cent of all the arabica coffee
which is produced by the average Kilimanjaro small-holder and up to 40
per cent of all coffee that is produced in Arusha. Ruvuma, Kagera and
Mbeya provinces. This means that imported machines process only 40-55
per cent of all the small-holder produced coffee.

Locally-made coffee pulpers do create some problems from time to time.
The operation of these machines is an extremely tedious job. Normally the
machine is made out of wood with a few metal parts. The metal parts used
are usually of lower quality and of little strength and this accelerates the
wearing-out of parts. Another problem is that tlie pulping roller is made
out of wood. The wooden roller absorbs water during the pulping oper-
ations. This in turn causes swelling and increases the roller’s size. During
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the off-season, the roller loses water and shrinks, thus reducing its length
and its diameter. This intermittent change in the size of the pulping roller
affects pulping efficiencv. Sometimes coffee berries can be crushed
whereas sometimes the berries pass through the pulping stage without
actually being pulped. After some time, the machines become less efficient
due to variations in the size of the wooden roller.

After observing such problems on a systematic basis, it was found
necessary to make modifications to these local coffee pulpers. In the coffee
growing provinces of Ruvuma, Mbeya and Arusha, coffee pulping is done
mainly by the same Kilimanjaro-developed pulper alongside a comparable
number of imported manually-operated small machines.

The moditied arabica coftfee pulper

The locally made machine has been modified and improved by replacing
the wooden roller with a concrete roller. The modifications have been
made by and through the joint efforts of the Arusha based Centre for
Agricultural Mechanization and Rural Technology (CAMARTEC) and a
long standing rural-based artisan Mr Wilson Msami from Mlangarini
Village in Hai District, Kilimanjaro. The concrete roller does not vary in
size because it does not swell or shrink due to moisture. The rest of the
parts, other than the roller’s handle, are made of wocd and the roller is
covered by lanced sheet me:al. The collecting tray which conveys the
coffee beans to a container is made of sheet metal.

There are two main versions: the conventional hand-operated version
which is very popular amongst ordinary coffee growers and a bigger
machine with a large capacity. This bigger machine is also hand-operated
but it can be motorized.

This whole idea of improving the performance or efficiency of the local
coffee pulper came from Mr Msami, a local craftsman who has been mak-
ing coffee pulping machines for nearly 20 years. He was invited to
CAMARTEC Workshop at Tengeru, Arusha, and coliaborated with
CAMARTEC specialists. engineers and technicians on production of the
modified version. Another main modification made on the local coffee
pulper s that the metal parts used are stronger than those used in the local
version, so that the parts last fonger. The benefit of these modifications is
that the pulping efficiency has been increased since the pulping roller does
nol vary in size. Also, the pulper lasts longer since 1t is made of hard wood
and stronger metal parts.

The modified coffee pulper is composed of three types of material —
metal, wood and concrete. The main components of the machine are:

I the roiler: This is cast out of concrete and reinforced by rings of wires
of about 3.5mm diameter which are placed near the ends of the roller.
During casting, provision for holes is made on the surface of the roller to
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Table 1 Requirements for fabrication of small hand-operated machine

S/R Material specification Qty
1 MS round bar: Q19mm x 71mm Tpe
2 MS round bar: Q38mm x 30mm 2pcs
3 MS sheet: 0.8mm x 228mm x 305mm 1pc
4 MS sheet: 0.8mm x 308mm x 503mm Tpc
5 bolts and nuts: M12 x 127mm 2pcs
6 nails (1", 2'2", 3", 4"} 1kg
7 cement: 5kg
8 sand: 5kg
g timber: (Mringaringa)

-2"x12"x 7

- 1"xi12"x 2

- 4" x7"x2

-2"x2¥%"x 3

-2"x4"x 1

accommodate small pieces of wood about 25mm diameter and 35mm long
on to which the lanced sheet metal is nailed. The roller is 20.3cm in
diameter and 30cm iong.

2  the hopper: The box-like hopper is made of wood and holds {ne coffee
berries before dropping them into the pulping chamber.

3 the puiping chamber: The pulping chamber is made of hard wood
{mringaringa). The chamber is lined on the inside with sheet metal. The
pulping chamber is the space between the roller and front of the machine.
4 the cranking handle: The cranking handle is made of a mild steel round
bar 19mm diameter and 762Zmm long. It is fixed to the roller when concrete
is being cast. The round bar is drilled and metal rods are placed in the holes
to prevent the cranking handle from rotating in the roller.

5 the collecter tray: This is made of sheet metal sized V5" x 9”7 x 14”7
(0.8mm x 22%mm x 3,356mm). The tray is used for collecting and conveying
coffee beans from the pulping chamber to the container.

Matenial requirements: For the conventional machine there are two
sizes, a small hand-operated machine and a large hand-operated version.

Five prototypes of the CAMARTEC-improved arabica coffee pulper
have been made so far. The Mang’ula Mechanical Tools Company Ltd has
also made some prototypes of an improved Kilimanjaro arabica coffee
pulper. However, these improved coffee pulpers have not yet been diffused
on any appreciable scale in any of the coffee growing provinces.

indigenous robusta coffee pulper

In Bukoba, Kagera province, where most of the coffee grown is robusta,
the popular indigenous coffee pulper consists of a wooden rolier into which
metal strips/bands are nailed lengthwise at regular intervals.
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Table 2 Requirements for fabrication large hand-operated machine

S/R Material specification Qty or ct
1 MS round bar: G19mm x 762mm 1pc
2 MS round bar: Q38mm x 30mm 2pcs
3 MS sheet: 0.8mm x 229mm x 356mm 1pc
4 MS sheet: 0.8mm x 305mm x 704mm 1ec
5 bolts and nuts: M12 x 127mm 2pcs
6 nails (1", 22", 3", 4") 1kg
7 cement: 6Vikg
8 sand: 1vakg
9 timber: (Mringaringa)

- 212" =T

- 1"x12"x2'

- A" xT*x 2

- 2" % 2% x 3

- 2“ x 4“ x 1l

This roller is encased in a concentric wooden tube of a slightly larger
diameter. In making the outer cylinder, metal bands/strips are nailed on the
inside of the cylinder length-wise, when the cylinder is still open into two
halves. Between the inner wall of this outer tube-like cylinder and outer
wall of the roller, there is a thin hollow cylindrical shell of air which just
facilitates the free entry of berries in the space. This space is the machine’s
pulping chamber.

When the rotller is rotated, the space facil’tates crushing or shaving of
the pulp from the ripe, dried robusta coffee berries. The space between
the two cylinder walls is just big enough to allow the berries tc drop. The
rotating roller has shavers in the form of metal strips which crush the
berries and remove the pulp. The roller is usually made from wood
derived from a tree called omushambya in the Hay language. During the
pulping process, a little water is added to the berries to ease the removal
of the pulp while at the same time cooling the metal and wooden parts.
Coffee pulping using this machine started in Kagera province in the
1930s, following commercialization of coffee in that province. Use of the
machine was encouraged by the price differential in the market between
pulped and unpulped coffee. Coffee pulping at home was and still is
preferred not only because pulped coffee fetches a much higher price on
the market but also because coffee processing productively occupies ex-
cess family labour.

The only two major improvements which the local robusta coffee pulper
has undergone are the identification of tree-species which has long-lasting
wood for use as rollers and the use of longer-lasting metal strips. Other-
wise, the locally-produced robusta coffee pulper has remained much the
same in design over the last 55 years.
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The Kagera robusta coffee pulper

Acquisition of knowledge and skills

There are no formal training courses for artisans who intend making indig-
enous arabica or robusta coffee pulpers. Anyone who wants to know how
to make the coffee pulper usually ‘attaches’ himself to an artisan who has
extensive experience. The learner goes to live at the master artisan’s home.
The apprentice usually takes some grains, beans and/or bananas as his
contribution for food. This is done weekly.

Step-by-step, the person being initiated into the art acquires the skills of
making various parts of the pulper. He learns practically how 1o use the
tools and is under the close eye and regular monitoring of the master
artisan. After knowing how to make the various parts of the coffee pulper,
the apprentice is then taught how to assemble the whole machine.

Usually such apprenticeship takes from two to three months depending
on the pace at which the apprentice picks up the skill and dexterity re-
quired. Apprentices are, on average, aged between 25 and 30 years.

Apprentices usually are not charged any monetary fees but such appren-
tices are made 1o work for the master artisan on tasks such as harvesting or
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pulping coffee on days when there is no activity involving actual making of
parts or assembling a coffee pulper. '

As the apprentice begins to ‘mature’ in the industrial art of making
coffee pulpers. and begins to make whole machines, the unwritten yet well-
understood and respected contract between the master artisaa and the
apprentice takes hold. This is that all the money from the sale of pulpers
made by the apprentice is the property of the master artisan. After all, it is
the master artisan who also provides the materials for making the puipers.
If the masier artisan so wishes, he can give the apprentice a few shillings for
buying cigarettes or mbege, the local banana brew in Kilimanjaro.

In a typical week, three working days may be devoted to teaching the
apprentice, and the other days are for agricultural activities. The appren-
tice is often allowed two days off so that he can go to his home to help with
agricultural work or sort cut any other issues. Very rarely would a master
artisan accept more than one or two apprentices at a time.

At the end of an apprenticeship, the new graduate is expected to make
a voluntary donation to the teacher, such as one or two goatsora calf as a
token appreciation for the knowledge and skills he has acquired. Some
apprentices master the skill of making pulpers so well that their master
artisans request them to stay on as partners in a joint venture. Alter-
natively. the newly ‘graduated/initiated’ artisans may become employees
of the master artisan.

Bottienecks

On the whole. neither the arabica coffee pulper nor the robusta cotfee
pulper has serious botilenecks with regard to dissemination. All materials
used, including scrap metal and wood, are available locally and skills for
fabricating such machines are available within village communities
throughout the coffee growing areas, especially in Kilimanjaro and
Kagera provinces. The coffee pulpers are extremely popular. Even those
few families who cannot afford to buy and own such pulpers borrow one
from neighbours in the village so that they can process their coffee berries
before taking them to the co-operative market. Coffee growers who
harvest a bumper crop of coffee berries, or people inccpacitated because
of old age or some other cause, usually hire young men to pulp their
berries.

However, both types of coffee pulper are inefficient and their operation,
though less vigorous and less tiring than straight manual pulping, is
cumbersome. There are possibilities for improving pulper performance
through some modifications.

A small arabica pulper cost 15,000TShs and a large one cost 30,000 to
35.000TShs in 1989 prices. The costs are rising so fast that it is imperative to
arrange for subsidy or credit to small-holder farmers.
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Finally, there are no larger-scale pulper manufacturing units or enter-
prises in Tanzania. Mass production of improved pulpers could reduce
spending on expensive, imported coffee pulpers. Such mass production
could in the long run reduce the pace at which pulper prices are rising. All
production of pulpers is by hundreds of scattered, rural-based artisans
whose skills are not updated. Artisans could improve through short prac-
tical workshops or through a bringing together of artisans for an
exchange of experiences and expertise. Current quality of production
varies greatly.

On a regional level, there has never been in Africa a single opportunity
for artisans engaged in the production of indigenous crop processiug tech-
nologies to meet and exchange views on their experiences, work environ-
ments and problems of production and/or marketing.

Major findings

Coffee occupies a central role in the overall economy of Tanzania,
especially among smatl-scale producers and in terms of being the number-
one export cash crop.

Coffee pulping is done both by modern, large-scale technology at
centralized, co-operatively owned factories and by locally made pulping
machines. The bulk of coffee processing, about 60 per cent, is done at
homesteads using the locally-made machines.

Locally made pulping machines have been widely diffused in Tanzania
and are extremely popular, mainly due to economic necessity and demand.
Coffee pulping technology has evolved from manual to semi-mechanized
pulping equipment but it is still labour-intensive and inefficient. There is
the technical possibility of improving machine performance.

Nearly all artisans who produce the locally made coffee pulping ma-
chines have learnt the trade through informal apprenticeship at the homes
of master-artisans. They in turn learned their skills through similar
apprenticeship.

The cost of producing coffee pulping machines is becoming too high for
the ordinary artisan to afford to buy the materials required. Production of
such machines may be in danger of declining, if the government wili noi
intervene to assist such artisans.

The cost of acquiring/purchasing locally made coifee pulping machines is
escalating very fast. Many ordinary, poor smail-scale holders/producers will
not be able to afford such coffee pulping devices if no subsidy and/or credit
schemes are introduced.

The skiils of artisans are not up-graded on a formal, regular basis in
order to improve the quality of their productive efforts. Their working
tools are both poor and inadequate.
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Recommendations

In view of the economic importance of coffee to the country’'s foreign
currency earnings, it is recommended that the government should encour-
age and assist local artisans to set up efficient production hines for improved
local coffee pulpers. on a co-operative basis, if possible. These could reduce
heavy expenditure on imported pulpers and at the same time improve the
efficiency of locatly produced pulpers. Such a step would not hurt the
business of isolated. single artisan-manufacturers in villages as the demand
for such machines is quite high. The goverament should formulate a sub-
sidy or credit scheme to assist small-holder coffee growers to acquire effi-
cient. locally made coffee pulpers.

Rural-based artisans who fabricate local coffee pulpers, whether individ-
ually or in co-operative groups, should be assisted by the Government.
NGOs and tinancial institutions to improve their skifls. Seminars and assis-
tance for acquiring better but simple tools would help. This would recog-
nize the crucial contribution of these artisans to the coffee processing
mdustiy i Tanzania.

The imermational community, including international banks, NGOs, the

JN system and donor agencies. should assist indigenous tecunologists in
up-grading their skills. Short-term international training and provision of
small credit facilities to improve the guality and range of working tools are
needed.
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Residue stoves in Kenya
MOHAMMED MWAMADZINGO

Introduction

Rural people are not ignorant or helpless when it comes to matters pertain-
ing to new sources of energy. They can use their knowledge of the local
environment to modify, change and improve the existing production sys-
tem for their own benefit. This is an issue normally ignored by researchers,
scientists and donor agencies.

Local artisans in Kenya have becn able to modify existing stove design to
have an effective combustion that takes advantage of abundant agricultural
and forestry residues. Since the inception of the traditional residue stove
around 1976, it has undergone minor changes and modifications aimed at
improving the burning poteatial. These modifications were carried out in
close co-operation between arti;ans and users, with almost no influence by
or support from external agencies.

There are certain factors which hinder the wider dissemination of the
stoves. These include lack of explicit policies to help accumulation of the
local technological capacity, and the lack of financial, institutional and
structural support. Thus, the study proves that what local people lack is not
the technology. but rather the ability to enhance and put the technology
into best practice.

As a way of minimizing the impact of the energy crisis, many donor
agencies in conjunction with Third World governments and non-
government organizations instituted various efforts. These included either
increasing the supply of fuelwood by afforestation programemcs or decreas-
ing demand by the introduction of fuel-intensive stoves, the so-called ‘im-
proved’ cooking stoves.

The promotion of improved stoves in developing countries started in the
late 1940s. However, it was the 1970s before they had a substantial impact.
Various reasons have been put forward to explain the ‘failure’ of the early
improved stoves programmes. Some of these reasons include the neglect of
the role and perception of the user, unprecedented efficiency a:.d con-
venience of traditional cooking methods, high stove costs, the divergence

MR M. MWAMADZINGO {Kenya) is a research assistant with the African Centre
for Technology Studies (ACTS). ACTS is a non-profit organization based in
Nazirobi. His main interests include biotechnology and the accumulation of
indigenous technological capabilities in developing countries.
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between the laboratory tests and the field performance, the impact on
deforestation, and the stove design and testing.

A major drawback of many stove programmes is that they assume rural
artisans and users do not have a part to play in the search for better
technologies, new sources of energy, and new conservation measures. This
is shown by the lack of research in this area.

The main objective of this study is to show the imporiance of the
people’s technology in general economic development, in terms of why and
how residue stoves evolved in Kenya, and the importance and extent of
diffusion of the technology. The study also looks at why it is attractive to
produce and use residue stoves in the country. Other matters investigated
by the study include the process involved in acquiring knowledge about
production of the stoves and development of skills. This involves determin-
ing how these ‘traditional’ processes relate to scientific methods and under-
standings. The study cnds by identifying major obstacles and the future
potential and achievements of the technology. The aim is to suggest prac-
tical ways of helping people to help themselves.

The specific objectives of the study can be summarized as follows:

1 to trace the origin of the residue stove in Kenya, and to spell out various
modifications underiaken during the evolution process;

2 to establish the extent of stove diffusion in the country, in terms of the
number of producers. consumers, marketing and distribution agents;

3 1o analyse the economic and social viability of the technology on the
producers and users;

4 1o examine the training, knowledge and skill development process in
the accumulation of indigenous technological capability;

5 1o identify the main bottlenecks and policy issues relating to the pro-
duction and usage of the technology;

6 to suggest policy recommendations to the government, non-
government institutions, scientists, and donor agencies on how to enhance
the development of people’s technology.

The research methodology

Most information contained in this report was collected from inter-
views with the users and producers of the technology, using a structured
guestionnaire. However, the interviews were carried out in an informal
way in terms of group discussions i.e. ‘panel interviews’. This was done
because the researcher was interested mainly in maximizing infor-
mation rather than maximizing the number of questionnaires to be
completed.

The research is based mainly on information collected in Nairobi and the
Centrat province of Kenya. The locations considered include Kikuyu,
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Thogoto, Ruiru, Mukurweini, and Limuru in Central Province, and Ka-
wangware, Shauri-Moyo, Kibera, and Dagoretti in Nairobi.

After the above areas were identified, only a few of the most informative
artisans and users were interviewed, in a group wherever possible. The
most informative interviewees were selected based on their knowledge and
experience about the residue stoves. Cther information was collected also
from the Ministry of Energy, the Kenya Energy and Environment Organ-
izations Associations (KENGO), the Apro Energy Enterprises, and the
Appropriate Technology Centre of Kenyatta Umversity.

The energy situation in Kenya

There are only three main energy sources in Kenya — woodfuel,
petroleum and hydro-electricity — despite various efforts undertaken to
identify new sources. Wood and forestry products account for more than 98
per cent of the country’s total energy supply. It has been forecast that wood
producis will continue to supply more than half of energy requirements
well into the twenty-first century.

The main uses of woodfuel in Kenya are to be found in the household
sector, but industry is aisc a significant consumer. It is estimated that as
much as 26 per cent of the total national consumption of fuelwood and 12
per cent of charcoal are for industrial purposes.

There is much concern about increasing woodfuel consumption in
Kenya. The total use of fuelwood in the rural areas is said to be increasing
at the rate of 3.6 per cent per annum, while that of charcoal is growing at 7
per cent per annum. Projecting these trends reveals a highly alarming
situation, with widespread depletion of forests by the turn of the century. It
is because of this realization that the Kenyan Ministry of Energy is de-
veloping a comprehensive woodfuel policy. This includes agro-forestry,
peri-urban and industrial plantations, as well as the promotion of improved
methods of charcoal making and the dissemination of the more efficient
wood and charcoal stoves.

Table 1 Energy supply in Kenya

Giga joules % of total
energy
Fuel wood 209.7 63
Petroleum and coal 82.2 25
Charcoat 25.3 8
Crop residue 9 3
Hydro-electricity 5.8 2
TOTAL 332 100

Source: {'Keefe et al, 1984
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An omission in the Ministry of Energy’s woodfuel policy is the lack of
recognition of the importance of agricultural and forestry residues in meet-
ing Kenya’s energy demand. This is the basis of the evolution of the residue
stoves examined tn this study.

The experience of improved-cooking stoves in Kenya

Before the emergence of the improved stoves programmes in the early
1980s, ali charcoal stoves available in the country were the traditional
metal stove {TMS). This was first introduced at the coastal town of Mom-
basz by the Indian railway workers in the late 1890s. This early stove
recetved immediate and rapid dissemination to other areas of the country
because it was considered to be superior to iraditional open fires and
because # used a new fuel—'charcoal’.

The traditional metal stove is made entirely of recycled metal. It has a
cylindrical shape with a door for air combustion and ash removal. There
arc three triangular-shaped flaps for supporting the cooking pans. It is
estimated that over 560,000 traditional stoves are used for heating and
cooking in Kenya. The stove is not insulated and can be used as well for
space heaiing in cold areas of the country.

Since 1981 there has been a major campaign by the Kenya Govern-
ment, donor agencies and the non-governmental organizations (NGOs)
to introduce fuel-efficient stoves. At present, three types of stove can be
identified:

Pan support
_ Fire box

Ceramic liner
Ceramic grate

Y%~ _____ Handle

f~— Metal viadding

The Kenyar traditional metal stove
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1 the charcoal stoves, aimed at the urbzn population;

2 the woodstoves, maiuly found in the rural areas;

3 the institutional or community stoves, aimed for use by large
insiitutions.

The main significant charcoal stove i1s the Kenya ceramic Jike (KCJ)
which is a lined stove adapted from the TMS and the Thai Bucket to suit
Kenyan cooking practices. The development of the KCJ involved many
institutions suci: as the KENGO, the Appropriate Technology Centre of
Kenvatta University, the Intermediate Technology Development Group
(ITDG), the United States Agency for Internaticnal Development
{USAID). the Kenya Government, the International Development
Research Centre (IDRC), and many other NGOs.

The KCJ project 1s now considered to be one of the most successful in
Africa. By mid-1986 more than 250,000 stoves had been produced and
sold to urban dwellers, and the demand consistently exceeds the supply.
The stoves now account for more than 50 per cent of traditional stoves
in Nairobi and over 10 per cent of the national stove market. As a result
of large market sales, the price of the stoves has come down from
250K Shs when they were introduced to iess than 80KShs, depending on
the size.

In contrast with the urban programme, only 10,000 woodstoves for rural
areas have been introduced. This 15 largely because, unlike urban dwellers,
rural users rarely have to pay for their fuel. Thus, there is little direct
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\.
E\ ﬂ Handle
]
B ¢
Door {tor air inlet and
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Leg

The Kenyan ceramic jiko
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economic incentive to improve the efficiency with which fuel is burnt. The
cost of the woodstoves is also high which inhibits widespread use to the
rural communities. (One woodstove costs 150KShs.)

The residue stoves

It 1s not easy to identify exactly the origin of the traditional residue stove. It
was suggested by artisans interviewed that the stove first emerged around
the Meru area in 1976. At that time the diffusion of the stove was too
limited to warrant much knowledge of its existence.

The reasons that led to the emergence of the residue stove in the country
include:

i increased biomass waste from the sawmills, rice mills, carpentry shops,
and the sisal factories;
2 the ‘woodfuel crisis’ in terms of increased cost of charcoal and firewood;
3 the capability and the need on the part of locatl artisans to modify
existing stove designs.

Kenya produces large quantities of agricultural waste associated with
food and indusinal production. Oficn these wastes create problems of
disposal. It has been estimated that rice mills alone throw away over 40,000
tons of rice husks every year while coffee and sisal factories all over the
country may throw away an even higher tonnage of waste. The volume of
rice husks disposed of by the Mwea Rice Mills alone 1s said to be sufficient
to cook meals for 20,0600 families for a whole year. It is aiso estimated that
Kenya produces more than 100,000 tons of sawdust in its sawmills and
carpentry shops.

Much potential energy locked up in this waste biomass was lost as the
technology for efficient combustion was unavailable. In some cases, agri-
cuitural waste like rice husks and sawdust was burnt directly for commer-
cial use, creating not only a nuisance but also a heaith hazard by emitting
toxic smoke. The burning of these wastes in conventional stoves was very
inefficient and inconvenient, giving only 5 to 9 per cent of useful energy
output for cooking. With the introduction of the residue stoves, the bio-
mass waste has now gained an economic price.

Rural households and peri-urban dwellers often cannot afford to pay
cash for cooking fuel but have access to free wood and agricultural res-
idues. Sawdust, rice husks, and coffee husks are commonly used as supple-
ments and complements to firewood and charcoal. These residues need a
special technology to burn effectively. There are other types of residue,
such as cotton stalks, maize cobs and maize stalks, which can be burnt
directly in an open fire or in some woodstoves.

Most of the improved stoves developed in Kenya are associated with
donor programmcs. However, the stoves under review differ from these
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initiatives in one aspect — the stoves are not linked with any donors and
are from rural artisans who design, produce and market their own pro-
ducts. The stoves are made by the same artisans who make the traditional
stoves.

The residue stoves are a modification of the traditional metal stove, with
specific adaptations and designs to burn loose biomass. There are three
types of residue stoves in Kenya — the traditional, the modified clay-liner

haneahnld ctrvvs and tha anctitniitianal ctava
BAVAAIWRIUIRGE DRUFF G £REE%E LIPW NISORILLILIVILIQL JLUFV .

The main feature of the traditional residue stove is that it is made of
recycled metal, as i the traditional metal stove. It can be distinguished
from the TMS by the absence of a grate. the presence of the top lid with a
hole at the centre used for channelling heat radiation during cooking time
and a smaller door for aliowing in air.

The inner cylindrical wall body acts as the central combustion chamber,
where both the residuc and the firewood is held. The outer door has a door
frame and some stoves have a door to control air intake. The size of the
stove varies according 10 the customer’s specifications.

Various changes and modifications can be identified since traditional
residue stoves first came into being. These changes can be classified as
incremental {minor) and radical (major). Incremental changes include:

1 removal of legs: As mentioned earlier, the design of residue stoves
originated from the traditional metal stove. Originally, the residue stove

Top lid

Pan support
Handle for lid

Handle for main
body

Metal body

Door

Firewood inlet and
firing pot

The traditional residue stove
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had legs. Flowever, due to the heavier weight caused by the residue plus the
weight of the food cooked, the legs were found to be weak. To respond to
this problem, artisans decided to make the stoves without legs. It was
considered that removing legs would not affect the performance of the
stove,

2 strengthening the pan supports: Because of the weight of the cooking
pots and the need for vigorous stirring of the staple food ugali, there was a
need to strengthen the pan supports (flaps). This has been done by the use
of heavier metal gauge as flaps.

3 reduction of the inside diameter of the top lid: This was doue to in-
crease the time and extent of combustion of the residue.

Dissemination of the technology

Residue stoves have been disseminated widely, mainly in the residue-
¢xcess area of Central Province and Nairobi. A very preliminary survey by
the researchers found that up to 30 per cent of households in the locations
selected were using the stove. The main areas which are known to use the
residue stoves are Ruiru, Kikuyu, Karai, Thogoto, and Limuru (Kiambu
district), Athi River {(Machakos district), Njoro (Nakuru district), Mukur-
weini (Nveri district), Karatina (Murang’a district) and Kibera, Dagoretti,
Shauri Moyo, and Kawangware {Nairobi).
The foilowing were identified as the main contributing factors:

1 availability of residue: In all these areas sawdust, coffee husks and rice
husks were always available from the sawmills, rice mills, carpentry shops,
and coffee mills.

2 low price of the stoves: The price of the residue stoves is around
40K Shs. This is much lower than the price of the Kenya ceramic Jiko (80
K.Shs) but is the same price as the traditional metal stove.

3 fow price of fuel: The residue is normally obtained free of charge or at
very low prices, mainly to cover transport costs and a small profit margin.
The survey found that the price of the residue varied from place to place.
For instance, a 70kg bag of sawdust cost 3KShs in Ruiru, but cost up to
30KShs in the Kikuyu division.

Viability and econemics of the technology

Although there has been no official efficiency testing of the stove, users
find it more convenient than the open fire. The stove is said to be efficient
in terms of combustion of the biomass and produces a clear flame with little
smoke. To show the efficiency of the residue stove two types of test were
carried out:
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1 Burning {(combustion) efficiency: 40kg of sawdust can be used to cook
for a family of eight for a period of two weeks, but a 40kg load of firewwood
used in the open fire lasts for only four days. If we assume that the open-
fire stove is 10 per cent efficient, the residue stove was found to be 17.1 per
cent more eificient in terms of burning capacity (see Table 2). This means
that the stove saves 71 per cent of the equivalent fuel used in the traditional
open-fire stove.

Table 2 Combustion efficiency of the residue and open-fire stoves

Residue Open-fire
stove stove
specific datly combustion 40kg/14 days 40kg/4 days
= 2.86 10
percentage saving = 10~ 2.86 . 71.4%
10
combustion efficiency 17.1% 10%

Source: Field Survey, 1989

Preliminary efficiency tests carried out by some students of the Appro-
priate Technology Centre at Kenyatta University reveal that the residue
stove saves around 29-30 per cent of the fuel used by the traditional metal
charcoal stove.

2 Cost efficiency: The residue stove is economical to users in that it saves
fuel. as Table 3 shows.

Table 3 Cost benefits of the residue stoves and the traditional charcoal stove

Residue Charcoal
stove stove
price per 70kg bag (KShs} 30 120
duration {for a family of eight) 4 weeks 4 days
average cost per month {(KShs) 30 900
saving ratio 1 : 30

Source: Field Survey, 1989

It is estimated that approximately 5 per cent of artisans involved in the
production of stoves in the areas surveyed are involved in the production of
the residue stoves. This implies that residue stove-making is becoming
more important as a generator of rural and peri-urban employment.

More people wil! be employed as the importance of the stove is realized
by more users. Currently most of the stoves are sold directly from the
artisans” workshops but a new distribution system is evolving. This involves
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distribution through middlemen, particularly those people involved in the
selling of the residue as fuel. The following illustrates the distribution
network:

PRESENT SYSTEM EMERGING SYSTEM
Artisans Residue Artisans Residue
\ / Y Y

Salesmen Residue
collectors
\ X
Consumers Middlemen
Consumers

The distribution network of the residue stove

Other benefits of residue stoves include:

3 the sale of matenals that would otherwise be wasted;

4 less pressure on wood resources through the reduction of consumption
of firewood and charcoal, in line with the need to preserve the
environment:

5 a contribution to the accumulation and building of indigenous tech-
nological capability;

6 a reduction of problems of waste disposal and risks of fire from the
mills:

7 health and safety considerations: the stove emits less smoke and is safe
to the users and children because residue acts as an insulator with minimal
heat loss;

8 the stove is easy to use, does not change traditional cooking habits and
uses the same type and size of pot currently available to users, and it gives a
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stronger user-artisan relationship or collaboration with the aim of improv-
ing the efficiency of the stoves;

9 the stove has a long-burning capacity compared to traditional stoves; it
is normally used to cook meals for the whoie family and residual heat is
used for water heating;

10 the stove can be converted easily to the traditional metal stove, in case
charceal is available.

Training and skills acquisition

There is no specific training required for the production of residue stoves.
Most of the artisans producing residue stoves received their skills in the
form of apprenticeship in smali-scale ‘informal’ workshops. In this type of
skill acquisition the trainees are taught flattening out the oil drums and
other recycled metals, cutting out the templates, folding and filing the
relevant parts, and assembling the stoves. The trainees normally pay
1000KShs to the master-artisan for a full training session which can last
between four and six months.

The only type of formal training given to trainee artisans involved
courses in metalworking, and to some extent pottery, in the country’s
village polytechnics. This involves general training courses on metal-
working. At the end of the second year the trainees are ready to take the
government’s administered trade tests. Other formal types of training
include two- or three-week vocational courses organized by the Ministry of
Energy in conjunciion with Energy Development International and NGOs
(such as KENGO).

The major problems faced during the training period include the lack of
teaching materials such as reference books and tools. There is also a short-
age of instructors in the village polytechnics. For example, in one of the
training centres visited there was only one instructor who was supposed to
be teaching both the first and second years in the same classroom.

Obstacles to increased dissemination and production

Despite successful dissemination of the residue stoves in the country there
are a number of factors that inhibit wider diffusion.

1 reduced market potential: There are a large number of people, even in
areas with excess sawdust and rice husks, who do not have any information
on the sioves. The interviews fourd some residents who were amazed by
the idea that there existed locally-made stoves which could use what they
considered to be waste.

2 weaknesses of the stove design: It shouid be noted that although the
stove is widely disseminated, there are a few disadvantages. These include
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o smoke emission, particularly in the initial burning stage;

© the residues do not burn completely and

O it is not possible to add more fuel (the residue) while the stove is

burning,.
3 poor man’s technology: Some of the users declined to use the stove for
fear of being seen as too poor to afford charcoal or firewood.
4 financial constraints: Major problems faced on the part of artisans ia-
clude lack of working capital and unavailability of infrastructural support.
The artisans claimed that they have the capacity to produce and seil more
stoves if they had enough money to buy raw materials and equipment.
They claimed that at the moment the demand for the residue stoves far
exceeds the supply. Some artisans ask users to bring their own materials,
mainly the recycled metal, so that they can charge only their labour costs.
This reduces the burden on the part of the artisans and also the price of the
final product.

Recommendations for increased dissemination

1 Research and development: In order to increase the use of residue
stoves in the relevant areas there is a need to carry out more research and
development aimed at improving the burning efficiency of existing stove
designs. This has to be followed by appropriate field tests to find the
viability of the stoves to the users.

2  Marketing support: Residue stoves can be used by more Kenyans in the
residue-excess areas if advertising on fuel and cost efficiency is emphasized.
There is a need for strategic marketing surveys to determine which areas
have excess agricultural residues and to find the types of fuels used by local
people.

3 Infrastructural support: To increase the production of the stove there is
a need to provide more infrastructural support such as more credit (either
in kind or in cash), electricity, water and roads.
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The grate cooking system in Zimbabwe
MTHULI NCUBE

introduction

This study is centred on the metal grate, a cooking device which is currently
in use in rural Zimbabwe. The popular structure of the cooking metal grate
consists of a rectangular frame with four legs. To enable pots and other
cooking containers to sit on it, pieces of metal rods are welded inside the
rectangular frame. The grate is then put over a fire. Most of the grates have
three rings of different sizes welded inside the frame to hold round-
bottomed pots. It is a technology produced by the infermal sector, and its
durability, portability and modern appearance contribute to its popularity.
The size. height and quality of the grates invariably varies and so does
performance as a cooking device.

Consumers and producers

Consumers are located in rural areas while producers are in the peripheral
informal sector within urban areas. Chihota, a rural area south of Harare,
the capital of Zimbabwe, was chosen as a target research area. Chihota has
a problem of wood shortage due to deforestation. This is an important
issue for fuel conservation. The aim was to determine the response of rural
people to this cooking technology, given their wood problem.

A total of 50 households were interviewed. People answered question-
naires about characteristics of the nictal grate, its links with health, their
willingness to pay and household characteristics. The income range of the
houscholds was between Z$200 and Z$7,500 a year, with a mean of
Z3%1.758 a year. Chihota is a high income area by rural standards. Most
househoids receive income from monthly remittances. sale of crops, sale of
garden vegetables, local part-time wages, occasional remittances, focal full-
time wages and other sources.

Producers of the metal grate are located in the informal sector in urban
areas. This is where the market is concentrated, as most wage earners of

MR M. NCUBE (Zimbabwe) is a lecturer in the Economics Department at the
University of Zimbabwe. He has worked as a censultant for SADCC Mining
Unit, World Bank, ILO), NAM, ITDG and other organizations, as well as lectur-
ing at the University of Zimbabwe and sitting on the Zimbabwe Stock Exchange
Board.
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rural households work in urban areas. In this study three producers of the
metal grate were mterviewed using a questonnaire. The questions per-
tained to the cost and benefits of producing the metal grate, the time
producers have been in the business. acquisition of skills, future of the
technology and bottenecks for the production of the grate.

Evalution of the metal grate

Metal grate technology is part of a cooking system including the pot, fuel,
the cooking site and the grate itself. The main determinant of the system’s
structure 18 the pot. To discuss the evolution of the grate we need to discuss
the development of the hearth. Four stages can be traced in the evolution
of the cooking hearth:

the three-stone fire

the fined grate

the movable grate without rings

the movable grate with rings and with ‘grill’,

Lok ok o
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We shall discuss each stage in turn.

Fhree-stone fire

The traditional cooking hearth is a three-stone fire located on the floor in
the middle of the kitchen. The kitchen is a separate hut where cooking
takes place but sometimes meals are prepared outside. The kitchen is
preferred by the women who do the cooking.

A depression 1s made in the fireplace to hold the hot charcoal and ashes,
o reduce the dangers of them spreading around the kitchen. Wood is used
as fuel. The location of the fireplace in the centre of the kitchen hut makes
it 2 focal point for socal life in traditional society. The family sits around
the fire in the evemngs. or in the winter and rainy season discussing social
and family wssues. The fire provides the accessary warmith and light.

The three-stone fire can hold traditional round-bottomed clay pots quite
fiemily but the flat-bottomed ron pots do not balance well. Traditional
mawze food, sedza. requires heavy stirring and flat-bottomed pots usually
falt out of the fire, thus making cooking difficult. Few households in
Chihota stibl use the three-stong fire.

The biggest advantage of the three-stone fire is its economy. Most rural
households have an ability-to-pay problem rather than a willingness-to-pay
preblem. The fire also holds pots of different sizes, as one can change the
size of the stone triangle. The fire’s portability allows users to change
cooking locations. The stones absorb some heat and light from the fire
hence only about a quarter of respondents feel it provides heat. Most feel it
does not provide enough hight. Fuel efficiency is low as most users feel this
kind of fire uses a lot of wood.
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Because of the openness of the fire, the carbon in the smoke sticks on the
grass thatch. From the survey. 16 per cent of houscholds fee! this type of
fire protects thatch from termites and reduces permeability to rain water,
About 36 per cent of households feel the fire produces too much smoke,
which s a health hazard. The open fire has iis dangers. Of those inter-
vicwed, 60 per cent highlighted the danger of burning people while 24 per
cent expressed the danger of burning the kiichen.

Because of the fire’s structure, 58 per cent of houscholds feel it cannot sit
severak pots at a time. This slows down the cooking process. Generally,
users did not feel this kind of fire cooks a particular pot slowly. Because of
wind and eddyv currents, the fire makes the kitchen dirty (say 44 per cent) as
ashes are blown 2bout.

What has rendered the three-stone fire obsolete is the development of
the pot. Traditionally. round-bottomed clay pots were used. But as indus-
trialization took effect in the urban areas. flat-bottomed iron pots were
introduced. These are available for purchase in the cities, including rural
shops in service centres. The flat-bottomed pot cannot balance well on the
three-stone fire. The pot is part of the cooking system, and therefore the
three-stone fire had to be transformed to fit with the changing cooking
SYSLCHT,

Even the round-bottomed pot has problems in balancing as users cook
traditional food. Sadza requires heavy stirring and the stones move apart,
making cooking difficult. A much firmer cooking device had to be intro-
duced. which was the fixed grate. Of course some houscholds use both the
three-stone fire and the fixed grate. Thus we have an overlapping evolu-
tonary progess, leading to the phasing out of the stone fire, and the emer-
genee of the fixed grate.

Fixed grate

The fixed grate has four corner-mounds of clay into which connecting
metal bars are embedded. The connecting bars can hold both ftat-bottomed
and round-bottomed pots.

Unbike the three-stove fire which could be used outside, the fixed grate is
tiwed in the centre of the Kitchen and is immobile. The fixed grate is also a
people’s technology as each household makes its own. The clay for the four
mounds s available locally and the metal bars are from scrap metal. The
technology s household-based and it is for the use of the family only. In
other words. 8 has use value but no exchange value.

b Chshota. people value the fixed grate for its ability to hold up to three
pots. both round and Bat-bottomed. Households learn the design from neigh-
bowurs and refations. People sce the grate in use and they duplicate it. It is a
technology that  simple to copy and that simplicity facilitates diffusion.

The obsolescence of the figed grate is due 10 negative characteristics that
outwergh pasitive ones. Firstly, the fixed grate is immovable, which does
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Movable metal grate with rings

not allow households to use it outside the kitchen hut. When it is too hot in
the kitchen. the need arises to cook outside. For this, the fixed grate is a
disadvantage. Secondly, clay mounds and metal bars bave different expan-
sion co-cfficients which causes the clay to crack, breaking up the whole
structure. This makes cooking difficult and there is a need to replace the
clay mounds. Thirdly. the differential expansion rates of the bars under
heat causes them to bend inwards to different degrees. As a result, the pots
cannot sit firmly. The bars have to be removed and straightened requiring
complete reconstruction each time the bars are straightencd. These disad-
vantages are the source of obsolescence of the technology and a motivation
for the development of the movable metal grate without rings.

Movable metal grate without rings
This grate comprises a metal frame welded together, without rings. Metal
bars are welded inside the frame. The grate was designed by the informal
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Movable grate without rings

sector in the urban sector, out of scrap metal. Having been introduced
about 30 years ago, it came about nine years after the flat-bottomed pot.

The production ui the movable grate shifted from the rural household to
the informal sector in the urban areas of cities, It became more dependent
on the metal sector of the manufacturing industrial sector. The informal
sector is responsible for the changes. This is not difficult because most of
the informal sector producers belong to both the rural peasant class and
urban working class. This sector is aware of the needs of the rural sector,
because of its dual character.

The firm structure and movability of the metal grate are its advantages.
But its design was not conceived in line with the other component of the
cooking system, the pot. Round-bottomed pots were not eliminated with
the introduction of the fixed grate. But the movable grate can hold only
flat-bottomed pots firmly. There was need for corrective engineering to
accommodate the round-bottomed pot.
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This saw the birth of the next stage in the design of the grate, which
included rings of different diameters welded inside the metal frame. These
cater for round-bottomed pots of different sizes.

Metal grate with rings

The metal grate with rings was introduced in the early 1980s. Most house-
holds in Chihota communal lands use it {93 per cent of those surveyed).
Purchased mainly from urban areas, the grate costs about Z$15. It is used
as the basic cooking device for everything in a rural household. Hancock
and Hancock (1985) revealed that 80 per cent of households in another
communal area, Masvingo, used the grate. It is carried as far as 400km fo
ruzal areas. its portability helping this arrangement.

The sizes of the three rings in the grate have been standardized by
manufacturers. The circumferences are 21 inches {(53cm), 25 inches
{63.5cm) and 32 inches (81cm). Producers observed that pots of different
sizes fil on these rings. Pots are also switched across rings either to lessen or
increasc heat intensity. The bigger ring fits pots of all sizes, while the other
two are basicaily for small pots. All the users in Chihota confirmed that the
metal grate sits a maximum of three pots.

In communal areas, users are responding to the wood-shortage problem.
In Chihota, 72 per cent of households revealed that they use less firewood
now than 10 years ago. This is a response to deforestation and expensive
wood, costing an average of Z$20 per scotch cart and lasting an average of
iwo to three months. In general, it is the women and children who fetch
firewood and they generally feel the sources becoming more distant,

With the new cooking grate, users have responded by drying wood, using
a windbreak. lowering the grate, using crop residue and cow dung and
putting out the fire after use. Of direct relevance to the metal grate, the
windbreak is the most popular method of fuel conservation. The wind-
break is constructed either at the doorway side or opposite the doorway
side; 32 per cent were on the doorway side and 30 per ceni opposite the
doorway side.

The windbreak stops the wind coming in through the doorway from
blowing fire away from the pots. The material of the grate is usually bricks
and mud, bricks and concrete or mud. Most windbreaks are made from
bricks and mud (594 per cent) while the r. 57 are made from bricks and
concrete {22 per cent) and mud/other materials (18.6 per cent).

About 87 per cent of windbreaks are straight while the rest, 13 per cent,
are comma shaped. The height of the windbreaks varies from 14cm to
28cm, but the average height is 21cm.

The fuel conservation measure of lowering the grate is done in several
ways: by cutting off the legs of the grate, digging it into the ground, raising
the ground, raising the fireplace ground and using extension below the
grate,
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In the Chihota communal area, most grates (70 per cent) are dug into the
ground while the rest are not lowered at all. The distance between the pot
and the ground varies from 12cm to 26cm with an average of 17cm.

The fire is still centrally located for equitable distribution of heat and light,
and for social gathering in the kitchen hut. At the centre of the fireplace, a hole
measuring about S5cm in depth is dug. The depressed fireplace traps ashes and
stops them being blown about the hut. The small hole also traps hot charcoal
which is protected by ashes. This makes re-lighting casier.

The advantages of the movable metal grate have popularized it —
especially its portability, durability and its capacity to hold pots firmly.
However, the grate has not solved the fundamental disadvantages of an
open hearth cooking system. Such disadvantages pertain to health hazards
of burns and smoke.

How have the changes been made? Changes in the metal grate came
about through a communication system between producers and consumers.
The producers belong to a dual class with peasant and urban-worker char-
actenstic. They know what the people want. Most of all, the pot sizes
dictated the size of the three rings welded in the grate. The producers
respond to the desires of the consumers. The designers respond to people’s
tastes — and they change people’s tastes as well.

Viability and economics of the technology

The production of the metal grate 1s by small-scale producers on oligo-
polistic markets. The average size of each production unit is three workers.
In an eight-kour working day, 15-20 grates can be produced. Production is
basically in the informal sector and located in high density sites of Mbare,
in Harare. for market reasons.

This small-scalc production has characteristics which distinguish it from
the formal sector. Firstly, the means of production are owned by workers
and therefore the benefits accrue to them. This is so because the required
level of investment is small and techniques are easy to operate.

Secondly. the metal grate is not produced on its own. All producers
make other commodities, such as door frames, window frames and scotch
carts. In terms of profitability, window frames and door frames are most
profitable. Product diversification exists, with producers aiming at widening
markets and hedging against the risk of non-profitable commodities.

Thirdly, the production process does not have barriers to entry for
entrepreneurs — in conirast to the format sector. Prior skill in making the
grate is not a prerequisite. Often general welding and metalwork know-
ledge is the requirement, hence the product diversification. Skill require-
ments are not acquired from the formal education system, but from on-the-
job training in the formal sector. All producers were either high school or
primary school dropouts or a product of formal sector retrenchment.
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Fourthly, monopoly in the form of control of vital inputs or skilled
labour does not exist. Metal bars come from the metal industries, and every
producer has access to this market.

Lastly, while prices in the formal sector are dictated by government
regulations and competition, metal grate prices are set mainly through a
carte}] (implicit collusion} of producers. In the survey done both at Mbare
and Chihota, the average price of the metal grate was Z$15.

Basically, producers informally agree on the price to charge. But
approached by a potential bayer, a seller may quickly abandon the cartel
price and bargain with the buyer. In this case, the price is not fixed but
depends on the bargaining strength of the two parties.

In general. such characteristics define the inform:! sector in sharp con-
trast to the formal sector. An exception on the ownership structure is one
producer in Mbare whom we shall refer to as Mr X. Mr X is an informal
sector entrepreneur who employs four workers and is the most prolific
producer. We shall refer to him later.

Inputs for the production of the metal grate come from the Zimbabwe
Iron and Steei Company (ZISCO). Some inputs are scrap metal from
engineering companies. Mr X and other producers have contracts with
ZISCO for the supply of flat, angled and round metal bars. The scrap metal
from engineering companies is also a product of ZISCO.

This is the strongest linkage between the formal sector and the informal
metal grate sector. This backward linkage is the lifeline of the metal grate
without which it cannot exist. Such a parasitic character is typical of infor-
mal sector production.

The market for the metal grate is located in rural areas even though the
product is sold in the urban informal sector. How then does the grate find
its way to the rural sector? The grate is sold in the vicinity of the rural bus
terminus, at Mbare. This is one of the busiest parts of Harare City, with
people moving about all the time. In this market, other commodities are
sold including furniture products, car parts and other metalwork.

Members of rural households who work in Harare purchase the metal
grate and the rural buses are the mode of transporting grates to the rural
areas. The Mbare market therefore acts as an intermediary market be-
tween the producers and the final users in rural areas.

Costs of production
The costs are divided into two:

1 costs of metal bars, angled and flat and
2 costs of electricity and rent.

These costs are the marginal costs. The fixed costs pertain to the costs of
purchasing the machinery. The costs are summarized in Table 1.
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Table 1 Cost of production

Monthily 1t -~ rent : Z2%50 a month
costs: 2 - electricity 1 2830 a month
3 - angled metal
bars : 1.60m @ 2Z$1.06a

metre x 40 grates
a month = Z$67.84 a month

4 - flat metal : 1.60m @ Z%$1.38
bars a metre x 40 grates a munth
= Z2$88.32
5 -~  10mm diameter bars : 1.95mm @ Z2%$0.54
a metre x 40 grates
a month
=Z%$42.12 a month
6 - smaller bars : 140m @ Z2%0.312 a metre x
40 grates a month
=7$17.472
total cost per month = Z7$295.752
fixed costs of purchasing
machinery: 1 - abrasive culter = Z$500
2 - welder = Z$450
Total = Z$950

Benefits and costs to consumers

There is no doubt that consumers benefit from the metal grate cooking
system, despite the costs of using it. The open hearth system is a health
hazard, in that it smokes and has the potential of burning people. The
hazard of people receiving burns from open fires was the biggest concern
expressed with 34 per cent of respondents mentioning this. There 1s also a
danger of the open fire burning the kitchen hut or a whole village if
uncontrolled.

Some households felt that the smoke produced by the open fire affects
eyes, chest and nose. The smoke does not cure thatch, as is usually specu-
lated. Users of open fires revealed that they replace the thatch of the
kitchen hut every three years, while the thatch of other buts is replaced
every 10 years. This means that with open fires, kitchen thatch ages three
times faster than normal. This is a cost to users, as grass is a scarce material
in this deforested region.

Some users (30 per cent) feel the grate uses more wood because it
accommodates more pots. Chopping wood is viewed as a problem by 24
per cent of users. About 14 per cent of users feel the grate does not fit pots
of all sizes, but most feel it cooks faster. Only a few users feel it is slower
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{20 per cent), does not give warmth (6 per cent) and takes up space (6 per
cent).

The disadvantages of the grate arc outweighed by its advantages These

HH tey nt
advantages have been responsible for its resilience to replacement by ap-

propriate rural stoves. Not only does the grate cook faster, it also keeps the
kitchen clean and there is less danger of burning children and the hut,
compared to the three-stone fire.

Knowledge and skills acquisition

In metal grate production, training is on-the-job. It is basically learning-by-
doing. Mr X, referred to earlier, was one of the earliest producers of the
grate and has trained about 15 metal grate producers in the past 16 years.

All incumbent trainees come with no knowledge of metalwork from
school. Mr X trains them in the basic skills, especially cutting and welding.
it 1akes about six months for a trainee to qualify in basic metalwork, after
which time they are able to produce a grate unassisted by more experi-
enced colleagues. The trainees therefore learn by doing.

After spending some time, about three years, with a more experienced
metalworker such as Mr X, gualified metalworkers break away. They
establish their own small industries or go back to the formal sector as
employees in engineering metalwork companies. Of the 15 workers that
Mr X has trained, five have left and acquired jobs in Harare-based meztal-
work companies. The remaining 10 have established their own small
metal workshops in the busy area of Mbare and other high density
suburbs.

Sel{-management prevails in the production of the metal grate, with the
exception of Mr X. Asked how they felt about modern techniques of
management. producers {elt it was inefficient because it slows down infor-
mation from one decision-maker to another. For a small workshop the
concept of separating the manager and the artisan worker does not apply.
The organization of production is too small to have a stratified system,
hence the self-management approach.

In a set-up where artisans work as a group, team-work spirit and encour-
agement amounts to production management. The division of labour be-
tween cutting, welding and smoothing keeps every member busy as their
woOrK is an input into the next stage in production. As such, there are no
managerial skills required in the way we know them. Any form of manage-
ment imposed could prove inefficient by slowing down information flow in
the production process.

Producers like Mr X are slowly acquiring modern management tech-
niques because of their ability to employ workers in relatively extensive
product diversification. Mr X acts as the manager and the four workers he
employs report to him. He holds porticlios of general manager, chairman,
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employer, owner, financial manager, marketing manager, and all manage-
ment positions we can imagine in a modern formal sector set-up. Such
duties are acquired over time and basically learnt on-the-job.

Bottlenecks

The metal grate cooking system is a people’s technology. 1t is popular and
blends into the socio-economic environment of the rural population, in-
cluding about 70 per cent of the Zimbabwean people. The technology is
widely diffused and will continue to diffuse quite rapidly.

However, the development of the technology is experiencing some
bottlenecks. both in supply and demand. On the supply side, producers
face problems pertaining to lack of credit facilities, power costs, space,
labour regulations, city council regulations and total lack of support from
government. On the demand side, the problematic factor is the nature of
the commodity.

Lack of credit

Access to credit facilities is often determined by the ability to raise collat-
eral. The paradox is that those who need credit facilities most have least
access because of their low economic status. The metal grate producers
have this problem. All the producers interviewed thought this would in-
hibit the future growth and development of the technology. Producers
described the difficulty in raising capital to buy machinery for cutting and
welding iron bars. Banks are not keen on giving credit to producers
because of lack of collateral in the form of property or money.

Electricity costs

Electricity costs on machinery are quite high for the producers. For instance,
Mr X pavs Z$150 a month for electricity and this contributes to a profit
squeeze. There are no differential tariff rates for different scales of industry.

Space
Producers unanimously described the space shortage problem both for

working and storage. Iron bars are ordered in bulk and therefore have to
be stored.

L abour regulations

For producers such as Mr X who employs four artisans, labour regulations
imposed by government become a problem. There are minimum wage
regulations which result in each artisan being paid Z$210 a month. This is
too high for the employers’ profit levels. Laws against retrenchment of
workers whose marginal productivity is below the remuneration contribute
to inefficient production.
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City council regulations

City council regulations pertaining to rent, rates payment, and security
payments are bottlenecks to the development of the technology. Producers
in Mbare are paying about Z$200 a month in rent and rates and, for Mr X,
payment for a security guard is $70 a month. These high costs to producers
inhibit further development.

Nature of product

The metal grate is a durable commodity and a capital good in nature. Some
of the grates have been in use for the past 15 years and are still intact. The
current market for the grate is limitless and will grow as rural incomes
grow. But the problem may lie in the future when the market is filled with
such a long-life commodity. Producers may find it difficult to sell to an
already saturated market.

L ack of government support

Producers felt the government was not giving them support in all their
endeavours. In fact, the producers are viewed as a nuisance rather than an
alternative to formal sector employment. This is in an environment

plagued by unemployment which is growing at a rate of 0.5 per cent each
year.

Recommendations for supporting the metal grate

The government, non-governmental organizations, scientific research in-
stitutions have a role to play in supporting the development of the metal
grate. Such concerted effort from three sides should address itself to bottle-
necks facing producers.

Land and space

The metal grate producers would benefit from changes in government laws
on procurement of title deeds to land. We submit that the government
through the city councii and Ministry of Local Government should leave
land aside for occupation by the informal sector at lower than market rents.
This would solve the rent and space problems of the metal grate producers.

Ditferential electricity tariffs

One of the high input costs in metal grate production is electricity tariifs,
which are uniform for all industrial users. Because of an ability-to-pay
problem, a differential taniff structure for electricity on the basis of turn-
over would be beneficial to smali-scale and cottage industries. In this di-
chotomous tariff structure, small cottage industries would pay less than the
big industries. This recommendation should be considered by the govern-
ment through the Zimbabwe Electricity Supply Authority (ZESA).
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Non-governmental support

Non-governmental organizations (NGOsj, national and international,
should complement government in supporting the cottage industries.
NGOs should provide finance capital and physical machinery for the pro-
ducers. Financial capital is one major bottleneck in the informal sector.
Such financial capital could be in the form of both grants and loans, but
mainly grants.

Scientific and training institutions

The importance of scientificaliy-designed products cannot be over-
emphasized in this world of technological advancements. Scientific
institutions could offer support in improving the design of the peoples’
metal grate technology. Already institutions such as the Development
Technology Centre (DTC), University of Zimbabwe, Zimbabwe Energy
Research Organization (ZERO), Glen Forest and Ministry of Energy
exist. Their efforts have been to develop appropriate energy tech-
nologies for the rural population. Rather than developing paraliel tech-
nologies in the cooking system, these institutions should aim at
developing the existing metal grate stove. Institutions such as Glen
Forest would assist in metalwork training which would be more ad-
vanced than the on-the-job approach. Training has to extend to man-
agement and industrial planning techniques, which are necessary for the
success of the coitage industries.
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Salt from silt in Sierra Leone

J.G.M. MASSAQUOI

Background

Sierra Leone is a small nation of four million people located on the west
coast of Africa. The country has a reasonably long coastline to facilitate
salt production from sea water. However, various studies and surveys in
the past have shown that large-scale solar salt works are not commercially
viable because of the shortness of the dry season and the high relative
humidity of the air. Therefore, Sierra Leone has no organized salt pro-
duction industry. Most of the salt consumed in the country is imported
from Senegal as rock salt and then crushed by the Sierra Leone Salt
Manufacturing Company before distribution. The little salt that is pro-
duced locally is usually made by small-scale producers in the informal
sector who rely on traditional technology for salt manufacture. The solar
salt field established in the late 1970s has ceased operation.

Previous studies on the salt supply problem in Sierra Leone have com-
mended strongly the role played by traditional salt manufacturers for their
contribution to the supply. As the foreign exchange crisis in the country
deepens, thereby inhibiting the importation of salt, the demand for tra-
ditionally produced salt will increase. Hence the need to explore the poten-
tial of this technology.

In the past, the study of salt production in Sierra Leone has focused on
the potential for solar salt fields. It was only recently that a comparative
study of the various salt supply sources in Sierra Leone revealed the
potential of the traditional salt produciion icchnique. However, even this
study did not reveal the extent to which the salt processors have consis-
tently applied their knowledge to innovate. The level of skills involved,
the changes that have occurred in the operational technigues and ihe
hardware used were never examined. In this study, therefore, the focus
has been on innovation in the traditional sait processing industry and the
role of the producers, mainly women, in the innovative process.

DR ].G.M. MASSAQUOI (Sierra Leone) is Dean of the Faculty of Engineering at
Fourah Bay College, University of Sierra Leone, Freetown. He has nearly 15
years’ research and teaching experience in Energy, Appropriate Technology
and Technology Policy and has published over 25 papers.
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Evolution of traditional salt processing

The evolution of traditional salt processing technoiogy in Sierra Leone has
been helped by two main factors: the isolation of some coastal rural com-
munities and the inability at some time to import quality salt from abroad.
The latter factor has arisen because of conflicts such as the Second World
War when it was very difficult to import anything. More recently, importing
salt has been a problem because of ack of foreign exchange.

Traditional sait processing technology in Sierra Leone has evolved on
three fronts: the evolution of the processing activities, the evolution of the
hardware and the evolution of the skills. The evolution process has
occurred in almost a perfect sequence without much overlap, starting with
the evolution of the process and endirg with the evolution of the skills. In
this chapter we shall examine all three evoiutionary changes.

Evolution of processing activities

Centuries ago, salt was made simply by boiling sea water. Traditional
three-stone fireplaces were set up on beaches to boil the brine which was
collected using large water gourds. The operation was usually carried out in
the dry season by women who normally set up temporary homes in huts
built on the beach. The boiling was followed by drying the salt in the sun.

In coastal areas with tidal estuaries, the collection of sea water can
involve long walks at some times of the season. Most of those interviewed
believed that the idea of collecting the brine in ponds evolved from the
nezd to overcome this problem. At the start of the season, boreholes are
dug in the path of the tide. And at high tide the holes are naturally filled
with the brine. When the tide recedes, the brine is then processed to give
salt. This modification to the processing activity was carried out in ail
coastal areas with tidal estuaries and mudiclay type of soil. Other coastal
areas still continued to operate with fresh sea water.

Traditional salt operation always increases at times of economic hard-
ship. There was a high level of traditional sait production in the 1940s,
195{s and the late 1980s. At the end of each economic depression period,
the first group of salt operators abandoning the activity are those who use
fresh sea water — not those operators using brine collected in boreholes.
The reason often given for abandoning the operation is the high wood
consumption which makes it practical only in times of scarcity when salt
must be made.

The research team was prompted to find out if there was any difference
between the concentration of salt in fresh sea water and that collected in
the boreholes. It was discovered that there was indeed a difference result-
ing from the seepage through saline silts and solar evaporation. Although
no one was able to establish the origin of the present traditional technique
of producing salt from salt-laden silts, it is feit that it may be connected
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with knowledge of the fact that seepage of brine through siits into the
borehole: had increased the concentration of the brine. Hence there were
efforts to actually organize the percolation of salt from silts,

The salt-frome-silt process

The production of salt from salt-taden silts 1s the last stage in the evolution
of salt production processes. The technique involves producing a highly
concentrated brine from salt-laden silts which are collected from tidal flats
and creek beds. The salt ts leached from the silts by a percolation process.
A filter funnel 1s made with sticks and lined with wood and leaves. The
filter medium at the bottom is a collection of rice straw resting on small
sticks. During the peak season several of these filters will be used
stmultancousty, They are usually placed over a2 wooden collecting trough.
After filtration, the fAltrate is poured into enamel pans and heated over
stoves, The water evaporates and the salt crystallizes. The wet salt is
sprayved with a small guantity of water to wash away the bitter magnesium
salts. The salt s then allowed to drain and dry in the sun.

Evolution of skills
Durning the imvestigation the processors were asked to identify the activities
requiring some skibl. a significant amount of skill and no skill at all. The
activities in the first two categories were examined. These include the
operation of the percolation bed and the boiling of the brine. These two
processes were also considered to be the most important activities affecting
the guality of the salt. The operation of the percolation unit involves lining
the walls of a large funnel wita a four-inch thick mud/silt paste and allowing
sea water to seep through it. In the operation of the processors, a skilful
percolation operator is one whose brine is very clean, resulting in white
saft. Similarly. a skitful botling operation will result in salt and is not bitter.
The main skill involved in botling is that of controlling the fire to prevent
burning or charnng of the salt. It is also important 1o know when to stop
boiling and when to discard the bitter solution. There have been no signifi-
cant changes in the skill either in nature or in level. A large fire can lead to
poor guality salt and thus fires are reduced as soon as they are considered
to be too large. A skilful operator must have several years' experience,
after which time she will have an “eye” for a large fire. The ability to decide
when to discard the bitter relics depends heavily on the taste of the solution
at the appropriate level

Evolution of the hardware

The following pieces of equipment were identified and investigated in
order 1o find their origin: percolation funneis, stoves, spray/drainage units
for washing the salt crystals, and wooden troughs for collecting the brine in
the percolation process.
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The percolation funnel came into existence at the same time as the salt-
from-silt process. The technological hardware of the percolation process
has undergone little change since its inception. When the size of the oper-
ations mcreased, the operators responded by increasing either the size of
each unmit or the number of units. One possible reason for the lack of
innovation with this particular hardware jies with the fact that no salt-
operator expressed dissatisfaciion with #ts performance. The percolation
process always generated enough brine for the boiling operation. This was
probably due not to the rapid rate of the percolation but to the fact that the
operation can go on throughouwt the day and night with minimal super-
vision. Thus it was discovered that the some of the brine from the percola-
twon process was always collected at might.

The stoves have undergone several changes. During the investigation
three catepories of the hardware were identified. These included the tra-
ditional three-stone open fire, another stove which was bastcally a fireplace
protected by short walls and the fuel-saving mud-brick stove.

The protected fireplace evolved from the three-stone stove because of
ihe need to conserve heat and hence save fuel, This innovation actuaily
came from the salt processors themselves and has occurred only recently as
firewood. matnly from mangrove swamps, has become harder to find.

The other stove innovation was introduced four years ago by Plan Inter-
national {Sierra Leone) in collaboration with the Department of Mechan-
ical Engineering. Fourah Bay Coliege. This improved stove technology.
which s now fairly well diffused in one salt-processing community, was also
intended to save fuel and time for the women so they could increase their
productivity.

The hardware used for washing off the bitter material from the product
is a perforated basket supported by wooden legs. This technology has not
changed over the period.

Viability and the economics of the technology

The viability of the technology can be evaluated using several parameters,
among them the extent of diffusion {the number of users involved), pro-
duction costs. the cost/benefit to the producer, the consumer and other
entreprencurs (e.g. distributors). In this chapter we show data to support
the viability of this technology.

Extent of ditfusion of technology

During the study it was discovered that salt is produced in most settlements
along the entire cost of Sierra Leone. However, few communities actually
us¢ the traditional process of salt-from-silt. Most areas, especially in the
southern part of the country, still produce salt using fresh brine collected
from the sea. The map shows the main traditional salt-producing villages
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where salt is made using silts. It is immediately obvious that most of the
salt-from-silt operation takes place in an area about 30km south-east of
Freetown {(see inset on the map of Sierra Leone). However, a few activities
were spotted on Tasso Island north of Freetown, the Sherbro Island, the
Shenge Coast and on the estuaries of the Scarcies river.

It was discovered during the study that in the salt-producing areas,
during the peak season, every household was engaged in the operation.
Using extracts of information from the national population census, it was
possible to estimate the number of people engaged in the operation. It is
estimated that over 1,100 small-scale salt production units exist in the
country. These units produce approximately 3,400 tons or 30 per cent of
the local salt consumed. This figure is on the low side since it does not
take into consideration the salt produced by seasonal inhabitants of the
area who move in only to process salt. It was estimated from a sample
survey of two villages that 10 per cent of the silt processors were tem-
porary irhabitants of the area who would not feature in the census statis-
tics. Thus a more realistic estimate of the extent of the contribution of
traditional salt-from-silt technology to the supply is about 4,000 tons or 35
per cent of consumption. This was also apparent from the markets in
Freetown and the provinces where most salt now sold is from the tra-
ditional processors.

it is possible to extend the operation to other coastal areas where depos-
tis of the silis can be found. However, only about one quarter of suitable
arcas are presently being utilized. In this respect, it may seem as if the
technology is not widely diffused. This is explained by the fact that most of
these areas are either very far from the nearest major market or no good
road communications exist between the market and the resource site.

The study revealed that most of the salt-making activities were done by
women. The men were involved only in setting up the operation. Thus the
men would normally build the filter/percolation funnel, the woeden trough
to collect the filtrate and the stoves. The women carry out the day-to-day
operation of the technology. They collect the wood and silt, as well as
supervising the boiling and filtration. Thus, any technological evolution
that takes place arises out of experiences of the women. The seasonal
nature of the operation and its effect on the diffusion process was also
examined. It was found that the peak season for the salt operation always
coincided with a tull in agricultural activity during the dry season. This
coincidence was considered very helpful in the diffusion of the salt technol-
ogy within the community.

Production economics

The vizbility of any production technology is dependent on the unit profit
of the products. Hence it is essential to establish the magnitude of the profit
from the salt produced. In this section, we have computed the capital cost
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involved in starting the operation, the production cost, and the profii from
the operation. For the purpose of this exercise prices have been put on the
labour and wood used in the operation even though the salt processors
consider these as free goods.

The total fixed capital required in the operation consists of the costs of
the boiling pan, the stove (if an improved stove is used), the wooden trough
used for collecting the filtrate, the filtration/percolation unit and the hut to
house the operation. The boiling pan, the wooden trough and the improved
stove involve cash transfer in all cases. In some cases, where the operation
is set up entirely by the women, some cash transfer will be involved also in
acquiring a iiltration system and the erection of the hut.

On the basis of information provided by the processors, the fixed capital
involved in traditional salt extraction from silts is 3,900 leones if a mud
brick stove is used, and 2,460 leones if the traditional three stone open-fire
is used. A breakdown of the costs is given in Table 1. A 20 per cent
contingency has been added to account {or the cost of assembiing the items
and clearing the production sites. The costs of the production huts, the
filter funnel and stoves have been estimated from information on the
labour mnvolved in construction and the local cost of labour. Ali capital
items except the wooden trough are replaceable at the end of each produc-
tion season.

The fixed capital has increased seven-fold since the last survey. However,
more people still engage in the production process because of the high
demand for salt. Working capital has also increased considerably. A small
working capital (typically around 2,100 leones) is required to feed the
producers and their families for the first two weeks of the production
season while they wait for the proceeds of their first sale. Much of this
capital, such as foodstuffs from a family’s farming operations, may be
avaijable in kind, which reduces the cash requirement.

Table 1 Fixed capital involved in salt extraction from silts

ftern cost if using cost if using improved
traditional stove stove (mud brick stove
with chimney)

boiling pan 850 B50
stove - 1200
* filtration unit 100 100
wooden trough 800 800
* temporary hut 300 300
contingency 20% 410 650
TOTAL FIXED CAPITAL 2 460 3 900
(in leones) T

* This item does not usually involve cash transfer
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The case equivalent of the total initial input into the production process
(i.e. the total capital) is 6,000 leones for the operation using improved
stoves and 4,560 leones if the open fire is used.

A typical batch size for the boiling operation results in 30kg of sait. At
the start of the boiling operation the pan is loaded with the brine and each
time the level goes down more brine is added until sait crystals fill the pan.
Six 30kg batches of salt are produced in a week.

In estimating production cosis, e following assumptions have been made:

1 Cost of wood at the time of the investigation was estimated to be 50
leones per 50kg bundle, and the cost of labour was 40 leones per working
day (eight hours).

2 Overnight rate for supervision of the operations is taken as one-and-
a-half times the daytime equivalent.

3 Little labour is involved in the filtration/percolation process.

4 Although not much physical labour is involved in the boiling of the
solution, it is assumed that supervisory labour is involved to maintain the
fire and prevent an overspill of froth into the fire.

8 Estimates of the boiling times and quantity of wood used are based on
the results of a study by Kamara (1985).

In Table 2, production costs of a batch of salt using different stoves are
compared. The stoves are: a three-stone open fire, a single burner woodfuel
stove and a two-burner woodfuel stove. These costs represent the esti-
mated commercial value of the inputs (labour and wood) into the produc-
tion process. It should be added, however, that the labour input does not
involve cash transfer. Where the wood is collected by the processors, wood
acquisition does not involve a cash transfer either.

An examination of the production costs shows that the highest cost is
incturred by those processors using the open fire and the lowest cost is
experienced by those using the two-burner improved stove. These figures
justify the additional cost involved with the improved stove because the
production cost is halved as soon as the stove is changed.

Table 2 Energy costs of sait production

type of stove hours wood used  total cost production

used worked per batch cost’kg
{leone) {leone)

trad 3-stone 16.5 400kg 482.5 16.08

open fire

single burner 11.5 200kg 262 8.60

improved stove

double burner 17 200kg 285 4,75

improved stove (2 batches)
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A final step towards the estimation of profit is determining the amount of
salt produced by an average producer in a season. It was established during
the study that even though the salt leaching operation can be organized
throughout the year, nearly all processors produce salt only in the four
months of the dry season. If silt remains at the end of one dry season it is
stored until the beginning of the next because the producers engage in
subsistence farming when the rains begin.

The average annual production of salt, based on a rate of one 30kg batch
per day six days a week for four months, was estimated at 2,880kg. It was
surprising that those using the improved stove did not take advantage of
the saving in the boiling time to increase their production. It is quite
possible that the collection of the silt and the filtration took too much
energy and time respectively.

In order to estimate the profit from the operation, the following assump-
tions about the sale of the salt and the depreciation of the fixed capital were
made:

I The price paid for the salt to the producers is 13 leones per kg. The salt
is usually sold by volume and is loosely packed in four-gallon aiuminium
cans which each go for a price of 250 leones. In the market the sait is sold
fo. approximately 16 leones per kg.

2 There is no sale cost incurred by the producers. All the salt produced is
sold at the site within two weeks of production.

3 The annual depreciation of the fixed capital is equal to the total initial
cost of the capital except the wooden trough which has a much longer life
and hence a very low depreciation rate.

Table 3 Annual profit from a production unit (3-4 persons)

(a) {b} (c}
production cost per kg (Le) 16.06 B.73 4,73
average annual production (kg) 2 880 2 880 2 880
annual production cost (Le) {A} 46 2562.80 25 142.4 13 689
annual depreciation of fixed capital (B) 1860 3 300 3 360
Total annual sale {C} 46 0BO 46 080 46 080
gross annual profit
C-(A+B){Le) (+2 032.80) 17 637.60 29.100
loss/profit per kg of
salt produced {Le) {+0.70) 6.124 10.10
profit as % of sale - 38% 63%
Legend

{a) operation using the traditional three-stone stove
{b} operation using the singie burner wood-saving stove
{c) operation using the double burner wood stove
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The steps invoived in the computation of the profit are tabulated in
Table 3. It is immediately obvious that those using the open-fire stoves are
really not making any profit when all factors are valued at the commercial
rate. This is different from previous observations which were recorded in
1986. At that time all processors extracting salt from silt, regardless of the
type of stove used, returned some profit. However the increase in the cost
of fuelwood in the area has made the traditional stove uneconomic. It is
therefore not surprising, in the light of the lack of profit in the open-fire
stove, that nearly all salt processors in the main salt processing area use a
chimney-less mud brick stove.

Profits of about 38 t0 63 per cent of sales can be obtained when different
types of improved stoves are used. Furthermore, when one considers that
the costs of labour and wood do not involve cash transier, total sales
revenues are really the net income from the operation. However 1t is
important to look at the profit rate based on the commercial value of the
services because salt production has to compete with other activities. It is
possible that most people are reluctant to engage in an all-year-round salt
extraction process because subsistence farming is more profitable, con-
sidering the cost of buying food.

Coests and benefits

In the previous sections we have evaluated the profits from a typical salt-
from-silt operation and the benefits to the producers are related to this
prefit. The average actual income of a salt processor is now about 46,080
leones per season, which is much larger than the average annual wage of a
government worker. In general, one would expect that the additional in-
come from salt would enabie people to improve their living standards.
Indeed, it was observed that there is a better quality of housing in the salt
producing area than in other villages.

There is also an enhancement in the status of women in the salt produc-
ing communities. Women obtain at least 50 per cent of the proceeds from
sales of salt and use this money to provide food and clothing for themselves
and their children. The income also contributes towards children’s school
fees.

The cosis to the producers are in the form of health and safety
hazards arising from the operation. During the boiling operation some
processors sleep by the fire whenever the evaporation extends into the
night. They have to be by the fire to supervise and to add to the brine
when the level drops. Thus, on occasions, some processors go with-
out sieep for a long time. This is very hazardous to their health. Since
most of the operators are women, there is also the problem of the
neglect of young children as a result of this continuous rouna-the-clock
supervision of the operation.
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The main safety hazard is that fires could break out because the huts
under which the boiling occurs have roofs made from elephant-grass. Dur-
ing the night, if the fires are left unattended, the roofs could catch fire.

For the consumers, the benefits are of two types: savings in the amount
they spend on the salt and security of supply. From a survey of prices in the
markets, it was discovered that there is a saving of more than 20 per cent if
local salt is purchased instead of the imported salt. Furthermore, local salt
was freely available in the markets whereas imported salt was very scarce.
In fact, most consumers who did not like the local salt ended up buying

refined table salt for cooking purposes because of the scarcity of imported
cooking salt.

The main cost to the consumer is in the form of the shortfall in the
quality of the salt. Analyses show that the purity of the local salt is only 96—
97 per cent compared to 99 per cent for that of imported salt. Furthermore,
it was observed that the local salt was not very white and lacks the vital
nutrient, 1odine, which is normally added to most refined salt.

The main entrepreneurs involved in salt production are the distributors/
wholesalers and the retailers. The wholesalers collect the salt from the
production site and transport it to the towns where salt is sold to retailers
by volume in 20 litre cans. The wholesalers make about 20 per cent profit
on sales and the retailers make about the same. Transport owners within
the community also make some additional profit due to the increase in
traffic during the salt-processing season.

The salt business also helps to slow migration from rural to urban areas
and there was even some evidence of a migration in the reverse direction.
One man who had gone to the city in search of a job later returned o the
village to engage in salt processing. There was also the advantage of tech-
nological skills accumulation amongst the inhabitants of the area. Masons
were needed for the construction of the improved mud-brick stoves, black-
smiths for the fabrication of chimneys and wood-cutters for the shaping of
the wooden troughs.

Comparisen with other technologies

In the previous sections we have shown that the salt-extraction technology
is economically viable. However, it will be useful to compare this technoi-
ogy with other conventional salt production techi:ologies.

The conventional technology for marine salt production is the use of
solar salt fields. The only salt works that used to operate in the country has
been closed now for over three years. Throughout its operation it never
returned a profit. Several studies have indicated that the main probiem
with this technology is the climate. Sierra Leone’s dry season is very short
and its refative humidity is high throughout the year. In short, the conven-
tional technology is not viable in Sierra Leone. Even if the climate were

58




favourable there would have been the problem of the availability of the
tochnical staff for the operation in the rural environment. Previous studies
had shown that while the climate affected the productivity of the solar salt
field at Suen. the lack of careful control over the density of the brine at
various stages of the operation, especially in the crystallization pond, con-
tributed to the poor quality of the salt.

The conclusion to be drawn is that traditional technology for salt produc-
tion is superior to conventional technology on the basis of both productivity
and salt quahty.

Knowledge/skills development

Several types of knowledge and skills are involved in the production of salt
from silt. The knowledge and skills can be classified broadly into two areas:
what is involved in setting up the operation and what is required to operate
the facilities. During this study we tried to establish the sources of the skill
as well as the method of transfer of the skill and knowledge. We also made
comparisons with the scientific method of skill acquisition through formal
training.

Skills for establishing the production facilities

The following skills were identified for setting up the operation. Masons
are needed for the construction of stoves when mud brick stoves are used,
blacksmiths for metal chimneys, wood-carvers for the shaping of the brine
container, basket-weavers for preparing the percolation funnei and the
basket for spray-washing of the fresh salt. These are all specialized skills
which are available in nearly all rural communities in Sierra Leone.

The method of skill transier is by apprenticeship. Trainers learn by doing.
No formal instruction is given. The trainees observe the trainer carrying out
the various activities and from this observation trainees gradually understand
the procedure. Questions are asked to establish the reason for a particular
activity. Answers to these questions help to transfer knowledge.

The skills listed above are not used solely by the sall processing industry.
Other activities in all rural communities require these skills as well. There-
fore. a lot of those who apply their skill in the salt-extraction process may
have moved into this from other community work. This 1n effect represents
another mode of skill transfer through the movement of people. It is,
however, different from the transfer of technology/sskills between people.

Skifls for operating the salt facilities

The investigating team was able to identify three major skills in the oper-
ation: the control of fire during boiling, the ability to discern the appropri-
ate time to stop boiling and drain off the bitter solution, and the lining of

percolation walls with leaves and mud to provide clean brine solution. All
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other activities require unskilled labour. Each of the skills mentioned
above have direct effects on either the quality or productivity of the
operation.

The method by which the skills are acquired depends on whether the
person receiving the knowledge is from within the community or resident
outside. This distinction arises because of the time availabie for the training
in each case.

Those candidates for training in salt processing who come from outside
usualiy acquire their skills in 2 more scientific manner. In other words, they
receive instructions on the theory and principles and they observe practical
demonstrations. The procedure for training is as follows. Candidates
usually arrange with someone to provide the training. The trainer then
explains all th= operational techniques including the nature and purpose of
all equipment. This instructional stage will take a few hours. After the
explanation, the candidate will then observe the trainer carry out demon-
strations of the various operational techniques. This will normally take a
few days. During the demonstration, the trainee will from time to time be
asked to participate by repeating some of the activities. Any error noticed
in her participation will be pointed out to her and the significance
highlighted.

After the demonstrations the trainee is expected to acquire her own
facilities, or rent these from someone, to use for repeated practice. During
this practice, the trainer will supervise and any sait produced will be shared
by s two. In other words, the trainee’s first batches of sait will be used to
pay the trainer.

For those in the community, transfer of skill is through an informal type
of apprenticeship. Since they have grown up in a community where nearly
everybody processes salt, the skill is acquired as people grow up. Learning

is through observaticn. The penod of training siretches over a much longer
time.

Constraints on the industry

The smail-scale salt industry produces 4,000 tons of salt a year with a
revenue of over 80m leones. As pointed out earlier, this industry makes a
significant contribution to various sectors of the economy and society.
However, the contribution is far less than its potential. In this chapter we
shall examine the potential of the industry and highlight the constraints
that hinder its development.

Potential and achievements
Before we examine constraints on the industry, we need to know the size of
the potential capacity being hindered and the gap between this potential

and the existing level of activity.
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Existing facilities for sait production from silt are concentrated mainly
at the estuaries of the rivers Rokel, Ribbi, Kukuli and the Great and
Little Scarcies. However, other coastal areas also have silt deposits and
therefore could serve as a salt-from-silt production centres. These areas
are located in the estuarine swamps of rivers Kagboro, Thanka, Bagra
and Jong as well as the northern area of the Sherbro Island. The soil types
in al} these estuaries are weakly developed mud and hydromorphic clays.
The total area suitable for deposit of sait-laden silts is estimated at
2,347km2. Only about a quarter is being utilized at present. Thus, from
the point of view of availability of silts, salt production could be extended
easily to other areas and increase its present level four times. Further-
more, there is plenty of silt for additional production facilities at the
existing production sites. In effect, all this means that the potential is at
least 20,000 tons per year.

Even with the present low-level of production, the industry makes a
significant contribution within the economy. Salt-making provides employ-
ment for the rural population, savings in foreign exchange, security of salt
supply and a low-cost product. With the correct policies, the present contri-
bution could be guadrupled with significant effects on rural life ali along
the coast.

Constraints

There are all types of bottlenecks which affect the growth of the industry.
These problems include those that hinder the expansion at existing sites
and those that affeci the diffusion of the technology to other locations. As
far as expansion at existing sites is concerned, three major problems were
identified: social, technical and economic. The social problem was the size
of the population in the salt areas and the number of non-resident salt
processors that can be accommodated. There is an acute shortage of drink-
ing water in salt producing areas and houses are few. Water in boreholes is
usually saline and migrant salt processors tend to sleep in huts in the field.
This hostile environment makes it difficuit for more people to engage in the
operation, thus keeping the production level very fow.

The technical problems are connected with the boiling of the brine. The
resources utilization efficiencies at this level are very low. Woodfuel is used
in large quantities and the period of supervision is very long. Better man-
agement of resources, in this case wood and time/labour, would greatly
enhance the productivity. It would be possible to increase the ievel of
production without any increase in population. One way forward is to
introduce wood-saving stoves. Previous efforts in this direction have shown
that some wood and time are saved by using these stoves. Furthermore, it
has been revealed that even though the Sierra Leone climate may not be
suitable for solar evaporation of sea water, the evaporation of solution
obtained in the percolation of silts can be managed with solar energy.
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Indeed, experiments at the University of Sierra Leone have shown that the
brine obtained from the percolation is very nearly saturated and that the
solar crystallization can be completed in . orack metal trough in about 30
days. Thus it will be possible to run three batches of solar crystallization in
a single season.

The technical problem highlighted also has another effect on production
levels. The high level of wood utilization coupled with the scarcity of wood
during the rainy season pievents an off-season, or all-year-round, operation
even though large quantities of silis may be in storage. The situation is not
helped by the fact that in the rainy season there are several competing
economic activities in the agricultural sector. If the woodfuel utihization
efficiency were to improve to the level where the operator notices consider-
able increase in productivity and income, then an all-year-round operation
could be feasible. Such a situation is likely to increase considerably the
overall annual production of salt.

The economic problem highlighted was mainly the lack of working capi-
tai. As mentioned elsewhere in this report, the working capital really rep-
resents the cost of food that will be consumed while the proceeds from the
first sale are awaited. Some people also mentioned the difiiculty of obtain-
ing enamel pans which are normally used in the boiling operation.
However, this probiem has been overcome by the use of locally fabricated
galvanized iron pans.

With regard to the diffusion of the technology to other areas, the biggest
problem identified was infrastructure. Most oi the other suitable areas
were located away from the major market towns with no road communica-
tion to the site. Thus it is impossible to employ this technology at the other
sites unless roads are built in the area.

Conclusions and recommendations

it has been established in this report that the salt-from-silt technology is
viable especially as a small-scale industry. However, it has been shown also
that there are some bottlenecks which hinder the full development of the
potential of this industry. In this chapter we shall make some recommenda-
tions of actions to be taken by government, scientific and other institutions
and non-governmental agencies.

Recommendations for government
The foliowing are specific recommendations for governmental action:

1 Efforts should be made to register small-scale salt processors with a
view towards organizing them and facilitating the provision of any aid/
grant or loan. The Ministry of Industry could administer this in much the
same way as they currently support other small-scale industries. Since the
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processors are all concentrated in a few locations, the registration should
not pose too much of a problem.

2 Government should employ extension officers to provide advice on
marketing. new technologics and any government policy relating to salt
trade and manufacture.

3 Once a register has been developed it would be possible for govern-
ment in collahoration with some commercial banks to guarantec loans for
use by processors as working capital. The administration of such loans can
be difficult and a lot of thought would need to be given to such a system
before implementation.

4 The provision of certain facilities and infrastructure, especially water
and roads, is extremely important. Boreholes for drinking water are re-
guired urgently to allow more people to engage in the operation. Roads
linking the production sites with major markets should be improved as
well.

Action by scientists and R&D institutions

Scientific research can concentrate on the strengthening of the small-scale
sector or the development of large-scale industry based on the people’s
own technology.

Scientific research on the strengthening of small-scale salt production
units should concentrate on the development of wood-saving stoves and/or
the substitution of stoves by solar ponds. Research should concentrate aiso
on percolation tanks. At the moment, given the size of the capital available
to the processors. it seems that the existing percoiation systems are ade-
guate. Where large solutions are required, more units can be used. Perhaps
the need is really for percolation systems giving cleaner brine rather than a
faster rate of percolation.

Actions to be taken by NGOs

These agencies are involved with several rural development projects in the
country and it would be very useful if they were to develop projects to
enhance the coastal rural areas through a development of the salt industry.
An action-oriented project in which salt producers are assisted with inputs
such as boiling pans would be useful. Commercial banks should look also at
the possibility of giving loans to salt processors.
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Cassava processing innovations in Nigeria

R.O. ADEGBOYE and J.A. AKINWUMI

Evolution of cassava processing machines

The earliest mechanical grater developed in 1931 when Mr Busari
Ogundokun, a blacksmith in Oyo town, pondered about the drudgery of
grating cassava by hand. He then produced a hand-operated grater that
rolled round a circular wooden drum. It grated more cassava and was less
labour-intensive. Mr Ogundokun placed one of these on the roadside in
(Ovo where some expatriates working for the United Africa Company
(UAC) noticed it and showed interest. They were directed to Mr Ogun-
dokun and later took him to Ibadan. He worked with the expairiates to
develop the first powered cassava grater to which a motorized engine was
attached. The principle had been applied already to corn miils, pepper
grinders and vam flour grinders. The idea involved a power take-off belt
attached to a petrol engine to roll the cylindrical grater, which had a
wooden housing.

Several cassava graters were fabricated and distributed to the UAC
through its network of distributors. Mr Ogundokun was paid £100 for his
innovation. He returned to Oyo town and continued to make graters and
several other machines. He produced feed-mixers, bone-crushers and some
special bellows that reduced labour drudgery.

In 1965, Mr Ogundokun made two bailers for the Premier Tobacco
Company at Oyo. The principle was later employed to develop the cassava
puip de-waterer now commonly used in gari processing. He made and sold
several of these pressing machines to order. The system of pressing was
later modified to take advantage of locally available materials.

Ogundokun was so versatile that he was nicknamed ‘Ologbon Ori’,
meaning ‘the man with creative thinking'. Many of his apprentices are no
longer alive but we were able to trace a very old man at Feleye, Ibadan,
who had graduated from Ogundokun’s workshop. We also traced another
man aged about 80 Abeokuta who learnt blacksmithery from his father.
This man claimed to have travelled to all parts of Nigeria to inspect and

learn from other outstanding blacksmiths, including Ogundokun in Oyo
oW,

PROFESSOR R.O. ADEGBOYE and j.A. AKINWUMI (Nigeria) work in the Faculty
of Apnicultural Economics at the University of ihadan.

64




A«\&m\&x

v




Changes that have occurred:
Peeling: A peeling machine was developed to replace hand peeling but the
irregular shape of the cassava prevented success. In order for this machine to
be useful the cassava breeders/scientists must develop round cassava tubers
or make machines that will be sensitive to the tapering shape of cassava.
Grating: Hand-grating has become mechanized to save time and remove
drudgery. The wooden structure has changed to all steel and the grating flat
metal sheet remains. Several variations have been introduced to the body
structure. The metal grater is nailed round a cylindrical solid wooden drum
in Ibadan. or a set of hard wooden plates in Oyo. The Oyo manufacturers
use mainly all-metal guards inside the four-sided bowl into which the cas-
sava Is poured prior to grating. Meanwhile, the Ibadan people have intro-
duced an adjustable wooden guard. The Oyo fabricators argued that the
metal guard leads to greater efficiency, aliowing the grater te process three
pick-up van loads daily, compared to one for the wooden grater. The
wooden guard is also said to wear away, giving wooden chips in the cassava
pulp. The counter argument is that the metallic guard corrodes and may
become poisonous when it rusts. The grater has to be taken apar! and
thoroughly washed each day to avoid this. Sometimes it is painted, but even
the paint could be a source of impurities.
Pressing: Pressing passed through the four foliowing stages:
Stage 1 Stones were placed on a basket full of grated cassava;
Stage 2 Bags replaced baskets but the use of <tciics contfinued:;
Stage 3 Stones gave wav to hydraulic or screw jacks and bags were placed
ncatly within steel frames;
Stage 4 Sieel frames are being braced up with wooden slabs to keep the
cassava pulp bags in shape under the press.
Sieving: This was originally done by hand on woven cane sieves but a few
electrically operated metal sieves have been introduced. Some users return
the de-watered pulp 1o the grater for sieving. If palm oil is being added, it is
best to mix it in at this stage of gari processing. Better hygiene is also
achieved.
Frying: The original fryer wos made up of a clay or round metal bowl
placed on a mud tripod with firewood introduced from three directions.
The operator was exposed to the direct heat of fire as well as smoke. Later,
the 44 gallon (210 litre) drum was split into two halves and placed over a
tong furnace carcfully finished (plastercd) to conserve heat. The heat
source was directed away from the single operator. To respond to higher
demand and large-scale production, a large rectanguiar bow] operated by
two or more people was introduced. Here, the furnace is placed outside the
buslding while the operators are inside a well-ventilated room.

Why have the changes occurred?
Changes occur as a result of feodback from users and partly as new ideas
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are being tried by producers. It is the duty of the producer 1o satisfy his
customer, the user of the product, in terms of machine efficiency and
affordability.

Who made the changes?

Sometimes the original innovator may go on making new changes in re-
sponse to further ideas for possibilities of improvement. it also happens
that apprentices introduce changes. These may be brought about during
. the process of making repairs or responding to complaints from users.

Research methodology

Area of study

Two states, Bendel and Oyo, were chosen because they are major pro-
cessors of gari. In Bendel, the following towns were chosen: Umunede,
Isele-Uku. Agbor-Alidinma, Owa, Ndinili, Abavo, Asaba and Irrua. In
Oyo state, Oyo town and Ojoo, Mokola, Apata, Agbowo, Omi-Adio in
ibadan were chosen.

Questionnaire administration

Structured questionnaires were administered by enumerators. Two types
of questionnaires were designed. One questionnaire was for users who
grate for their own use and for others, charging a fee. Another question-
naire was for producers of cassava processing machines such as the grater,
frier and de-waterer. In the two types of questionnaires information was
sought on the evolution/history, economics, diffusion and bottlenecks asso-
ciated with the design and use of cassava processing machines.

In both states, medium-sczle production factories were visited only for
general information. Two major towns in Ogun State {Abeokuta and
Iiebu-Ode) were also visited. In the analysis of data descriptive statistics,
averages and percentages are used.

Limitations of the study

The costs and returns to fabricators of machines spanned over a long time
and rapidiv-rising prices made caiculations complex. Besides, many fab-
ricators regard costs and returns as business secrets which should not be
revealed to strangers who could turn out to be future competitors in the
trade.

Viability and economics of technology

Technology diffusion
All the 37 users interviewed in Bendel State and 19 out of the 20 inter-
viewed in Oyo State reported that the cassava grater and the accompanying
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machines are widely used by other people apart from themselves. They
pointed out, however, that certain operations are still being carried out
manually which they would like to see mechanized. These include cassava
harvesting, peeling and frying.

Our investigations showed that frying is about 40 per cent mechanized,
sieving 50 per cent, pressing or de-watering 90 per cent and grating 95 per
cent. Several types of petrol and diesel engines were used to supply power
to the grater. There were electric motors especially in cities where elec-
tricity was supplied regularly.

The users were asked how long they had been using the machines for
processing cassava. Twenty-one per cent in Bendel State and 80 per cent in
Ovyo State said they had operated the machines for one to five years.
Another 32 per cent in Bendel and 15 per cent in Oyo had used them for six
to 10 years. Thirty per cent and five per cent respectively had operated the
machines for 11 to 15 years while 16 per cent in Bendel had used them for
16 to 20 years. The processing of cassava with mechanical graters started
earlier in Bendel State from where large quantities of gari were transported
to Lagos, Enuga, Jos and other parts of the north in the early 1970s.

Most users, 76 per cent in Bendel and 70 per cent in Oyo State, reported
that they had been using the same type of machine since they started. The
few who changed did so when the old machines either broke down or lost
efficiency. They usually took the old machines to producers to repair
damaged parts. In the process, slight modifications were made to improve
efficiency. The fabricators then seized the opportunity to incorporate the
changes in the newly-manufactured machines. Most users showed that they
were satisfied with the machines and were not in a hurry to change to new
types. There was. however, clear evidence of innovation in Oyo State where
30 per cent of the processors had been using different machines and 45 per
cent said they hoped to change to something new. There are many more
machine fabricators in Oyo, each modifying existing graters and de-waterers
to imgprove the efficiency. On the other hand, the Bendel users contact
carpenters to help build the wooden parts to replace those worn out.

A few users interviewed (13.5 per cent in Bendel ard 35 per cent in Oyo)
said that they had found better machines and there are claims of superior
workmanship by various manufacturers. One fact was clear, the machines
oraduced for the government under contract were invariably of lower
qnality due to the use of cheaper raw materials. Several of these had been
zbandoned or taken to other manufacturers fcr repairs.

The users were asked how they first became aware of the cassava grating
machines. Their responses are shown in Table 1. This shows that most
cassava grater users came to know about the machines through other users
cperating within their area. The pattern of establishment of graters follows
closely the cassava supply pattern. In Agbor Alidinma, Bendel State, there
1s & periodic fourth day market to which over 500 women cassava farmers
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Table 1 Awareness of processing machine

source of awareness BENDEL oYo
no. of % no. of %
resp resp
friends 10 27.03 1 5
people from town 14 37.84 15 75
relations 8 21.62 2 10
others 5 13.51 2 10
total 37 100 20 100

Source: Field Survey, 1988

bring peeled cassava tubers for sale. The gari processors buy the cassava
and immediately take it to the graters who set up their operations near the
market. In a similar way, the processors at Isale-Oyo set up over 40 graters
to whom pick-up loads of cassava are brought daily. Women and children
can be seen peeling heaps of cassava in adjacent locations.

The grated cassava pulp is bagged and held for a few days to ailow
fermentation before being pressed (de-watered) prior to frying. The frying
takes place in sheds behind the grating-pressing centres. There are a few
large-scale gari processors who own the graters, the pressing equipment
and the friers. They often scout round the farming areas to purchase
cassava which they deliver to Oyo in their own pick-up vans.

They employ graters, pressers and friers. They gather the fried gari for
bagging and supply to their customers in distant cities like Lagos,
Abeokuta and Ibadan. One such business owner reported that she em-
ployed over 40 workers, purchased matured and immature cassava farms
and used her own harvesting gangs and transport facilities. She had a

bank account and often borrowed money from the bank for her
operations.

Importance/receptivity of technofogy

The old method of grating cassava by hand on a flat grater is very labour-
intensive and slow. It involves risks of injury and has been virtually re-
piaced now by the motorized graters. Only in very remote villages with few
gari processing women can the old practice be found today. Many women
carry their cassava by lorry or bicycle over 5 to 10 kilometres to have it
grated, as this has reduced labour drudgery. This has remained a relatively
cheap operation since one bag of pulp is still commonly grated for 50 kobo.
The same quantity would take four to six hours to grate manually. The de-
watering of cassava pulp is still done with heavy stone loads in those
remote villages where there are not sufficient gari processors to warrant the
establishment of a grating-pressing centre. The need to hold grated pulp
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for three to four days to allow fermentation means that women may not
press off the water immediately after grating the cassava on market days.

However, in Bendel State, there is a modification in which the grated
cassava is immediately de-watered, sieved and fried. Such ‘instant gari’, as
it is called, is immediately sold for transportation to large cities such as
Benin, Ibadan, Lagos and Kaduna. Lime juice is sometimes added to ob-
tain the sour taste of the properly fermented gari. This is risky, however, in
view of the higher concentration of hydrocyanic acid (HCN) which causes
variovs disabilities for heavy gari eaters. There is a need for a standards
organization of Nigeria to test gari for residue lJevels. The claim that the
addition of palm oil nevtralizes the poisonous effects of cyanide shouid be
verified so that specific policies can be formulated to guide gari processors.

Gari frying has not been sufficiently mechanized and remains the most
labour-intenstve and inconvenient stage of the operation. Machine producers
are currently attempting to reduce the drudgery at this fevel. Larger open
bowls that can be worked by two or three women at the same time are being
fabricated. Mechanized stirring is being contemplated, but the slow rolling
motor needed to turn the frying gari is yet to be developed. Also, various
alternative sources of heat are being investigated to replace the smoky fire-
wood method. There are gas friers and a few electrical friers in the testing
stages now. The large kiins and ovens developed by the Federal Institute of
Industrial Research (FIIRO) and Project Development Agency (PRODA)
are not within the each of active small-scale gari processors in rural Nigeria.

So far the best technologies, the most effective and economic, have been
those developed by the people in response to their local needs. The rough
and ready machines have been made from locally available raw materials.
These machines are far more economical than imported, sophisticated
technology. We can best call on our scientists and trained technologists to
help improve on efforts by local people.

The greatest bottleneck observed in the field was the lack of locally
manufactured engines to supply power takeoff. Apart from simple repairs
and replacements of worn-out parts, no Nigerian manufacturer has been
able to make an engine or motor such as the Lister or electric generator.
Since these have to be imported, they raise the costs of gari processing
machinery, especially now that the devaluation of the naira has forced up
the prices of all imports.

Centrality of product in diet

In recent times, gari and associated cassava products have become univer-
sal food items in the diets of virtually all Nigerians. Prior to the Structural
Adjustment Programme (SAP) bread was used as a major source of cheap
food energy. But when wheat was banned, the people turned to gari as a
staple food for energy and a universal snack. Even affluent Nigerians now
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include guri in their regular menu. Gari is now ground and added to fresh
milk 1o make fura da nono by the Fulant.

The relatively high yields of cassava and the fact that its cultivation
requires fewer purchased inputs and less labour have combined to raise its
production relative to other starchy foods such as yam, Irish potatoes or
the cereal grains. The survival cf people during hard times has been aided
by the production of cassava and gari. This has resulted in a rapid prolifera-
tion of cassava processing machines particularly in the southern states
where cassava grows very welil.

A good guess at the percentage of people consuming {oods such as gari,
foofoo and cassava lafun is about 85 to 90 per cent. There is hardly any
houschold in Nigeria today where cassava is not used in one form or the
other. Cassava flour is steadily entering the biscuit and bread composite-
flour market in Nigeria.

Production economics

In this section we examine two sets of operators, namely the users of
cassava graters and the manufacturers of the machines. The users either
own and process cassava into gari for sale or help to grate cassava, press
(de-water) and sometimes sieve for a fee. All users interviewed provided
information on their initial capital investment and the operating costs.
They gave the quantities of cassava grated per month and the prices. From
these, the average revenue and costs were calculated. Table 2 shows the
range of initial capital investment in cassava processing equipment.

As shown in the Table, most users invested 3,000 nairas or less. The
largest investors were in Bendel with an average of 26,250 nairas. The
average overall investment per user was, however, higher in Oyo State at
5,020 nairas while that of Bendel State was 3,645 nairas.

Low investment was due to the fact that very simple sheds were built for
operations while most operators carried out the pressing in the open air.
Those who invested much more money provided cemented floors, roofed

Table 2 Initial capital investment in cassava processing machinery

range in BENDEL oYo
nairas (A

ro. resp average no. resp average

% A % N

0-2 000 16 43.2 1176 3 15 1288.33
2 001-4 000 13 35.2 263362 9 45 3022.20
4001-6000 6 16.2 4 887.17 2 10 4 966
above 6000 2 54 26 250 6 30 9 903.38
total/average 37 100 364548 20 100 5 020.85
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buildings and several facilitating gadgets which made the workplace neat,
attractive and convenient. The relatively small capital investment involved
in starting the business has made entry very easy and is now causing some
friction since processors in certain locations no longer have enough cassava
to grate and pyess.

Table 3 Income estimate (Bendel State users)*

average number of bags grated = 25.98 per day

wverage price per bag = 1.09 nairas

revenue per day = {25.98 x 1.09)
28.32 nairas

* The average user in Bende! State takes cassava processing as a part-time job, usually
carried out i~ the evenings and on market days.

Operating costs per month and per year

The range of monthly operating costs shown in Table 4 is from 100 nairas
to over 600 nairas. The costs in Bende! State are 262.91 nairas (29.7 per
cent of processors) and the highest costs are 692 nairas. In Qyo State, the
lowest costs are 9} nairas per month while the highest are over 1,000 nairas
per month. Oper: ting costs include fuel or electricity, repairs and main-
tenance of equipm=nt, and labour costs. The operating cost may increase if
the volume of cassava processed is increased.

From the estimates presented in the two tables, it is possible to calculate
the total cost of processing cassava with simple technology using the aver-
age quantity of cassava grated per month and per year.

Average yearly net incomes, based on grating between 26 and 46 bags of
cassava per day, vary betwien 4,200 nairas in Bendel and 16,300 nairas in Oyo.

Analysis of data from grater producers in Bendel and Oyo States

The manufacturers of cassava grating machines were very few, though
many apprentices and journeymen were employed to help increase their
output. Only two producers were identified in Bendel State during the field
survey. Five producers were identified in Oyo State. All the seven pro-
ducers make cassava graters and cassava pulp pressing frames. Two of the
Oyo State units also make yam flour grinders and all five make pepper-
grinding machines as well as gari friers, block moulding machines. maize
shellers. bone-crushers and stone-crushers.

Four of the Ovo State producers indicated that they had been operating
for up to 10 years while the fifth, and the two in Bendel State, stated that
they have been in the business for between 11 and 15 years.

The idea of making cassava graters was acquired from Ibadan by two of
the Oyo producers while two others learned it from Oyo town, The fifth did
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Table 4 Operating costs per month and per yaar of cassava processing in
Bendel and Oyo States

BENDEL

range (naira) no. % average average

per month  per year
0-100 2 5.41 57.07 692.64
101-200 2 5.41 190 2 280
201-300 1 29.72 262.91 3154.92
301-400 9 24.33 339.44 4 073.28
401-500 2 5.41 480 5520
501-600 5 13.51 562.80 6 753.60
above 600 6 16.21 692 8 304
total/average 37 100 387.25 4 647

oYo

range (naira) no. % average average

per month  peryeer
0-160 2 5 90 1080
101-200 4 20 160.75 1829
201-300 4 20 262.67 3 152.04
301-400 5 25 344.10 4 129.20
401-500 1 5 460 5 520
501-600 3 15 578 6 936
above 600 2 10 1016.67 12 200.04
iotal/average 20 100 363.58 4 362.96

Source: Fieid Survey, 1989

not specify his source. Cne of the Bendel producers indicated that the idea
came to him from Japan while the other learned from Umunede in Bendel
Stawe. Only one of the producers reported that he had been to technical
coliege: the others studied as apprentices under blacksmiths, welders or
iron-benders.

The producers indicated that they were satisfied with the work and had
no plans to change to other occupations. One of the Oyo State producers
highlighted major changes in the pattern of production. He pointed out
that he used to place an eight-inch diameter wood at both ends of the
cylindrical grater sheet leaving nothing in between. Later he noticed that it
led to rapid wearing out and low efficiency. He then replaced the wood
with metal, thus raising the efficiency from 20 to 60 bags a day.

The two Bendel producers and two of the Oyo producers said that they
could diversify their business to include fabrication of spare parts, making
bolts, nuts and engine parts, They could also maintain tractors and carry out
general welding. They were confident that they could copy any spare part.
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The products are custom-made on request. This was because sales we.e
uncertain and the costs of raw materials have risen beyond their means.
This is indirectly limiting their scope since many buyers would like to
inspect the fabricated machines before deciding whether to buy or not.

Most producers considered that raw materials were easily available. In
Ovyo State producers purchase their raw materials in Ibadan or Lagos while
those in Bendel go to Onitsha. Lack of record-keeping prevented the accu-
rate estimating of the quantities of raw materials uscd. Furthermore there
were no stapdard raw materials as most producers employed scrap metais
to reduce costs.

Constant changes in prices were identified as one of the main problems
of the trade since it was difficult to set prices of the fabricated machines a
week ahead. Such prices would be overtaker by price rises.

The producers in Bendel State stated that it took an average of two-and-
a-half days to fabricate one cassava grater. The Oyo State average was
four-and-a-fifth days. Most small producers sell between 7 and 20 units per
year. Large producers may sell up to 150 units per year. The number of
workers ranged from 2 to 15 in Bendel State and 1 to 8 in Oyo State. All
workers were male.

The producers in both States considered the market for cassava
machines to be growing. The Oyo producers have had customers from
He-lfe, Iwo. Ibadan, ljebu-Ode, Kwara, Lagos, Kaduna, Ado-Ekiti,
Ondo, Ogbomosho and Iseyin. Those in Bendel indicated a concentration
of customers in the area of Umunede, the biggest cassava processing
centre.

The bottlenecks identified were finance, non-availability of raw mater-
1als, high prices of purchased inputs and government intervention. A few
producers were worried about increasing competition from other fabrica-
tors. The effect of Structural Adjustment Programme (SAP) is clearly
being felt because the cost of imported motors is rising daily. While the
fabricated graters are sold for between 300 and 500 nairas, the engines that
supply power 10 run them cost between 3,000 arnd 15,000 nairas. This is
limiting the sale of graters as most processors cannot afford the engines.

The rising costs have compelled fabricators to use any type of metal
sheet for the graters, some of which wear out rapidly. The producers make
brisk business helping to repair or replace them while the processors frown
at the frequent need to replace the graters. The problem with the pressing
frame is that it rusts and becomes less efficient.

Knowledge/skill development

Most producers of cassava processing machines served varying periods of
apprenticeship under their fathers or masters. A minimum of three years
of apprenticeship occurs. Younger pcople take more time. There are no
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prerequisite gualifications, though the literate apprentices are quicker to
grasp measurement units,

How training occurs

Training occurs through

1 blacksmith: father-son relationship

2 blacksmith: trainer-apprentice

3 technical colleges, craft villages mechanic workshops, polytechnics and
short courses in universities

4 welder/iron-benders workshops

§ company affiliation trainer of employees

6 user/promoters such as RAIDS — Rural Agro-Industrial Development
Scheme

7 government institutions such as the Federal Institute of Industrial
Research (FIIRQ). Oshodi and Project Development Agency (PRODA)
and

8 international organizations such as UNICEF, FAD, and IDRC.

How learning occurs

i_earning occurs through Research and Development. People say that prac-
tice makes perfect. Any machine intended for fabrication is first dis-
mantled, studied and then duplicated. This is a kind of technology transfer.
The producers of cassava processing machines are always looking for alter-
native inputs and irving to improve the efficiency of the various machines.

In some cases, problems arising from the use of one machine are taken to
experienced blacksmiths or weiders who use the occasion to learn more
about the technical structure and functions of the machine. Many spare
parts are improvised. There are occasional gatherings to brainstorm and
find solutions to knotty problems.

Apart from cassava processing machines, users of various equipment
submit damaged or worn out parts for remoulding. This is common with
motor spare parts and especially now that Structural Adjustment Pro-
grammie (SAP) measures have raised the cost of imports considerably.

Relating the processes to scientific methods
First the welders and blacksmiths move from the known to the unknown.
They attempi to solve real problems and ease bottlenecks in the cassava
processing operations. ¢'0 achieve their aims, the problem is studied care-
fully. Goals are set and methods of achieving the goals outlined. The low
jevel of literacy and formal education, however, makes record-keeping
uncommon. Even the methodology is not written down but whatever is
achieved through trial-and-error is made part of acquired experience.

The products developed by this method are tested and their defects are
identificd for corrections. Sometisnes the fabricating group waits ior the
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users to report defects. But in at least one case, the fabricator was a user who
refined his product as necessary whenever he noticed defects during use.

How managerial skills are acquired

Managerial skills involve being able to plan the business for profit. They
cover understanding the product, its market potential, the raw materials
needed, their acquisition, judicious use and inventory management. A good
manager thinks ahead and innovates. He ensures that there is sufficient
capital for his business. He 1s able to forecast supply and demand, identify his
competitors, study government policy interventions and adjust accordingly.

Mosi cassava processing machine producers were limited with respect to
the above listed managerial skills. This was due partly to limited education
and lack of exposure to workshops where they could acquire such skills. No
maiter how long the period of apprenticeship, if the trainers themselves are
not well-equipped with managerial skills, their apprentices won’t develop
the skills either.

The skills can be acquired through regular participation in trade fairs,
workshops and seminars. It is recommended that government and donor
agencies should assist in establishing modern workshops with appropriate
tools and equipment as well as organizing short-term training programmes.
Some of the very experienced blacksmiths and welders should be invited to
help teach practical knowledge even at the polytechnic level. This will
permit cross-fertilization of ideas and skills and the nation stands to gain
from this kind of investment.

Potential of peoples’ technology

The high cost of imported machines and raw materials has forced Nigerians
to look inward for new technology and products. For example, bone-
crushers have been designed now to produce bone meal locally. Feed
mixers have been manufactured as well. Mechanical gari sieves, friers and
cassava harvesters have been fabricated. Palm kernel crackers and kernel
oil extractors. fruit juice presscs and paim oil presses have been made.
There are sova bean oil extractors, groundnut shellers, grain planters and
hand pioughs — ali in crude form but ready for refinement.

There 1s no himit to the potentials of these intermediate mechanical
technologies. Interviews with a few of the machine prcducers indicate the
possibility of developing a lot more ideas if some key equipment such as
turning and bending machines could be acquired.

Major obstacles

1 Limited education means limited technology innovation/adaptation and
hence low output results. There is a lack of communication between
polytechnics/universities and roadside workshops.
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2 Increasingly exorbitant prices of machines, equipment, spare parts
and input materials cause prices of products to rise beyond the reach of
users.

3 There is a lack of communication between individuals trying to
establish workshops. Establishers also face inadequate funding, lack of
credit and other problems.

4 There is a lack of standardized markets for inputs and products.

5 There is a lack of good-quality water at village level thereby rendering
the final product unhygienic.

6 The toxicity and perishability of cassava is another inhibiting factor.

7 There is a lack of modern storage technology for matured tubers. (The
traditional method is to leave tubers in the ground and harvest when the
need arises.) Seed stalks also lack modern storage technology. They perish
unless planted immediately.

8 Due to a lack of standard raw matenals, and in order to reduce costs,
machine fabricators pick up scrap metals anywhere they can be found. The
sizes, gauges and thicknesses are varied, leading to a variation in quality,
service and durability.

9 Uncertainty in the market for gari processing machines is due to a
shortage of cassava tubers. The users are no longer placing orders regularly
and this affects business planning among machine makers. Many fabrica-
tors could not produce the machines uniess orders were placed by users. In
some locations such as Agbor Alidinma, Bendel State processors now
rotate the days to allow each member to have sufficicnt business (i.e. there
are more processors than the available cassava tubers).

10 There is a near total absence of modern harvesting (uprooting) tech-
nology. This has left the process as labour-intensive and time consuming. A
few years back. the harvesting trend of cassava could be predicted. But
with the enforced ban on importation of wheat and rice, there has been a
general shift towards cassava not only for human consumption but for
industrial use. This has increased the pressure on cassava to the extent that
immature crops are now often harvested.

11  Despite government efforts in rural electrification, the irregular supply
and general shortages of electricity in rural areas have prevented the even
spread of welders into these areas. The blacksmiths/welders thus concen-
trate their production in urban areas causing additional distribution costs
for machines once they have been made. Efforts to convert friers using
firewood to make them suitable for electricity have been hindered by lack
of electriftication in rural areas.

Social and political factors helping and hindering

1 The mass movement into urban areas has led to a large concentration of
people that must be fed. There is a need for mass production and rapid
processing of food.
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2 The ban on importing processed and semi-processed food items has
forced Nigerians to process and use local foodstuffs.

3 Prior to the banning on exporting food items. west Africans living in the
USA., Canada and Europe were taking advantage of the devaluation of the
naira to purchase processed food from Nigeria — especially gari. This
increased the use of small-scale processing capacity and encouraged the
manufaciure of necessary machines. However, there has been drought
which has devastated a lot of crop fields and livestock in the north of the
country. This has encouraged many Nigerians, including northerners. to
develop a taste for food items produced in the south, particularly gari and
other cassava products. For example, cassavita made of finely ground gari is
mixed with fulani fresh milk to make fura da nono.

In certain areas. there is an over-concentration of cassava processo:s
leading to an inefficient use of potential capacity. Friction among these
processors is becoming common. However some processors’ associations
have been formed to allocate processing time and thus minimize
diagreements.

Supporting peoples’ technology

It is our belief that formal education and training would enhance the perfor-
mances of the cassava processing machine fabricators. They should be able
to understand the scientific and engineering principles on which the cper-
ations of the machines are based. Machine makers should document their
steps. methodology, types and properties of various raw materials and the
appropriate materials for specific machines and spare parts. Fabricators must
consider the implication of various processes not only on machine efficiency
and costs but also on the safety and hygiene of the food processed. Food
forms and eating habits of consumers must always be taken into consider-
ation when attempting to develop processing technology and equipment.

So far. the breeders have continued to work towards minimizing the
cvanide content of cassava. Their successes may result in the production of
sweet cassava which can be consumed directly. This could reduce the need
for several steps in the gari production process. But as long as the bitter
varieties of cassava exist, there is a need for fermentation and proper frying.
The producers of processing machinery must continue to refine equipment
to reduce drudgery and obtain better quality gan at a lower price.

Covernment

I Government should provide loans to producers and users, should
strengthen and improve skills through exchange of ideas.

2 Government should improve farming support systems by giving more
subsidy on fertilizer to permit increased production of cassava to better
occupy the processing machines.
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Scientists

1 Manually operated presses should be upgraded to electrically operated
ones in order to give the job of pressing (de-watering) back to women.
After all, the whole of cassava processing used to be handled by women.

2 Similarly, starting the machine by putting rope around the pulley and
pulling should be changed to a winding handle or press button swilches like
those used on vehicle kick starters.

3 More work should be done on the frier to fully mechanize it.

4 Peoples’ technology should be waste-free, i.e. peels, central fibre and
starch in the cassava tuber should be salvaged for use as animal feed and
industrial starch.

5 Peoples’ technology should include awareness of eavironmental con-
cersns such as waste disposal systems to permit drainage, deodorization and
machine cieanliness. For example, a user in Asaba, Bendel State, collects
water from the pulp, allows it to settle in order to separate starch from
water. He sun-dries the starch which removes the odour and provides
additional income through the sale of starch. Peels are also sun-dried and
fed to goats and pigs.

6 The fuel tank should be eniarged to allow for a longer operating period
and reduce refuelling time.

7 Producers shouid develop engines with less noise.

8 Scientists should develop more gas-operated firiers. It has been demon-
strated that 30 nairas worth of gas lasts one week, i.e. the same time a 30
nairas worth of firewood lasts. This encourages forest preservation.

Non-governmental organizations

1 Non-governmental bodies could help with the introduction of local
engine-making capacity into Nigeria. For example, NGOs could work with
an organization like the African Regional Centre for Engineering Design
and Manufacture in Ibadan.

2 Short training workshops or attachments could be arranged to upgrade
the skills of artisans in repair, maintenance and fabrication.

3 NGOs, particularly religious groups, can perform useful roles as exten-
sion agents by motivating their followers to adopt the use of peoples’
technology. Business firms, including banks, can supply the finance to
establish training centres on long-term loan interest and partnership
arrangements in order to supplement government efforts.




The Nigerian cassava grater
SELINA ADJEBENG-ASEM

introduction

A great deal more emphasis needs to be put into the development and
diffusion of affordable technologies that help to raise the standard of living
of the average Nigerian. There is a special need for technologies that are
targeted at rural and urban small-scale producers. These must be tech-
nologies that step up food production, ensure food security and reduce the
drudgery of food processing for women, the main workers in rural and
urban small-scale food processing.

This article focuses on the evolution, viability, diffusion and utilization of
‘the peoples’ cassava grater’ produced in the informal engineering sector.
This equipment deals with one of the critical and labour-intensive stages of

the processing of one of Nigerian’s local staples derived from cassava —
gari.

Cassava in Nigeria's economy

In Nigeria and many parts of the world, cassava (marihot esculenta) plays a
major role in the economy both as source of food and as industrial raw
material. In the western and eastern parts of Nigeria, cassava occupies an
important position in the agricultural economy. The root accounts for over
50 per cent of carbohydrate intake when processed into various foods.
Cassava must be adequately processed before it can be consumed as
food. Raw cassava is known to contain linamarin and lotaustralin, which,
when acted upon by linamarase (the enzyme released when cassava root
cells are ruptured) are converted to hydrocyanic acid (HCN). The HCN is
converted to thiocyanate, a sulphur-containing compound, when it enters
the bloodstream. Thiocyanate is detoxified using body sulphur after which
it is excreted in wrine. Thiocyanate is known to poison the body by using
up the body sulphur during detoxification, thereby interfering with the
thyroid gland’s uptake of iodine resulting in goitre. Chronic pancreatic

DR S. ADJEBENG-ASEM (Nigeria) is a lecturer/research fellow at the Technology
Planning and Development Unit, Obadfemi Awolowo University, lle-ife,
Nigeria. Her research interest and focus has been on development of indig-
enous technology, technical innovation and entrepreneurship, appropriate
technology and women in technology.
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calcification and neoropathy have also been linked with cyanide poisoning
in certain parts of the world.
The most common specie:. of cassava tubers in Nigeria are known to
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reduce the cyanide content of cassava quite considerably. This is a
reduction of 98.17 per cent as compared with a 69.85 per cent reduction of
boiled tuberous root.

Cassava is plvuus.cd if: vcuyu;s x{ucuu:ucs all over the eastern and westem
parts of Nigeria and consumed mainly in the form of gari. Thus the import-
ance of gari processing equipment in cyanide ieduction and higher output of
food can hardly be over-emphasized.

Gari in the dietary pattern of Nigerians

Gari is one of the commonest and cheapest local staples available to
Nigerians. The staple constitutes over 70 per cent of carbohydrate intake
for rural dwellers and low-income urban workers. Gari also offers a type of
‘convenience food’. It needs little preparation and is helpful in particular to
working mothers and wives who are often preparing meals in a short time.

Gari is a very versatile product which can be prepared in a variety of
ways. It is usually made into a thick paste called eba for a main meal and
eaten with ieafy green or okro sauce with meat and fish. When eaten as a
quick food or snack, gari is mixed with water and occasionally sugar and
miik. It is taken with various groundnut or bean preparations.

Gari is also an important product with regard to food security at the
househeld level. The shelf-life of weli-prepared gari is estimated to be up
to two years.

This introduction is an attempt to underline the importance of gari in the
Nigerian economy, and, consequently, the importance of gari processing
equipment. This study analyses one of the critical stages of the processing
activity — grating,

Gari preparation

Gari preparation from cassava is one of the most popular food processing
industries at household and community levels in the eastern and western
parts of Nigeria. Traditional gari processing consists of a set of laborious
and labour-intensive activities, with rural or urban poor women at the
centre. This processing normally involves the following set of activities:
peeling, washing, grating, fermenting, pressing or de-watering, sieving, fry-
ing, cooling and storing.

Some of these sets of activities, particularly peeling, pressing or de-
watering and frying are highly labour-intensive. This labour-intensiveness
has the effect of reducing output levels considerably, creating shortages on
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the market, raising :le price of gari beyond the reach of the poor and
reducing the overall income of the majority of women who engage in these
processing activities.

However, present political economic factors have led to foreign ex-
change restrictions and a consequent ban on importing food alternatives
such as wheat flour and imported rice. Therefore, gari has assumed import-
ant status as a food item in Nigeria. A great deal of research attention is
being turned to efficient ways of gari production. Several attempts have
been made by research and teaching institutions and other large-scale for-
mal engineering organizations to mechanize either the entire gari-making
process or some sub-processes. However, these attempts have not culmi-
nated into successful innovations, particularly in the case of cassava
peelers.

Over 80 per cent of gari on the markets in the eastern and western parts of
Niseria is processed either traditionally or using machinery developed in the
informal engineering sector of the economy. Indeed, none of the randomly
sampled respondents for this study was using any of the large-scale formal
engineering based equipment. Mcre engineering innovative efforts in gari
processing are concentrated on cassava grating than on other steps in the
processing chain. Reascns for this include the fact ihat these graters have
gained wide market acceptability and are much cheaper. The graters com-
pete very well with formal sector engineering efforts and have attracted a
considerable number of carpenters and metal fabricators to work on them.

Method ot vesearch

The data base for this study was coliccted with a detailed interviewee guide
from interviews with 50 informal sector engineers, 50 cassava grater and
press operators and 30 gari processors sampled from various gari factories
or processing centres. Commercial gari processing is rarely undertaken in
isolation. Usualiy a number of individual processors congregate in a par-
ticular spot with close proximity to mechanical grating and pressing ma-
chines. The processors usually form mini associations that render mutual
zssistance when necessary. The stratified proportional sample was used to
sample the target groups from four major gari producing areas in Oyo,
Ondo and Bende! States. In Oyo State, Ife was selected. In Ondo State,
Akoko was chosen and Benin-City and Urchubo were selected in Bendel
State. Thirty informal sector engineers in Bendel State and 10 engineers
each from Oyo and Ondo States were interviewed. Twenty machine oper-
ators and 20 gari processors were interviewed in Bendel State while 15
machine operators and 15 gari processors were interviewed from Oyo and
Ondo States respectively. Ten bukatera (restaurant) owners, four in Benin
and three each in Ondo and Ife were also sampled to provide the large-
scale users’ perspective.
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Evolution of the cassava grater

Based on oral history, it was difficult to date the beginning of gari making
in Nigeria. Two of the oldest interviewees, 70 vears and 73 years respec-
tively, grew up with gari being produced traditionally in their family com-
pound. This puts traditional gari production as older than the 1920s.

Traditional method of grating

Traditional grating involved the use of a sheet of perforated metal usually
3.6 x 4.6¢cm or 3.6 x 5.6cm. The most commonly used metal was from the
sides of imported kerosene containers. The women involved in grating ran
the peeled cassava over the perforated metal sheet until the cassava was
reduced to an ungratable size. This end piece was discarded. The basic
method has passed through various stages of development, some radical,
others incremental.

Developmental s. 3. s of the grater
The grater seem. 0 have passed through three major stages, completely
manual to semi-mechanized to fully mechanized.

From the traditional method which is fully manual, there was a radical
change to mechanized grating. This was in response to three basic social
demands: women'’s intensive search for less laborious techniques of grating
cassava, the need to increase the output of gari production and the desire
by entrepreneurs to sell more graters.

The demand for changes resulted in two basic improvements: the semi-
mechanized graters, either hand or bicycle-driven, and the fully-
mechanized grater. At the people’s level, the grater moved from being
completely manual to being completely mechanized. Virtually all the re-
spondents of the study, 95 per cent, had nothing to do with the semi-
mechanized systems. The common response is ‘we are either grating by
hand or by machine’. The fully-mechanized system was said to have been
developed in the 1940s.

One of the oldest carpenters in Benin was said to have built the first
machine based on his knowledge of imported cornmills. He had great skill
in making hand graters and his three wives pleaded for more efficient
equipment. He is known to have modified the manual grater into different
shapes. The longer-framed grater enabled women to stand while grating
while shorter ones allowed for grating in a sitting position. The use of these
spread quickly.

Later. the same carpenter attempted to make a wooden grater that
operated on the principle of hand-grating and a mechanized cornmill. The
first prototype was not sigaificantly different from the modern grater.
Though attempts were made at this time to hand-drive the original proto-
type, these did not succeed until the machine was motorized five years
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Jater. The fully mechanized graters became popular in the 1960s in Bemn.
Gradually 1. _* systematically, mtal- and wood-workers copied the design
and sold machines to entrepreneurs who commercialized their use. Produc-
tion relations began to change. Gari processing, which had been predomi-
nantly a woman’s task, began to be infilirated by men, primarily because
women lacked the capital to purchase the new machines. The development
of capitalism in Nigeria at this point was tending to place productive re-
sources in the hands of men, and this tendency is underlined by the present
study. Nowadays, men plant the cassava and sell to women who make the
gari but in 75 per cent of cases men own the grating and pressing machines
while hired women operators sell their labour.

The semi-mechanized machines were later attempts, mainly by learning
and research institutions, io produce equipment at a cost lower than that of
the fully mechanized machines. This was meant to bring technology into
the reach of women processors. The attempts were not very cuccessful and
the semi-mechanized graters hardly spread ino use.

Diftusion

The traditional manual grater diffused rapidly throughout every gari-making
community. Information about this new technique was passed quickly from
one woman to another. if one woman saw it in a neighbourhood she described
it to her husband or son who then made one to her specifications. Further
suggestions were provided by the women unti] the right standard of equipment
was achieved. These traditional graters cost virtually nothing -— one or two
pieces of wood, 2 piece of scrap metal and a few nails. The grater was used
mainly by women and was easy to maintain. Corrosion, one of the greatest
problems of the grater, was minimal since the hand equipment could be
washed and dried easily. However the grater’s efficiency rate was low due to its
slowness in use. It took from 8a.m. to 4p.m. for a woman to grate 50kg (1 bowl)
of cassava, which is obviously a large part of the day. Besides cassava grating,
women have maternal and domestic tasks to perform as well as responsibilities
towards husbands, kin, other wives and the community at large.

Besides adding to the overload of work for women, the grating process
itself had its problems. A little-known fact is that women who use the
traditional method of grating sustain degrees of hand injuries. Some neg-
lected wounds have led to tetanus infections in a few cases.

The hygiene of traditional grating is also an issue. In particular, many
women have a number of small children and operate in an environment
where basic facilities for washing are absent. Thus, the gari can become
dirty and unwholesome. It should be added that this is only a recent phe-
nomenon. In the 1920s, where families lived in the same compound there
were supportive social systems to take care of the young ones separately
while mothers busied themselves with grating.
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These disadvantages and the increased demand for gari led to eventual
rejection of the manual grater. By 1970 in Benin every woman was using
the fully-mechanized machine to grate her cassava, even for home con-
sumption. In Ife and Ondo. the traditional method of grating persisted until
the 1980s but totally left the cassava-processing scene by about 1981,

Semi-mechanized graters of the hand-driven or bicycle type were more
of a technology push than a demand pull innovation. Thus they were
considered inapproprizie in several respects. The bicycle type brought a
role reversal since tncycles are normally ridden by men and grating is a
woman's occupation. It was gathered that men wanted to establish exclu-
sive operational rights. This generated role conflicts and led to eventual
rejection.

The hand-driven grater, though estimated to be 50 per cent faster than
the traditional model, was considered laborious in operation and its output
was inadequate. It was seen as doing very little by way of eliminating the
drudgery element of women’s work. As a result of these disadvantages, the
semi-mechanized graters were not successiul.

The fully-mechanized informal engineering sector grater has achieved a
high rate of diffusion. It can be considered a very successful people’s inno-
vation. The diffusion trends can be explained not only in terms of the
efficiency of these machines but also by cultural factors. There has been a
more rapid diffusion of the grater 'n eastern Nigernia, which can be ex-
plained by the fact that gari to the easterner 1s an acceptable stapie. Among
the Yorubas of western Nigeria, this has not been so until recently. A
common adage in Yoruba underlines this point:

‘Iyan lonje;

Oka foogun,

airiye rara la nje ko

kenu madile lanje guguru.’

which translates as:

*Yam is food; that is what [ eat. [ eat yam powder

as a restorative food.

I eat eko (made from maize) when there is absolutely
nothing to eat.

When I need to nibble, that is when I chew roasted
corn.’

In this Yoruba adage ‘cassava’ is not mentioned at all. It 1s, in fact, not
considered food. Recent social changes and economic conditions are the
factors that have placed gari on the Yoruba dining table.

From the 50 processors interviewed in the four study areas, it was
gathered that few people grate cassava by hand these days, particularly
when the cost of grating 50kg of cassava is as little as 50 kobo (100k ~ 1
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naira). It was pointed out that machines abound in almost all parts of
eastern and westein Nigeria, and it was claimed that there is no village with
a population of over a thousand people that does not have such a machine.
Nowadays women do not have to travel long distances across villeses or
towus to graie. Indeed, in Bendel State these machines are concentrated in
¢..tain areas where the scramble for patronage is very keen. But some-
times machine operators have no patronage at all. In certain wards where
there are viable associations, there was a vote to share the operation of
machines so that each operator can earn some money. In central Benin,
however, where such associations are defunct because of internal rivalries,
rules of the market operate and customers are won on a competitive basis.
Some of the operators have built up a regular clientele over time.

Graters produced by the formal engineering sector have so far achieved
very low diffusion rates. None of the operators in our Ife sample and only
four out of 30 operators in Bendel State were using formal sector graters.
Although the formal sector graters are known to be well-made, durable
and are well finished, their cost is usually beyond the financial means of
either individual women or smail-scale male entrepreneurs. These graters
also have capacities far in excess of the processing needs of a small-scale
operation.

The production process

Most Nigenan informal sector metal workers operate under sheds or by
street corners. They use scrap metal of a reasonable strength, gauges 14
to 20, which is heated in palm kernel furnaces with simple bellows. The
metal is then heatsd and shaped as required, and quickly cooled by im-
mersion in water or slowly by burying in sand, depending on the material
strength needed. A simple cutting tool is used to cut the metal into the
required shape and a grinding machine is employed to smooth the surface
of the metal. With the aid of a simple drill and welding machine, the parts
are standardized and welded together in two separate blocks, the base
and the receptor. The machine is then painted. After this, the grating
sheet is fixed into the basz block and the removable receptor is screwed
on. On completion of the metal frame, an electric or diesel motor is fixed
to it

Assessing the production method with a metallurgist, it was discovered
that these metal workers are ‘scientific’ to some extent. They understand
some basic principles of material selection and some basic metallurgical
principles of heat treatment and handling of materials. In the interviews
they provided a rational basis for their present level of operation and skills,
It was discovered. however, that their knowledge of sources of aiternative
materials and techniques of using thum was limited.

Systematic efforts are made by all the workers involved to ensure profit
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maximization. Consequently fabricators will balance the use of the right
materials against costs. Cost-effectiveness is the primary motivation of
production. They refuse the use of superior material if it is thought that this
will unduly raise costs in a competitive trade.

A considerable number of fabricators (30 per cent in Benin, 15 per cent
in Akoko, 40 per cent in Ife) identified faults in the design of grating
equipment. For instance, they recognize that stainless steel is a better
alternative for the grater and that aluminium could be used for the recep-
tor. However, they failed to adopt the first option because of the high cost
and the second for lack of the necessary skills and equipment. Most of
them therefore continue to u-¢ scrap metal for the base design and mild
steel to make separate graters as replaceable parts to be sold.

incremental changes in grater design

The original design of the mechanized grater was said to be an adaptation
of imported corn and dough mills. The first prototype was made of wood,
but this was found to be not durable as the wood rotted quickly and
became mouldy. The women complained that it was difficult to keep clean,
especially during the rainy season. As a result, local blacksmiths involved in
the making of metal trunks were consulted. Using their rudimentary
knowledge of metallurgy, heat treatment, straightening and welding, they
made a metal grater comprising a metal receptor, a grating roller of 10 x
13cm, and a casing for the roller.

A few improvements have been made to the basic design. These include
changes in roller size from mediuvm (10 x 13cm) to small (10 x 10cm) in
response to a call for cost reduction, and the use of stronger imported flat
sheets for the grater roller. This raises the cost, however, and is used only
when consumers are willing to pay the higher price.

In the east, many users have attached slates of wood to the metal. The
justification given is that this closes the gap between the metal casing and
the grater roller, and thus ensures (ner grating. Also, it 1s said to prevent
extensive corrosion. in Ondo State, 4C per cent of machines had this
wooden slate, compared with 10 per ceat in Ife. From a metallurgical
point of view, the wood slate can be disadvantageous. It may help to seal
unwanted gaps in the equipment but it definitely does not help to prevent
corrosion. Wood absorbs water easily and accelerates corrosion. In addi-
tion, wood also harbours bacteria.

There has bzen little improvement in the final finishing but this appears
to be of less importance to producers and consumers. In Benin City it was
stated that a large manufacturer who produces graters to a high standard of
finish sells them at prices 40 per cent higher than locally produced versions.
However, it is asserted aiso that the skill level in the formal sector is not
higher than that of local artisans who form the majority of mechanized
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grater producers. Wh-t then are the factors which influence the production
of innovations at the informatl level?

Women have been the major instigators of change. Seventy-eight per
cent of producers attributed the changes 1o women customers’ suggestions
while 22 per cent attribuied alterations to a natural quest for improvement
in design. The changes have been geared towards sturdier machines and
more durable grater sheets. From interviews with women gari processors it
was cstablished that women are keen on technological improvements, par-
ticularly as they affect their work. Contrary to prevailing myths, women are
very active in providing various suggestions as to how designs might be
improved, based on their rich traditional store of knowledge.

Crwaership of graters

Very few women own graters. Four women owned graters in Benin, and
these women were not gari processors themselves but entrepreneurs who
hired boys to operate the machines. Ten women were found operating
graters in Benin, four in Akoko and three in !fe. However, in all cases
they were working for their husbands and the money they made went to
the men. In six cases in Benin, seven cases in Akoko and eight cascs in
{fe. men operate their own machines or appoint other men. Men and
women operators charge different prices for grating and pressing. On
average, men charged between 3 nairas and 4 nairas for grating and
pressing S0kg of mash, while women charged between 1.50 nairas and
2.50 nairas. There seemed to be no rational basis for the price differen-
tials. The men liked to give the impression that they were more com-
petent in handling the machines, and it appears that many women
customers believed them.

Production economics

Producers of graters and presses, particularly those who depend on it for
their livelihood, have said that profit margins have not increased as they
should have in recent years.

Production cost has increased astronomically since the late 1970s, by
about 80 per cent, while profit margins have not exceeded 30 per cent.
Machines in the 1960s were sold at 50 nairas and cost approximately 35
nairas (o produce. The motor cost 150 nairas. The metal large-sized grater
now sells at between 400 nairas and 500 niaitas and cost: about 350 nairas to
produce. The electric motor costs about 2,000 nairas for 3 HP. The cost of
metal sheets has risen enormously. In the 1960s a sheet cost 20 nairas
compared with 300 nairas in the late 1980s. A sheet can make only one
machine. The costs of welding materials and boits and nuts have also risen,
from 50k to 2 nairas. Must fabricators are thus forced to use metal scraps of

88



500

400

300 —

200

100 p——
™

1960 1865 1970 1975 1880 1985 1989 1990

Rising costs of graters since 1960

dubious quality or metals of milder strength for the grates in order to
marritain reasonable profit margins.

Nevertheless, the production and cperation of graters appears to be a
viable enterprise. Average sales in Ife are estimated at six machines per
month per technical entrepreneur, white in Benin it was eight machines per
month. This rise in demand from two a month in the 1960s in Ife and three
per month in Benin indicates that demand is growing. One machine can
service a maximum of 20 customers on a ‘good day’ and minimum of three
on a ‘bad day.” This relatively high demand for the equipment makes the
grater a favourite among metal workers, second only to pepper grinders.
Demand for the machine is high, not only because of increased demand for
gari, but also because the machines create employment for the fabricators,
the operators and users.

Costs and benefits to women
The grater has had both positive and negative benefits for women. For the
rural or urban woman who depends on gari processing as a major source of
livelihood, the grater reduces drudgery, saves labour and time, and in-
creases productivity.

Processing gari traditionally by hand takes an average of five days from
start to finish. Grating takes a complete day. Pressing then takes two days,
and sieving and frying take another day each.
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With the mechanized grater, grating takes a maximum of 15 minutes for
S0kg of cassava. This is a great improvement, 360 per cent more efficient
than hand-grating and 120 per cent more efficient than using the semi-
mechaaized machine.

The extra lime gained by women is used for various activities which
women previously had little or no time to undertake. Responses as to how
processors use the extra time is reported in the following Table:

Table 7 How women use time saved by using mechanized processor

respornses number percentage
1 cuitivaie my own cassava 6 12
2 help my husband on the farm 10 20
3 have more Yime 10 sleep and or relax 0 0
4 make more gari 15 30
5 engage in retan irade B8 16
& shop for cheaper inputs (cassava 1 22

and firewood)

50 100

A great majority of women used the extra time to participate in the
money economy. which eventually results in improved standards of living
for them and thetr children. These activities, though limited, demonstrate
the benefits of improved technologies for women.

Costs to women result from lack of access to ownership of graters, and to
lack of control over profits from the grating process. In the Ondo and lfe
samples, it was made clear that ‘women have no money to buy a machine
for grating’ and that "the profit made from gari processing [not grating] is so

small that it can only buy food. It is only in rare cases that it can buy
clothing.’

Benetits to consumers

The grater and press have stepped up the output of gari at a time of a
scarcity of alternative staples. In addition, they have enabled better-quality
gari which has fine uniform granules and is more hygienic to be put on the
market, However, the findings of the study show that the average consumer
of gari does not appreciate the existence of grating machines. In fact, most
people do not understand the impact of grating machines as the price of
gari has been pushed up by high inflation in Nigeria. It was generally
agreed by makers of eba that gari is simply obeying market laws of supply
and demand. They explain thai the high cost of gari is the result of the
added demand made on gari production by the lack of cheaper alter-
natives. In season, a measure of gari costs 2.50 nairas, compared 1o 9 nairas
for local rice, 14 nairas for imported rice and 6 nairas for beans.
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Benefits to entrepreneurs

Grating machines are of immense benefit to entrepreneurs that buy and
commercialize their use, either by operating them themselves or by hiring
labour to operate them. For ali of them it provides a hivelihood. Production
capacity is 1.000kg per day at 2.50 nairas per 50kg, and average running
costs are 10 nairas per day in diesel or petrol. Most operators run a six-day
week and operate graters and presses together. Grating averages 1 naira
and pressing 1.30 nairas. Thus the average machine is makin,, 960 nairas a
month gross, minus about 160 nairas for maintenance and overhead costs,
giving a net monthly income of about 800 nairas. This amount is equivalent
to a level 12 officer in the civil service. In addition, some operators collect
iaundry starch from the grated cassava, and this starch is often processed
for sale.

Benetits to the community

Other benefits discovered include new employment for workers out of a
job. Of the 50 workers interviewed, six had come to this trade after they
had been made redundant. In Benin, some high-school leavers were found
to have been employed to operate the machines. Grating machines are said
to provide employment for non-farming women in rurai areas.

Knowledge/skill acquisition

Three aspects of skill acquisition were investigated: product development
skills. product operation or processing skills, and manageriat skills.

Product development skills

Training for development of the grater occurs through informal appren-
ticeship spanning a four-year period. There is no age limitation or entrance
qualification but the age of recruits is usually between 9 and 25 years. Their
levels of education range from nothing to high-school drop-outs. On aver-
age. cach fabricator or metalworker has four apprentices, and some have as
many as 10. This in itself underlines the employment generation potential
of diffusion of the product and associated skills. When the apprentices
were interviewed, they almost ali agreed that metalwork is a lucrative
business. It should be added that these apprentices are not trained only to
make graters and presses but also acquire skills general to metalwork. This
includes welding and fabrication of other food processors. However, there
is greater emphasis on the gari-making machine as they sell much more
quickly.

Like most apprenticeship systems in Nigerian non-formal sectors, appren-
tices pay for their training. They are then informally tested and if certified
competent are given an ofticial certificate. The criteria for assessment and
certification are set by the metalworkers' association of each community.

N




Processing skills

Acquiring skilis for operating the machine or grating the cassava takes
about three weeks. This involves learning to fix the belt on the motor and
ensuring the grater roll is properly fixed into the machine and can be
removed and cleaned. In all cases, particularly with high-powered diesel
engines, apprentices learn how to avoid injury during processing, and how
to undertake general maintenance of the machine.

Managerial skills

As in all businesses, basic managerial skills such as book-keeping, costing,
stock control and marketing are important. These skills were generally
found to be inadequate in the survey, particularly amongst the product
developers and operators.

Bottlenccks

Various bottlenecks have been identified as impeding the development of
cassava graters to a higher standard.

Financial constraints

All the respondents identified finance as crucial to the success of their
operations. From the product fabricators to users, everyone needed work-
ing capital to purchase raw materials and cover initial operating and run-
ning costs. A further financial constraint is the high and rising cost of
engines. Three and five horsepower electric motors now cost up to 10 times
more than in the 1970s and diesel engines are even more expensive, For the
smali-scale industrialist, such costs are a serious disadvantage. Similarly,
the cost of cassava has risen also. Women normally buy the cassava plants
on the farms and later uproct them for gari. A single cassava ste that used
to cost 1 naira today sells at between 1.50 and 2 nairas. The high cost of
cassava reduces the profit of women processors drastically, and raises the
price of gari. As early as 1987, 1kg of gari cost about 70k, but today the
same weight costs 3.50 nairas.

Cassava supply

For the grater operators and processors a major bottleneck has been inade-
quate back-up supply of cassava. This is due to problems such as low yields
per hectare. crop disease and transport difficulties.

Lack of inputs

Metalworkers complain about lack of necessary inputs of, for example, flat
sheets. Uf gari production is to be increased then such bottlenecks must be
removed. Nigeria could even begin to make motor engines.
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Lack of knowledge and skills

Lack of managerial skills constitutes a bottleneck for producers and oper-
ators because the majority have had little or no formal training. Also,
fabricators have madequate knowledge of sclection of materials and of
possible aliernative matenals, such as plastics. Some fabricators were
found to be using imappropriate metals and toxic paints. A few makers
thought of using aluminium but lacked the necessary handling skills and
cquipment. There is a lack of linkage between academic and research
institutions and the local artisan or technical entrepreneur operating in the
informal sector. Local artisans cannot improve or upgrade their skills in-
dependently as they lack both theoretical knowledge and contacts with
scientific establishments.

Technical problems

A technical constraint acted by all the machine operators is the short life-
span of the grater plate, which needs replacing every two {o three weeks.
The replacement cost is about 50 nairas per plate, which sometimes drives
producers to make their own plates from inferior materials. The graters
themselves are not very rugged and ‘fall apart earlier than expected’. A
number of operators were seen cupporting their ‘shaking’ graters with
pieces of metal or wood.

A furnther techmical problem is the highly corrosive nature of the grater
plate, which women believe can be hazardous to life. Generally, metal-
workers use iron. which is not toxic but which looks unsightly when cor-
roded and discourages potential buyers and users. Lack of metallurgical
knowledge sometimes ieads grater producers to match anodes with cath-
odes which accelerates corrosion. Metaiworkers are aware that corrosion-
resistant materials such as stainless steel can be used for the grater plate,
but neither they nor their customers can afford it.

Socio-political considerations
There have been a number of socio-political factors which have influenced
the development and diffusion of cassava graters. For example, the current
ban on imported flour and rice has given a boost to gari production. Most
people now depend on gari and entrepreneurs are seizing the opportunity
and demanding more graters.

However, national economic problems and Structural Adjustment Pro-
gramme measures have had serious repercussions on the cost and main-
tenance of grating machines. Prices have risen and small-scale producers
are no longer able to purchase this equipment. Women are particularly
affect~d as they have less access to capital of their own. They are losing
more control over cassava grating as men purchase the equipment and
employ women to work for wages.
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Conclusion

The cassava grater developed from its main users — vwomen. Grating has
evolved through three basic stages of devewopment: traditional manual, semi-
mechanized and fullvamechanized. At cach stage, user inpul has been critical
tor modification and diffusion, Graters developed by the mformal engineer-
g sector have been more successful in terms of diffusion and market
acceptability than those developed in the formal engineering sector.

Informal sector graters have some basic defects due to lack of basic scientific
knowledge of metalworkers. Critical among these shoricomings are lack of
knowledge of alternative fabrication materials, lack of technical skills to handie
alternative matenals, and lack of general business and managerial skills.

Artisans need to link up with research institutions of professional
engincers in order to upgrade their basic skills and increase their output.
The present socio-ccononce situation in Nigeria is forcing up the cost of
ail materials used in grater production, so that graters are becoming more
wxpensive. Usually only men can afford to buy graters, giving them con-
trol of predominantly women's work, and consequently creating gender
conflicts. Women need credit facilivies to enable them to purchase equip-
ment necessary to thesr areas of werk.

Policy recomumendations

Government

The Nigertan government necds 1o create socio-economic and pohiticai
environments conducive to indigenous imnovation and local entrepreneur-
ship, Where s bgenous capability has been demonstrated {(as in the de-
velopment of cassava graters), government should ban the importation of
competitive goods such as hammer mills. Local artisans should be organ-
ieed nte viable co-operatives and provided with the necessary capital to
undertake larger-scale baich processing. Instead of pumiping all research
funds irtoe R&D insttutions with little success, the government should
carmark a proporiion of sueh funds as venture capital for local co-
operatives. The government should also encourage all R&D institutions to
adopt some local artian co-operatives as partners. In this way, the artisans
will have access to botiv the money and technical skills in manufacturing
and markeung while the parent insdtution undertakes the monitoring of
atlocated funds. There i3 also the need to identify and encourage inventive-
ness. The government should create a forum for all inventors and call it
Eeventor's Bay. Deserving creators could be identified and honoured in
order to stimutate creativity amongst Nigonan citizens.

Hessargre b insiitutioess
There s a need o create new institulions such as the Nattonal Innovation
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and Entrepreneurship Board (NIEB). This is a haison department that
tzkes prototype/innovations, finds entrepreneurs for them and gives ven-
ture capital to these entrepreneurs. A positive policy in this direction
would be to identify the innovations, pull them out. package them and sell
them on to entrepreneurs,

Government should adopt appropriate measures to support companies
and institutions. It is better to start with what is possible and to worry about
the impossible later. In this sense it may be necessary to re-structure exist-
ing institutions or firms by giving them new know-how, instead of develop-
ing new companies.

Special recognition for women

Current government efforts to help women do not touch the grass roots —
the very poor women who are really in need of help. From this study, it
became apparent that women have the capacity and are keenly interested
in owning food-processing equipment of any type. Most women are already
organized into associations with able leadership. These women should be
assessed and given venture capital to purchase equipment which would
give them control over their work. Such investment would also raise the
quahty of their lives and those of their families.

Building of communicative linkages
Special attention should be paid to the building of communicative linkages
between different groups and institutions. An arm of the Ministryy of
Science and Technology should be put in charge to ensure that effective co-
ordination exists between all engineering institutions, research institutes
and the engineering sectors. Research institutions should endeavour to
improve communication between the formal scientific and the informal
engineering sectors, and should improve communicaiion to users of the
innovations as well. For example, research institutes could organize
periodic tours for their project personnel, researchers or students. Finished
or on-going projects could be inspected, problem areas identified and sug-
gestions for improvements made. This study has led to two metallurgical
engineering students from Obafemi Awolowo University linking up with
local cassava grater fabricators in order to identify bottlenecks and suggest
improvements.

To help the consumer, the government can organize mini-trade fairs
based in rural areas where new technologies are displayed and operated.

Alternative raw materials/upgrading of local skilfs

It is strongly recommended that metallurgical and materials engineers,
mechanical engineers and polymer scientists link up with informal sector
engineers. This wouid help education about the use of alternative fabrica-
tion materials and techniques. For instance, it is possible that irstead of

95




toxically painted iron hoppers for the grater, local artisans could use
aluminium instead, or even plastic. If the parts for the grater are standard-
ized, the plastic companies or aluminium extrusion companies can be con-
tacted to produce the hoopers on a large scale for this sector.

For more durable grater sheets, it was suggested that metalworkers be
provided with heat treatment facilities and be taught surface hardening of
mild steel by iantroducing carbon and/or nitrogen. The engineers in the
informal sector expressed great desire collaboration that will help them
acquire new skills and reduce the costs of their production.
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Asia




a .

ASIA —- Regional overview

RAKESH BASANT

Background

Four papers were prepared for the Asia region. These covered five diverse
technologies: blacksmithy in Bangladesh; a buliock-drawn multipurpose
tool bar in Gujarat, India; artificial fishing reef and bait in Kerala, India;
and micro-hydro power in Nepal. Case studies from India and Nepal focus
on specific technologies and analyse the processes which characterized the
generation, adaptation and diffusion of these technologies over a pericd of
time. These studies also evaluate the socio-economic benefits of the tech-
nologies. The case study from Bangladesh has a somewhat broader focus. It
attempts to compare the socio-economic and technical characteristics of
‘more popular’ and ‘less popular’ blacksmiths. On the basis of this com-
parison, the study assesses the possibilities of transfer of knowledge from
the 'rore popular’ artisans to ‘less popular’ ones.

Perspective

All the swudies share the broad perspective that development in most
developing countries has resulted in the marginalization of local know-
ledge and innovations. In fact, indigenous knowledge is often unknown
to, or ignored by, policy makers and development workers seeking solu-
tions to rural problems. While many successful innovations are based on
indigenous knowledge, some technologies are not accepted because they
do not fit in with local knowledge. Ali the studies of the Asia region
recognize the need to study local innovations to identify their socio-
economic and technical elements. These can be incorporated both in
research undertaken by the formal R&D sector and i the formulation of
development strategies.

Evolution, learning process and motivatiois

The case studies from Nepal and India provide a detailed account of how

DR R. BASANT (India) works at the Gujarat Institute of Area Planning. Areas of
research: agricuitural technology, agricultural iabour markets and the rural
non-farm sector.
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the technologies evolved over time. The documentation highlights two
basic features of the processes of local innovation:

1 iInnovation is a process in which the users and innovators of technology
continuously adapt and modify to suit local conditions and to improve
efficiency

%~ The changes embodied in the adaptation/modification undertaken
locally are incremental in nature and do not represent quantum leaps
forward. Local innovations develop and diffuse slowly but steadily through

a trial-and-error process.

The interaction among users and makers (producers or innovators) of
products under study provided a major impetus for the development, adap-
tation and diffusion of the technologies. Such an interaction continuously
transmitied users’ experience to the fabricators. In most cases, the fabrica-
tors respond to the needs/problems of local users and introduce changes in
the technologies. Therefore, the adaptation/modification process is largely
demand-induced.

In the case of blacksmithy, the tool bar and the improved ghatta ‘users’
and ‘makers’ were two separate entities. In the case of the artificial reef and
bait, ‘learning-by-using’ and ‘learning-by-doing’ was embodied in the same
set of individuals, the fishermen. Thus, the interface between learning-by-
doing on the part of makers (fabricators) and learning-by-using on the part
of users provided the impetus for the development and the widespread use
of the technologies under study. In this sense, the case studies provide
instances not only of useful local innovations but also of ‘horizontal” diffu-
sion of these innovations. ‘

The role of formal R&D in the development and diffusion of the tech-
nologies under study was insignificant. In fact, technical personnel particip-
ated in the innovation process to a limited extent only in the case of the
tool bar and the improved ghatta. The linkages between the scientific
community and the fishermen making artificial reefs are beginning to
develop only now.

The motivating factors in all the cases were largely internal to the
system. The innovation of artificial fishing reefs and baiis was interpreted
as a survival strategy. Trawler fishing on the Kerala coast resuited in the
destruction of natural reefs which in turn adversely affected the catch of
artisanal fishermen. Experiments with artificial reefs and bait were essen-
tial stratemes to curvive.

The issue of survival was not explicitly relevant in the other cases. The
technical superiority of products of the more popular blacksmith could not
be attributed to his conscicus efforts to retain his competitiveness in a shrink-
ing market. Similarly, there was no immediate threat to the survival of
fabricators and users of the tool bar and the improved ghatta. These two
innovations highlight the continuous quest to improve and adapt exisiing

100




technologies to suit changing socio-economic and ecological conditions. The
tool bar and the improved ghatta have another interesting feature in
common. Both represent improvement in old technologies in response to the
introduction of changes, such as the use of iron implements, tractor-drawn
implements and turbines. Significantly, both the tooi bar and improved
ghatta mcorporate some eclements of these changes. Innovations in these
case studies aiso responded to the increasing and diversified needs of the
pecple, i.e. the need for flexible tools for different operations in the case of
the tool bar and the growing need for processing, irrigation and electricity in
the case of the improved ghatta.

The symbiotic interaction with new technologies is also evident in the
case of artificial reef and bait. The fishermen have been experimenting
continuously with non-indigenous materials such as cement pipes, old tyres
and synthetic fibre. The innovations from Nepal and India represent non-
conservative situations where local people are continuously trying to im-
prove local technologies.

Secio-economic benefits

innovations have wide-ranging socio-econo.aic benefits. The technologies
are viable not only in purely economic terms, they are also ecologically
sustainable. Moreover, they utilize locally available materials and skills.
The innovations help upgrade local skills and thereby develop local tech-
nelogical capability. The development of local technological capability was
most sharply brought out in the cases of the tool bar and the improved
ghatta.

Policy issues

The Asia case studies underline the need to recognize peoples’ technology
on the same footing as research undertaken by formal R&D. The need is to
strengthen indigenous technology systems by combining local experience
with scientific knowiedge through linkages with the formal R&D systems.
It was recognized, however, that developing, nurturing and sirengthening
these linkages is an extremely complex and difficult task. Among other
things, it requires a reorientation of the values of the scientific community,
policy makers and development workers.

The case studies suggest a variety of ways in which a beginning can be
made. The implementation of subsidy schemes provided the platform for
interaction between local producers/fabricators and formal R&D personnel.
A similar interaction was facilitated by a bank (ADB) and two voluntary
agencies (ITDG, GATE) in the case of the improved ghatta. These agencies
also helped development of the improved ghatta in a variety of other ways
such as arranging credit and organizing training programmes. The initiative
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to develop such linkages in the case of artificial reefs came from a local NGO
which helps to organize fishing communities into co-operatives and village
groups. This NGO has been working with the community for a long time and
has participated in various struggles of the fishermen. Therefare, the link
between the NGO and the fishing community is not only technical but has
also other dimensions which make the NGO part of the community.

The Bangladesh study envisages developing linkages and interaction
through a training programme where more popular and better skilled
blacksmiths will transfer their knowledge to other blacksmiths. The formal
R&D and the scientific community wili facilitate this process and make
efforts to upgrade the skills of the artisans through involvement in these
pProgrammes.

Obviously, there is not simplv one way of developing linkages between
the formal and the informal technology systems. Linkages have to evolve
on the basis of the conditions prevailing in a specific region. For exampie,
the role of credit and subsidy systems may be quite important in some
regions, as in the cases of the improved ghatta, tool bar and blacksmithy.
The need to organize producers/users in the form of a co-operative village
group or union may be a more important prerequisite in other situations,
such as artificial fishing reef. Once the relevance of indigenous innovation
is recognized, the institutional support needed to nurture indigenous inno-
vation processes will evolve over time.
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Farmers, fabricators and formal R&D — the pipe
frame multipurpose tool bar in Gujarat, India

RAKESH BASANT

Introduction

Many of the earliest improvements in farm .o0ls are made by users them-
selves or by local artisans in response to user needs. The interaction
between farmers and local fabricators/repairers of agricultural imple-
ments results in a low of information from the former to the latter. Users’
experience is continuously transmitted to the fabricators. At times, this
information takes the form of specific problems with particular imple-
ments but it can relate to problems of farming in general. Specific prot -
lems need to be solved immediately and the tocal fabricators usually find
short-term solutions. Some long-term solutions also emerge over time.
The farmer-fabricator interaction is often the major source of adaptive
improvements in agro-mechanical technology.

The nature of agriculture and agro-climatic conditions differ considerably
across regions. Therefore, the innovation and adaptation activities carried
out by local fabricators gain added significance as they can contribute signifi-
cantly 1o the diffusion process. Unfortunately, formal R&D normatly works
in isolation, within the confines of laboratories and test stations. Its inter-
action with local fabricators and use-s is insignificant.

Most studies on technological cnange in agriculture emphasize the
‘transfer’ of technology and de-emphasize or exclude the informal research
within agricultural production systems. This focus on ‘centre-periphery’
information and technology flows undermines an equally or even more
important process of horizontal transfers of knowledge.

This paper examines the development and adaptation in the pipe-frame
multipurpose tool bar during 1960-88 in the Saurashtra region of Gujarat
state of India. The paper seeks to highlight the contribution of local sup-
pliers (fabricators) and users (farmers) and the restricted role of formal
R&D in upgrading agro-mechanical technology.

Attempts at developing appropriate animal-drawn mulitipurpose wheeled
tool carriers have been largely unsuccessful in the Third World. The
Saurashtra tool bar probably provides the only case of popular animal-drawn
multipurpose equipment.

DR K. BASANT {India) works at the Gujarat Institute of Area Planning. Areas of
research: agricultural technology, agricultural labour markets and the rural
non-farm sector,
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Evolution of the tool bar

The Saurashtra region is located in the western part of Gujarat state and
consists of Junagadh, Amreli, Bhavnagar, Surendranagar, Rajkot and
 Jamnaga- districts. These districts occupy an area of 64,000 sq km which
- includes about 33 per cent of the geographical area of Gujarat state.
According to the 1981 census, more than two million people (male and
female) were cultivating in the Saurashtra region, either as self-employed
farmers or as hired agricultural labourers. These people use four basic
kinds of bullock-drawn agricultural implements:

1 A local plough is used for primary tillage;

2 Singie straight-blade harrows are used for primary/secondary tillage,
interculturing of widely spaced crops such as pearl millet, cotton and
castor, harvesting of groundnuts and covering of seeds immediately after
sowing. Harrows used for different operations/crops differ in size and
weight.

3 Twin straight-blade hoe/harrows are used only for interculturing of
crops such as groundnuts, cotton, wheat, millet and castor. Two rows can
be intercultured simultaneously with this implement.

4 Sced-drills with two, three, four or five coulters are used depending on
the row-to-row spacing for different crops.

One of the major drawbac's of traditional bullock-drawn implements is
that cach has its own body a: d beam in addition to its working parts. The
farmer has to buy two pieces of hardware in order to perform one new task.
Within a region like Saurashtra, the inter-row distance varies according to
the crop. Farmers keep seed-drills with different distances between coulters
for different crops. Different blade hoes and harrows are maintained also.

The number of implements possessed by a farmer depends upon his
capacity to invest. This is determined mainly by the size of his farm, crop-
ping patterns and the extent of irrigation. The number of implements
owned may be one in the case of a plough, one to three in the case of single
straight-blade harrows and seed-drills and one to five in the case of twin
straight-blade harrows. Not all farmers can afford to maintain a large num-
ber of seed-drills, blade hoes and harrows.

Over ume, with the introduction of the new seed varieties, irrigation and
the use of chemical fertilizers, the distance between crop rows has changed.
Changes in agro-climatic conditions have also necessitated changes in the
distance between rows. In addition, as plants grow, blade hoes/harrows of
smaller sizes are required to interculture the crop. If targe blade hoes are
used, the crop may become damaged. In commercialized agriculture such
darnage is serious and oil seeds are an important crop in Saurashtra. Main-
tenance of many implements of different sizes has become increasingly
difficult. due to the rise in the cost of wood.
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The purchase of new seed-drills, blade hoes and other tools necessitated
by changes in conditions of production has another dimension. Since the
specifications of one implement are often determined by the specification
of other equipment in use, the introduction of new tools can disrupt a
farmer's overall implement collecti>n. For example, the size of the blade
hoe used for interculiivation is determined by the distance between crop
rows, i.e. by the size of the seed-drill. If the size specification of a new
implement is radically different from the one it is gning 10 replace, its
introduction can upset the relationship between var.cus implements a
farmer is using. In this case, the farmer may have to chauge the whole set of
implements. rather than adding a single one. Fabricators in different parts
of Gujarat have devised various modifications in agric altural imp’ements to
solve this problem. The multipurpose tool bar also ofiers a solution.

Tool bar design

In the early 1960s, four rural artisans located in four different districts of
Saurashtra (Surendranagar, Jamnagar, Rajkot and Amreli} designed and
fabricated multipurpose implements of a roughly similar design. These
could replace some of the implements farmers need, mainly some types of
tsiade harrows and seed-drills. The designs for the multipurpose tool were
close to the traditional designs of implements they would replace. Apart
from the improved implements being multipurpose, the major difference
was that headpieces are made of iron and not wood. All except one artisan
had us.d a galvanized iron (G.1.) pipe for the headpiece (frame). These
artisans applied almost simultaneously in 1965 to the Department of Agri-
culture, Government of Gujarat for their implements to be recognized for
the subsidy schemes.

The implement designs for the multipurpose tool were found to be crude
and the headpieces very heavy. The designs also did not have adequate
provision to change the depth of ploughing/sowing. In the first round, these
implements were denied recognition by the Department of Agriculture.
However, scientists at the Research, Testing and Training Centre (Agri-
cuitural Engineering), Junagadh, saw possibilities in the designs and decided
to guide the artisans to modify and improve their multipurpose implements.

Meanwhile, an artisan from another part of Saurashtra approached the
Department of Agriculture for subsidy on a similar impiement. The scien-
tists suggested the use of three-inch G.I. pipe for the headpiece and some
other minor modifications. By 1968, all five artisans had adopted these
modifications and their designs had become popular in various parts of the
Saurashtra region. The implements were recognized for subsidy.

Many other fabricators in the region were fabricating tool bars as well
although they had not approached the Department of Agriculture for sub-
sidy. Six out of 32 artisans interviewed for this study have been fabricating
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a tool bar since the mid-1960s. By 1969, the number of artisans fabricating
this implement had increased from 4 to 40 and some 1,000 farmers had
purchased one.

The Junagadh Centre gave wide publicity to the new implement through the
media and public demonstrations. Tool bars were sent to all the agricultural
rescarch centres of the Gujarat Agricultural University in different agro-
climatic zones of Gujarat. The District Agricultural Officers and Taluka
Development Officers were also informed. All these efforis generated a lot of
discussion and provided feedback {or further modifications and improvements.

Quite independently of the Junagadh Centre and in response to local
farmers’ needs. fabricators made 2 variety of modifications in the tool bar
during the 1970s. These modifications aimed at reducing the tool bar’s
weight, required draft, friction and vibration and at improving the flexi-
bility of the implement to suit builocks of various sizes, soil conditions and
cropping patterns. Significantly, similar adjustments were made in all parts
of Saurashtra. Recently, many artisans in the Saurashtra region have
designed new coulters which can be fitted in the tool bar to use it as a seed-
fertitizer drill. Coulters have also been designed for top dressing, te. to
apply chemical fertilizers along crop rows.

In the late 1970s additional funds were made available for the subsidy
schemes from the Qilseeds Development Programme. A large share of
these additional funds were allocated to Saurashtra, as it is an important
oilseed region. A committee formed by the Department of Agriculture
discovered that the tool bar was one of the most popular improved agri-
cuitural implements.

The tool bar has five main parts:

the frame or headpiece:

the beam:

the coulters used for sowing;

the iron prong or stem which is fixed in the frame and in which the
blade i« fixed: and

5§ the blade.

o e b e

Fabricators in the Saurashtra region have modified all of the five parts.

The headpiece frame

A varicty of changes have been made in the headpiece. According to some
fabricators, the first version of the tool bar was actualily an iron version of
the traditional {wooden) seed-drill. While some used iron channels. others
used four-tnch gaivanized iron (G.1.) pipe 1o make the frame of the seed-
drill. The farmers found the iron seed-drill heavy and difficuit to man-
ocuvre. The subsequent changes in the headpiece were introduced mainly
to reducs the weight of the impicment without adversely affecting its stur-
diness and durabiiity and to make the implement multipurpose.

107




The size of pipe used to fabricate the headpiece has undergone a series
of changes. Channels are not used any more to fabricaic the frame. The
size of the pipe has been gradually reduced from four inches to two-and-
a-nalf inches. While somc fabricators still prefer a G 1. pipe of three inches
diameter, some others have adopted a two-inch pipe for light soils. At the
moment. a pipe of two-and-a-half inches is most popular.

The number of holes in the pipe has been increased from about 13 to 27.
This makes the tool bar more muitipurpose because the farmer can sow
and mterculture a larger number of crops with different inter-row dis-
tances. He can also introduce more changes in the distance between crop
rows without chraging the tool bar. In most cases, the number of holes is
no more than twenty. The fabricators and farmers are normally not in
favour of increasing the number of hole- beyond 20 because of the fear that
the structure of the implement will weaken.

Initially. the holes made in the headpiece to fix couiters and blades were
rovnd. Almost all fabricators now make rectariguiar holes. This change has
been made mainly to reduce fnction and vibration in the implement.

‘The headpiecs is now made in three to nine parts. This modification has
been introduced to incorporate additional implements in the tool bar such
as the large harrow {Dhundia). The other reason for making this change
was 1o reduce the weight of the tool bar. at least for those operations where
the headpiece of {ull length is not required In certain operations such as
interculiure. the long frame used to cause damage to crops. A frame w
headpiece m three to five pieces is most popular. The farmers and fabri-
cators prefer fewer joints because it reduces vibration and friction and is
easier to handle.

the beam

Two main changes have been made in the beam. In the beginning, a
wooden beam was used in the tool bar. Subsequently a G.1. pipe of one-
and-a-half inches diameter was used as the beam. The farmers found it
heavy. The beam is now made in three paris using pipes of three sizes. The
most commonly vsed sizes are one-and-a-half inches, one inch and three-
quariers of an mnch. On average, the length of the beam is about 10 feet but
is adjusted according to the size of the bullocks so that the feet of the
butlocks do not get hurt.

In earlier versions of the tool bar, the beam was welded to the frame
(headpiece}. Consequently, the farmers could not adjust the depth of work.
The beam 1s now fixed with the help of clamps, nuts and bolts. The depth of
harrowing or sowing can be adjusted easily now.

The coulters
The coulters are fitted to the frame for sowing purposes. Initially the coul-
ters were fitted on to the headpiece with the help of iron pieces (phachar).
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This was as in traditional wooden implements where the wooden pieces
were used to fit the coulters on the wooden frame. Now the coulters are
fitted with nuts and bolts. The coulters fitted in this fashion are more stable
and reduce triction and vibration,

The fabricators have designed special couliers to apply basal doses of
chemical fertbizers, In one version, sowing and application of fertilizers is
done simuliancousty (a coulter with two holes) as two seeding funnels are
tied 1o the frame. The other version s used to apply chemical fertilizers
before sowing seeds. This coulter 15 also used sometimes {or top-dressing
where the fertilizer is apphed along crop rows. The use of the tool bar to
apply chemical fertidizers is relatively recent and not very popular as yet.

Stenvprong
As with coulters, stems are also fitted to the frame with the help of nuts and
bolts. A special type of stem s designed to keep the headpiece above the
ground. This design reduces the required draft and is useful in harvesting
aroundnuts,

Blades
4 T-shaped blade has been designed 1o be fitted to the frame. This blade
can be used very close to the crop rows without causing any damage. This
design s simifar o the design of the blade made in the Kheda region of
Cujarat.

fn addition, the fabricators have designed a vanety of new implements
which can be attached to the tool bar. Some fabricators have also made
tines to convert the tool bar into a cultivator. An attachment has been
designed also for bunding and ridging.

Standardization
Tool bars made m different regions and by different artisans were not of
uniform guality and a wide range of designs and specifications were pre-
valent. Freld tests in different parts of Saurashtra were organized i con-
sultatton with fabricators and farmers. An atlempt was made (o
standardize the design and specifications of the tool bar for the Saurashtra
region. Subsidy was (and s} provided only to those artisans who use this
standardized design. The price for this design was fixed at 750 rupees.
Opinions. are divided on the validity of this standardization procedure.
Ofticials of the Department of Agriculture claim that the design and speci-
fications are flexible enough to take care of vanations in the quality of soil
fespectally its monsture contenty and the cropping patterns. Some artisans
and farmers argue for more flexibility due to wide inter-regional vanaticus
i the agro-climatic conditions in the Saurashira region. At the district
fevel, where the subsidv claims are processed, the officials are not par
treudarty strict abouwt the standardized design. As a resull, slightly modified
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1 The tool bar with the beam showing
attachments of tines used with the seed-drill for
sowing; 2, 3, 5, 6 harrows of various sizes;

4 blades of different sizes used for
inter-cultivation; 7 tiller; 8 stirring plough;

a mould-board plough; 10 ridger; 11 bundformer
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versions of the standardized design are sold under subsidy. Many artisans
also make other versions of the tool bar which are sold in the free market.
Three main versions of the tool bar are now used:

1 A single-piece pipe frame multipurpose tool bar which could be used as
blade harrows and seed-drills. The unsubsidized 1988 price of this version
of the implement was 750-800 rupees. In all, it replaces eight traditional
impiements which would cost about 1,375 rupees if bought separately.
2 A multiple-piece pipe frame implement which can replace all the tra-
ditional bullock-drawn implements (plough, all types of harrows and seed-
driils). In addition to the eight implements . zplaced by the above version,
this can replace the plough and Dhundia (harrow) as well. Its price is about
1,200 rupees which is much lower than the total cost of all the traditional
implements bought separately (1,750 rupees).
3 A multiple-piece pipe frame implement which in addition io the tra-
ditional implements noted above can be converted into some improved
agricultural implements such as ridgers, mouldboard ploughs, Baroda hoes
(cultivator) and bundformers. The price of this version is 1,500-1,700
rupees. If bought separately, these modern implements can cost approx-
imately 300-350 rupees each in the Saurashtra region.

The first two versions of the tool bar (or a combination of both) are
extremely popular in Saurashtra. The adoption of the third version is, to
date, extremely limited.

Table 1 Average price of traditional bullock-drawn implements in
Saurashtra region, 1987

name of the implement average price
{Rs.)
1 traditional plough 250
2 single straight-biade harrows {without blade):
Kaiia 175
Dhundia 125
Rapat 150
3 twin straight-blade harrows/hoes (without blade)
Bela 175
Beli 150
4 seed-drills {without seed bowl and seed tubes)
Dantal/Vavania 200

The popularity of the tool bar can be gauged by the fact that, out of 735
improved agricultural implements recognized and registered in Gujarat for
the subsidy schemes by the Department of Agriculture during 1965-88, 236
(which is 32 per cent) were various versions of the tool bar. Since the
designs are not patented these versions are either similar or of exactly the
same specifications.
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The tool bar is fabricated in all parts of the Saurashtra region and seems
to be most popular in the Rajkot, Amreli and Bhavnagar districts. Many of
the fabricators contacted by us reported that farmers from other districts
also purchase their tool bars.

Yable 2 Distribution of recognized fabricators by districts: March 1989

district no. of per cent no. per 1 000
fabricators farmers
Rajkot 62 26.3 0.31
Surendranagar 21 89 .20
Junagadh 31 13.1 0.13
Amreli 53 225 0.33
Jamnagar 17 7.2 o1
Bhavnagar 52 22 0.28
Saurashtra 236 100 0.23

Source: Gujarat Agro-Industries Corporation Ltd. Ahmedabad

The spread of the tool bar has been limited to the Saurashira region and
has not been adopted in the rest of Gujarat. The reasons probably lie in the
agro-climatic conditions and the cropping pattern of the Saurashtra region
which are significantly different. There is some evidence to suggest that the
tool bar was not found to be suitable in irrigated areas of Kutch and central
Gujarat and in the heavy black soils of South Gujarat. Some efforts were
made to adapt the tool bar to the agro-climatic conditions of othe: parts of
Gujarat but these versions have not become popuiar.

While reasons for the non-adoption of the tool bar in other parts of
Gujarat need to be probed further, the fact remains that the bar is one of the
most popular pieces of bullock-drawn equipment in Gujarat state. The tool
bar can be fabricated and repaired by local artisans, with locally available
materials. However, some mechanized fabrication facilities are required.

All the fabricators contacted by us owned grinding, drilling and welding
machines. A large number of them also owned a lathe, hack saw, power
press and cutters. Such facilities are not normally available to village
artisans. Fabricators having access to these facilities are usually located in
large villages or towns. It is possible that some fabricators have not
approached the Department of Agriculture for subsidy because they do not
have adequate fabrication facilities to meet standards prescribed by the
department. Some fabricators invest in cquipment as a response to the
introduction of such schemes.

Field tests indicate that, compared to its traditional substitutes, the tool
bar is lighter, requires less draft and is more efficient and superior to terms
of seed-rate, plant spacing, and quality of work. Not all farmers and
artisans, however, are convinced about the higher efficiency of the tool bar,
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though most of them agree that it requires less effort. The major factor
contributing to the popularity of the tool bar is its cost advantage. All
respondents interviewed by us agreed that it is less costly both in terms of
the initial investment, and repair and maintenance costs. The equipment is
multipurpose, and, if adopted fully, can replace 10 traditional and three
improved implements. The cost advantages become even more significant
when the farmer is eligible for subsidy. Under the present scheme all
scheduied caste and scheduled tribe farmers (socially backward farmers)
are entitled to a 90 per cent subsidy on the tool bar. (The total amount
should not exceed 500 rupees.) Small and marginal farmers, with land
holdings of less than three hectares, are entitled to a 50 per cent subsidy
aisc subject to the limit of 500 rupees.

While the subsidy adds to the price advantage of the tool bar over
traditional implements, it is almost impossible to isolate the impact of the
government subsidy on the diffusion/adaptation process. However, it is
certain that the subsidy scheme has contnbuted significantly to this process.

Almost all the fabricators contacted by us had introduced the tool bar in
the market before they were recognized for subsidy. However, five out of
32 said that they had started the fabrication of the tool bar in anticipation
of being recognized for subsidy. More than 80 per cent of the 236 registered
units were registered with the Department of Agriculture in the early
1980s, after the subsidy schemes was revived. While the cost advantage and
the durability of the implement were quite attractive even without the
subsidy, smaller farmers have been able te acquire the equipment far more
easily under the subsidy scheme.

The tool bar’s detachability/attachability feature permits farmers to
adopt attachments in stages. Once a farmer buys the pipe frame (head-
piece}, the choice of accessories/attachments is left to him and he can
stagger his investment. This feature provides a lot of flexibility to the
farmer in terms of time-phased investment decisions.

Overall, the tool bar has a decisive price advantage over the traditional
implements it substitutes due to its relatively low initial cost, longer life,
low maintenance costs, multipurpose nature and higher efficiency. The
subsidy has added to this cost advantage. However, over the years, the
sales of the too! bar have not been stable. The number of pieces sold per
year by artisans contacted varies a great deal. While some reported that
they sell 30-35 pieces per vear, others claimed annual sales of 800 to 1,200.
The availability of subsidies may raise or stabilize sales, but a bad monsoon
has adverse effects.

impact of the tool bar

1t is difficult to assess the full impact of the introduction and widespread
use of the tool bar. A few observations may be made:
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1 Changes in occupational pattern: Large-scale use of the tool bar is likely
to reduce the need for wooden bullock-drawn implements. Under these
circumstances, some carpenters primarily engaged in the fabrication of agri-
cultural implements may diversify 1o other carpentry-related work such as
construction. Some other carpente: households may shift to blacksmithy and
other occupations. Eight of the 32 fabricators interviewed by us reported that
either they or their forefathers had been engaged in carpentry work.

The fabrication of the tool bar requires the availability of some mecha-
nized fabrication facilities. Not all artisans, however, are able to acquire
these facilities. Those who cannot may need to shift to other occupations.
Changing market conditions also affect the artisans’ production versus repair
activities. The relative importance of the latter is likely to increase for those
artisans who are not able to acquire mechanized fabrication facilities.

2  Local technological capability: Widespread use of the tool bar has en-
couraged some artisans to acquire mechanized fabrication facilities. The
introduction of the government subsidy on the tool bar also encouraged
some fabricators to invest in such facilities. Others who already had such
facilities have diversified into the production of the tool bar. The diffusion
of the tool bar has contributed both to upgrading production technology
and to intra-enterprise diffusion of fabrication facilities. The diffusion of
the tool bar has therefore contributed to the wider availability of fabrica-
tion equipment. Diffusion has improved the technological capacity of local
workshops with respect to the new technologies. Many of the fabricators
interviewed by us have diversified into the production and repair of tractor-
drawn and other mechanical equipment.

3 The pace of mechanization in agriculture: The emergence of improved
bullock-drawn implements (mainly for harrowing, sowing and applying
chemical fertilizers) has retarded the adoption of tractor-drawn equipment.
The use of the multipurpose tool bar does not affect the magnitude and
nature of labour utilization in agriculture. Diffusion of the tool bar has not
resulted inn any change in the composition of farm labour. However, insofar
as the widespread use of the tool bar has slowed down the process of
mechanization, displacement of labour is likely to be less.

4 Agricultural productivity: Agro-mechanical technology does not affect
vields directly. Yields associated with different techniques are variable and
depend on factors such as the use of other agricultural inputs, agro-climatic
conditions and the timing of agricultural operations. The widespread use of the
tool bar can contribute to improvements in agriculiural productivity in two
ways. Since the purchase of the tool bar involves less capital investment and
maintenance and repair costs, its adoption can release funds for other yield-
raising agricultural inputs such as HYV seeds and chemical fertilizers. Also, as
the tool bar is now used increasingly as a seed-fertilizer drill, the spacing and
the depth of fertilizer application is better controlled. Consequently, the effi-
ciency of fertilizer use and its yield response is likely to increase.
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The process of tool bar innovation and its widespread adoption has given
rise to a variety of external linkages. The most important among these are
communications between farmers, fabricators and formal R&D personnel.

Participants and the learning process

Apart from farmers and f{abricators, some formal R&D personnel were
actively involved in the design and development of the tool bar. The farmers’
interest was mainly to reduce the investment they need to incur on the
purchase of agricultural implements and their maintenance. Most of the
fabricators became mvolved in the process of production and adaptation of
the tool bar because of farmer demand.

fingineers at the Junagadh Research Centre were mainly involved in this
work because of their own research interests and the conviction that the
tool bar is an extremely useful implement. The government-sponsored
subsidy schemes provided a forum where technically trained personnel
were required to undertake a technical assessment of the agricultural im-
plements and interact with the fabricators.

Local fabricators not only made the original design but also contributed
to further adapiations and diffusion of the tool bar. Modifications to the
tool bar were the result of a continuous interaction among local fabricators,
farmers and technical personnel. This interaction also provided useful
feedback and encouraged use of the local technological capability of local
farmers and fabricaiors. It needs to be emphasized that this interaction was
a consequence of the individuatl initiatives of the R&D personnel at the
Junagadh Centre and not of any institutionalized arrangements.

An analysis of the adaptations and modifications which the tool bar has
gone through over the years suggests that the changes embody solutions to
various problems encountered by the users. The original design of the tool
bar was meant to solve some of the problems faced by the farmers. Sub-
sequent modifications are incremental in nature, intended to make the tool
bar more multipurpose and flexible by adding adjustments for spacing,
depth and other operations. Although modifications are conditioned by
local technological capability, the changes are demand-induced.

Some R&D professionals have been in continuous contact with local
farmers and artisans to get repeated feedback on the implement. Quite
often the R&D peonle worked on ideas provided by local artisans. Contact
was not mstitutionalized but took place because a few enthusiastic profes-
sionals wanted to develop the linkages.

The imitation of popular designs by local artisans is cost-effective insofar
as the transfer of technology does not entail any costs. The issue of patents
becomes important in this context. Agricultural implements are not ade-
guately covered by the patents act. Consequently, an artisan can approach
the Department of Agriculture for a subsidy with a slightly modified
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version of an implement which has been recogaized already. In fact, many
artisans in Saurashtra have been granted subsidy for essentially the same
version of the multipurpose tool bar. The absence of any registration of the
implement designs under the patent act has facilitated the adaptation and
diffusion of the tool bar and consequently the transfer of knowledge.

Diffusion is good but the quality of the implement may suffer in the
process, as the quality of knowledge acquired by the imitator may not be as
good as that of the innovator. All fabricators insisted, though, that modi-
fications effected by them have to be approved by the farmers. Some of the
fabricators also have land and can test the impiement on their own farms.
Othar fabricators have farmer friends who use the modified or new imple-
ments on their farms and provide feedback. The tool bar was subjected to
similar informal field testing before it was sent for its field testing by the
Department of Agriculture.

The interface between learning-by-doing (at the level of fabricators) and
learning-by-using (at the level of farmers) has contributed significantly to
the design, adaptation and diffusion of the tool bar. Such a process of
learning has two broad dimensions: knowing how something works and
knowing why it works i way it does. These two stages signify two distinct
stages in the process of learning.

Farmer-fabricator interaction generates information flows not only
about technical problems relating to the innovations, but also about the
problems of the farmers. In this way the artisan’s knowledge of ‘users’ is
enhanced. In the case of the tool bar, concerned non-artisans have made
conscious efforts to understand problems and bridge the gap. The success
of their efforts illustrates the poteniial of professional involvement in the
innovation-adaptation-diffusion process.

The policy implications

The story of the too! bar brings into sharper focus the issue of centralized
and decentralized innovation-diffusion systems. The centralized {classical)
diffusion model has dominated the thinking of scholars and policy makers.
Classical diffusion theory fails to capture the complexity of relatively de-
centralized diffusion systems in which innovations originaic from numer-
ous sources and evolve as they diffuse.

This case study substantiates the argument that the diffusion process
does not consist primarily of centrally managed information dissemination.
The study points to an alternative mode! of diffusion, based on the concept
of decentralized horizontai diffusion of innovations among adopting units.
Decentralized. horizontal diffusion systems depend mainly on peer net-
works for transferring technical innovations amongst local level units.

Given the large iater-regional variations in agro-climatic and other con-
ditions of production, the process of adaptation in agricultural implements
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has to take place at a decentralized level. There is a need to strengthen
artisan-based fabrication networks and combine local experience and
scientific knowledge through linkages with the formal R&D systems. A
useful starting point for developing these linkages may be an assessment
and analysis by R&D personnel of the adaptations and modifications being
made at the local level. The absence of such linkages probably explains the
non-adoption of multi-purpose tooi carriers developed elsewhere.

The technical assessment of various improved agricultural implements in
the government subsidy schemes provides a forum for such an interaction.
However, such sporadic interaction may not be adequate to undzrstand the
underlying reasons behind the tinkering undertaken by farmers and
fabricators. More continuous interaction, such as the Junagadh Centre was
able to develop, is essentiai to reap the full benefit of the interface between
farmers, fabricators and formal R&D. These linkages should be institu-
tionalized. The initiative for this can come from the state, non-
governmental organizations, formal R&D networks or donor agencies.

The state subsidy scheines have contributed in a variety of ways to the
development and diffusion of the tool bar. There is a strong case for
subsidizing such implements, at least in the short run until sales stabilize.
However, present subsidy schemes are not utilized to develop linkages
between ‘formal’ and ‘informal’ R&D schemes. It may be useful for the
Department of Agriculture to monitor and assess the changes which are
introduced in the subsidized implements across regions and over time,
instead of acting only as a subsidy giving agency.

NGOs and donor agencies can contribute to this process by undertaking
funding projects with in-built requirements for developing such linkages. In
the long run, the most effective solution lies in the right kind of training for
R&D professionals. A curriculum which emphasizes the role of local know-
ledge in defining the ‘context’ of the so-called ‘scientific’ knowledge will go a
long way in developing these linkages. Once the beneficial effects of such
interaction are understood by R&D professionals, such linkages will grow
automatically.

Such interaction will be useful in several ways. It will help to identify
the essential technological elements of changes which can be generalized
(such as fabrication of the headpiece in three to five pieces). Such inter-
action will provide insights into the kind of know-how/know-why re-
quired to raise local technological capability to meet the local needs. Such
an assessment can ascertain whether know-how can suffice to provide the
required technological capacity. If so, do fabricators need to follow a
sequence of technological upgrading? Assessment can also identify types
of training that contribute to the process of innovation, adaptation, and
diffusion. Farmer-fabricater-R& D interaction will help to frame policies
to enhance local technological capability. This is the important factor
influencing the process of technology development and diffusion.
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Blacksmithy in Bangladesh

M. MAINUL HAQUE, M. NURUL ISLAM and
M. NAZRUL ISLAM

Introduction

In Bangladesh, biacksmithy is one of the traditional trades, with about
10.000 units. Some 91 per cent of these are located in rural areas, of which
20 per cent are in rural trade centres. Blacksmith units in Bangladesh
account for 4.8 per cent of gross output, 8.7 per cent of value added, 22.7
per cent of employment and only 1.4 per cent of fixed assets in the total
metalworking industries in the couniry. Among cottage-type metalworking
industries, blacksmiths play a very significant role, representing 41 per cent
of all units. 39 per cent of employment and 22 per cent of sales value.
Biacksmithy as & profession has an important bearing on the economy of
Bangladesh. Small-scale manufacturing as a whole contributes 50 per cent
of the manufacturing share of GDP.

Blacksmith uniis are spread widely but unevenly all over the country.
They make a wide variety of products. which can be classified according to
various uses:

land preparation (plough tip, spade etc.)

intercalture (hand hoee, rake etc.)

harvesting {sickle, curved knife}

household (knife, kitchen knife, dao, haisha etc.)

housing (carpentry tools, iron pin, angle frame etc.)
non-household (rickshaw body parts, trowet, hullar clamp etc.)

U b W e

Blacksmithy has a very important role in rural Bangladesh in view of its
linkages with a variety of other economic activities such as agriculture, and
housing.

The main objective of this study 1s to identify indigenous innovations in
blacksmithy in Bangiadesh. The study examines not only what influences
blacksmiths to work in blacksmithy, but aiso what inspires them to remain
within that profession. The report also looks at factors that help and hinder
the deveiopment and spread of blacksmithy products in Bangladesh.

The study was carried out in various geographical locations of the country
on the basis of concentration of blacksmith units and on reputation for good

DR M. HAQUE, DR N. iSLAM and DR N. ISLAM (Bangiadesh) work for the
Institute of Appropriate Technology, BUET, Dhaka..
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Table 1 Distribution of blacksmith units in Bangladesh

district na. of population arega no. of units no. of
units {sq km} per ten units per
thousand ten sq
population km
Dhaka 1038 100613731 7 46¢ 1.0 1.39 i
Mymensingh 432 6 568 474 § 668 6.7 6.46
Faridpur €92 4763 737 6 881 1514 1.00 v
Tangail 237 2 443 932 3403 1.0 0.69 Vi
Jamalpur 209 2 451 71S 3 349 0.9 0.62
Chittagong 598 5 491 330 7 455 1.9 [LR- 2
Noakhati 230 3816 020 5 459 0.6 0.42
Syihet 5583 5 655 543 12719 1.0 0.46
Comilaa 457 6 881 003 6 602 0.7 .69 VI
Chittagong 104 751 692 13 180 1.4V 5.08
Hiit Tract
Rajshahi 235 5276 141 9 456 0.4 0.23
Bogra 191 2727973 3 887 0.7 6.50
Rangpur 851 6 510 050 9 595 1.5 1 1.00 W
Dinajpur 268 3 193 965 6 565 0.8 0.38
Pghna 387 3423704 4732 1.1 081V
Khulna 569 4 329 320 12 167 1.3 0.46
Jessore 3038 4 019 993 6 573 261 1.58 11
Barizal 520 4 666 734 7 298 1.1 0.69 Vi
Kushtia 584 2 291 897 3 439 254 1.70
Patuakhalt 257 1843 001 4 095 1.4V 052
Total in % 588 87 120 119 143 983 1.1 0.656
Bangiadesh

* The old districts have been divided under the present administrative reorganization
ang presently the number of districts is 64.

Source: Statistical Yearbook, BES, 1986 and 85CIC Survey, 1983

quahty blacksmithy products. The study covers 11 out of 64 newly created
administrative districts: Bogra, Brahmanbaria, Chittagong. Comilla, Dhaka,
Jessore, Kushtia. Lalmanirhat, Mymensingh. Rangpur and Thakurgaon. Out
of these districts six were chosen for intensive investigation and samples
from these six ware collected for testing. The selection of blacksmith artisans
for detailed investigation from each district was made on a random sampling
basts. This was after due consultation with a wider audience of people from
the tocality in order 10 have a mix of well-known and ordinary artisans from
cach location. The technical analysis of products has been restricted to only
two products which are in wide use in Bangladesh: the plough tip (used in
land preparation) and the kitchen knife.
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The blacksmith unit

A typical blacksmith unit in Bangladesh produces hard-edged metal tools
and usually operates within a smal! space, often merely a four-sided open
room with thatched roof. Since most of these units are located at the
roadside, in open places or under trees, there is scope for using more space
if required. A blower (hapor) is fixed at one corner of the room in such a
way that the shallow bed in the ground for making fire and the forging bed
are nearer and within hand-stretch reach of the artisan. A tool box is
generally used for holding the blacksmithy tools, which are handmade in
most cases. At the right of the place where the artisan sits, there is a
quenching bath — usually an earthen pot full of water.

Forging and heat treatment are the two main processes known to ar-
tisans in Bangladesh. Plain water and salt water are used for quenching.
Some artisans use spent lubricating oil for quenching of some products,
particularly machinery parts. For heating, the blacksamths mostly use wood
charcoal and bamboo as fuel. During heating, the flow of air is controlled
cither by blower or rotating hand blower. Forging and shaping blacksmithy
products is done by hammering on an anvil or a heavy metal piece after
each heating operation.

The forging, heating and tempering operations performed for the fab-
rication of various blacksmithy products vary greatly. The frequency of
heating, forging and cooling cycles for a particular product varies from
artisan to artisan, depending on the artisan’s own judgement.

With limited production facilities. blacksmiths fabricate a wide range of
products to meet consumer demands. The level of technology is very low
and tradiiional.

Blacksmith units can be categorized under three distinct categories withi

respect to their present use of equipment and their product lines. These
are:

¥ ordinary (not well known) blacksmith artisans with traditional product
lines;

2  well-known blacksmith artisans with some product diversification or
some product specialization;

3 blacksmith units with wide product lines from traditional bilacksmith
producis to modern engineering products.

Evolution and motivation

Traditionally, blacksmiths belong to a particular caste of the Hindu com-
munity but lately people other than Hindus have chosen this profession.
Usually the blacksmith artisans are known as karmaker (mas:er in fabricat-
ing blacksmith tools). Few blacksmiths have any other sources of earning
apart from this work. The entire family expenditure is met by earnings
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from blacksmithy, which varies between Tk1,000 and Tk3,500 per month
depending on the number of workers engaged in the business.

Family members (usually males) associate themselves with black-
smithing activities from their early childhood. Children come to the work-
place as helping hands and gai~ substantial skill and experience during
their apprentice vears. They then start their own separate business or
continue with their elders as working partners. As a result, family earnings
are not so badly aifected after the death of the head of the family. Family
earning security s a prime motive in various family members being
involved with the business.

Innovation

Innovations 1 tlacksmithy have taken place either for incremental tech-
nological change or to match particular requirements of users.

Traditionally, the blacksmith artisans produced agricuitural and household
tools. Demand from customers for new products, particutarly non-household
items, has motivated the artisans towards newer skiils. Non-traditional black-
smith products (such as carpentry tools, angle frames, machine parts and
rurai housing hardware) have a good demand throughout the year. Tra-
ditional products (such as plough tips, spades, kitchen knives, sickles and
hand hoes) have a more seasonal demand (and longer replacement period).

Urban demands for non-traditional blacksmithy products have stimu-
lated product innovation from blacksmiths, as is evident from the follow-
ing example. In Mymensingh district, one artisan reported that he is now
producing certain products (such as the steering fork of a rickshaw, power
tiller blades, and trowels} which were not in his product list three years
ago. When asked why he changed his product line, the reply was very
simple: ‘I produce according to customers’ demand’. He added that he
feels proud in producing these products because no other artisan from his
locality can do so. Another question was asked about the incentive
behind the new efiort. The artisan reacted sharply and said that the profit
margin in these products is much higher {40 to 100 per cent) than in
traditional products. Hence it appears that diversification in product de-
mand ensures better profit for the artisans and that motivates the artisans
towards newer skills.

In most cases, blacksmiths inherit the business from their ancestors and
conitnue to work with the knowledge and skill they acquire from their
forebears. So, at the start-up of their business they usually do not think
about skill development. However, they bear the responsibility of meeting
the demand for agricultural implements, household tools and various im-
plements used in all farm activities. Blacksmiths must produce quality
products with their limited installations and equipment in order to stay in
business.
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The interaction between blacksmiths and their customers contiibutes
towards product development innovations.

For example, in Comilla and Brahmanbaria districts it was observed that
blacksmith artisans are quite effectively producing blade hoes and rotavator
blades which are used in farm implements like power tillers and tractors.
Traditionally, after showing wear-and-tear these blades would have been
replaced with new ones which were not of local origin. Over time, encour-
aged by farmers, blacksmiths have managed to start producing these blades.

In Brahmanbaria, the artisan who was making rotavator blades when the
researchers visited him was asked how he started making blades. The
artisan nodded towards the farmer who came in with the order and ex-
plained that they had discussed the blades about a year ago and he pro-
duced a sample set for the rotavator. These worked well and from then on
orders started coming in. Blacksmiths can produce these blades at haif the
cost of imported ones. Farmers are satisfied with the durability of blades
produced by the artisans.

The blacksmith units situated in various regions/districts of the country
cater mainly to local (regional) needs but some have a market outside the
regions, spreading over other parts of the couniry. Traditional marketing
practices of these units can be classified under the following heads:

1 catering to small individual orders;

2 direct sales at the market place:

3 sales through showings at the place of work;

4 advance supply to the hardware shops for future marketing.

Blacksmiths usually service individual orders placed directly by the customer
and they usually depend on the local markets. Occasionally they receive
orders from customers far away. Customers may travel 40 km to more
famous artisans whose products are more durable and of better quality.

The marketing pattern has changed greatly in recent years. Along with
the traditional channeis, new marketing practices are in place. These in-
clude whole order supply (usually to middiemen or to hardware shops) and
sub-contracting. In those areas where light engineering workshops exist or
are being established, many artisans receive wholesale orders from these
workshops. This change in marketing patterns is a stimulating factor for the
artisans because they find that their skills are in great demand.

Blacksmith units producing non-traditional items are usually more involved
in supplying wholesale orders and occastonally sub-contracting (though
artisans do not happen to know that they are working as sub-contractors).
Their work includes the production of components and sub-assembly.

Innovations in blacksmithy: tec<hnical findings

In order to identify the innovations in blacksmithy, samples of plough tips
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and kitchen knives were collectedn from among the surveyed units. Necessary
laboratory tests were performed to form an opinion about the fabrication
techniques used. heat treatment performed (if any) and possible results to be
expecied during use. The tests were performed basically to establish why the
products of some artisans are considered superior and are sold at higher
prices.

The major raw material for kitchen knives and plough tips is milc steel.
This is procured by blacksmith units both from wholesalers and retailers
situated in and arcund the place of operation. Sometimes blacksmith units
purchase raw materials from ‘hawkers’, rural floating traders. Quite often
the necessary raw materials are provided by customers. Raw materials are
identified by artisans from their intuitive judgement and experience.
Artisans apply their intricaie knowledge either by hearing the sound, by
scratching or by seeing thickness.

Forging

Blacksmithy producis are invariably hot-forged. If forging is performed at
temperatures about the recrystallization temperature of the metal, then one
gets well-developed metal grains with no deformation. On the other hand, if
forging continues below the recrystallization temperature then the metal
grains are distorted and the metal grains somewhat harder. This indicates
residual stress on the piece of metal. Therefore, knowledge about recrystalliza-
tion temperature and temperature measuring is crucial for hot-forging.

Since blacksmithy artisans do not have any formal knowledge about the
recrystallization temperature, they usually apply their intuitive judgement
by seeing the colour of the hot metal. No temperature measuring devices
are being used at present by the artisans and they rely solely on their
experience. Technical findings suggest wide variations in forging oper-
ations periormed by various artisans leading to differences in product
quality. Determining appropriate forging temperatures for different pro-
ducts requires ingenuity and a level of skiil.

Heat treatment

Heat treatment is a very important part of blacksmithy. Small differences
in heat treatments may cause noticeable variations in the properties of the
product. The major aspects in heat treatment are the temperature to which
the metal is to be heated along with the duration of heating and the cooling
rate. The cooling rate is one of the important factors which controls the
hardening of the product.

The correct heat treatment procedures varies with the composition of
the metal used. Heat treatment temperatures and cycles are different for
different types of metal. Most artisans are now aware of this. Different
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quenching baths (water, brine, oil etc.) give different cooling rates. Most of
the artisans invariably use water as a quenching media. Correct perception
about the heat treatment procedure leads to better quality products.

Table 2 shows a summary of the technical findings along with innova-
tions identified. Metallographic examination for hardness is the best of the
sample. It may be noted from the investigation that the market value of the
kitchen knife of the third artisan and plough tip of the last artisan is higher
than the market value of the same products of other artisans. Customers
are knowledgeable about the availability of superior quality products of
specific ariisans. If these better products are available, customers prefer
them even at a higher price. Proit margins vary from 10 to 92 per cent
which indicates people’s perceptions of quality. When the customers notice
the durability of a particular product they note its maker. This confidence
remains for ever and whenever they buy blacksmithy products they look
for products by the same artisan.

The learning process in blacksmithy is not a one-shot affair. It is continu-
ous in nature. During the learning process artisans apply their own intuitive
judgement about each of the production processes. This leads to product
quality development as well as product diversification. In blacksmithy,
iearning takes place in various forms, and all these forms have their distinct
contribution towards innovations that are taking place.

Learning by deing

Learning by doing is fundamental for the skill development of blacksmithy
artisans. Any blacksmithy activity or fabrication of a particular product is a
simultanecus integration of a large number of discrete past experiences
gained through learning by doing. The main feature of artisans’ skill is their
mntricate knowledge about the product under question and the metal to be
used, along with the production operations to be performed.

Traditional kitchen knives have two parts: a blade and a wooden fiat bar
with hooks. The blade has to be fixed to the wooden bar. The knife is
fabricated by the blacksmithy artisan and the wooden fiat bar is prccured
separately by the client/user. One artisan from Brahmanbaria who has
popularity throughout the region for his quality kitchen knives developed a
knife with two metal stands which need not be fixed with the wooden flat
bar. The design was accepted by the customers and quickly became
diffused throughout the market. This change in design which the artisan
brought ensured him an additional profit margin of 80 per cent over the
production cost. Now the same design is being duplicated by other artisans.

Responding to these developments, the artisan from Brahmanbaria has
evolved a new strategy of putting an identification mark (the artisan’s first
name) on his products. Due to customers’ confidence, this kitchen knife
product is sold in the same region at a higher price.
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Learning by seeing

The blacksmithy artisans do not use technical drawings. They usuaily rely
on their own intuitive judgement and sometimes on verbal instruction from
clients. Replication or imitation is widespread in blacksmithy. By seeing
prototypes, particularly for non-traditional products, the artisans learn
enough to fabricate the same, Rotavator blades, power tiller blades and
huller clamps are some of the products which the artisans have learned to
produce by seeing prototypes. However, not all the artisans replicate or
imitate equally. due to differences in judgement and ability.

Learning through informal exchange of ideas

Interaction between artisans and users through exchange of experiences
and/or ideas about a particular product is an important form of learning.
This contributes greatly to the process of innovation in blacksmithy.

Many new product lines come from interaction between artisans and
user/client groups. It may be noted that this exchange of ideas between
the artisans and users is virtually costless, while it provides important
benefits to the learning process of the artisans as well as to the felt need of
the users.

For example, in surveyed areas (particularly in Comilla and Brahman-
bariz) it was observed that farmers are using different sizes of plough tips
in their bullock-driven ploughs. The size and shape of the wooden frames
of the plough also differ to some exteat, requiring different sizes of plough
tips. The farmers inspired this change through noting problems caused by
variations in draft power of their bullocks, and variations in soil types.
Fabrication of different sizes of plough tips was not considered to be a
problem by the blacksmiths and they responded to the innovative change.

Learning through fraining

Apart from the interaction between artisans and users, the exchange of
ideas among the artisans themselves is crucial for the dissemination of
knowledge and skill development. The potential of learning through train-
ing has not been reaped fully and is still family-based due to the absence of
an organized drive to create training facilities for artisans. Informal inter-
action between the artisans takes place regionally but such interactions are
inadequate for effective learning. Skill development in blacksmithy i3
mostly linked to on-the-job training.

Diffusion of process innovation takes place at a slower rate compared
to the diffusion of product innovation which takes place at a faster rate,
keeping pace with market/user demand. This is because, in blacksm:thy,
the skill is individual specific. The skill of a good artisan cannot be
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|33

w?nble 2 Summary of technical findings for the praoducts of different artisans

praduct | raw material | hardness forging heat treatment obzervation areas of
used for innovativerass
fabrication
boti mitd steel - 0 hardening - grains wel} no heat treatment - two pieces of O forging
containing performed developad, peiformed metals welded by
<0.2% carbon | - hardness of forging performed hot-forging or
cutting adge and at temper.ture after forging
blunt edge above the cutting edge was
differer: recrystallization carborized by
temperature prolonged heating
variation in in charcoal
structure between iikeiy to deveiop a
cutting edge and very high hardness
blunt edge at cuiting edge by
quenching
boti vary low - not fikeiy to forging no heat treatment materiai selected | © forging
cé rhon steal develop hardness temperature was | performed not suitable
containing by heat treatment adequate
<(.12% carbon
fala miid steei - uniferm hardness no deformed no heat treatment < forging
caontaining on ail the points grains, forging performed
<{.2% carben performed above
‘? recrystallization
3 iemperature
fala fow carbon - highe’r hardness distortion in no heat treatment fikely to corrode nif
steel than rformal grains, forging performed at faster rate
containing - some residual continued at lower
<{1.15% carbon siress remains temperature
fala mild steel - hardness uniform grain well- no heat treatment likely to corrode o forging
containing all avar developed forging | performed less severely, but
<0.2% carbon | -« no residual stress temperature wesar out at faster
correctly chosen Tate

1. mild steel; carbon content 0.15%-0.45%
2. suitable raw material for knives and other sharp items is medium carbon steeh carbon content 0.4%-0.6%
3. recrystallization temperature: temperature at which the crystals are formed afresh {re-birth of crystals)




transferred verbally uniess one follows his production operations very
carefully for a long period of time. That is possible only by working with
him in a learning-by-doing process.

Blacksmiths commented that other forms of learning, such as organized
institutional training and exchange of experience and demonstration, are
not helpful to newcomers at the initial stage. A new entrant must first of all
become used to the nature of the job and must develop an open mind to
become a good artisan. However, demonstration is carried out as a medium
of instruction for learning by doing.

Many come for training from master artisans, but due to the tough nature
of the job very few are retained and get fuily trained. Normally, those who
come for traming work as assistants to the artisans. The artisans interviewed
tramed, on average, two people each, in addition to family members.

Among various production and marketing constraints, the study shows
that lack of sufficient working capital is the most significant factor putting
blacksmith units at a disadvantage. Lack of investment capital and non-
availability of raw materials are two other significant factors aggravating
the problems. Asked to comment on the order of priority, blacksmiths
spoke of the non-availability of raw materials as the second most serious
problem after the need for working capital. Investment capital problems
were placed mn the third position.

All the artisans expressed zeal and enthusiasm for better utilization of
their skills. One artisan from Lalmonirhat said ‘We know the art of survival
and whatever comes our way we try to fabricate’. He continued, ‘skill is not
given, 1t has to be acquired and for that we rely most on learning by doing.
Whatever we have achieved is by our own efforts and we have never
received any formal support.” Such observations of the artisans are quite
revealing and demonstrate their latent potential. Their need is to consoli-
date socially, economically and technologically in order to promote their
innovations for the benefit of the economy. They are confident enough to
meet future skill requirements in blacksmithy if due attention is given to
their problems. They do not want help out of sympathy because skill is
their strength. They want support in upgrading their skiils, because better
application of skills leads to higher productivity.

When questioned. artisans said that currently they do not borrow money
from any institutional source. Among non-institutional sources, only friends
and relatives were mentioned as possible sources. But such borrowing does
not constitute any significant amount and is for a very short period of time.

Formal R&D support is needed in the production process, not only to
introduce innovations but aiso to promote the existing innovations of the
artisans. This contributes towards skill development and an increase in
productivity. The formal R&D support should concentrate on the follow-

ing three areas of innovation as identified through laboratory
investigations.

132




1 A ‘spark test’ is a simple visual technique to identify the carbon content
of the metal. One can hold the metal on a grinder and watch the sparks
from it. Long and continuous sparks indicate low carbon content while
short and scattered sparks indicate high carbon content. Such tests help the
artisans to identify raw materials. For the test, the artisans need access to a
grinder at the time of raw material purchase. Whether keeping a grinder in
retail shops is feasible and how effectively the artisans would benefit are
some of the issues for research. Again, how to impart knowledge about the
appropriate properties of metals suitable for different product types has to
be looked at along with the form of knowiledge dissemination.

2 Could artisans be made aware of the re-crystallization temperatures of
different metais through training programmes or could suitable and easy-
to-handle temperature-indicating devices be made available to them at
reasonable cost? Is it possible to standardize the knowledge of the skilled
artisan about forging for the benefit of others? Resolving these questions
would benefit the artisans in their development of skiils.

3 R&D organizations should try to disseminate information among
artisans about the correct heat treatment procedures for different metals.
Whether formal training is enough for the purpose should be explored.

Good communication beiween formal R&D organizations and black-
smithy artisans is required. Unless R&D people try to understand prob-
lems of the artisans, no effective results will emerge. Formal R&D support
needs an informal method of dissemination. This is possible through infor-
mal contacts and through the drive to understand others.

Principal training needs are for selection of raw materials, forging and
heat treatment. Artisans with different skill levels cannot be trained in one
batch. Some of the skilled artisans (master craftsmen) may be used to train
the people at lower ievels. There is a need to train new people to take
blacksmithy as a profession. Those in the trade should be selected for
training programmes. Newcomers may receive training from artisans in the
trade.

Bangladesh Small and Cottage Industries Corporation (BSCIC), with
the assistance from UNDP/ILO, has undertaken to provide ‘on the job’
training on carpentry products to groups of artisans from a selected six
districts of the country. As part of the incentive, trained artisans are as-
sured of bank loans. Artisans not participating in the training course do not
receive easy credit from the bank. Similar product-specific (kitchen knife,
piough tip, etc.) modular training should be organized in groups for the
blacksmiths with different skill levels throughout the country. Bank loans
on easy terms should be ensured for them.

Recommendations

At the national level there is a need to mobilize policy support in favour of
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blacksmiths so they can find required raw materials in the market at a
reasonable cost. The products under study are not substitutable with
machine-made products and hence they enjoy a monopoly. But their
quality largely depends upon the quality of raw materials used and upon
the skill of the artisans. These products are not imported and hence the
whole domestic demand is met from local production. Domestic protection
of these products should be directed towards innovation promotion to
achieve productivity gains and ensure better quality.

Blacksmith artisans need help to meet their fuel needs. They use char-
coal from wood and bamboo, which has low heating value. Previously the
artisans used to use coal/coke, but now this is not readily available.

Since artisans have limited knowledge about the size of the market, they
need reliable market information about raw materials and products. Black-
smith artisans should have their own forum. As they are not organized in a
group like private investors from the formal sectors, they cannot lobby to
mobilize policy support in their favour. The artisans need to be organized
in a group, like a trade association, so they can raise their voice and bargain
for their demands.

Blacksmithy is one of the most important non-farm activities in
Bangladesh. It has an important bearing on agriculture, housing, household
and non-housechold sectors of the national economy. Blacksmiths should be
recognized as an important social group and as important agenis for rural
economic development. They have much knowledge and skill to contribute
to the generation and development of innovations. Wide product diver-
sification that has taken place in blacksmithy indicates their capability to
meet changing demands over time.

Technclogical innovations in blacksmithy need to be assessed for their
potential for large-scale diffusion. The basic approach towards technology
assessment in blacksmithy should include:

1 synthesis of experiences due to artisan-user interaction;

2 identification of formal R&D support needs for informal R&D
system;

3 skill development through appropriate training;

4 assessment of marketing support needs;

5 credit needs.

In order to undertake these tasks, an appropriate stance reiating to
innovation promotion in blacksmithy has to be formulated. An appropriate
institutional framework for development of innovation needs to be

developed. The following suggestions are made for the promotion of inno-
vations in blacksmithy:

I Existing innovations in blacksmithy deserve appr=ciation. Formal R&D
support needs should be assessed, keeping in mund the informal R&D
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processes that are taking place in blacksmithy. R&D efforts should be
directed mainly towards skill upgrading.

2 Training programmes should be organized in modutar form for dif-
ferent categories of blacksmiths as well as in different areas of innovation.
Considering the huge and widespread training requirement, both govern-
ment and non-governmental organizations should come forward to under-
take the task.

3 Vanous aiternative credit facilities should be explored for providing
both working and investment capital on easy terms to potential artisans.

4 Necessary marketing support {(supply of raw materials, information on
price etc.) needs to be ensured on a sustainable basis.

5 To upgrade the manufacturing base of existing blacksmith units for fu-
ture innovations. the Bangladesh Small and Cottage Industries Corporation
(BSCIC), which is responsible for the development of small and cottage
industries, may help in selecting appropriate tools, instruments and machin-
eries required by different categories of blacksmith artisans. BSCIC may also
make recommendations for loans from financing agencies.

6 Products produced by different blacksmiths should be catalogued along
with test results. This should be available to prospective buyers. In addi-
tion, these producis may be displayed at different BSCIC offices along with
the identities of the artisans.

7 For eilective use of resources, it is necessary that assistance to the
blacksmiths is provided in packaged form, linked to their training pro-
gramme. The package may include skill-development, supply of hardware,
supply of credit and marketing assistance. To facilitate the delivery of the
package assistance, the formation of blacksmith organizations should be
encouraged.

Indigenous innovations in blacksmithy play an important roie in the
context of rural Bangladesh. Most of these innovations remain untapped
and/or under-utilized. Therefore, a sirong political and administrative com-
mitment is needed to promote innovations in blacksmithy as part of non-
farm technology development.
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Improved ghettas (water mills) in Nepal
GANESH RAM SHRESTHA and KIRAN MAN SINGH

Background

Nepat is a small landlocked country which borders on China to the north
and India to the south, east and west. Agriculture is the mainstay of Nepal’s
economy, accounting for more than 68 per cent of GDP and 75 per cent of
exports. Farming provides a livelihood for 94 per cent of the population.
According to the 1981 census, Nepal has a population of about 15 million
with a growth rate of 2.66 per cent annually. The per capita income was
estimated at enly US $160.

Of the total land area of 141,000sq km, 32 per cent is covered by forest,
52 per cent is under pasture. meadows, barren and perpetual snow and only
16 per cent is considered to be arable. However, the country can be divided
into three well-defined physio-geographical belts running east to west: ihe
mountain region with altitudes ranging from 16.000-29,000 feet, the hill
region with altitudes of 1,000-10,000 feet ard the terai region witb altitudes
varving between 200-1,000 feet above sea level. The terai is narrow flat
tand, average width of 30km, along the southern border which is an cxten-
sion of the Indian Gangetic plain. This terai region covers approximately
23 per cent of the land area and produces the bulk of the country’s food
grains. The hill region consists of high ridges and steep slopes, interspersed
with many river valleys. it covers nearly 43 per cent of the land area. The
majority of the population lives in this region. The snow-capped mountain
region runs paralle! 1o the border with Tibet on the north. The region
covers around 34 per cent of the country. Livestock play an important role
in the economy of this mountain region.

Nepal is drained by numerous rivers. Depending upon their source and
discharge. they can be classified into three types:

1 majer rivers: Karnali, Gandaki and Kosi. These rivers originate in the
Himalayas and carry snow-fed flows. They are therefore percnnial and
offer promisinz water sources for irrigation and hydropower development.
2 mediwm rivers: Babai, West Rapti, Bagmati, Kamala, Kankai and
Mechi. These rivers originate in the Mahabharat Range and are fed by

MR G.R. SHRESTHA (Nepal) was Section Chief of the Agricultural Development
Bank in Nepa' and is now Director of the Centre for Rural Technology,
Kathmandu.
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precipitation as well as groundwater regeneration, including springs. They
are also perennial but are commonly characterized by a wide seasonal
fluctuation in discharge.

3 small rivers: There are a large number of small rivers, most of which
originate from the Siwalik Range. They are seasonal and not suitable
for year-round irrigation or hydropower generation without surface
storage.

With these numerous rivers and the largely mountainous terrain, there
exists a vast potential for developing hydro power in the country. Nepal has
a theoretical hydropower potential of 83,000MW, of which about
25,000MW can be economically exploited. However, so far only around
160MW has been tapped.

Hydro power has been used in Nepalese hills and mountains for centuries
in the form of horizontal water wheels, traditionally known as ghattas.
Some 25,000 of these traditional ghattas are estimated to be in operation i
the country. There are also more than 550 micro-hydro power plants of
various kinds instalied by private entrepreneurs mainly for agro-processing
and electricify generation in rural areas. It has been planned that around
108 units of micro-hydro power plant would be instalied annuaily in the
coming years by poiential entrepreneurs through technical as well as finan-
cial support from the government and lending institutions. These micro-
hydso power plants {crossflow turbines, multipurpose power units (MPPU)
and other imiproved ghattas) have an important role in harnessing abund-
antly available water power. This will help development of remote and
scattered small villages.

Development of the ghatta

There is no historical data to show how long the traditional water mills
{gharna) have been in use in Nepal. Some say that the vertical axis water
wheel might have been developed in the Himalayas, its use then spreading
to Western Europe. The first mention of gharras in Western literature was
made in the travel books by Kirkpatrick in 1793.

Oral history tells that gharta technology was transferred from Tibet 1o Nepal
many years ago dunng the time of the Newar Dynasty. More than 300 years
ago, Nepal had good trade with Tibet. At that time Tibet was considered as a
‘bowl of gold® Though it was difficult to travel across the Himalayas, many
Nepalese went to Tibet in search of fortune. Some of the Nepalese who
belonged to the Nakarmi {metalwerker) caste were fascinated with the gharta
technology ins Tibet and pioneered its transfer to Nepal. But it did not prove an
casy job for them. In order to develop one working ghatta in Nepal, the
metalworkers had to travel over 10 times to and from Tibet. In each visit
- they learned one or two solutions or components. Finally, they could make
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7

Chute, delivering the water 7 Hub, wood (thick shaft)

to the side of the wheel 8 Wheel or tirl, with
behind the shaft obliquely set paddies on
2 Hopper (basket) thick shaft
3 Bird (vibrator) to keep the o Metal pin and botiom piece
grain moving 10 Lever, lifting device to adjust
4 Rynd (forged metal piece) gap between grinding
5 Grinding stones stones
6 Shaft, metal

Source: B.R.Saubelie and A.Bachmann

Traditional horizontal water mill
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the working ghatta in Nepal. The technology was found to be suitable for
many rural areas and spread from one corner of the country to another.

A typical ghatta uatilizes a head of two to four metres and develops from
0.5HP to a maximum of 1HP only to be used to grind grains into flour.
According to one estimate, there are some 25,000-30,000 ghartas operating
in Nepal and in the Himalayas as a whole. In neighbouring regions their
number is estimated at well over 100,000. There are one or two ghattas 1n
every mountain village.

There are various techniques used in Nepalese villages for processing
cereals, oil seeds and spices with hand- and foot-driven devices. The quern
{(janto) is the most common method of grinding wheat, maize or millet.
Rice is hulled by pounding it in a wooden or stone mortar, with the aid of
the traditional hand-operated and/or foot-operated pounder (dhiki). Oil
seed is processed in oil expellers {kols) which are operated mainly manu-
ally but are sometimes driven by animals.

Traditional processing methods are very labour-intensive and time-
consuming. Still, the use of these methods is widespread in Nepal because
of the practice of grinding small quantities of grain at a time In rural
households. The preference is not to store flour for a long time. Most of the
ghatias do not operate during the dry season. The use of ghattas for grind-
ing purposes is most common in the hills and mountains.

For a long time entreprencurs have worked on new ideas to improve the
efficiency of gharus to make them useful in other processing operations.
Many of these thinkers have made contributions in achieving the improve-
ment of ghaitas to the present-day version.

Some experimenters tried using ball bearings for the bottom bearing, but
without a casing these soon rusted. A carpenter has increased the number
of turbine blades to 18, thereby increasing the power output. Some millers
have used small bicycle dynamos to generate electricity for lighting their
mills. During the 1950s the establishment of rice and oil mills was pro-
moted in the terai to respond to an increased market for processed foods.
Powered by diesel engines or by electricity where available, the mills were
owned mainly by wealthier farmers and businessmen due to higher capital
costs. This provided further incentive for local gharta innovation.

In the 1960s the Balaju Yantra Shala (BYS), a joint venture between the
Swiss Development Corporation and the Nepalese Government, under-
took to design, fabricate and install a small number of propeller turbines to
drive grain-milling machines. These machines quickly became popular but
owners/operators faced serious maintenance and repair problems. The
design of the system allowed sediment 10 enter into the turbines, resulting
in rapid wear and tear of moving parts. The interest of entrepreneurs in
propelier turbines gradually decreased due to the high occurrence of repair
and maintenance problems until the early 1970s. Then the massive increase
in oil prices changed the situation in favour of small hydro power plants.
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Operating costs in the diesel-powered mills rose considerably. Both donor
agencies and Nepalese artisans and entrepreneurs initiated new investiga-
tions into micro-hydro power development for small rural mills. From
previous experiences with propeller turbines, it became clear that the ideal
turbine would have to be adaptable to the different conditions of various
rural locations. One of the operational problems encountered in the origi-
nal propeller turbine was that of controlling the infiow of water to allow an
installation to be operational even with a reduced volume of water in the
dry season. It soon became clear that turbines constructed on the Banki-
Michell model falso known as a crossfiow turbine) could be suitable to
accommodate the above requirements. These turbines are characterized by
a simple drum-shaped runner and a right-angled water inflow, which
permit the turbine to be welded in simple engineering workshops.

The development of the new locally-made crossflow turbines solved
many of the problems facing mill upgrading, but not all of them. These
turbines required higher heads and larger flows than those available to
many traditional mills. Even though the crossflow turbine mills could sup-
port a wide range of processing operations, their costs deterred poorer mill
owners. More local innovation, inspired by local artisans, developed new
possibilities for ghatta improvement.

Evolution of the improved ghatfa

Even after the development and distribution of the crossflow turbine on a
much wider scale, it was always felt there was a need to develop an appro-
priate technology for modifying the ghatta technology. The aim was to
improve efficiency to make it suitable to run rice hullers and oil expellers in
small mills in the rural areas. Rather than radically altering the design (as
in the introduction of crossflow turbines), the new innovations sought
small, simple improvements upon the basic ghatta. One local artisan, Akkal
Man Nakarmi, a small workshop owner, has been a major creative partici-
pant in four modifications introduced during the 1980s. Both on his own
and working with technology agencies, Nakarmi has enabled upgraded mill
technology to be available and affordable to poorer mills and communities.

improved ghatta 1 — RECAST

The first effort was made at the Research Centre for Applied Science and
Technology (RECAST) following a suggestion in 1980 by Mr Jean Gimpel,
a French scientist. Mr Gimpel furnished drawings of a Romanian horizon-
tal water mill. The main modifications in this prototype consisted of the
replacement of the wooden blades, and a new bottom bearing. Other
improvements were a closed chute and a covered grinding chamber. The
prototype was tested in a mill above Godavari. The power output was
improved by around 80 per cent. However, the grinding performance was
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improved by only 50 per cent as the grinding technology was not taken into
consideration for improvement. Although RCCAST planned to work for
the improvement of the grinding device, these endeavours did not go
beyond the pilot stage.

Improved ghatta 2 — GATE

In the meantime, GATE (the German Appropriate Technology Exchange)
was involved in a project to improve the traditional Nepalese water mill
within the scope of the programme ‘Activating traditional indigenous tech-
niques’. After a lot of studies and the recruitment of technical personnel,
GATE organized a workshop on the improved water mill in Nepal in co-
opetation with RECAST in December 1984. GATE and RECAST joined
together to improve the ghatta by introducing wooden runners as well as a
wooden crossflow turbine developed by Mr G. Dotti of France. The major
assumptions made for both the designs are the possibility of getting the
wooden parts from millers or local craftsmen, and the ability of local black-
smiths to manufacture certain metal parts in rural areas. However, the
GATE wooden runner and the Dotti wooden crossflow turbine did not
succeed under Nepalese conditions. Further R&D and promotional work
on them was discontinued.

Nakarmi’s own efforts — the MPPU

in 1981, Mr A.M. Nakarmi made a valuable contribution to the direct
improvement of the ghara by developing the multipurpose power unit
{MPPU). Efforts made by Nakarmi helped in the further development of
the ghatta. The MPPU is a water turbine based on the traditional ghatta,
but made of metal instead of wood. The turbine is manufactured by the
National Structure and Engineering Company (NSEC) with the design and
collaboration of Mr Nakarmi. It is far cheaper and simpler to manufacture
and install than a crossflow turbine. Because its design includes a power
take-off feature, it can grind maize and other processing units such as rice
hullers, oil expellers, and dynamos and generators.

The MPPU helped but did not solve the whole problem. The scale of
investment required for MPPU installations (around 30,000 rupees for
about SHP ocutput) was high for many small entrepreneurs. As certain
workshop facilities are needed to manufacture the MPPU, many local
craftsmen were excluded.

Constidering these problems, and buiiding upon his work experience with
RECAST and GATE, Mr Nakarmi succeeded in producing a small-scale
MPPU. This is made of local materials and can be produced by village
craftsmen. Ht is simple in design, consisting of a runner, a metal axle and
bearings supplied for rural millers to assemble themselves and install on-
site. With the exception of the metal parts, mainly the runner, shaft/axle,
and belt pulley, the rest of the ghatta (the chute, framework, stone grinder,
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canal and intake) can be maintained easily. The structural conversion of
the traditional ghatta to the improved ghatta can be carried out by local
labour. This machine is also suitable for poor millers with very limited
means, and millers who do not need to run supplementary machines other
than rice hullers and small electricity generators.

Building upon Nakarmi's work, GATE initiated a project in Nepal for
the promotion and dissemination of improved ghattas in rural areas. The
other important objective of this project was to train local craftsmen or
millers in manufacturing the metal runner for the installation of improved
ghattas (or the replacement of traditional ghattas by the improved ghaitas).
When the project was terminated in 1988, it had been successful in install-
ing 80 mmproved ghattas and in training 10 craftsmen from different loca-
tions around the couniry to manufacture the improved kit and to
undertake site nstallations, maintenance and repair work.
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Policy support — the ADBN
The Agricuitural Development Baank of Nepal (ADBN) has taken a keen

interest in the above development process and has provided credit assis-
tance to both private sector manufacturers and entreprencurs. This has
encouraged them to try out the new innovations. Through its wider field
networks, such as the Small Farmers Development Project (SFDP) and its
field offices, the ADBN has assumed a supporting role in efforts to improve
the traditional ghatta. The credit agency plays an intermediary role
between farmers and local millers for the installation of turbines and
improved ghattas.

Technological aspects — improved ghatta

The improved gharta is a modified version of the traditional ghatta. The
improvements have increased the power output of the ghaita from one
horsepower to something like three horsepower or more, depending upon
the head and water flow at the specific site. With the increased power output,
the mmproved ghana becomes a reliable and cheap source of power. This
opens up further possibilities of driving a lot of small machines. Examples of
this are gperating a mill for sawing, polishing and turning of wood and
timber, processing of agricuitural products, and running of pumps for lifting
irrigation water. The production of increased power output from the im-
proved gharta is made possible by the technical improvements. The principal
improvements made in the improved ghattas are described below.

In the improved ghatra, hydraulic efficiency is improved by modifying the
traditional wooden blades and making design changes in the chute. This has
increased the efficiency of the traditional ghatia from around 20 per cent
owing to the use of flat wooden blades, to the level of 50 per cent or more,

In order to utilize the hydrauiic head more efficiently, the wooden chute
is converted into a penstock with wedge inserts to achieve a nozzle effect
(only a small amount of water flowing in).

The runner of the improved ghatta resembles a turgo runner, in which
hemispherical forged buckets are welded to the hub. A metailic band circum-
scribing the runner and welded to each bucket reinforces the runner. The
drive deflects the jei of water back, in contrast to the traditional ghatta in
which the water ouly strikes the blades and ‘splashes off’ without being
systematically deflected in a backward direction. This water deflection util-
izes the residual energy, thereby improving the hydraulic efficiency. The
improved ghatta therefore produces more power for the sam= flow.

Improvement of the grinding unit is achieved by correct selection of the
millstones and correct working of the stones. It has been observed that the
use of incorrect miilstones has resulted in reduction of the flow of corn and
the decline of the quality of flour.
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Economic aspects

The capital cost of the improved ghatta varies according to water flow,
distance from the water source, and local topography. Although initial
expenditure on improved ghattas requires higher outlays than for tradition-
al ghanas, ihe diversification of uses also brings higher returns. The return
on total capital employed for the improved ghatta ranges from 46 per cent
(small capacity utilization) to 92 per cent (medium capacity utilization)
in comparison with 47 per cent in the case of the traditional ghatra. In
absolute terms. the annual profit from the improved gharta ranges from
11.000 to 27.000 rupees whereas it is only 5,600 rupees in the traditional
gharta.

Costs and benetfits to farmeis
Household processing devices driven by the direct application of human
labous (jerio, kol, dhiki) are all very labour-intensive and time-consuming,.
Processing times for one quintal of crops by different methods are pre-
sented in the following table:

Table 1 Processing times, one quintal of crops {time in hours)

crops hand traditional improved ghatta
devices ghatia s.c.u.’? m.c.u.?

paddy 30 to 100 - 201035 1.6t6 2.0
in dbiki

wheat/maize 231072 3to11 3.0t05.0 15t0 2.0
in janto

mustard 124 to 281 - 20.35 10-15
in kol

T s.c.u. = small capacity utilization
2 m.c.u. = medivm capacity utilization

Time-saving by the improved ghatia is considerably higher in all cases
compared to both hand devices and traditional ghatta. Time-saving is great-
est in the case of oil seeds.

Processing prices

In rural areas. the prices charged to villagers by the mallers are paid in kind
or in cash. The rate of processing for one muri of grain by different
methods is presented in Table 2, (One muri equals 50 to 60kg depending on
the type of grains.}
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Table 2 Rates for processing one muri {amount in Rs.}

particulars hand devices traditional improved
ghatta

wheat 180 250 250

maize 180 240 240

miliet 180 200 240

paddy 240 ~ 280

oil seed 750 - 500

Caiculated on the basis of time (hours} and (abour charge of one person oniy atthe rate
of Rs. 30 per person per day

The processing costs for paddy, wheat, maize and millet are lower for hand
devices than for the traditional gharta and improved gharta. However, while
working out processing costs for the hand devices, the wages are considered
for only one tabourer. With the hand devices, more than one person is needed
for processing tasks (at least two for dhiki and janto, and five for kol). In the
case of the traditional ghatta and improved ghatta, only one person carries the
grains to the mill site and gets the processing done. It is cheaper to have the
grains processed with the improved ghatra than by other means. Processing
costs to customers for mustard is much cheaper with the improved ghatia.

Processing vields

There is not much difference in the yield of grains (maize, miilet and
wheat) ground in jento, traditional ghatta and improved ghatia. But the
huller yields a slightly lower percentage of rice and broken rice than that of
the dhiki. The lower vield, however, is compensated by the increased quan-
tity of finer and better quality rice husk produced, which can be used as
good livestock feed in the rural areas. The mechanical oil expeller yields a
higher percentage of oil to the villagers from mustard than does the kol.
The increase in oil yield from mustard ranges from 7 to 30 per cent depend-
ing upon the make and efficiency of the expeller.

Secial and environmental aspects

Besides generating a good return on investment for the miller, saving of
processing time, and providing a higher processing yield for some producits,
the improved gharta has a favourable impact on society, at community and
national levels:

1 saving of time The introduction of improved ghatta saves time and effort
in processing food grains, compared with the traditional means. The time
and effort saved is used for agricultural and non-agricultural productive
activities, and for better child care. This improves the income and quality of
life for the rural population.
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2 welfare of rural women The creation of processing facilities from the
improved ghattas has relieved rural women from the physically arduous

tack af orain nraceccing neing traditinnal meanc
AN WA 5‘ hizra Fl \l\'\youlllb M\Jlll& AR ARSI VANSRELAL ARASWARAINT+

3 improvement of rural setting According to the villagers, the improved
ghatta provides better meeting places for women where they can exchange
news and other information. While waiting their turn, they talk about many
ideas ranging {rom individual problems to new agricultural methods and
practices. This makes them more responsive and positive towards appro-
priate technologies and innovations.

4 forward and backward iinkages Provision of better processing facilities
develops forward and backward linkages between improved farming prac-
tices, harvesting, processing, transporting and marketing, resulting in more
opportunities for employment and iacreased income for the rural popu-
lation. The introduction of improved ghattas has a positive effect on local
workshops and craftsmen. They have more jobs for making spare parts and
miore work on repatrs.

5 rural electrification Some improved ghatras are used also for electricity
generation. During the day, ghattas run agro-processing units. In the night,
generators are operated to produce electricity. Available data on hydro-
power development in Nepal indicates the desirability of these private
electrification schemes for remote and scattered small viliages of the coun-
iry. They are cost-effective — around 20,000 rupeces per kW of instalied
capacity as compared to 1bout 73,000 rupees per installed EW for small and
medium micro-hydro power plants. Other advantages besides cost are that
these ghattas are easy to operate and mainiain.

6 saving of petroleum products and improved balance of payments The
generation of power by improved ghatta saves diesei fuel which is other-
wise needed to run agro-processing units in rural areas. Similarly, the gen-
eration of electricity from the improved ghatta saves considerably on
kerosene required for rural household lighting. The saving of diesel and
kerosene has a positive effect on the spending of valuable foreign curren-
cies. This improves the countiry’s balance of payments.

7 emvironmental impact Private electrification schemes provide environ-
mental benefits. The use of electric cookers can help to reduce the con-
sumption of fuelwood for cooking.

Recommendations

One factor responsible for the siow pace of improvement of traditional
ghattas is the lack of knowledge about the availability and performances of
improved ghattas. Programmes should be launched to establish demonstra-
tion units in order to educate and motivate rural people for the adaptation
of improved ghattas.

In every village there are blacksmiths who work with netals for making
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tools and utensils. These people are competent to do the metalwork
required for the installation and after-sale services of improved ghartas,
provided the blacksmiths are given necessary skilis. Training programmes
should be staffed to upgrade the skills and knowledge of village black-
smiths to make them capable of undertaking ghatta improvement work.

The establishment of the improved ghatta requires investment which is
still beyond the capacity of many village millers. Arrangements should be
made to include the improved gharta as a priority on lending for financing
institutions of the country. Greater commitinent of all financing agencies is
an essential requirement for the widespread dissemination of improved
ghatias. ‘

To encourage rural millers to replace traditional ghartas with improved
ghatas, millers should be provided with technical assistance in the form of
training to improve their technical skills and management competence.
Programmes should be formulated to organize observation tours and ex-
change visits to successfully improved ghattas. Publicity material on the
benefits of the improved ghartas would help as well.

The creation of a micro-hydro power development centre would help to
co-ordinate research and provide technical support to private sector manu-
facturers. The centre could conduct skill and development training for
entrepreneurs and staff of various agencies connected with micro-hydro
development. Besides providing technical support, this centre could also
look into socio-economic and environmental aspects of micro-hydro de-
velopment. The centre should functior. in clese collaboration with research
agencies, private manufacturers, lending agencies and relevant government
departments.
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Artificial fishing reef and bait technologies by
artisanal fishermen of sputh-west India

JOHN KADAPPURAM

introduction

It has been recognized in India that artisanal fishermen are still the masters
m traditional gear technology. It is the traditional artisanal fishermen who
pioneered original designs of most traditional fishing crafts and gears operat-
ing in Indian waters. Artisanal fishermen are continuously involved in inno-
vating new fishing technologies and adapting them to their lecal marine
environment. Technical capability of artisanal fishermen has been kept in
low grefile and was known mostly in regions of origin.

Through continuous interaction with the ocean and fish, artisanai fish-
ermen accumulated over generations a treasure of scientific knowledge
on diverse marine ecosystems and fish behaviour. The technical capability
of artisanal fishermen is based on this knowledge and has endured for
thousands of vears, like Ayurveda, an indigencus form of medicine. Re-
jecting this traditional knowledge as ‘primitive’, modern fishing tech-
nologies developed in temperate waters, like trawling, purse-seining and
r mechanized fishing boats, were introduced in the mid-1960s. The end
result Of these are overfishing, destruction of marine ecosystems and a fall
in fish production.

Formai R&D institutions and personnel neglected the traditional sector
almost totally. Commercial interests, profit and government support moti-
vated the formal sector to concentrate on the newly imported modern
technologies, especially for shrimps.

Early 1980 witnessed expiosive social unrest amongst fishing com-
munities. It was a turning point for both traditional fishermen and the state
government. The state was forced to rethink its earlier policy on fisheries
technology and traditional fishworkers turned to alternative small-scale
technologies. From 1980 onwards, fishermen took an active interest in
constructing ariicial reefs as a way of regenerating the natural marine
habitat greatly damaged by bottom trawling and overfishing.

MR j. KADAPPURAM (India) is co-ordinator of the Programme for Community
Organization in Trivandrum, Kerala. This is an organization working w*h
artisanal fishworkers by way of fisheries research, training and village level
development activities. He holds a masters degree in social work and worked in
Nigeria, teaching community organization and community development, He is
presently involved in fisheries research.
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Artificial reef construction is part of the struggle by traditional fishermen
to sustain marine life. In this age of ecological destruction, it is in the
tropics that the battle to preserve what scientists call ‘bic-diversity’ will be
won or lost.

This chapter seeks to study the innovation, adaptation and diffusion of
artificial reef and bait technologies developed by artisanal {ishermen of
Kanyakumari and Trivandrum districts of the south-west coast of India.
The study auns to highlight the technological capabihty of artisanal fisher-
men and to show that the science and technology of artisanal fishermen is
not at all inferior to modern science and technclog-. Traditional knowl-
edge is based on intricate knowledge of cceanography and fish behaviour.
There is a need for formal R&D to study thoroughly the artisanal fish<ries
sector in order to develop technologies appropriate to tropical waters.

A note by the national workshop on technology for small-scale fish-
workers held in Trivandrum from February to March 1989 stated that
‘technological change is a pre-requisite 1o enhanced productivity, This in
turn provides the basis for getting out of the poverty syndrome that plagues
most small-scale fishing communities. Changes in technology and increases
in productivity bring along concomitant increases in investment and costs,
the need for new skiils and training. Changes also raise issues of how the
incremental private economic gains and sccial costs accompanying the new
technologies are to be distributed.

‘Small-scale fishworkers, men and women involved in marine and inland
fishing, fish processing, marketing and other allied activities as a source of
liveithood number well over one million people. They reside in rural areas
and constitute one of the weakest sections of Indian society. Technologies
specifically designed for them must become a means by which they can
achieve a better standard of life 2nd be assured of a sustainable future. This
is a challenge which many voluntary groups and a few governmental and
inter-governmental organizations have taken on themselves.’

Trivandrum and Kanyakumari districts

Fishing is the sole economic activity of coastal people in these regions.
Hook-and-line fishing from catamarans at sea is the predominant fishing
method. Constructed entirely of wood and made with the simplest of tools,
the catamaran is the oldest ocean-going craft still in use. The advantages of
the vessel are many: unsinkability, easy construction, low cost, relative
stability and manoeuverability. It is also best suited for launching and
landing in the surf-ridden sandy beaches of the region.

The continental shelf of the south-west coast is as wide as 68km in North
Kerala and as narrow as 40kra in Kanyakumari. The continental shelf of
Trivandrum and Kanyakumari is so narrow that it makes the inshore sea
steep, sloped and surf-ridden. The substratum of the insho:e sea north of
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Quilon is mostly slushy or muddy due to around 35 rivers emptying into the
sea. Trivandrum and Kanyakumari have sandy substratum due to the iack
of muddy inflow into the sea. The coastline of Trivandrum is a regular
sandy beach except in Kovalam (the international tourist beach resort) and
Vizhinjam. There is rocky outgrowth in the inshore sea in the depth range
of 18-40 fathoms. In Kanyakumari, the coastline is largely trregular with
patches of rocky ouigrowth extending from the shore to deep sea.

Prompted by these oceanographic features, fishermen of Kanyakumari
and Trivandrum developed highly skilful hook-and-line fishing and cata-
maran sailing and rowing.

Artificial fishing reefs

Natural reefs are the result of biogical or geological processes taking place
in the sea bottom. An artificial reef is any external object or stable struc-
ture placed in the sea bottom to attract and aggregate pelagic migratory
fish and residential reef fish.

As an age-old practice, traditional fishermen of Trivandrum operating
shore seines used to dump rocks fastened with coconut fronds into the sea
bottom to attract fish closer to the shore. Fish which were aggregated over
the bottom structures were caught by shore seines locally named karamadi
(kara = land, madi = seine), a gear pulled from the beach from two sides by
about 10 fishermen on each side. This practice was based on knowledge
that fish tend to congregate over bottow structures. Alien objects of vir-
tually any kind placed in the water can cause some form of fish
congregation.

During the Second World War, a ship was sunk off Anjengo fishing
village 45km north of Trivandrum at a depth of 24.5fm. Efforts made by
authorities 10 locate the wreck became futile. After nine years, in 1949, a
man called Sukkurappan discovered the wreck while engaged in hook-and-
line fishing. The wreck measured 50m long and 45m wide and 7fm deep
from the top of the ship. The wreck turned into a rich fishing reef which
attracted line fishermen from the southern villages. The southern fisher-
men fished from the reef without bait or using artificial bait. Artificial bait
hooked more fish than natural bait used by local fishermen. Infuriated by
this, locals chased the eight southern fishermen out of the wreck. They
justified their action on the basis of their belief that it was morally unjust to
catch fish without giving food. Artificial bait would chase the fish away
from the wreck. But the southerners achieved a fishing right by marrying
women of Anjengo and settling down there. This was possible because of
the systems prevalent in the fishing communities of Trivandrum and Kan-
yakumari districts.

Almost simultaneously, two anchors were lost and sunk at 12fm from the
ships berthed at the Valiathura Pier, Skm west of Trivandrum City. One
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anchor was taken from the sea botiom by a diver, the late Mr John. He was
not able to find the second one. About 10 years later, line fishermen located
the anchor which by that time had become a rich fishing spot. There were
the earliest known examples of external bodies attracting fish and maturing
into good locations for fishing. Recently, there were many such wrecks in
the inshore waters of the south-west coast.

Creating reefs for fishing

Attempts 1o create artiiicial reefs were made originally in Puthiathura of
Trivandrum in 1953-55 and in Eraviputhenthura viliage of Kanyakumari
in 1957. Line fishing is the predominant fishing method still followed in
Puthiathura, where fishermen have been fishing in natural reefs. One
rocky reef is at 12fm and 2.5km off the coast. Since they found the nearby
rocky reef in Karimkulam was higher than theirs and more productive,
the men decided to enhance the productivity of their own reef by adding
height. Two {ull lorry-loads of rocks packed in bags were dumped on the
top of the reef, making it 0.5m taller than before. Productivity substan-
tially increased six months later. This was the first known attempt to
enhance productivity through artificial means, though it was done on an
already existing reef.

In 1957 the Panchayat (local government) authorities built a community
well in Eraviputhenthura with concreie rings. One ring of 3m diameter and
0.5m height was left over after the completion of the well. The ring was
taken by some fishermen and dumped at 11fm depth and 1.5km off the
coast on a clay substratum, which was already being used as a fishing
ground. This was the first time an external structure was dropped on the
sea bottom. This scon became an artificial reef known as Vattuparu {Vatiu
= ring, paru = reef). These were the two original attempts to create artificial
reefs in the 1950s.

The beginning phase was followed by 25 years of dormancy in artificial
reef construction. Between 1957 and 1980 no effort was made by fishermen
either to create new reefs or to service the existing ones. This may be due
to the introduction of synthetic gear materials like nylon nets (polyester),
synihetic lines (polyamide) and ropes (polyethylene). In the second half of
the 1950s, these materials revolutionized fishing gear technology. The
change from cofton to synthetic gear materials increased productivity per
unit many times. Resources were not fished to the optimum, leaving room
for steady increases in production.

With the start of 1980, efforts were made by fishermen of many villages
to re-activate existing reefs and construct new reefs, especially in
Trivandrum district. Fishermen started feeling the pinch of resource de-
pletion which started in the middle of the 1970s. Mr T.R. Thankappan
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Achari said that since the “niddie of the seventies, Kerala has been pass-
ing through & fisheries crisis. The characteristics of the crisis are broadly
indicated below:

1 The demersal fishery wealth of the inshore sea of Kerala started dimin-
ishing from indiscriminate fishing leading to over exploitation. As a result,
several bottom species are on the wane. A main example is prawns.

2 Production has been lagging behind since the middle of the seventies, in
spite of the fact that high and intermediate technology inputs have been
fast increasing,.

3 The monsoon upwellings in the inshore sea (chakara), a manifestation
of rich fishery of Kerala, have become 2 rare occurrence in recent years.
This indicates ceriain changes in the environmental and ecological
condition.

4 While offshore resources remain virtually unexploited, the inshore
water is over-capitalized with more and more investment on production
inpuis.

The impact of the introduction of bottom trawling in the 19€0s began to
be felt severely towards the end of the 1970s. By ploughing the sea floor
with fine-meshed trawling nets, the bottom trawlers caused heavy damage
to the benthic vegetation, the fcod chain, young fish and inshors natural
habitats, the most productive zone of the oceans.

As a measure of rehabilitation, fishermen have built 19 reefs since 1980
in Trivandrum and Kanyakumari. During the same period, the two reefs
created in the 1950s and dormant for nearly 25 years were revived, serviced
and enlarged.

Since 1988, two rescarch institutions, The Central Marine Fisheries
Research Institute (CMFRI), Cochin and Department of Aqguatic Biology
and Fisheries, University of Kerala have been co-operating in studying the
biological aspects of reef development. The fishermen of Valiathura
created the reef in 1988 with the financial assistance of the Intermediate
Technology Development Grovp, London, through the South Indian
Federation of Fishermen Societies, Trivandrum. This is the first reef con-
struction where fishermen and an outside agency collaborated in financing,
planning and construction. The CMFRI researchers placed 12 specimen
matcrials on the newly created reef to understand the most suitable mater-
1als for reef building. The resuits are not yet released. The total cost of the
reef was 10,000 rupecs. This reef, measuring 30m long, 15m wide and 0.75m
high, was supposed to be larger than the previous one built by the same
fishermen A <tructure was built, for the first time using worn-out tyres
fastened with concrete rings. While transporting these structures on cata-
marans from the shore to the reef site, the rings ripped apart. Attempts to
place them underwater failed initiaily.
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Reef construciion

The success or failure of an artificial reef depends primarily on the site. The
parameters used by fishermen in selecting sites off most of the reefs were
wave damage, shore seine operating range, gillnet operating range, easy
accessibility, live-bottom and poaching. All but one of the 22 reefs were
buiit in the depth range of 9 to 16fm. As the sea is surf-ridden, the waves
are quite strong. In order to avoid wave damage, the reefs were placed far
from the shore. Shore seiners operate from the beach to nine to 11fm, and
hence the need (o keep these away from shore seine obstruction. For most
of ihe productive seasons, gillnet operates beyond 18{m. Users of the arti-
ficial reefs are mainly older fishermen and children so these reefs must be
accessible easily by hand caring. Reefs constructed in the locations north of
Beemapally are restricted to ‘members only’. The reefs were built within
sight of the shore in order to avoid poaching by non-members. All these
reefs were sited on or near a live bottom or productive substratum. Very
important iactors such as siltation, internal wave strength, fish path and
rate of biomass formation were not considered seriously by the fishermen
when the reefs were constructed. No marine biologisis or engineers were
involved in the construction of the first-generation reefs.

Concrete rings, stones, coconut fronds, coconut stumps, and screw
pine plants were materials used in first-generation reefs built simul-
taneously by fishermen of different villages. The basis of the selection of
materials was the fishermen’s knowledge of the sea bottom, its vegetation
and fish behaviour. Fishermen know from experience that fish use reefs
for shade, shelter and food. Coconut fronds and stumps help plankton
and other biomass to grow on them. This attracts small fish which in turn
become food for reef fish. High structures like rings provide shade aad
heaps of stones provide the niches and holes for shelter and refuge from
predators.

The preductivity of a fishing reef is related to the size and shape of the
reef. The average size of first-generation reefs was about 20m long, 10m
wide and 0.5m high. Initial materials were dropped at random without the
help of any equipment, hoping that they would be dropped straight and
placed on the sea bottom. But this random dump-and-hope method
didn’t work well. The productivity was low in these reefs compared to the
Sangumughom reef, the only reef with 3m height and 18fm depth, still the
most productive artificial reef. The number of fish increases with the size
of the reef. The ratio of structural height to water depth has been studied
and a minimum ratio of 1:10 is required for good aggregation of pelagic
fish.

Most (14 out of 22} reefs were placed in the east-west direction. The
local current in the inshore sea usually flows from north to south and vice
versa. In order to line-fish in the reef, the catamarans have to stay just
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above the reef so that lines with hooks and lead wetght go straight down to
the reef. By constructing the reefs in the east-west direction across the
northerly and southerly current, the catamarans could anchor either south
or north of the reef as the current may be. In this maaner each catamaran
will have sufficient space over the reef and collisions of catamarans can be
avoided.

Fish behaviour and reefs

Shade, shelter and food are the main attractions of a reef for fish. All the 49
fishermen interviewed agreed with this point. *One of the fundamental
reasons for fish to be attracted to a reef may be related to instinct. Some
species may be seeking a dwelling in the fish reef. This probably explains
the strong tendency of bottom dwellers to flock to a fishing reef. The mid-
and upper-layer swimmers may be using the reef as a resting and or feeding
station. Other fish use a reef as a shelter or refuge from predators.’ (Grove
and Sonu, 1983).

The behavioural response of fish to reefs changes with light conditions.
The Puthiyathura fishermen are of the opinion that the hooking rate which
is highest early in the morning gradually reduces to almost nil at noon. The
hooking rate then increases gradually to almost half that of the morning.

Reef fishing happens from December to March, the fair season in the
south-west coast of India. As the marine water is non-turbid, the clear
sunlight goes deep down. To escape from the heat and for food, fish are
more aggregated during this season. For the rest of the year, inshore water
is turbid and rich with planktonic organisms due to ‘monsoon upwelling’.
This also produces a cooling effect in the sea.

Whether or not spawning takes place in a reef is the most debated point
among fisheries scientists. However, Puthiyathura fishermen confirmed
that cuttlefish (Sepia pharonis) spawned in their reefs. Agreeing with this,
Thoothoor fishermen said that cuttlefish not found before in the inshore
water of the region were aggregated in their artificial reef. With clear
water, fishermen were able to see young cuttlefish in their reefs. As
Sheehy has said, ‘Perhaps the most likely application for designed reefs
for commerica! fishing would be related to their use to create or expand
nurseries or spawning grounds. Most American reef researchers debate
whether artificiai reefs actuaily increase productivity or merely attract
and concentraic organisms from surrounding areas. Japanese scientists
generally have little doubt that artificial reefs, when properly designed,
sited and placed, can be used to increase the productivity of desired
species.’

Sanjeeva Raj has been experimenting with artificial fish habitat and fish
aggregating devices in Madras. He says that in the east coast the most
encouraging feature was that about five species were collected amidst the

159




coconut fronds. Ii is suspected that these species might be breeding at these
artificial fish habitats. This point is now being investigated.

ishing methods in reefs

The only fishing method used in these reefs is hand-lining from catamarans.
The most popular baits used in the reefs are artificial. Natural baits are also
used occasionally, particularly to catch reef resident species.

Artifictal reef materials

Initially, reef builders concenirated on recreating the complexities and
surface of the natural ridges. Material selection was based mainly on
knowledge of natural reefs. The builders iooked for cheap materials that
were easily and locally available.

From the experience gained from first-generation reefs the following
modifications were made in reef materials:

1 stones packed inside coir or rope nets: The sandy bottom of the inshore
sea is much subjected to the fury of monsocon waves and upwelling. The
cumulative effect of this process exerts heavy siltation and gradual burial of
reef materials placed in a scattered manner. In order to withstand the
siltation and burial, the Puthiyathura Beemapally fishermen packed stones
in large coir or rope nets. The nets had a mesh size big enough for fish to
enter and small enough to retain the stones together. Similarly, parts of
trees were packed and dumped to crcate vegetation in the reef site. The
decay will enhance nutrients available.

2 paiated stones: In Thoothoor, fishermen observed that a natural reef
with red colour attracted certain resident reef fish. Motivated by this,
fishermen created an artificial reef with stones painted a red colour. Jap-
anese reef builders construct structures for target species. The fish workers
in Thoothoor claim that stones painted with different colours will attract
fish with different colours. Fishermen aiso claim that ‘maturing’ of an
artificial reef can be reduced considerably if the materials used are painted
with the desired colours.

3 tyres fastened with concrete rings o give ‘shape’ to reef materials: A
recent development in reef constriction in Valiathura is characterized