
351 PN -AAZ- 3 1
 

G194 

KaK 



POWER FROM THE PEOPLE
 



POWER FROM THE PEOPLE
 
Innovation, user participation, and 

forest energy development 

MATFHEW S. GAMSER 

ABOtIy ftr International Devetopment 
Library 
Room 10 SA-18 
Washington, D.C. 20523 

IT PUBLICATIONS 1988
 



Intermediate Technology Publications Ltd.
 

103/105 Southampton Row, London WC1B 4HH, UK
 

© Intermediate Technology Publications 1988
 

ISBN 0 946688 94 X
 

Printed in Great Britain by Short Run Press Ltd., Exeter
 



Contents 

LIST OF FIGURES AND TABLES vi 
DEFINITIONS vi 
ACKNOWLEDGEMENTS vii 

1. Introduction 1 
2. 	 Innovation, Technical Change, and Development:


The Importance of 'Users' 
 6 
3. 	 Renewable Energy and Development Assistance 32 
4. 	Sudan and the Sudan Renewable Energy Project 52 
5. 	 Improved Charcoal Production in Sudan 65 
6. 	 Charcoal Stoves in Sudan: The Multiple Contributions of

Users - Artisans, Retailers, and Consumers 84 
7. 	 Institutional Innovation and Forestry Development in Sudan 105 
8. 	 Innovation and Forest Energy Development:

Wider Institutional Implications of the Sudanese Experience 126 
NOTES 131 
BIBLIOGRAPHY 145 

v 



Figures and Tables 

FIGURES 
2.1 	Changes in Supply and Demand 8 
2.2 	Typical Institutional Relationships for Technology Development:


'Hierarchical' Model 
 26 
2.3 	 Institutional Relationships for User-Interactive Innovation:
 

'Biological' Model 
 27 
3.1 	 R & D Organization Charts 46 
4.1 	Sudan 53 
4.2 	Government of Sudan Ministerial Organizations With Energy


Responsibilities 
 57 
4.3 	Government of Sudan Research and Development Organizations 58 
4.4 	Lines of Authority and Support in SREP 61 
5.1 	 Charcoal Consumption by Region 66 
5.2 	Sudan: Northern Limit of Charcoal Production, 1960-1980 67 
5.3 	Forest/Wood Consumption and Loss: 1980
 

(Original NEA Figures) 
 80 
5.4 	Forest/Wood Consumption and Loss: 1980 

(Solid Metre Basis) 81 
5.5 	Forest/Wood Consumption and Loss: 1980 (Solid Cubic Metre 

Basis - Consumption Based on Earl/Mukhtar) 82 
6.1 	 Improved Charcoal Stove Design 88 
6.2 	Charcoal Stove Sales - Khartoum 102 
6.3 	Charcoal Stove Producers - Khartoum 102 

TABLES 
2.1 	 The Economic and Technical Performance of Nuclear Plant 29 
4.1 	Students in university 54 
5.1 	 Rawashda Forest Charcoal Production Measurements 73 
5.2 	Forest/Wood Consumption and Loss: 1980 79 
6.1 	Charcoal and Monetary Savings of Improved Stoves 91 
7.1 	Forestry in the Irrigated Sector in Sudan 109 

DEFINITIONS 

LS = Sudanese Pounds
 
LS 1.30-3.30 = $ 1.00 (official value, 1982-1985)
 
LS 1.80-5.00 = $ 1.00 (parallel market value, 1982-1985)
 
1 FEDDAN = 0.42 HECTARES (approximately 1 acre)
 

vi 

http:1.80-5.00
http:1.30-3.30


Acknowledgements 

Many people have provided help and inspiration for this work. The staff of 
the Sudan Energy Research Council and the Sudan Renewable Energy
Research Institute provided much advice, support and intellectual stimu
lation during my three years in Sudan. The US Agency for International 
Development (USAID) and the Government of Sudan provided essential 
funds for the technology development work that inspired this book. 
Energy/Development International and the Georgia Tech Research 
Institute, contracted by USAID to assist in the implementation of the 
Sudan Renewable Energy Project, provided the author with the Energy 
Economist position in SREP which enabled much of the research for this 
book to be undertaken. Other research, particularly that into user in
volvement in industrial innovation, was greatly assisted by the author's 
former colleagues from Sussex University's Science Policy Research Unit 
(SPRU) and by the library staff from both SPRU and the Institute of 
Development Studies. 

A few key individuals deserve further mention: Andrew Barnett and 
Norman Clark of SPRU provided valuable critical advice and comment on 
this work. Dr. El Tayeb Idris Eisa, the Director of the Energy Research 
Council, and Donald B Peterson, Chief of Party for SREP, have given
both friendship and instruction as colleagues during the author's years in 
Sudan. Neal Burton of IT Publications and Martin Elliot provided valuable 
editorial suggestions and other assistance. Finally special thanks are due to 
Anka Zaremba, for the editing and proofreading of earlier drafts, and for 
her general inspiration and support during the writing of this book. 

vii 



CHAPTER ONE 
Introduction 

This book is a discussion of the management of technical change. It looks 
at many examples of this change, ranging from work on the most sophisti
cated, 'high-tech' products and processes for industrial cultures, to aspects
of basic struggles for survival in rural areas in developing nations. Its heart
lies in the detailed analysis of the introduction of forest energy tech
nologies in Sudan. 

The technologies themselves are not the focus of this study. Its central 
concern is the players who participate in their innovation, and the manner 
in which that participation can be organized. How technologies, in prac
tice, affect the production or consumption of energy is important; but the 
ways in which institutions seek to generate these technologies, is of higher
priority. Good change management, it will be seen, provides for the fullest 
use of local change resources. These resources consist of many types of
knowledge and skills. They are obtained not only from formally trained 
scientists and technicians, who work within research and development
facilities, but also from farmers, craftsmen, housewives, traders, and 
others outside the research and development (R & D) system. The latter 
group, while they may have little technical accreditation, have enormous 
technical change capability, gained from their experience in production,
distribution, and consumption - the various dimensions of the use of 
technologies. 

In some cases R & D work virtually by itself, carried out within labora
tories and test stations, can bring about innovation. On the other hand,
much technical change also occurs outside such formal R & D, as, for
example, when the two young founders of Apple Computer spawned a new 
era of personal computing through tinkering in their garage. In most
instances, several types of knowledge and skill contribute to the change 
process. The more location-specific the demands (physical and economic) 
on a technology, the more important is the role of technology user contri
butions in technical change.

Forest energy technologies are especially dependent on local social and
environmental conditions. User participation in forest energy technology
development is essential to innovation in this technology area. Promoting
an approach that facilitates user participation in this process, therefore, is 
integral to change management, and to developrment assistance in this
field. This work provides an empirical illustration of user importance
through the analysis of forest energy technology development in Sudan. 
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'The historic and irreversible change in the way of doing things we call
"innovation",' wrote Joseph Schumpeter in 1935, and this is the 'inno
vation' to be examined herein.' It is distinct from 'invention', which is the
discovery of technical possibility. Innovation represents the marriage of 
this discovery with a specific application or applications. It contains both 
discovery and the satisfaction of a demand through that discovery. Until an
invention finds a specific application in the form of a product or process,
there is no innovation.2 

Innovation is increasingly appreci~atd, as Rothwell and Gardiner des
cribe it, as 'an iterative design rocess.3 They and others have emphasized
the important role played by 'technology users' in this design process.
'User' is a potentially ambiguous label, which in its narrowest sense can be
held to indicate only those who 'use up', or consume a product, while in its 
widest interpretation can cover all persons who, through any means, inter
act with a technology, its creators, disseminators, and consumers. 4 

This book employs a broad definition of 'user', but not its most universal 
connotation. The 'users' it discusses fall into three general types: 

1) Those who obtain a technology, through purchase or other means, in
order to fulfill certain individual requirements. Examples of this type
include housewives buying charcoal stoves to use in home cooking,
farmers planting trees to provide fuel, poles, shelter, or other benefits
for their land, or factory owners choosing a certain machine or process

technique for their operation.

2) Those who mass-produce a technology, 
or who carry out production
operations with its techniques. These users include artisans who manu
facture stoves, assembly line staff who operate and maintain machinery,
charcoal makers, and nursery builders and operators.
3) Those who disseminate, or distribute a technology to other users. This
last group includes traders (wholesale and retail), marketing personnel,
and teachers. It also contains extension agents and development assist
ance workers. 

The user types may be referred to in shorthand fashion as 'consumers',
'producers', and 'distributors'. The three types are not mutually exclusive. 
This overall user domain does not contain the staff of universities, research
laboratories, or other formally established R & D facilities, except for 
cases in which these individuals, in their spare time and outside their work
duties, consume, produce, or distribute technologies. By such a definition 
R & D work stands as separate from technology use, and R & D environ
ments are isolated from users. This definition is used not to reinforce this 
stereotype, but to show the negative consequences of such isolation for 
innovation. 

The notion of 'participation', too, has been given many meanings in
development literature. Cohen and Uphoff have attempted to systematize
the various forms of participation that can occur, which represents a
valuable step towards a greater understanding of local participation in 
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technology development efforts.5 In their classification, participation takes 
place in four aspects of assistance programmes: decision-making, imple
mentation, benefits, and evaluation. The analysis of the development of 
new products and processes and, in particular, the detailed observation of 
forest energy development in Sudan, focuses on the presence and import
ance of participation in all these areas, placing particular emphasis on user 
participation in decision-making and evaluation (including re-design) of 
technologies. 

The central thesis of this book is that an ex ante commitment to greater 
user participation in technology development enhances the innovative 
propensity of a given firm or agncy. Making use of this human resource,
this 'people power', is an integral part of effective change management.
This premise is supported by brief examples of innovations in Western 
industry and by a more thorough analysis of development assistance pro
jects - with particular attention given to work in Sudan on three forest 
energy technologies - charcoal kilns, improved charcoal stoves, and agro
forestry. The Sudanese example describes the user-involved technology
development programme implemented by the Sudan Energy Research 
Council through the Government of Sudan and US Agency for Inter
national Development-supported Sudan Renewable Energy Project.

A corollary to this thesis is that the principles and benefits of effective 
change management are universal. User participation is as important to the 
design and development of computer software and Boeing 747s as it is to 
that of charcoal stoves and other technologies for the poor people of 
developing nations. There is no difference between so-called 'high' and 
'low' technology in this respect. Users are not involved in all successful 
innovations, but they play a major role in cases spanning a vast number of 
nations and technical disciplines. Managers from both industry and devel
opment assistance need to acknowledge and utilize this people-powered 
change resource. 

Development assistance, in particular, can learn some lessons from 
those developed country firms which have begun to reorganize the struc
ture and approach of their research and development bodies, in order to 
increase user interaction in product design and development. Rather than 
replicating institutional hierarchies and management structures now being
overhauled and radically altered in developed country firms, universities,
and other research centres, support for technical change in developing
nations should seek to emulate this new, more user-interactive approach.
This book, in juxtaposing innovation experiences from both developed and 
developing nations, demonstrates not only why user participation is essen
tial in both spheres, but also how user-orientated management techniques 
can find immediate and productive application in developing country insti
tutions and assistance programmes. The Sudan Renewable Energy Project
(SREP) was designed as an exploration in new technology development
strategies. In particular, the project staff were instructed to give priority to 
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the 'commercialization' of SREP's forest energy technologies, by which 
USAID meant supporting their self-sustaining production and distribution. 
SREP's objective was not merely to show that technologies worked, but to 
produce innovations and changes to production and consumption patterns
caused by the widespread introduction of these technologies. The staff 
were told to look for ways in which the existing productive sector of the 
economy could be involved in the project. They were warned against
devoting undue time and effort to in-house research, and were advised to 
concentrate on taking 'viable' technologies out into field trial and appli
cation as soon as possible. 

USAID and the Government of Sudan used their financial support for 
SREP to move technology development work out of the ERC's internal 
facilities into the user community. While less than $250,000 was provided
for internal procurement activities, over $2.8 million was made available 
for renewable energy development grant (REDG) disbursements. The 
agreement between the two governments that established SREP stipulated
that these REDG funds had to be allocated to individuals or organizations
outside the ERC and its constituent bodies. In order to utilize the bulk of 
the finance offered for forest energy development under SREP, the ERC 
had to identify external parties who could contribute to innovation, and to 
encourage them, through the incentives offered by the grant resources, 
into initiating forest energy technology activities. The financial structure of 
SREP thus served as a powerful incentive for the ERC to develop links 
with technology users in its R & D programme. 

The establishment of the grants mechanism as the centre of SREP 
activity meant that, even before decisions had been taken as to which 
technologies should be the object of SREP attention, the necessity for user 
participation in their development was acknowledged. SREP was estab
lished from the outset as an exercise in the interaction between an R & D 
institution and technology users. 

The author's work with SREP began in October 1982, the project's 
commencement, and ended in October 1985, the completion of his con
tracted assignment in Sudan. Although the ERC's work under SREP was 
not completed by that time, the results of its first three years' effort led 
both USAID and the Government of Sudan to declare the project a 
success. The analysis of events in the development of charcoal production,
improved charcoal stoves, and forestry technologies under SREP looks at 
the elements of this success, and shows the imvortance of user contribu
tions to the innovations that were achieved. 

This book consists of two parts. The first part examines developments in 
the theoretical understanding of the innovation process and the role of 
users within that process. It also reviews the reassessment of research and 
development strategy that has inben undertaken many development
fields, and is now beginning in the renewable energy field. This reassess
ment demonstrates that much common ground exists between technical 
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change in industrialized, and in the developing nations. The second part
looks in detail at the experience of a user-oriented technology develop
ment effort in the forest energy work of the ERC under SREP. The results 
obtained in this effort substantiate the importance of the user role in 
innovation established in the previous section. 

Chapter 2 looks at users and innovation in both industrial and develop
ment contexts. 

Chapter 3 discusses problems that have beset project implementation in 
the renewable energy technology area, focusing on work in forest energy,
and on the relative isolation from user involvement of technology develop
ment work in this field. Chapters 4 to 7 contain the detailed study of forest 
energy development in Sudan, with one chapter on each of the three 
technologies examined, and an introductory chapter concerning energy
and institutions in that nation. Chapter 8 discusses how technology
development strategy, R & D institutional management, and development
assistance programmes can be restructured to better attract and utilize user 
contributions. 
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CHAPTER TWO 
Innovation, Technical Change, and Development: the 

Importance of 'Users' 

Herrera, in a perceptive essay on innovation in rural areas of developing 
nations, writes 

The basic principles involved in the generation of technologies for rural 
areas are also valid for the whole society, although the mechanisms for 
their implementation could be somewhat different. . . . Two of the essen
tial elements [of rural innovation] ... are the utilization of local know
ledge, and the participation of the local people in the whole process.' 

This chapter, in essence, is an elaboration upon Herrara's brief, but 
incisive points. 

It has long been recognized that innovation is a fundamental deter
minant of economic development. Adam Smith saw 'the invention of a 
great number of machines which facilitate and abridge labour, and enable 
one man to do the work of many' 2 and their application in industry as a key
force behind the increased productivity of his time. Marx and Engels
regarded innovation as a central pillar of the capitalist system, noting 'the 
bourgeoisie cannot exist without constantly revolutionizing the means of 
production.' 

3 

Understanding the factors that affect innovation, the influences that 
encourage and direct it, is a central goal of science policy studies. Rather 
than treating technical change as a 'black box' phenomenon, something
that exists outside the causes and effects of economic systems, while itself 
influencing the progress and direction of activities within those systems,
such studies place innovation as a part of the economic environment,
subject to and, most important, controllable through the forces that govern
this environment.4 While there has been disagreement concerning which 
factors are the most significznt for the initiation and maintenance of inno
vative activity, there remains the central conviction that innovation can 
be comprehended in economic terms, and can be managed through the 
formulation and implementation of incentives which stimulate technical 
initiative. 

The sources of innovation: the 'push-pull' debate 
As Christopher Freeman has noted, innovation is essentially a two-sided 
activity: 

On the one hand, it involves the recognition of a need or more precisely,
in economic terms, a potential market for a new product or process. On 
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the other hand, it involves technical knowledge, which may be generally
available, but may also often include new scientific and technological
information, the result of original research activity.5 

Much of the innovation literature of the past 30 years has been occupied
with the question of which of these two facets is of greater importance.
Scientists and engineers have tended to emphasize the role of original
research, and to ignore or dismiss the contribution of market forces. 
Economists often have taken the opposite approach, portraying innovative 
scientific activity as responsive to market influences. Langrish and his 
associates categorized these two schools of thought as 'discovery-push' and
'need-pull' theories of innovation. 6 

The 'push-pull' debate has been a double-edged sword for the develop
ment of a greater understanding of the process of innovation. It has been a
liability in that much of its arguments have centred upon a confusion of 
experience and terminology, and its methods governed by a desire to 
reduce technical change into a mechanistic, linear framework. It has been 
an asset in that it has generated enthusiasm for the detailed analysis of 
individual experiences of innovation within industries and within firms,
which has led to an appreciation of the interactive design process that 
underlies much successful innovation. 

In the diverse realm of industrial activity in Western nations it has not 
been difficult to find cases that support both discovery-push (also called 
science-push) and need-pull (also called demand-pull) as the dominant 
forces governing innovation. For example, devices such as the hovercraft 
began without any notion of what their specific applications could be in 
existing market situations.7 Yet, most medical instruments have been 
developed specifically to satisfy existing needs, often by laboratory tech
nicians themselves. 8 When analysts attempt to generalize from their sector 
studies to draw inferences about the relative importance of 'push' and 'pull'
factors over the larger realm of innovation, they inevitably end up com
paring apples to oranges, with suitably ambiguous results. 

As Mowery and Rosenberg have pointed out in a detailed critique of
several innovation case studies, the debate also has been confused by an 
inconsistent and, at times, inappropriate use of the term 'demand'. They
note that, rather than demonstrating that innovation is introduced because 
the market demand for a specific product has increased, indicating a 
positive shift of the demand curve, many of the studies show that tech
nological improvements allow a product to be sold at a lower price. This is 
not a demand shift, but a movement along the supply curve (see Figure 2.1, 
below.9 

'Need' is often confused with 'demand' in these studies. '0 Tnis, too, can
be very misleading, for while a person may 'need' many things, he may
only be able to afford a small number of them. A new product's or 
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Figure 2.1 Changes in Supply and Demand 

process's potential to satisfy existing needs is an important component of 
its success as an innovation, but it does not denote the primacy of demand 
fuctors in stimulating that innovation in the first place. Nor, because need 
cannot be equated with demand, can need satisfaction alone guarantee the 
market success of an innovation. If the product or process fulfils physical 
requirements, or needs, but is not affordable, it will not find enough 
applications to generate sustained technical change. Need and demand 
both are important factors in innovation, but their nature and their roles 
are not ideitical, and the 'push-pull' debate has hindered progress towards 
a better understanding of innovation in its blurring of the distinction 
between the two. 

About the best that can be said about 'science-push' and 'demand-pull' 
factors is that both are potential influences on innovation, and that their 
individual importance will depend on the individual organization and 
product environment. Given the diversity of experience for individual 
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innovations, it seems pointless to attempt to find a single innovation prime
mover. Rather, investigators of industrial progress should acknowledge
and attempt to understand a system of multiple forces, options, checks,
and balances - and to admit the critical importance of innovation itself. As 
Freeman points out, 

Any firm operates within a spectrum of technological and market possi
bilities arising from the growth of world science and the world market.
These developments are largely independent of the individual firm and
woulk mostly continue even if it ceased to exist. To survive and develop
it must take into account these limitations and historical circumstances. 
To this extent its innovative activity is not free or arbitrary, but histori
cally circumscribed. Its survival and growth depend upon its capacity to
adapt to this rapidly changing external environment and to change it.1" 

Freeman's quotation, while indicating the futility of attempting to charac
terize innovation as dominated by either technical or demand factors, also 
exposes the essence of more constructive developments that emerged from 
the empirical attention paid to technical change during the past three
decades. These works, whether or not they foundered upon the difficulties 
of inter-sectoral comparisors the isolationor of market demand from 
supply factors, emphasize that innovation is a part of a larger environment 
populated by numerous influences, incliiations, and, of particular import
ance for this dissertation, abilities. The resources for innovation do not all 
lie within laboratories or within the R & D system, but also can be found in 
the firm's larger internal and external environment, in its own production
and marketing systems, and in its relations to its suppliers, distributors,
aud customers. All those who use a technology, whether in production,
trade, or consumption, possess a knowledge of it that can itself play a role 
in innovation. Case studies of innovations have helped to elucidate how 
such external knowledge has contributed to technical change, and how a 
firm's ability to identify and utilize this know!edge enhances its potential to 
sustain its innovative activity in its field. 

The Role of Technology Users in the Innovation Process 

The recent empirical analyses of new product and process development
have not been the first to point to technology user activity in innovation. 
Adam Smith, in 1776, noted 

A great part of the machines made use of in those manufactures in which
labour is most subdivided, were originally the inventions of common
workmen, who, being each of them employed in some very simple
operation, naturally turned their thoughts towards finding out easier and 
readier methods of performing it. 2 
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The newer work, however, !ends valuable insight into the mechanisms by
which inputs from outside the R & D system can be received and employed
in both generating innovations, and in improving on the design and per
formance of existing designs and techniques. It does not show that users
innovate or provide key ideas in all technology or industrial areas, but it 
does demonstrate that, in those areas in which user contributions are
significant, a firm's capacity to channel these into its own R & D effort is an 
important determinant of its ability to remain innovative and competitive. 

Users as innovators 
Perhaps the most profound examples of user contributions to innovation 
are those cases in which the original conception and prototype version of
the new product or process came from a technology consumer. This direct
innovation by users is not all-pervasive. One does not and would not 
expect to find new petrochemical or pharmaceutical products generated
outside R & D facilities. Yet, user innovation is not an influence only in
'low-tech' fields, such as food products and fashion design, but also in more 
advanced technological domains, such as scientific instrument production
and software development.

Much of the pioneering work on user innovation has come from the
Massachusetts Institute of Technology's Sloan School of Management and,
in particular, from the research of Eric von Hippel and his students. Von 
Hippel's early work in this area studied the development of new products
and processes in several fields, finding that 'in some industries, most
commercially successful products are developed by product users, not
product manufacturers." 3 Virtually all successful new devices in the fields 
of scientific instrument production and semi-conductor electronics and sub
assembly manufacture initially were developed by people who had here
tofore been 
customers for products from these industrial sectors. More
over, a majority of the major functional improvements to established 
products in these fields were developed by customers. On the other hand, 
no new products in the polymer and plastics additives industries came from
outside sources. In these sectors, manufacturer R & D-based innovation 
accounted for all new developments.14 

As von Hippel continued to study user innovation he found that he was 
not the only person who appreciated customer contributions to technical 
change. Certain companies had created their own programmes to identify
and encourage user innovation, and then to incorporate the most promis
ing new products and processes into their own lines. IBM, for example,
formed an Installed User Program department to attract and acquire user
developed programs for its medium and large computers. The company
estimated that one-third of all its leased software originated from such user 
innovations. 5 

In a quite different field, the Pillsbury company initiated its annual 
Bake-Off in 1949 to publicize its flour and other bakery products. The 
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company soon found that many of the recipes it received in this contest
could be successfully marketed under the Pillsbury brand. One of its fourcake mix lines and several variations of another stemmed directly from the 
recipes submitted by Bake-Off winners. 16 

But customers were not the only type of technology users who contri
buted important inrovations ini industrial fields. Marketing and distribu
tion staff have come up with some of the most successful new product ideas
of this century. Two of the most successful products of the Minnesota
Mining and Manufacturing Company (3M), masking tape and Scotch tape,
arose from salemen's initiatives. Peters and Waterman, in their analysis of
the roots of 3M's success, saw the company's encouragement for all staff,not just its scientists and technicians, to contribute new product ideas, asthe fundamental component of its ability to remain innovative.17 

User-R & D interaction in innovation 
Technology users do not have to supply the initial creative input to an
innovation in order to play an important part in its success. Detailed
analyses of new product and process development have pointed out thatmuch technical change takes the form of incremental modifications to
initial design ideas, and that some of the most successful ventures have along history of critical reassessment and modification in response to user
experiences with and requirements for the technology.18 The interaction 
between users and R & D staff provides the impetus for this incremental
innovation, which refines and strengthens the technologies brought forward in an initial creative impulse. Paul Gardiner and Roy Rothwell of the 
Science Policy Research Unit argue, 

What has not been highlighted, and should be, is that the tougher andmore demanding the customers are in their requirements, the better and more robust the designs will be, along with their probability of reinno
vation and propensity for successful longterm commercial exploitation. 19 

The two authors' study of innovations in the aeronautics and farm equip
ment sectors illustrates the positive results of this 'tough-customer' interaction. The development of the original Boeing 747 was a difficult and, at
times, contentious process, as the manufacturer struggled to cope with
stringent and fast changing requirements from Pan American Airways, itsprincipal customer. Design specifications had to be continually upgraded.
Moreover, Boeing had to build in a certain amount of 'stretch' into itsinitial design, as Pan Am raised new functional requirements, such as cargo
carrying, that it might wish to see included in subsequent equipment
orders. As a result, the 747 design that resulted was able to serve a wide
variety of airline technical needs, and became a great success both for the 
manufacturer and its users. 

R & D-user interaction need not occur or be confined to the formation offirst commercial designs. User observations on established product charac
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teristics and performance can be channelled into improved designs or the 
formulation of product off-shoots. The Howard Company's rotary culti
vator, another Gardiner and Rothwell case study, did not experience 
extensive manufacturer-user interaction in its initial design. However, the 
company made extensive modifications and improvements to its design 
from its inception in 1962 to the present day, modifications heavily 
influenced by farmer comments and demands. Howard Company even 
operated a suggestion scheme to solicit farmer ideas. The authors comment, 

With the Howard Rotavator, the customer played a more 'reactive' role 
in the establishment of the original design specification, but subse
quently adopted a more active (design-oriented) role in suggesting areas 
of improvement; it was a case of multiple interaction and producer/user 
compleiientarity.20 

These two cases demonstrate only one type of user role, that of the 
customer, in design and innovation, but this role can and has been taken up 
by other types of technology users. The development of hovercraft, also 
analyzed by Rothwell and Gardiner, provides an excellent example of the 
various types of users and user contributions that can be involved in the 
innovation process. Hovercraft began as a technical conception with no 
specific end-use in the mind of its inventor, Christopher Cockerell. It had 
potential marine, aeronautical, and military applications, and, between the 
time of Cockerell's first patent and the commercial launching of the first 
designs, hovercraft technology was discussed and developed with the 
participation of representatives from shipping, aircraft, and defence in
dustries, as well as with British Go-ernment R & D staff. Manufacturers 
and marketing personnel, potential builders and sellers, and not simply 
customers, were involved in the transformation of Cockerell's original idea 
into a successful marine transport technology. 

In fact, technology user involvement became so extensive and influential 
in hovercraft's development that Cockerell himself, as a result of disputes 
over design directions, was dismissed from the development programme in 
1966, before any substantial commercialization of the technology had 
taken place. Even without its inventor, hovercraft progressed through a 
series of incremental innovations, in response to the experience and con
cern of its manufacturers, distributors, and shipping company customers, 
to the establishment of the family of designs in operation today.21 

The above and other case studies have depicted the important contri
butions of users to innovation in various industries and organizations. 
These analyses reveal much not only about the wide range of resources that 
can be tapped in implementing technical change, but also about the 
complex, non-mechanistic nature of that change itself, and about how 
management and science policy measures can foster and support a more 
innovative environment. 
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Technology and Development 
Although the literature on technology and development often speaks in
different terms and with different emphases from that on technical change
in developed economies, in many respects it reveals a similar conception ofinnovation, in which science and demand factors both play an important
role, and in which technology users' contributions often figure promi
nently. The analysis of innovation in developing nations raises new con
cepts, such as 'technology transfer','appropriateness', 'informal sector
activity', and 'indigenous capability' which can lead one to feel that techni
cal change takes on different dimensions in a development situation.
However, the new terms do not represent a departure from the central
determinants of innovation, but rather a means towards a greater appreci
ation of the parameters of developing country economies, through which
both the science and demand forces driving technical change, and the
participation in that change by players from outside of the R & D institu
tional structure, can be more thoroughly understood and utilized. 

Early institution building
During the 1950s and 1960s much money and effort went into the creation
of centralized educational and R & D facilities in developing nations.
These institutions would supply basic science, which, through an unspeci
fied mechanism, would make discoveries that would, in turn, be channelled
into industrial innovations and economic development. The institutions 
were established as mirror images of similar bodies in Europe and
America. There was some debate about how 'basic' the focus of the new
institutions should be, but all agreed that the established Western research 
structure should be replicated. These early years also saw a heavy invest
ment in fixed capital in developing nations. It was assumed that, just as a
university or national science organization would stimulate innovation, so
would machinery, buildings, and roads provide the tools to stimulate 
national technical advance. 

However, the expected transformation of developing countries intomodern technological states did not, for the most part, occur. As Martin
 
Bell noted,
 

By the 1970s, it became clear that very few of the centralised industrial R& D organisations in developing countries were making any significant
contribution to industrial development. Similarly, higher-level scientificand technological education commonly had only very weak connectionswith industry: results from university R & D seldom flowed into industry; and even the flow of technology embodied in university educated 
people was often very limited. 22 

Another problem encountered was that many people from developing
countries, sent overseas to receive formal academic training that would 
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enable them to administer their national institutions, never returned to 
contribute to these institutions. They took on new assignments in the 
developed countries in which they were trained, or left their government 
positions to take up more lucrative private sector opportunities upon their 
return to their nations. 

Essentially, this mode of development assistance, in supplying the struc
ture of modern science without any coherent policy for the application of 
this infrastructure to the promotion of technical change, built a ship 
without a rudder. Bell summed up the situation very succinctly: 

the system for iinking science and technology to economic development 
was commonly incoherent and disarticulated. ... neither the domestic 
structure of institutional and human resources nor the process of import
ing technology was generating the paths of technical, economic, and 
social change that had been expected.23 

In many respects, providing for scientific infrastructure development with
out formulating controls and directions for the work and the application of 
the products of that infrastructure, was similar to a firm investing heavily in 
R & D without any specific technical or market goals. This science-without
policy avoided grappling with the essence of innovation, treating it instead 
as something that would flow from the new institutes, but could not be 
encouraged, or regulated. 

Much of the literature on technology and development can be seen as a 
reaction to the limitations of this initial, ill-fated, science supply-side 
approach. Work in this domain seeks to better understand the innovation 
process within a developing country context, so that desired technical 
change can be better supported by government policy and action. The 
discussion of 'technology transfer' represents one aspect of this attempt at 
improving comprehension and control of innovation. 

Technology transfer 
The literature on technology transfer is vast, and this chapter will not 
cover its many facets. 24 Rather, it examines how work in this area has led 
to a greater appreciation of technical change and the importance of tech
nology users to this process. 

Martin Fransman suggests that much of the technology transfer liter
ature from before the late 1970s displays a limited interest in technical 
change, in that it tends to focus on importing to achieve technical improve
ment, and on the choice between fixed, foreign technologies available to 
developing nations.25 Its unspoken emphasis, he argues, is not on how to 
develop internal innovation, but on how to buy-in the products of external 
innovation. 

On the other hand, the examination of national and local economic 
resources, and the appraisal of human resources in developing nations that 
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took place alongside this discussion of the choice of products and tech
niques, stimulated a greater investigation and appreciation of the environ
ment in which innovation could occur. Attention was paid not only to what 
co:ntries and individuals could afford, but also to what they could pro
duce, operate, and maintain - their 'capability'.

'Capability' has not figured prominently in discussions of innovation in
industrialized nations, not because it is unimportant that new product and 
process formulation consider what sorts of technology can be efficiently
utilized by the existing market, but because it is taken for granted that
Western technology users' abilities are well understood by innovators. It
became obvious that capabilities in developing countries, particularly with 
regard to the utilization of Western-conceived technologies, were not well 
understood when imported technologies failed to perform at comparable
efficiencies when introduced into developing nations. 

This realization inspired a more detailed analysis of capability not only in
technology transfer studies, but also in other work on technology and 
development (some of these other areas, particularly 'appropriate tech
nology' and 'indigenous technical knowledge' work, will be discussed later).
As local capability became better appreciated, its essentially dynamic
nature became more obvious and important to analysts. Their focus turned 
more and more to how capabilities can be adapted and enhanced as a part
of the introduction of a new technology. In other words, the technology
transfer literature became centrally concerned with the process of innova
tion within developing nations.26 Fransman noted, 

the new focus required an analysis of the process of technological change
in Third World countries rather than a more limited consideration of the
costs and benefits (the latter usually excluding technological change) of 
transferred technology. 27 

This new focus on technological change, whether or not it represents a

paradigm shift for the analysis of technology and development, or, as has

been suggested above, a natural outgrowth of a greater understanding of
the local technological environments in developing nations, brought the
analysis of the understanding and management of innovation to centre 
stage in the discussion of technology transfer. Moreover, the success of
technology transfer, seen in this light, depended upon the interaction 
between scientific potential and local capability. 

Appropriatetechnology
The appropriate technology movement also was built upon the acknowledge
ment of the importance of local capability in the innovation process. E F 
Schumacher, one of the founders of this movement, wrote 

If we could turn official and popular interest away from the grandiose 
projects and to the real needs of the poor, the battle [for development] 
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could be won. ... The poor can be helped to help themselves, but only
by making available to them a technology that recognises the economic 
boundaries and limitations of poverty. ' 

Appropriate technology, as articulated by Schumacher and others, was 
technology that could be established within the capabilities of the environ
ment surrounding rural poverty. This means not only that it satisfied an 
existing economic demand, but also that its operation and benefits could be 
sustained by its local users. As in the case of technology transfer, the 
interaction between users and the technology was a critical determinant of 
the technology's potential for innovation. Schumacher illustrated this 
importance by subtitling appropriate technology 'technology with a human29
face.' 

Unfortunately, many of the projects designed to achieve appropriate 
technology innovations have not performed well. As Whitcombe and Carr 
of the Intermediate Technology Development Group, the organization 
Schumacher founded to advance his ideal of appropriate technology, noted, 

examples of projects which have taken technologies beyond the pilot 
stage into widespread production and use are very thin on the ground. 
...even after the considerable support given to the AT movement over 
the past 5 years by governments and international agencies. 30 

However, this poor performance does not disprove the importance of 
demand factors and local capabilities to the success of innovations in rural 
areas, as the implementation of many appropriate technology projects 
failed to adhere to Schumacher's principles. Much of the new technology, 
like the old, was developed and tested by developed country scientists and 
engineers (often indeveloped country locations), and then presented as a 
ixed entity for adoption by rural users. The appropriate technologists
)ften were less responsive to local capabilities and demand than they were 
:o local resource availability. Rather than achieving an interactive inno
vation programme, ini which scientific and local abilities could be united to 
Jevelop a more 'human' technology, all too often the projects provided
)nly an injection of Western science using local construction materials. 

While not all innovations need to originate from user ideas, or to involve 
-xtensive user participation before their first marketing or application, 
-arlier discussion has shown how technology users can and do play an 
mportant role in technical change in many areas. Considering the goal of 
he appropriate technology movement to develop products and processes 
hat can be produced, operated, and maintained within the confines of 
ural capabilities, it seems likely that its approach to innovation, and that 
)f other movements to bring the benefits of technical change to the poor in 
leveloping nations, would require user interaction in technology develop
nent in order to stand a reasonable chance of success. The investigation of 
ndigenous technical knowledge and informal sector production activities 
n developing nations reveals the significant potential of user resources 
or the promotion of innovation. 
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Indigenous technical knowledge and informal sector productionThe study' of indigenous technical knowledge (ITK) has focused mainly ofrural environmental and agricultural applications, while the literature concerning informal sector production (ISP) concentrates on urban, manufacturing operations. 3' While their different geographical orientations leacthe two fields into different issues and discussions, both emphasize thcextent to which local technology users can contribute to innovations, anc 
both also show that users play an important role as innovators, oftercarrying out their own R & D work in parallel to that of official government
institutions. 

ITK and ISP investigations demonstrate that local farmers, artisans, andtraders possess an extensive knowledge of both technical and demandfactors of great importance for technology design and development, andthat, in many cases, technology users provide the critical insights fo: thesuccessful adaptation and introduction of new products and processes. Forexample, in Bangladesh farmers carried out further selection within a newhybrid rice strain in order to make it taller, in order to avoid possibledamage from the wide range of paddy water levels that occur as a result ofunpredictable annual rainfall. 3 2 As released from the research station, thehybrid strain was too short and sensitive to flood damage, which limited its 
appeal to farmers. 

In Vietnam, a local artisan-farmer, who had been trained in the operation and maintenance of French-made dredging equipment during histwelve years of work as a mechanic in Saigon, saw that its basic impellermechanism could be modified to undertake low-lift pumping, such as thatcommonly needed in rice irrigation. He developed his own impeller pump,using commercial engines and fashioning his propellers and shafts fromlocal materials. An engine retailer in another village, apparently with noknowledge of the other innovator, came up with a similar design. Bothproved very popular with local farmers, for they were cheaper and moreportable than commercially available diesel pumps, and far more produc
tive than hand pumps. Although the Vietnamese Government, the VietCong, and the USAID extension staff offered little support, or in some cases actively discouraged the use of the new devices, they spread rapidly
through the delta 
 farming areas, greatly transforming the upper delta 
agricultural economy. 33 

These case studies, and many others, show more than just user contributions to innovation. They establish that, in developing nations, muchresearch and development occurs outside the conventional institutionalbackgrounds, on farms, in homes, and in workshops. This 'informal' R &D often provides key technical inputs for innovation, or generates
innovations on its own. 

In one part of Bangladesh, farmers surprised researchers by growingwheat on soils deemed unsuitable for that crop, using a land ridging
method to conserve monsoon rainwater and therby increase the irrigated 
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season length. The farmers had implemented their own trials of various 
land preparation techniques, and had decided that wheat cultivation was a 
viable activity. After observing this practice, the government soil scientists 
decided to reclassify the local soils as capable of supporting wheat, pro
vided the farmer-developed cultivation technique.34 

In the informal metalworking sector in Kenya, skilled artisans have 
developed their own cutting and forming machinery, which improves 
finished product quality and reduces production time and costs. 35 They, 

and artisans from other nations, also have formulated innovative systems 
both for executing work orders using available workshop staff, and for 
training new craftsmen. 36 Commentators on ISP differ as to whether these 
informal systems and the relations they establish with traders and other 
producers are inherently exploitative, but all admit the extensive inno
vation that originates within this sector. 

The attention paid to the innovation process in studies of technology 
transfer, appropriate technology, indigenous technical knowledge, and 
informal sector production reflects an increased awareness on the part of 
those working in technology and development of the great potential of 
technology users for the generation and continuation of technical change. 
This awareness had led to the attempt, in several development fields, to 
tap the potential of user capabilities through the establishment of a more 
interactive R & D system, in which technology users play an important part 
in all aspects of technology development. 

Towards a More Interactive R & D-User Participation in 
Technology and Development 

Development work in the agriculture, health, and irrigation fields today 
shows an increasing commitment to involving local technology users in the 
innovation process. This is accomplished through making users a more 
active partner in R & D: not limiting them to a 'guinea pig' role, but having 
them share in both determining research directions and priorities, and 
evaluating the results of trials. It cannot be said that all R & D in these 
areas, nor all innovation, reflects significant user participation, but several 
major research institutions in these fields are taking the user role in techni
cal change very seriously. The following section examines the encouraging 
results of some user-interactive R & D programmes in these fields. 37 

1.Agriculture 
At the International Potato Centre in Peru, scientists had devoted much 
effort to developing strains that could endure long periods of storage. They 
had not spoken to peasant farmers about whether declining quality through 
storage was a problem. This was assumed, since potatoes commonly were 
stored over long periods before marketing, and it was known that post
harvest losses occurred. 
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However, when they did bother to consult with local farmers, they were
surprised to find that what to the researchers had seemed a critical issue was of little importance to the farmers. The farmers said that their big
problem was sprouting during storage, and that the new strains were just as
bad as the t,'aditional ones in this respect. Sprouting necessitated tedious,
time-consuming priming work before potatoes could be sold or used for re
seeding, and the farmers wondered whether anything could be done about
this problem. The IPC staff reorganized its research to face this new issue,
and this time worked directly with the farmers to develop a diffused lightstorage area that significantly reduced sprouting. 38 By themselves,
the technicians invented much, but innovated little. In tandem with thefarmers, they addressed more important problems, and found solutions.

The International Centre for Tropical Agriculture (CIAT) in Colombia
also has initiated interactive research efforts. There, they are pursuing an
assessment of the interactive research method itself, through an examin
ation of the effects of including farmer inputs to experimental design and 
management to the outcomes of fertilizer trials. 39 The initial results haveshown that, at least in the area of research design, allowing the farmers a say in what is tested and how comparisons are to be made is beneficial, as it
has helped to find and test the merits of promising mixtures of traditionally
used manures and new chemical fertilizers. 

Fertilizer trials have been a source of interactive research development
in Africa, too. In Nigeria it was found that the best crop results were
obtained by combining the 'modem' input of fertilizer with farmers' tra
ditional methods of crop management.40 This interactive innovation outperformed the combination of the fertilizer with 'improved' cultivation
practices suggested by the local FAO team. The potential of local know
ledge, particularly of inter-cropping methods, to benefit agricultural im
provement projects has also been noted in East Africa. 4 

Paul Richards, drawing on years of agricultural experience in West

Africa, argues that the whole approach to agricultural development needs

to be overhauled, with peasant farmers given far greater power and influ
ence over research directions. Their capacities can be channelled into
production far better if they are placed in a dominant role: 

It is precisely on evidence of this sort: the ability of West African smallholders to get best results from a combination of (so-called) 'modern'
and 'traditional' techniques, that the case for the 'populist' strategy 
rests. Science ... should be the servant not the master of this kind ofinventiveness. 4 

There is some reason for believing that interactive agricultural R & D and 
a far greater user role in innovation may be coming to the fore. The
International Development Research Centre recently conducted seminars 
and issued a large publication devoted to the analysis of farmers' participa
tion in the development of agricultural technology.43 
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2. Health 
The health area exhibits perhaps the greatest commitment to interactive R 
& D and the user role in technical change of any development field, with 
the World Health Organization (WHO) making the utilization of traditional 
knowledge and techniques a priority in health care development in its 
Alma-Ata declaration of 1978.44 Halfden Mahler, WHO's Director General, 
has noted that, in order to meet the organization's goal of adequate 
primary health care for all by the year 2000, 

all useful methods will have to be employed and all possible resources 
utilized - Among these methods are various kinds of indigenous 
practices; and among those resources are various types of traditional 
practitioners and birth attendants.45 

The WHO even produces volumes on how to incorporate traditional medi
cine into health care research, administration, and training.46 

Population control and family planning have been among the most 
difficult and controversial areas of health development work. Perhaps 
because of this, these areas show a great interest in user-dominated inno
vation strategies. Some of their researchers argue that, just as many indus
trial areas show companies with the greatest marketing skills winning out 
through better understanding of user needs, the success of population 
control campaigns may come to depend on keeping in touch with and 
responding to local family planning attitudes. Several recent articles in this 
area concentrate on the potential of marketing research methods from the 
commercial sector, such as focus group research, for guiding family plan
ning programmes onto a more successful course.47 

3. Irrigation 
Even the very applied science-focused field of irrigation is devoting greater 
attentioia to user involvement in technology development. Ruttan writes 
that in India, irrigation work is now moving away from its former emphasis 
on hardware and physical analysis to focus more on local management 
capabilities and operations concerns.48 The failure to link engineering 
developments to corresponding management innovations is seen as a 
major constraint in many projects. 

Max Lowdermilk, an irrigation and water management specialist for 
USAID in India, argues that the key to improved irrigation management 
lies in greater farmer involvement. He points out that farmers possess 
knowledge of local topography, soil types, and other physical parameters 
important to irrigation system development. He also notes that farmers can 
identify social constraints to certain irrigation options, saving a project 
from implementing a system that will not be supported by local com
munities. Moreover, where farmers feel they have played a role in the 
design and implementation of irrigation systems, they take a more active 
and effective role in the maintenance of these systems. Lowdermilk points 
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to this factor as a key to the success of the warabundi system in NorthIndia, in which farmers and irrigation authorities work closely together andshare the responsibility for sustaining a continuous water supply. In poorerperforming systems, on the other hand, farmers reported that the lack ofgood communications with irrigation authoities was a major problem,particularly the absence of information about canal closures for mainte
nance and repair.49 

The incorporation of a more user-interactive R & D operation into workin technology and development makes that work better informed as tothe technical and economic parameters that determine the success orfailure of new products and processes. Knowledge of local user capabilitiesboth establishes the technical and demra.d constraints within whichthe innovation must operate, and identifies resources from outside ofthe standard R & D institutional system that can assist in the designand development of new technologies. Therefore, a user-involved R & Dstrategy seems more likely to consistently produce appropriate, successful 
innovations. 

In this respect, those institutions that adopt a more interactive R & Dapproach are behaving much in the same manner as those industrial firms,such as IBM, Boeing, Pillsbury, and Howard, that have recognized technology users as an important asset for sustaining technical advance andcompetitiveness. In the development area, as in the industrial sphere, anorganization's knowledge of its environment and its resources is a fundamental component of its ability to produce and successfully introduce 
innovations. 

It is not surprising that, given the expanding interest in the process oftechnical change, and the importance of the interaction between R & Dinstitutions and their external environments in this process, that the studyof communications has provided useful insights into innovation. Communications research, in analyzing the introduction of new technologies inboth industrial and development situations, has enhanced understanding ofthe key players in innovation, and of the types of participation that are
 
essential to this process.
 

Communications Research 
There are two principal dimensions to the investigation of the role ofcommunications in innovation. firstThe is the analysis of the flow ofinformation and knowledge within the R & D system, and between thatsystem and its external environment, that contributes to the developmentof technologies. The second is the observation of the process of introducing

products and techniques into the market,new noting the actions thatinfluence the diffusion of innovations throughout their target populations.The work of Thomas Allen and his colleagues has provided some of themost important insights on information flows and their effects on tech
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nology development. 5 ° Allen's essential contribution has been to point out 
that information exchange is not an even process, and that, within firms, 
certain individuals show a greater propensity to search out and transmit 
data and ideas than do others. Allen terms such individuals 'gatekeepers', 
for, in many respects, they provide the key to technology development 
within their firms. 

Gatekeepers attract and provide information concerning both the scien
tific and market demand factors that are the central determinants of the 
fate of innovation. 'Technological gatekeepers' are staff who mai.,tain 
greater contact with developments in their technical field, both through 
paying special attention to published research results and through having
frequent conversations, correspondence, and other less formal linkages
with fellow researchers. 'Marketing gatekeepers' keep in touch with 
the experiences of new product and process launches, and with popu-
Izr opinions ard needs that bear demand implications for technology 
development. 

Allen demonstrates that firms which recognize the roles of their gate
keepers, and which seek to facilitate gatekeepers' information collection 
activities and their transmission of their findings to other staff, encourage
successful innovation. In a particularly striking example, he describes the 
marked improvement in the technology development work of a firm that 
altered its internal office architecture in order to provide a more central, 
accessible position for its technological gatekeeper. 51 

The importance of key players and differences in capabilities within 
communities are also cited in the findings of research on technology diffu
sion. Diffusion studies, typified by the work of Everett Rogers and his 
colleagues, note that both the willingness to adopt new products and 
techniques, and the influence of individual adoption actions, are not 
equally distributed among a sample population. 

Within any community there exists a variation in the eagerness to adopt 
new products and processes. Rogers identifies different categories of adop
ters, ranging from the most immediately receptive ('innovators' and 'early 
adopters') to the more resistant to change ('late majority' and 'laggards'). 
He records the economic and personal characteristics of individuals who 
most often fit into these various categories.52 Understanding the nature 
and propensities of the different adopter groups allows for greater predic
tion of how a given innovation will diffuse throughout a population. 
Equally important, it enables one to evaluate the compatibility of an 
innovation within both the technical and economic constraints governing a 
community, by noting to what extent adoption is occurring within the 
average types that comprise the bulk of its market. 

Rogers also points out that opinion is a powerful force behind all techni
cal change, and that certain individuals wield far greater influence over 
local opinion than do others. He describes the characteristics of 'opinion 
leaders', and demonstrates the importance of utilizing these leaders to the 
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successful diffusion of innovations.5 3 The important lesson drawn from thisdiscussion is that being able to identify and incorporate opinion leadersinto the process of technical change is a central determinant of the fate of 
an innovation. 

While the study of technology diffusion has provided important insights,it also has encumbered the analysis of innovation with a significant andunnecessary limitation. The premise that appears to underlie much ofRogers' and his colleagues' work is that diffusion is a process that followsafter technology development, and therefore, to a large extent, the trof communication and interaction 
es 

that occur in diffusion have little tooffer the innovation process. Communication and interaction betweenresearchers and potential adopters, while discussed in detail as a part ofdiffusion, is not assessed as a potentially important element 'of innovationitself. As Barnett et al have pointed out in a critique of Roge-s, it may notbe important that villagers have a say in all technology design and development, but there certainly exist cases in which their involvement in thisearlier, formative process is essential to successful innovation.5 4 It is difficult to see how villagers could contribute to the choice of chemicals in birthcontrol pills in Korea (an example used by Rogers); but that does not meanthat they could not make valuable inputs into the development of othertechnologies, particularly those in areas such as agriculture, which aresensitive to the specifics of local environments. 
The flaw in the Rogers-type approach is that it envisages a mechanistic,linear process of innovation, one in which technology is handed down incompleted form from R & D to users. It appears that Rogers himself hasbecome dissatisfied with the applications of such a mechanistic model, ashis recent writings urge a more dynamic approach to the communicationsfield, and speak of a passing out from under the intluence of old paradigms.In one work he even remarks, 'Perhaps the diffusion of technological
innovations will cease to be a central issue in the 'new development'.'5 5
 
The study of innovation in both industrial and development situations,
whose findings concerning the importance of user interaction in technology
development were discussed earlier, demonstrates the inadequacy of this
linear, mechanistic model for predicting and managing 
 the process oftechnical change. It is being persuasively argued that non-linear, organicmodels are necessary for understanding and directing innovation, modelsthat dissolve this hierarchical conception of R & D and user roles. 

Non-Linear Innovation and Its Management 
Some of the most exciting new work in the analysis of innovation has beenthat which challenges the capability of the existing economic frameworkto adequately explain firm and industry behaviour. At the heart of thiscritique lies the dismantling of a linear conception of technical change.Nelson and Winter demonstrate the inadequacy of trying to treat firm and 
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industry development as a continual motion towards a maximization of 
given factors. 56 As an alternative, they propose an 'evolutionary' model of 
economic change, in which a firm's interaction with its environment, and 
with other firms, presents a alety of forces, and can give rise to a variety 
of survival strategies.57 This interaction and adaptation to an environment, 
that is itself changing over time, mirrors the phenomenon of species change 
as a result of natural selt,.- .ion, (hence the 'evolutionary' nature of the 
model). 

Stephen J. Kline points out that in a given innovation process, the object 
of that innovation, rather than always passing from research, to develop
ment, to production and, finally, Io marketing in a continuous progression, 
often enters, departs, and returns to these stages repeatedly, in the course 
of the overall creative and adaptive design experience. 58 The process 
derives its energy not merely from initial creative impetus, but also from 
feedback between the sectors of the firm, as the influences of technical and 
demand considerations raised by a variety of sources come into play. 

Academic and corporate R & D, while an important element of innova
tion, is not its sole impetus. A technology may require many adaptations 
during the course of its design and development in order to acquire the 
attributes of a successful innovation, and some of these adaptations can 
only be effected outside of the confines of the R & D system (although such 
adaptations can involve the participation of R & D personnel, acting 
outside of their traditional environment). As Kim Clark has written, 

Each of the phases of developnent involves the search for solutions to 
problems, but the nature of the problems, the nature of solutions and the 
nature of the search process are quite different. The implication is that 
the environment for innovation, the set of skills, incentives, and organ
izational context required for effective action, will differ as well. Where 
fresh insight and bold creativity may be required in laying down an'architecture', stability, consistency, and planning ma be the essentials 
in the 'regular' phase movement down the hierarchy. 

Since the requirements for innovation can change over time, a central goal 
of innovation management should be the maintenance of as wide a port
folio of skills as possibl, as a part of the overall makeup of an organization. 
The organization, in order to have access to the particular resources that 
could provide the key to the development of a technology, has to make 
itself open to contributions not only from within its technical staff, but also 
from the capabilities of technology users who operate outside its walls. As 
Rosabeth Moss Kanter points out, 

when a company innovates in practices which ensure that more kinds of 
people, at all levels, have the skills and opportunity to contribute to 
solving problems and suggesting new ideas, then it is establishing the 
context for further innovations. Improved organization designs and 
human-resource practices can be a company's innovation-producing 
innovations [emphasis hers].' 
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Kanter's insights are valuable on two levels. On the level of the firm, they
point out that those companies that excel in human resourme management
also excel in innovation. On the institutional level, they stress that R & D 
structures that are open to outside contributions and discourse harness 
greater resources for innovation than those which are separated from user
involvement by administrative or other barriers. 

Firmmanagement 
Even in industries in which technical advances are rapid and scientific 
concerns dominate, extra-R & D contributions can be essential to success
ful technical change. Shanklin and Ryans' study of innovation within 'high
technology' industries shows that, while creativity may be the sole 
component of initial success, sustained competitiveness depends upon link
ing that creativity to the knowledge of demand factors found outside of 
company R & D personnel, in its marketing department. They comment 
that marketing-R & D linkage should be concerned 'not only with mar
ket planning, but also with offering directions for new research and 
application.' 6' 

The importance of establishing an interactive relationship between R &
D and external knowledge sources, such as marketing staffs, is epito
mized in Gardiner and Rothwell's study of the competitive performance of
British Leyland and Ford in the compact car market in the UK. Leyland's
initial model employed a radical new technology that had distinct advan
tages over the hardware of its Ford equivalent. However, over time the
Ford organization, responding to ongoing technical and market evaluation 
of its offerings, made numerous incremental improvements to the design of
its cars. Leyland did not exhibit a similar responsiveness to market feed
back in its own R & D efforts. 

Despite the BL 1100/1300 series incorporating a number of radicalinnovations (transverse engine and transmision, hydrostatic suspension)
it failed, in the longer-term, to keep abreast of the technologically
more conventional [Ford] Cortina series: the little-changed 1100/1300
series became increasingly uncompetitive with a substantially improved
Cortina series.62 

The authors also cite Ford's commitment to 'makeability' in its designs, by
which they mean its integration of production line concerns with the work
of its R & D system. 63 The overall Ford innovation strategy marshalled 
more resources to assist its desigii efforts, and, given BL's relative lack of
attention to extra-R & D resources, it is not surprising that Ford consist
ently outperformed BL during the 1960s and 1970s. 

R & D institution management
The innovativeness of the work of national R & D institutions also isgreatly enhanced by involving them more with external sources of know
ledge and skills. Unfortunately, governments tend to establish institutional 
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structures and relationships which, rather than opening up research to 
receive contributions from these sources, serve to isolate it even further 
from the inputs of technology users. This institutional isolation is a particular 
problem in much R & D within developing nations. 

Norman Clark's analysis of the institutional elements of rural technology 
generation in developing countries points out that lines of information and 
authority tend to interpose ministerial structures between R & D organiz
ations and technology users. In this technology development structure (see 
Figure 2.2 below), technical possibilities are not communicated to users 
directly by scientists and engineers, but indirectly through the intermediary 
role of often less knowledgeable, less formally-educated extension agents. 
These agents receive the technical inputs as part of packages put together 
by their ministries, using raw scientific material provided by the research 
institutes.64 

Ministry 

Extension 

Resources Results 

Materials, 
'Knowledge' 

Finance 

R &D Technolog 
Institute Users 

Figure 2.2 Typical InstitutionalRelationshipsfor Technology Development: 

'Hierarchical'Model 
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This system possesses serious practical problems in terms of utilization of 
scarce time and resources. 65 From an innovation standpoint, its central
flaw is the barrier it creates between the R & D and the productive sectors
of the economy. Technology users often cannot obtain sufficient know
ledge of the operating principles and potential of the package from the
extension agents, in order to incorporate it into the conditions and con
straints of their existing agricultural systems. Likewise, the researchers
often do not receive sufficient information abo'it the needs of these systems
and the operating experience of R & D products in order to carry out 
necessary re-design of hardware and re-thinking of research programmes.
As Herrera notes, 'the body of empirical knowledge of the traditional 
sector has practically no connection with the R and D systems of the
modern parts of society. It is not considered, in general, an object of
scientific enquiry. 66 The potential of both the 'conventional' scientific
training of the researchers and the 'non-conventional' indigenous expertise
of the users to interact in the generation of innovations is suppressed by
this communications barrier. 

Clark points out that an alternative structure, in which communications 
across the scientific, ministerial, and productive sectors is facilitated is now 

Ministry 

Resources , Material and 

Dietyproducti X nvehelpncaai 

R& DInstitute Skills,SilKo Knowledge Technologyedeusers 

Direct feedback of 
research problems 

Figure 2.3 InstitutionalRelationshipsfor User-InteractiveInnovation: 
'Biological' Model 
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67 coming to be explored in the agricultural technology development area. 
This structure (see Figure 2.3 above) still involves links from the Ministry 
to both research and production, but these links become far less important 
than the feedback relationship between the latter two sectors. The re
sources of government finance and personnel assist the innovation pro
cess, but its heart lies in the interaction between scientists and users in 
technology development. Clark comments, 

Here we have something akin to a 'biological' model of social develop
ment in which scientific and technological activities lend a continuous 
dynamic to the productive process which itself throws up scientific prob
lems requiring feedback to the research system in a continuous series of68
linkages. 

It is appr,'-riate that the interactive, evolutionary process of technical 
change is best fostered by an institutional structure that reflects a biological 
basis of organization.69 

The experience of the International Rice Research Institute (IRRI) in 
generating successful innovations in agricultural equipment technology 
exemplifies the value of this more interactive, 'biological' organization. The 
IRRI agricultural implement programme, which has succeeded in intro
ducing several new technologies, such as its rotary weeder, to self- sustaining 
commercial manufacture and utilization throughout Southeast Asia and in 
other parts of the world, has been a user-interactive effort. Ronald Black, 
who played a leading role in the development of IRRI's programme, notes 
that a key feature of its work, one that distinguishes it from that of most 
other (less successful) agricultural equipment design in developing nations, 

is the close and continuous relationship that the IRRI staff members 
maintain with Philippine [its host country] metal-working firms. This 
consists of much more than visiting a firm as part of an extension strategy 
to have a new design commercialized. IRRI staff is continually dropping
in on metalworking firms to exchange ideas and see what is happening.
These visits are now in both directions with industry people visiting
IRRI, perhaps as much as vice versa."0 

If IRRI, an organization working on the frontiers of global agricultural 
technology, feels it owes its success, in large part, to its interaction with 
manufacturers, it stands to reason that other R & D organizations could 
also profit from opening themselves further to inputs from technology 
users in other sectors of the economy. 

User Interaction in Energy Development 

It also would seem likely that pursuing a more interactive R & D strategy 
would yield good results for innovation in other technology areas and, in 
particular, in the area of energy technology. Energy has more users than 
any other product, as every individual (and every organism, for that 
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Table 2.1 The Economic and Technical Performance of Nuclear Plant 

USA West Germany France Canada
OperatingPerformance BWRs & PIWRs mediocre BWRs: major repairs re- PWRs: performance good CANDU performance outoverall, but several con- quired to all but most

sistently good units as well 
although there have been standingly good although arecent reactors to meet a number of generic serious technical problem3s many erratic performers new safety standards. Per- problems affecting the two oldestformance originally poor, units may have implicabut now good tions for the later units

PWRs: now outstandingJ Average Load Factor' PW/R: 58.6 PWR: 76.5 PWR: 67.51975-84 (%) BWR:55.9 CANDU: 81.4BWR: 35.2Construction Times2 Very long with only afew Long overail planning time Short construction times Reasonably short althoughexcep~tions. Contributing but constructijn phase although extending some- !ow demand growth is refactors include site prob- reasonably snort what in recent years as sulting involuntarylems, design changes and larger reactors are ordered extensions
 
Construction Costs2 cash shortage
Very high with a few ex- Relatively high, partly due Low and showing only Originally seemed relativelyceptions, and a powerful to rigorous safety require- limited tendency to in- high, but very limitedtendency to increase in real ments and partly due to crease in real terms increase in real termsterms over the years design changes during means that costs nowconstruction seem reasonably low
1. Load factor is a measure of the actual electrical output produced as a proportion of the maximum output at design rating.2.No quantitative mersures of construction time and cost are presented here because all measurements are subject, especially in internationalcomparisons, to very serious qualifications.
Source: MacKerron and Thomas 



matter) requires it to exist. Therefore, energy technology development 
should have the greatest user knowledge and skill resources to draw upon. 
However, the energy field, as a whole, has shown little interest in or 
application of user contributions, with its work dominated by insular re
search and an attitude that, if fuel and the means to use it can be supplied 
by science, economic problems will be solved. This is an attitude that 
virtually ignores innovation, postulating essentially that invention will 
automatically bring progress. 

However, recent work on the nuclear power sector by staff of the 
Science Policy Research Unit indicates that user-related issues may be of 
great concern to the energy field. Gordon MacKerron and Steve Thomas's 
research on nuclear reactor performance shows significant variation in 
reactor efficiency (based on average load factors) both within and between 
nations, and a significant variation in the efficiency of operation of the one 
basic pressurized water reactor design (PWR) used in many inrtallations in 
the United States, West Germany, and France. Their results for the latter 
are summarized in Table 2.1 above. 

MacKerron and Thomas note that, while global variations are difficult to 
explain, 'because of the extreme difficulty of isolating particular require
ments in so complex and interdependent an industry,' user factors may 
figure strongly in the comparative performances of the three pressurized 
water reactor-dependent nations: 

the variability of performance in what, for three of the countries, is 
essentially the same technology, does point to the importance of the 
contribution of the user or customer, namely the utility. ... What does 
seem to be necessary in a utility is a capacity for technical leadership of 
nuclear projects and an ability to manage and control the various activi
ties involved, whether these are provided in-house, or sub-contracted to 
other parties such as architect-engineers. 71 

The extent and quality of user involvement in reactor development seems 
to directly correlate to reactor performance. MacKerron and Thomas 
emphasize the role of such user involvement in the high performance 
CANDU reactors operated by the Ontario Hydro company.72 Their study 
concludes, 

there does seem to be one dominant requirement for good technical 
and economic performance. This is the technically informed and well
managed involvement of the customer - the utility - in all the major 
aspects of this most complex technology. It is perhaps also worth saying 
that this conclusion isconsistent with the findings of much other research 
on innovation in sophisticated capital goods industries, that strong 
customer involvement, and good producer-customer relationships, are 
essential ingredients of success.73 

If users play such an important role in the nuclear energy field, it is likely 
that their role is equally important for innovation in other fuel technologies. 
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Users certainly can play a key role in the renewable energy area, par
ticularly in the development of forest energy technologies. The following
chapters provide a detailed examination of lessons from the development
of renewable energy technologies for developing countries, with particular
attention paid to the experience of a user-involved innovation approach for 
forest energy development pursued by the Energy Research Council of 
Sudan. They reveal the limitations of attempts to establish energy inno
vations through the construction and installation of technologies on 
demonstration sites within R & D institutes or in the field. Such a 'technical 
fix' approach, which has not involved users in the process of technology
development, has not been able to achieve widespread production and 
adoption of renewable energy technologies, and therefore has not generated 
successful innovation. 

The chapters to come also show the specific and important contributions 
that can be made to innovation by the skills and knowledge of a wide range
of technology users, including artisans, farmers, villagers, and urban 
housewives. They describe how changes in the way in which a research 
institution pursues its work, bringing it into closer contact with tech
nology users, help to make its work more innovative, and hence more 
successful. 
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CHAPTER THREE 
Renewable Energy and Development Assistance 

The principal renewable energy areas and applications have been well 
covered in the literature of the past decade. There are four main sources of 
renewable energy: solar radiation, wind, flowing water, and biomass. 
Grouping all these sources under the one heading of 'renewable' or 'new 
and renewable' creates some ambiguity, as some, like solar radiation 
and wind, are virtually inexhaustible, while others, like wood, are very 
exhaustible - in fact, it is the latter's scarcity, rather than its abundance, 
that is often the motivation for work on technology development. Also, 
coal, oil, and gas, all 'conventional' or 'commercial' fuels excluded from 
ihis categorization are, in a physical sense, renewable, although on a 
longer, geological time scale. Perhaps the most accurate way to describe 
the above grouping of renewable energy resources is to say that it represents 
those fuels for whom one of the following is the case: either 

1) their supply cannot be significantly depleted within one or two human 
generations, or 
2) this supply can be significantly increased during that same time 
period. 

Renewable energy resources can be tapped in a wide variety of ways,
which can be roughly categorized as thermal, mechanical, and electrical 
energy production. Thermal energy production is exemplified in such 
diverse technologies as solar water heating, wood-burning stoves, and 
afforestation for fuelwood production. Mechanical energy can be obtained 
directly from renewable energy sources, as in the case of windmills or 
waterwheels. It can also be obtained indirectly, through the prior conver
sion of a renewable energy resource into a fuel suitable for shaft or other 
power machinery, as in the case of producer gas, biogas (methane pro
duced from biomass), or alcohol fuel-powered devices. Electrical energy 
can be produced through direct transformation of renewable resources in 
photovoltaic cells, or through renewable fuel-powered equipment, such as 
wind turbines, steam turbines, or producer gas-fed diesel generators. 

The preceding paragraphs present only a small part of the wide variety of 
renewable fuels and applications developed through work on technology 
alternatives to petroleum-based energy production and use. This research 
has involved an equally wide variety of scientific and technological disci
plines, covering the realms of biology, chemistry, physics, and engineering. 
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The renewable energy area, not surprisingiy, embraces a great diversity of
professional interest and prejudice. Its sole unifying element is its reliance 
on energy resources whose regenerdtion can take place on a human time
scale, unlike the regenerative processes required for petroleum and coal.
While all present energy resources are recycled and recreated over geo
logical time, only sun, wind, hydro, and biomass-based fuel supplies can be
managed on a self-sustaining basis within the lifetimes of their human 
users. 

The potentialofrenewable energy technologiesfor developing countries 
Many of the works that describe the promise of renewable energy also note
its particular attractiveness for developing countries. Unlike conventional 
energy resources, which are in short supply in many of these nations,
renewable resources are, in theory, available to all. Moreover, most devel
oping nations are located within the tropical zone, which possesses gener
ally higher solar and biomass (in the form of tropical forest) resources than 
the rest of the world. 

The promotion of renewable energy assistance programmes has been
founded on the premise that the development of resources and tech
nologies for energy production can address three of the major politico
economic issues facing poorer countries today: foreign exchange scarcity,
deprivation of rural and urban poor, and environmental decay. Domestic
renewable resources be developedcan to substitute, in large part, for
petroleum imports, saving foreign exchange and improving trade balances.
Because sun, wind, and biomass are readily available in rural areas, their
exploitation can remedy problems caused by the absence of adequate
transport infrastructuit; to deliver commercial fuels for rural agricultural
and household needs. Moreover, as their supply cannot be influenced by
external political sources, their increasing exploitation will correspondingly
increase both local and national self-reliance, reducing dependency on
fuel-exporting nations. In addition, the movement towards a renewable
fuel focus will entail a movement away from the current system of environ
mental destruction and agricultural land degradation, as biomass produc
tion comes to dominate over deforestation. 

Renewable Energy Development Programmes: Performance 
Problems 

As a 1985 review of USAID renewable energy activities in Asia points out,
the last ten years have seen the creation of 'high quality, indigenous centers
of RET design and adaptation,' and some renewable energy technologies
have become the technologies-of-choice for meeting rural agricultural and
other demands in certain areas.i However, while individual accomplish
ments have demonstrated the viability of certain technologies, there is
scepticism as to whether the overall effort in renewable energy has been 
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effective in inducing innovation in energy production and consumption 
patterns, and in improving the lot of the poor through this innovation. 
Numerous analyses of specific renewable energy programmes have cited 
failures to achieve projected physical and economic outputs, both due to 
technical shortcomings and to socio-economic constraints.2 Yet, it has 
been difficult to gain a sense of overall performance, and of donors' own 
impressions as to the strengths and weaknesses of their technology devel
opment strategies. 

One of the main reasons it has been difficult to evaluate overall project 
progress and donors' reactions to date is simply that most donors do 
not make evaluation material widely available. Much of the evaluation 
materials produced by both national and multilateral donors are classified, 
and hence unavailable for review outside of these organizations. Also, as 
Barnett points out, much of the public domain material sent to donors and 
developing country governments regarding the choice and evaluation of 
renewable energy technologies has been coloured by self-interest, and thus 
is not particularly usetul in gauging cith cr technology performance or 
donor opinions. 3 

The one donor that can be monitored more easily is the United States 
Agency for International Development which, under the public disclosure 
provisions of U.S, law, has to make all its policy decisions and evaluations 
available for public view. While on an individual project level it would be 
difficult to generalize from USAID's experience, it is likely that reviews of 
its regional or global aclivities, which span a wide variety of nations, 
ecosystems. technologies, and project designs, will provide a reasonably 
accurate picture of the gereral progress of renewable energy technologies. 
The American expericnce, by its size and scope, should reflect the larger 
donor experience. 

The analysis of USAID's own evaluations to come does not imply that 
extensive knowledge of innovation problems did not exist within this or 
other donor organizations before their publication from 1984 to 1986. The 
evaluations constitute a public confirmation of this prior knowledge and, 
because of their political influence, enhance the likelihood that institute
wide policy actions will be taken to address these problems. 

The US Government'sappraisalof its renewableenergy programme 

From 1978 to 1986 the US Government, through USAID, provided $304 
million in support of 86 renewable energy projects.4 In 1982 it published its 
first official evaluation of project performance on a regional level, the 
General Accounting Office's review of African programmes. The GAO, 
the government's independent auditing and accounting body, expressed 
great concern over two main features of the programmes it reviewed: 
failure to adhere to implementation schedules, and the field testing of 
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technologies with questionable economic potential.' In supporting the 
latter concern, the GAO cited USAID staff members' comments at its 
African Energy workshop of April 1982.6 

Perhaps influenced by the GAO report, USAID commissioned its own 
reviews of its energy activities, producing three major reports between 
1984 and 1986. The Bureau for Africa published Renewable Energy
Technologies in Africa: An Assessment of Field Experience and Future 
Directions in April 1984. The Bureau for Asia, jointly with the Office of 
Energy, released its Renewable Energy Systems Installed in Asia: Current 
Successes and the Potentialfor Future Widespread Dissemination in April
1985. Finally, the agency's own Inspector General completed its Audit of 
AID Renewable Energy Projects in February 1986, considering the pre
vious reviews and including independent evaluations by the office of the 
assistant inspector general for audit. 7 

The three critical appraisals of the USAID renewable energy pro
gramme express varying levels of concern, but all agree that work to date 
has had limited success, and that the present renewable energy develop
ment strategy needs to be modified. The 1982 GAO report cautioned that 
its review took place at a relatively early stage of project implementation,
and only involved a Washington-based document analysis. Nonetheless, it 
pointed out that the serious discrepancies between project targets and 
actual outputs already existed, with 24 of the 28 African missions' projects
behind in their implementation schedules. 8 It concluded that, consistent with 
its earlier findings in a study of USAID forestry activities, 'to avoid delays and 
serious implementation problems, AID project planning must be more 
realistic in assessing the capabilities and limitations of developing countries.' 

The two later studies, carried out with USAID itself, were more direct 
and harsh in their criticism. The Africa Bureau summary of its 1984 
findings included the following negative assessments: 

Renewable energy technologies, systems and related professional and
technical training appear to be inadequately matched to national energy
requirements and end-user needs ... 

The marketing/dissemination of renewable energy systems and equip
ment for agricultural and rural development is currently ineffective.") 

By 1986, the USAID Inspector General's office found even stronger words 
to use in its report: 

AID has followed a technology demonstration approach to renewable 
energy since the program began in 1977. Under this approach tech
nologies were researched, tested and developed with little considera
tion for application or intended end user needs. Resulting technologies
generally proved unsuited or inappropriate for specific energy problems." 

All three reports regarded the basic demonstration strategy employed
by USAID's renewable energy projects to be a poor method for achieving
sustained innovation in the energy sector in developing nations. 
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Failureto address user needs 
As the Africa Bureau pointed out, by 1984 the available data indicated that 
several of the technologies perform quite well, even under harsh environ
mental conditions. However, 

overall systems cost-effectiveness and social acceptability limits the 
number of renewable energy technology options for consideration as 
candidates for widespread application in Africa. ... Renewable energy
technologies and systems under development may not address end-user 
priority needs. 2 

Two major problems were exposed here. USAID's own energy staff 
doubted that many of the technologies it had supported were affordable to 
the people they sought to benefit, as the GAO had speculated two years
before. But even more important, USAID was stating that, regardless of 
cost-effectiveness, the technologies did not address the priority needs of 
the rural poor. African rural peasants, most of whom were engaged in 
agriculture, needed better transport for goods and services to and from 
their villages, and low-cost ways to reduce labour constraints during soil 
preparation - but these functions were not amongst the capabilities of the 
bulk of renewable energy technologies under demonstration.13 

In essence, the three reports depicted the failings of an insular, technically
fixated R & D effort. Although this effort had come up with hardware that,
in many cases, could work in the field, its products failed to address or to 
solve the specific energy problems they encountered. To a large extent, 
much of the work from 1978 to 1986 had assumed that providing energy, or 
providing a means to exploit a renewable resource, would solve people's
problems. What was found was that technical fixes that did not accommo
date local needs did not succeed in solving local problems, no matter how 
clever and efficient their designs. The renewable energy sector, in this 
sense, was making the same discoveries made by analysts of industrial 
innovation and other development professionals. 

While the recognition of the importance of need factors and greater
involvement with technology users in the official USAID literature is an 
encouraging political development, there is a disturbing aspect to these 
documents. It appears that there has been no transfer of this sort of 
knowledge to the renewable energy sector from the agriculture, irrigation, 
and health areas, which grappled with need and user participation issues 
long before renewable energy became a serious interest of the organiz
ation. The energy sector of USAID has carried out its initial programme 
development without profiting from the experience of these older assist
ance sectors, and repeated many of their mistakes. 

Limited technology replication 
In 1986, USAID's Inspector General concluded, 'Most of AID's prior 
renewable energy projects will not be replicated'. 14 Some of the obstacles 
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to replication were contained in the limited consideration of the needs of
the rural poor. But, although the Inspector General did not employ the
phrase 'user needs' in any other sense than this, his discussion of the
problem of replication revealed another aspect of the user role in technical
change -ot addressed by USAID's projects. This was the participation of
other 'users', those who construct and distribute technologies, in the innovation process. Without this sort of participation, replication could not 
take place.

The core of USAID's replication problem, the Inspector General
pointed out, lay in the organization's failure even to include a consider
ation of this goal in project design. 'Twenty-one, or 88 per cent, of the 24project papers reviewed lacked replication planning."15 Projects concen
trated on the construction and testing of prototypes, without considering
how larger numbers of technologies could be produced, or how well these
technologies could be operated and maintained under typical field use 
conditions. 

The Inspector General cited a USAID rice hull fuel project as an
example of this type of short-sightedness, criticizing it for installing theprototype in a large government rice mill, where conditions bore little
relation to those in the smaller private mills that accounted for the bulk of
rice production. 16 USAID Energy and Asia Bureau officials, responding to
this criticism, stated 'A government owned rice mill was used to assess thecost effectiveness of rice hulls as an energy source because it was more
conducive to project success than privately owned mills."17 Such a response
served only to confirm the Inspector General's point, as it made it seemthat the entire project was devoted to adjusting the user environment to 
ensure the successful performance of the hardware, rather than trying todevelop a technology that would meet the needs of the rice producers in
the country. The Inspector General's response to this objection was to use 
it as fuel for his own argument: 

This example illustrates the technology driven approach to renewable 
energy projects that AID has followed since the program began. Theprimary objective of the project was to test and demonstrate the rice hulltechnology with little consideration for the needs of intended users orthe replication and commercialization potential of the technology. As aresult, the project tested and demonstrated a technology that was tooexpensive, unsuited to needs of intended users and lacking in replication
potential. '8 

The Asia Bureau report
The USAID Asia and Energy Bureau study, completed in 1985, from its very title, (containing the phrase 'current successes and the potential for
future widespread dissemination') suggested an optimism in sharp contrast 
to the criticism and pessimism of the earlier studies. To a large extent this 
was due not significant differenceto a in results for Asian renewable 
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energy projects, which were to receive equally poor marks in the Inspector 
General's report, but rather to the different purpose of the study itself. The 
consultant hired for this investigation was preparing a background paper 
for a planned review meeting of regional USAID energy officers, who were 
interested to know which, of all the technologies supported by their 
programme, showed the greatest promise.19 They could then concentrate 
future project planning on supporting these technologies, which was likely 
to generate the highest outputs per unit USAID input. 

The consultant reviewed a selection of projects involving seven renew
able energy technologies chosen by USAID as 'reprzsentative of the pro
gress and potential of such systems in Asia. 20 His summary of his findings 
contained not a single negative reference to any of the renewable energy 
work he examined during a ten week trip to four countries. Clearly, he 
regarded his mission not as one of 'assessment', which implies an objective 
review of the technologies, but as one of description of the attributes of 
success. 

This is certainly the view taken by the Inspector General of this study, 
for when the Energy Bureau objected to the pessimism of his 1986 findings 
by citing the promise described in the consultant's report on Asian pro
jects, the following exchange occurred 

Management [Energy Bureau] Comments 
A recent evaluation by the Bureau for Asia and Near East identified 
several technologies which have begun widespread dissemination and 
others with dissemination potential. 
Office of the Inspector General Comments 
After 8 years of experimentation and expenditures of $170 million [the 
total amount involved in the projects reviewed in his sample], AID 
should be well into disseminating proven replicable technologies rather 
than considering potential.2 

Considered by itself, the latter remark could be construed as unfair, as 
many successful technologies in energy and other sectors have taken far 
longer than eight years from initial development to widespread replication. 
However, the Inspector General was not considering the matter in isola
tion, but in specific reference to Section 106 of the US Government's 
Foreign Assistance Act, which stressed that technologies to be supported 
should already possess replication potential, and that projects should be 
developed and implemented 'in a timely manner,' 22 The 'successes' cited in 
the Asia report were not successes from the standpoint of USAID's obli
gations under the larger legislative mandate through which it was author
ized to support renewable energy development. 

The Asia study did not, therefore, dispute the findings of other evalu
ations of USAID's renewable energy work, but looked at this work on a 
more micro-level. Moreover, within its individual project focus, it 
confirmed the importance of the user role in successful innovation. 
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The study found five factors that characterized the most successful of the
diverse technologies examined. Their development patterns showed: 

1) high value attached to system output;

2) participation by end-users in system adaptation or construction;

3) good local resource base (physical resource);
4) compatibility with existing local fabricating facilities;
 
and
 
5) relative inexpensiveness when compared with other methods for
doing the same work.23 

Interestingly, four of these five factors cited were user.based, while the
fifth was not technology, but environment-determined. In this respect the
consultant's report supported the other reports' contention that user in
volvement should be given priority in technology development. The most 
successful projects examined contained a wide variety of user involvement
in technology development. This variety not only included the accommo
dation of consumer need and financial capability, but also the participation
of users as both manufacturers and technology designers. Clearly, users
played an important role in aiding successful innovation not only through
adopting technologies once been releasedthey had from the R & D 
system, but also in helping to form these technologies from their initial 
stages of development. 

Forest Energy Technologies 

USAID's analysis of its own project experience illustrates that renewable 
energy development assistance has been hampered by an excessively
technology-driven approach. Work on forest energy technologies, for the 
most part, has contained the same bias, and has confronted the same
problems that have inhibited the general progress of the renewable energy
field. The following discussion examines how some of the major problems
facing the development of three forest energy technologies - charcoal
production, improved wood-burning stoves, and forestry reflect an- ab
sence of an understanding of user demands and of user participation in 
technology development. 

1 Charcoalproduction
The central issue that has inspired all work in charcoal production concerns
the waste of wood energy involved in the conversion of firewood tocharcoal. The vast majority of publications in this field have focused upon
this technical problem, investigating how changes to kiln design can in
crease the overall energy efficiency of the carbonization process.24 Such
studies have shown, without doubt, that both changes in kiln materials and
the incorporation of gaseous and liquid carbonization product recovery
processes into the combustion system can significantly reduce the energy
losses now present in charcoal making. 

39
 

http:process.24


However, as Gerald Foley has noted, 

In the majority of cases, the attempts made in the past to introduce new
technologies have had little, if any, lasting impact on traditional charcoal
making practices. Even where the new technologies have had an initial 
success, they have tended to be abandoned when the project promoters25
leave. 

While industrial charcoal producers in a few countries (Brazil and Argentina,
in particular) employ relatively advanced and efficient devices, most pro
duction in developing nations continues to utilize the earth and pit kilns 
considered primitive and inefficient by most analysts of this sector.
Donors, acknowledging this problem, have tended to see it as cost
dominated, with improved kilns not being accepted because charcoal 
makers cannot afford them. The donors have devoted new study to the
relative costs and benefits of various production techniques, in order to 
explore possible ways to overcome these financial hurdles.26 

However, as a few more perceptive analysts have observed, the poor
results of the past have been caused not by mere economic ignorance, but 
by a more fundamental flaw in the assistance agencies' approach to techni
cal change in this field. Bina Agarwal writes, 'Most studies dealing with 
charcoal production have devoted space essentially to the technical charac
teristics of the hardware in use, and to the relative efficiencies of different 
conversion processes; few have described the socio-economic character
istics of the people making charcoal.' 27 Work to date had been dominated 
by the assumption that, once the technical problems of carbonization 
were well understood and designs optimized, conservation of fuelwood 
resources in the field would follow automatically. Foley comments, 'The 
focus in many past programmes has been unduly technical. They have 
attempted to increase the yield, quality and consistency of charcoal making
without attempting to discover whether these objectives are relevant to
local needs and priorities.'2 Clearly, the minimal nature of the adoption of 
new carbonization techniques demonstrates that demand in the charcoal 
production area is neither well understood nor satisfied by most technology
development programmes. 

Lack of knowledge of existingproduction systems
A comprehension of the existing users' production systems is a prerequisite
for an accurate appreciation of user capabilities and demand in the area of 
charcoal production. Both the size and the skill-levels of production oper
ations vary enormously between and within developing nations. Some 
charcoal, especially that destined for large urban markets, is produced by
large-scale enterprises, while other supplies originate from individual pro
ducers working on a small, irregular basis in this industry. In the former 
operation, the production process involves numerous participants in 
addition to those engaged in wood-charcoal conversion, including super
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visors, distributors, sales agents, and transporters, all of whom have par
ticular and interactive needs. Even in the latter situation producer needs 
can vary greatly depending on sources of fuelwood, and size and location 
of markets for charcoal produced. 

In all cases, the thermodynamic efficiency of production itself can vary
enormously in relation to user (producer) situations. Although they may
employ the same basic earth or pit kiln technologies, well-organized and 
monitored operations can achieve much higher charcoal outputs per unit 
fuelwood inputs than less well structured charcoaling. People making char
coal as a permanent business have different means and objectives from 
those seeking to supplement their income by salvaging forest materials 
during spare time from other agricultural practices, and it should be ex
pected that the technologies they develop and manage should differ corre
spondingly. 2'9 Moreover, the capabilities of the technology users in these 
different types of production situations, and their aspirations for technical 
change, also will differ. Yet, much of past work on charcoal production has 
treated kiln designs as if they can contribute equally to all situations, as 
long as they meet certain technical criteria. 

How inefficient are earthand pit kilns? 
There is some concern that the general technical assumptions about the 
conversion efficiencies of widely used earth and pit kilns may not be 
completely sound, especially in consideration of the wide variety of pro
duction situations and scales in which these are used in developing nations. 
The literature tends to depict these types of kilns as small in size (less than 
20 cubic metres in volume) and crudely constructed, buc this is not always
the case. In Somalia, for instance, producers erect large earth mound kilns 
over 100 cubic metres in volume, and even use metal sheets to cover the 
fuelwood feedstock to minimize earth contamination of the charcoal pro
duced.30 Moveover, some production operations are run by families that 
have been in the charcoaling trade for genera'dons, whose members have 
developed skills in constructing and operating these 'primitive' kilns that 
enable them to gain consistently higher quality and quantity output than do 
occasional or less experienced charcoal makers. It seems unlikely that one 
eficiency rating can categorize the actual performance of the wide range of 
earth and pit kilns employed in the field in developing countries. 

It also appears that what efficiency assumptions have been made are not 
based on extensive field measurements of kiln performance. Powell's study
of charcoal production in Ghana is often cited for its as,; ',ssment of 5-15 
per cent efficiency for traditional earth kilns, compared to the 25 per cent 
possible in improved models. 3 1 Yet, it is not clear that his tests were 
carried out under typical production conditions, using traditional pro
ducers. Even the efficiency results of more rarified test conditions can 
be ambiguous because of problems in measuring the actual input:output 
energy involved.32 
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The Energy Studies Unit in Malawi conducted a trial of traditional earth 
kilns and new metal kiln designs, using a traditional charcoal maker to 
construct and operate the former. They found a 21.5 per cent (by weight)
efficiency for the traditional kiln, and 24.2 per cent efficiency for the 
'improved' metal design. Their conclusion: 'This is hardly the kind of 
difference that in itself would warrant a massive conversion to modern 
charcoal technologies.'33 A recent review of the literature on charcoal 
production concluded 

There are few reliable and consistent statistics on the yields obtained 
using different charcoal making methods. The majority of reports are 
based on small numbers of trials and cannot be taken as truly representa
tive .... Even from the available information, however, it is clear that no 
matter what charcoal making method is used there are large variations in 
the yields obtained. A great deal depends on the type of wood used, its 
moisture content, the weather conditions during charcoal making, and 
above all the skill of the operator. The result is that there is a substantial 
degree of overlap between the yields obtained with different manufac
turing methods. 3

4 

There is a far greater problem than one of measurement in these assess
ments of kiln performance. This problem is the failure of most assessments 
to understand that 'efficiency' for charcoal makers, the technology users,
involves far more than thermodynamic conversion relationships. Efficiency, 
for the kiln user, often is determined primarily by the profitability of his 
production operation. Profitability, moreover, is generally determined by 
short term cash flow analyses. A charcoal producer looks at what he pays 
to construct his kilns and carbonize wood over a season, and how much he 
earns from his product over that season. If he has to substantially increase 
his investment to adopt a new kiln, but he does not increase his production 
or his sales revenues in excess of this increase within the first season 
of operation, he does not view the technology as 'efficient'. Treating
efficiency as a purely physical parameter provides an incomplete and often 
dangerously misleading basis upon which to design and evaluate new 
charcoal production devices. Thermodynamic conversion relations are a 
part of efficiency, but so are economic considerations. 

Wider political economy considerations 
The more thoughtful analyses of the problems in attaining innovation in 
charcoal production also note that the major obstacles to technical change
often lie far beyond the boundaries of physical and economic production 
parameters. Foley writes, 

whatever the manufacturing methods, one of the dominant features of 
charcoal making is that there is little effective control over the public
lands and reserved forest areas from which the majority of the wood 
supplies are drawn. ... The lack of adequate control over the exploita
tion of wood resources is one of the reasons why charcoal making tends 
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to have such damaging environmental consequences. ... The fact that 
most of the wood used for charcoal making is obtained at zero or near 
zero financial cost also means that there is little incentive for charcoal 
makers to invest in methods of economising in its use." 

Charcoal production should be seen as a part of a larger land management
system. Unless that system contains a need to maximize the utility and
sustained supply of its forest resource, it is difficult to see much potential
for change in conversion efficiency, regardless of the technical prowess
of whatever kiln designs are invented. Work in charcoal production tech
nology should, therefore, look to what land management concerns do exist 
to find the needs to support the innovations it wishes to bring about,
promoting charcoal production as a part of larger improved land utilization 
efferts. 

2. Improved wood-burning stoves 
Projects to improve household wood-burning (i.e., wood or charcoal)
stoves have existed since the 1940s, when stove programmes were started
in India.36 As in the area of charcoal production, the focus of most work in 
this area has been on technical improvements to the wood fuel combustion 
system, as it is clear that thermodynamic improvements on the combustion 
efficiency of typical open fires are possible, in the sense that designs
produced and tested in laboratories can achieve far higher efficiencies than 
3-stone fires tested under those same circumstances. 

Improved stove work has enjoyed substantial attention and priority in
development assistance, particularly since the first petroleum crisis of 
1973. 3 7 As a result, the literature on new stove designs and the documenta
tion of their production in numerous countries has grown enormously, and,
like in the area of charcoal production, the hardware-oriented, insular R &
D approach of the field has become more and more entrenched. Consider
able funds have been allocated for the construction and equipping of
laboratories devoted solely to stove design development and testing.

However, some field workers involved in stoves programmes have ques
tioned the effectiveness of this technology-driven strategy. 38 Donor assist
ance policy in the stoves area has been influenced by the articulation of 
much of this field observation in a critical review of stoves activity pub
lished by the Earthscan organization in 1983. The review noted that most 
stove programmes failed to live up to their planners' expectations in getting
improved stoves into large numbers of households. Moreover, the study
claimed that most stoves that were adopted achieved little of their promised 
energy savings in practice.3 9 

The Earthscan report caused a great deal of controversy at the time of its
release, but subsequent developments in the stoves field show that its 
claims are being acknowledged. As in the case cf charcoal production
work, the failure to recognize and address user demand resulted in many
designs being unacceptable to the people they sought to benefit.40 
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Stove dissemination 
One of the political effects of this critical analysis of the shortcomings of 
stove improvement programmes has been an increase in donor interest in 
the extra-R & D aspects of project implementation. A conference on wood 
stove dissemination, involving representatives from 17 nations and spon
sored by five national donor agencies, was held in the Netherlands from 31 
October to 10 November 1983.41 K Krishna Prasad, one of the organizers 
of the conference, and the director of a major stove R & D laboratory at 
Eindehoven, noted in his preface to the proceedings of the meeting, 

General opinion now considers that the dissemination process will be a 
critical factor in the technology reaching the population concerned ... 
More detailed information, particularly on the dissemination process
and its linkage to the R & D system, is urgcntly needed for significant 
progress in stoves projects implementation to be made. 42 

While this movement away from a laborator) focus is encouraging, it i not 
certain that the new embrace of 'dissemination' as a key issue provides a 
key to achieving innovation in the stoves sector. One of the major prob
lems with this new intellectual trend is the uncertain meaning given 'dis
semination' hy those who expound upon its importance. In the conference 
proceedings, essays by Prasad, Ki-Zerbo, and most of the case study 
authors regard dissemination as an issue of information, much in the 
manner of the treatment of 'diffusion' by Rogers, criticized in the previous 
chapter.43 The dissemination problem is treated simply as a problem 
of how to get a fixed design adopted, or, in Prasad's case, how to get 
designers enough information so that their labs can come up with the 
proper designs in the first place. Much attention is devoted to how govern
ment and non-government organizations can gain public attention and 
enlist public involvement in spreading the designs the organizations havc 
invented around. 

However, the issue facing stove programmes is not one of information, 
but of how to enlist greater user participation in innovation. This entails 
more than questions of how to raise public awareness. Some of the partici
pants in the conference recognize these different, more complex issues 
underlying stove dissemination problems. Mass6 writes, 

When stove programmes begin, they are almost immediately supplied
with offices, showrooms, workshops, bricklayer teams, foreign experts, 
cars, and international finance. In this way, they ignore all the existing
informal circuits of the environment to which they are supposed to be 
introducing technical innovation. 44 

He implies that the user role in innovation begins not after technology 
design, but as a part of this process, and that, by insulating technology 
formation behind a barrier of external capital and 'expertise', the prob
ability of achieving successful innovation is diminished. 

Ashok Khosla, one of the three entrepreneurs present at this conference 
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on dissemination, adds that manufacturers and distributors of stoves
should also be considered in this early design stage: 

the innovation process must link 'he design of the technologies much more closely to the needs of manufacturing and marketing than hasgenerally been done in the past. No matter how efficient a design may bein laboratory tests, or how well it is claimed to fulfil socio-economic
criteria, it cannot be considered complete or acceptable until methods ofproducing it have been worked out, and it is field tested. ... the designof an appropriate technology, no less than that of a new electronicsproduct or automobile model, must be carried out within the framework
of an organization which also has responsibilities for manufacturing andmarketing. If this is not the case, market success will be only a matter of 
pure chance.45 

Khosla points out that producers and distributors were also technology
users, whosL needs should be accommodated in order to achieve successful 
technical change.

Maxwell Kinyanjui's description of the Kenyan jiko stoves programme
contrasts sharply from the other case studies in its reliance on existing
formal and informal sector commercial operations for stove production
and distribution. 46 lhe Kenyan programme relies extensively on traditionalstove-making artisans, adapting improved stove designs to fit their needs
and capabilities. It acknowledges that the traditional production and sales
system is skilful and well organized, and works with, not outside, thatsystem to develop its improved jiko design. The Kenyan example, in which 
an expanding and self-sustaining improved stove production and sales 
programme has resulted, supports Khosla's contention that accommo
dating producer and distributor needs in the design process is an important 
part of successful innovation. 

Stove dissemination studies: a step in the right direction
Although it has its shortcomings, the new attention given dissemination
issues represents an important step from a technology-driven, relatively
unsuccessful improved stoves policy, towards a more needs-oriented,
and hopefully more successful new stance. The inclusion of a marketing
specialist among the participants and the Netherlands conference showsparticular promise, because market research, as has been discussed inrelation to the health and development field, can contribute much towards 
the identification of user needs and capabilities.47 

However, producing pamphlets and pictures to enhance public aware
ness of stoves efforts is not a sufficient means of achieving successful
innovation. Stove programmes will repeat past mistakes unless stove
'experts' develop ways to receive ideas from technology users, and not only
means for dictating fixed designs to them. The experts should concentrate 
on developing a mechanism for incorporating user inputs into the R & D 
system itself. 
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The limited attention paid to this user-R & D interaction in present stove 
improvement work is shown in the R & D organization charts shown in 
Figure 3.1 above, presented by the Intermediate Technology Development
Group as an example of possible institutional structures for stove pro
grammes. 48 The bottom structure may be an improvement on the original
research organization, but it does not represent the sort of interactive 
research that isgenerating innovation in agriculture, health, and irrigation
(as described in the preceding chapter). Thcse organization charts need to 
present their arrows pointing in both directions, not only from 'experts' to 
users. 

Education and information dissemination are essential ingredients in 
securing technology adoption, but user participation is equally important.
Stove programmes need to channel information and skills from technology 
users into the design process, bringing users into the R & D system itself. 
As Bina Agarwal aptly remarks, 

The most significant pointer provided by the review of the diffusion 
literature relating to attempts to promote improved improved wood
burning stoves, is the importance of adapting the stove to the users'
needs and of involving the potentialbeneficiariesas closely as possible in
the designing and buildingof the stoves [emphasis mine]." 

The available literature indicates that stove programmes need a dissemin
ation focus to make up for previous lack of attention to the specific needs 
of consumers, producers, and distributors that has contributed to the 
disappointing results of many past efforts; but they also need a comprehensive
innovation management strategy that pe1:, its these needs to become a 
more active part of technology development, through providing for greater
technology user involvement in this process. 

3. Forestry 
Forestry as a development assistance field has a longer pedigree than either 
charcoal production or improved wood-burning stoves, but forestry's rela
tionship with energy concerns, from the donors' standpoint, began after 
the petroleum price increases and the rise of energy as a separate discipline
in the 1970s. The rise of fuelwood production as an important goal of 
forestry contributed to a development of new forms of forestry itself, in 
both its technical and administrative aspects. New species of little use for 
timber or other wood products, but fast growing and (in some cases)
drought tolerant, became the subject of research and field trials. New 
planting methods and patterns far different from traditional block plant
ations and reserves were investigated. Integrating tree growing into agricul
tural situations became the focus of the new discipline of agroforestry. 50 

Projects were implemented to undertake afforestation, with fuelwood as 
a prime object of production, not only at the large plantation level, but also 
in community and individual farm situations. The management of such 
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smaller level schemes raised a host of issues foresters had not encountered 
before, particularly those stemming from the social and economic milieu in 
which they were working.5' Social and economic factors often were the 
source of the greatest obstacles to forestry development under these new 
conditions.52 

Evaluationof 'new' forestry performance 
Since 1984, major forestry donor agencies, such as FAO and USAID, have 
been undertaking an extensive review of their new forestry activities, to 
observe how well they have fared under the new social and economic 
conditions in which they operated These evaluations have concluded that,
while some good results have occurred in the more humid tropics, arid and 
semi-arid zone forestry has seer. little progress. The FAO commented in a 
background paper to its expert consultation on the role of forestry in 
combatting desertification, 'While considerable progress has been made in 
agricultural, forestry, livestock, industrial and tourism development in the 
wetter zones, little has been done so far for the low rainfall areas.' 53 

USAID's own submission to this meeting echoed this assessment in its 
appraisal of forestry work in the Sahelian zone of Africa, which by 1985, in 
spite of some 200 million dollars from multi-donor forestry assistance, 
faced again the havoc created by a new drough. 54 

Fred Weber, a forester involved in work in the Sahel for the last 20 
years, expressed the following sober assessment of progress in the field at a 
USAID Africa Forestry review meeting in 1984: 'More accurate informa
tion still lacking, I have the very worrisome feeling that even today four out 
of five trees leaving the nurseries are dead by the time they should be one 

-year old.'5 He also noted that, even in cases where fuelwood had been 
produced and made available, difficulties had been encountered in selling
it: 'The apparent parado, of the firewood crisis and large stacks of fire
wood cut from plantations still waiting fcr buyers only shows that many
factors are at play which lie beyond the reach of simplistic money market 
economics,' he concluded.56 

Perhaps the consummate example of failure in the new fuelwood forestry 
was provided by a USAID fuelwood plantation project in the Gambia. 
This project cleared 600 hectares of natural forest in order to restock it 
with fast-growing, more productive Gmelina species. However, four years
after clear-felling, the Forest Departmeut had succeeded only in replanting
60 hectares, so that overall a huge loss of fuelwood and other forest 
resources had occurred.57 The project was contributing to deforestation, 
rather than afforestation. 

The Gambia episode might seem ludicrous, but it is unlikely that it is 
unique. Even forestry projects ihat have received high praise for their 
physical outputs have come in for criticism that they are not providing the 
benefits they promised. India's social forestry programmes in Gujarat and 
Karnataka, for example, have come under attack by local sources who 
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complained that the Eucalyptus species cultivated did not serve the needsof the poor (for forage and soil improvement as well as fuel), but rather theneeds of wealthier pulp and poles suppliers.58 Moreover, it was argued,
the poorest communities, that could benefit the most from afforestation
activities, were passed over by the programme in favour of less remote,
better off villages. 59 Even the World Bank's own evaluation of the Gujaratproject, while largely favorable, expressed concern over 'the extent to 
which the project will benefit the landless.' 60


Faced with the poor progress 
 of much of its effort to improve andincrease forest resources ,n arid and semi-arid regions, the donors havebegun to reassess their approach to forestry itself. It appears they havedecided that this approach, like that foi other forest energy technologies
described earlier, was too technology-centred and would profit from user
need inputs. They also have begun to move, on paper at least, towards atransformation in the institutional stance of forestry itse!f, so that it could 
better receive these inputs. 

Towards a more user-involved innovationstrategy
TtLe documentation that has emerged from recent donor forestry meetings,
such as those cited previously, calls for forestry to move away from a'sectoral' focus towards a more 'integrated' approach. This terminology
means essentially that forestry should move from an isolated, woodproduction-oriented posture, towards a role as a part of larger rural devel
opment efforts. The FAO points out that its old stance might be appropri
ate for temperate regions, but not for the environments of most developing
nations: 

Forestry practice imported from temperate regions was developed incountries with more or less settled land tenure and land use and where more or less clear distinctions are possible as to what constitutes forestry,agricultural or grazing land situation not prevailing in arid and semi-arid 
regions.61 

The suggested integrated approach contains two essential institutional
innovations: making forestry an element of greater land management
objectives, rather than an end in itself; and making forestry departments
into service-(as opposed to enforcement-)oriented institutions. 

In the former area, forestry and foresters have to move from an empha
sis on establishing forest stands and meeting production targets, to one on
forestry's contribution in larger efforts to improve food and animal produc
tion conditions, conserve the environment (and, particular,in water
resources), and provide rural employment and income-generating oppor
tunities.6 2 Just as desertification and deforestation are not merely fuelwoodproblems, neither can their solutions depend solely on either the tech
niques or the contributions of foresters. As USAID's forestry advisors 
note, 
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Even the limited experience to-date has shown that rural people have 
seldom been enthusiastic about planting trees specifically and uniquely 
to produce fuelwood. This narrowly defined objective has tended to be 
rather self-limiting and has understated the real value of trees to rural 
people. An exclusively 'fuelwood approach' actually exacerbates the 
dichotomy between agricultureandforestry [emphasis theirs] by reinforc
ing the ill-conceived notion that somehow the foresters alone are going 
to resolve the fuelwood/environment problem. 63 

They recommend that forestry institutions concentrate on measures 
through which tree planting can enhance agricultural productivity, and that 
they modify their extension systems to create multidisciplinary services 
that can accommodate not only forestry, but also agricultural and livestock 
needs. 64 The FAO, too, urges that forestry training provide for greater 
understanding of agricultural, animal, and environmental concerns.65 

The other innovation required for forestry institutions is to turn them 
from isolated operators occupied with protecting their territories into in
teractive organizations aimed at working with others to achieve the higher 
objectives described above. As the FAO comments, 'It will be necessary to 
substitute "servicing" and developmental activities for the restrictive 
measures and police activities of the past.'66 This service role has to be one 
ruled not by forest utilization regulations and their law enforcement con
siderations, but by a commitment to a two-way exchange of opinions, 
knowledge, and ideas between foresters and rural people. The FAO points 
out that this implies some different considerations for national forest 
policies: 

- Wood production per se need not be the primary objective in the 
drier parts of arid zones, except as a by-product of shelterbelt or soil 
stabilization measures; 
- The dependence of man and his livestock on these lands needs to be 
recognized as a de facto component of the environment; policy should 
therefore aim at reconciling and harmonizing this requirement with the 
overall management rather than treating it under the category of 'forest 
enemies' to be suppressed or eliminated.67 

The development of a service-oriented forestry of necessity will entail 
the corresponding development of greater user involvement in forestry 
technology innovation, as the semantic progression of FAO's depiction of 
its own forestry duly confirms. In 1978, inspired by the popular forestry 
focus of the 8th World Forestry Congress in Jakarta, the FAO launched its 
'Forestry for Local Community Development' programme. 68 This pro
gramme brought fuelwood into a greater prominence in forestry activities; 
but, to a large extent it still considered forestry a separate activity from 
other rural functions. It was an activity that was the domain of trained 
foresters, focusing on village woodlots and similar segregated forestry 
measures more than on integrated, agroforestry options. By 1981, how
ever, the FAO was writing about 'Forestry for Rural Development', a title 
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which signified a greater interest in rural agricultural and other needs, and
how these could be satisfied through foresters' activities.69 In 1985 the
FAO completed the semantic incorporation of rural people into forestry
technology development in its latest report, 'Tree Growing By RuralPeople'. 70 Now it was the rural people - the technology users - rather than
forestry professionals, who were the focus of the development programme.

In suggesting a movement towards a greater integration with rural agri
cultural and other land use management objectives, and the adoption of a more service-orientated posture, the aredonors placing forestry work
in a position where it can more easily receive and respond to user inputsto its technology development process. Their more technology-driven,
institutionally-introverted earlier efforts were not successful, for the most
part, in dealing with the social and economic constraints facing forestry
development by and for rural people and rural communities. The newapproach they are suggesting represents an innovation strategy that willstress the user role both in the design and the implementation of forestry
projects, and, if the experience in other development areas is valid in this 
case, this approach should find greater success in changing the forest 
resource base in arid and semi-arid regions. 

Users, R & D, and renewable energy 
In both the renewable energy field as a whole, and in the particular forest energy technologies examined, much of the work of the past ten years of
development assistance has been dominated by the attitude that, if energycould be produced through an initial installation of technologies by ex
perts, its benefits would soon flow to large populations. As the donors have
acknowledged, the benefits of these technologies, for the most part, arenot being realized, largely because the development process itself has notbeen responsive to the demands of the beneficiaries. Moreover, the signifi
cant potential of these beneficiaries, the intended eventual of theusers
technologies, to assist in this development process largely has not beenutilized. There now seems to be a growing recognition that more demand
responsive, user-involved innovation strategies should be pursued.

The renewable energy field, therefore, is just beginning to explore aninnovation strategy entered into earlier by other development disciplines,
as well as by industrial strategists in developed nations. There is everyreason to believe that this more participation-oriented technology devel
opment strategy will bring better results than the previous technology
driven approach. The analysis of specific technology development incharcoal production, improved charcoal andstoves, forestry in Sudanshows the actual benefits of user participation for renewable energy
innovation. 

51 

http:activities.69


CHAPTER FOUR 

Sudan and the Sudan Renewable Energy Project 

Sudan, like many other developing countries, relies extensively on forest 
energy resources for its national energy needs. Its total energy consump
tion in 1980 was estimated at 7 million tonnes oil equivalent (toe), of which 
over 5.9 million toe (approximately 85 per cent) was in the form of wood, 
charcoal, or agricultural residues consumption.' Household energy use 
accounted for 83 per cent of total energy consumption. This is despite an 
almost 50 per cent increase in the use of petroleum products between 1970 
and 1980. 

Sudan's reliance on its biomass resource base for much of its energy 
needs is typical for many developing nations. Its poor knowledge of the 
present state of this resource, and of production/consumption effects on 
future supplies, is also typical. There has r..-ver been a nalional forest 
inventory. Present forest resource figures v.; based on estimates made 
during the 1950s and 1960s, without the benefits of aerial reconnaissance 
techniques. A recent attempt to upgrade this information through a review 
of 1972 Landsat imagery revised growing stock estimates down rrom 32 to 
only 8 cubic metres per year. 2 The study also concluded that, a present 
rates of consumption versus regeneration and afforestation, all forested 
areas in northern Sudan would be denuded within 20 years." Later studies 
have postulated that Sudan's and other Sahelian nations' forests are now in 
a state of accelerating depletion, with deforestation rates increasing as the 
resource base diminishes.4 

The forest resource is unevenly distributed, so that some regions of 
Sudan consume far less than is produced each year, while others consume 
far more than is produced. Firewood and charcoal are transported as much 
as 600 kilometres from the Blue Nile, Upper Nile, and Southern Kordofan 
provinces (and perhaps also from across the Ethiopian border), to markets 
in Khartoum province. Forest resources in the Blue Nile and southern 
Kassala provinces make similar voyages hundreds of kilometres east
wards to Kassala town and to Port Sudan on the Red Sea. The area around 
Juba, a large and growing town in southern Sudan, is becoming heavily 
deforested, while vast forest resources within 100-200 kilometres lie 
unexploited due to the absence of roads and transport to reach them. 

Although the biomass resource sector is not well researched and moni
tored by government, it has been closely watched for some time by local 
wood products producers and traders. Charcoal making is big and long
established business in central Sudan. It is also a major source of dry 
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season migrant employment in the central and eastern regions.5 The 
production and sale of charcoal stoves is a significant source of informal 
employment in urban areas. The distribution of firewood, charcoal, and 
other forest products such as poles and matting is another profitable 
enterprise.6 

As resources have declined, forest product prices have increased. A sack 
(100 Ibs, approximately) of charcoal that cost Ls4 in late 1982 sold for Lsl7 
in January 1987." Sales of firewood, poles, and charcoal have begun in 
places where formerly all forest products were freely gathered from nearby.
The higher prices have made forest energy consumers very sensitive to 
market fuel quality, and to fuel conservation potential. 

Government - Professionalism, Decentralization, and the Forest 
Resource 

Two characteristics of the Sudanese human resource are of particular 
significance to work concerning the forest resource and forest energy 
development. The first is the higher amount of university degree holders 
(BA, BSc, or higher) per unit population than for neighbouring African 
nations. According to UNESCO statistics, displayed in Table 4.1 below,
Sudan leads all its neighbours by a large margin, with the exception of 
Egypt, whose development has been more tied to Middle Eastern than to 
African politics and economics. Although UNESCO does not prepare 
separate statistics on the educational backgrounds of civil service staffs, the 
dominance of government positions as employment of first resource in all 
African nations makes it likely that the Government of Sudan possesses a 

Table 4.1 Students in university (third level) education per 100,000 

population 

Country Year Number 

Sudan 1981 246 
Zimbabwe 1983 219 
Kenya 1983 75 
Egypt 1982 1902 
Burkina Faso 1983 81 
Ethiopa 1983 83 
Mali 1982 143 
Niger 1983 67 
Uganda 1982 76 
Botswana 1983 167 
Tanzania 1981 54 

Source: UNESCO Statistical Yearbook, 1985. 
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correspondingly high percentage of university graduates within its various 
departments.

The second factor distinguishing Sudan from its neighbours is the highernumber of science graduates it produces. While Kenya trained only eightengineers in 1982, and Mali only 714, Sudan reported 2418 students inengineering courses at the university or polytechnic level. 8 Also of particular concern to forest energy technology development, Sudan has maintained at least 150 professional and technical forest staff in its civil servicesince it became independent in 1956. 9 This far exceeds most, if not all,
other African national forester resources. 

The Government of Sudan gives special prominence to science, andparticularly to research, in the civil service. The head of the NationalCouncil for Research until very recently possessed ministerial status, aranking rarely offered corresponding officials in developed countrygovernments. 10 There is a reverence for academic achievement in generalamong political authorities, so that, as in many other nations, elder,traditional leaders often will defer to the presence and opinions of a far younger Masters or Ph.D. degree engineer or scientist, even if the latter 
has little work experience.

The high representalion of academically trained personnel in the civilservice, and the high respect for science within that service and within thenational politics and culture, constitute both an asset and a liability fortechnology development activities. They are an asset in that they, intheory, provide a greater capacity to pursue technical change withingovernment institutions. They are a potential liability in that the exaltedposition given technical staff can easily be transformed into an isolatedposition, one in which their status serves as a barrier to potentially constructive interaction with people and knowledge found outside of the 
formal R & D system. 

Decentralization 
Sudan possesses extensive central and regional government organizations,

but until recently regional government power was significant only in the
southern region." In 1971 the Local Government Act channelled mostcentral ministry activities through People's Province Executive Councils,creating, in theory, a joint decision-making system. In 1980 the RegionalGovernment Act divided the north into 5 regions, establishing full regionalfinancial and legal authority over many aspects of government. The Actsought to improve the potential of local administrations, which had been inexistence since the colonial period. Considering the size of Sudan and itspoor transport facilities, decentralized government seemed a reasonable 

proposition. 
However, decentralization produced great confusion and disruption inthe forestry sector. The 1980 legislation sought to leave natural resourcemanagement under central contrul, but at the same time it drastically 
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curbed the authority of the Central Ministry of Agriculture, and its Central 
Forestry Administration. The regional forestry departments and their staff 
came under regional government control, so that, although the forest 
reserves in the region remained technically under central governance, in 
practice they became the property of local government. 

When it became apparent that the regions would not receive develop
ment funds commensurate with their new staffs, authority, and obligations, 
they began to investigate means by which their local resources could 
compensate for this. Regions with substantial forest reserves soon found 
that royalties for land clearance, charcoal production, and other forest 
product rights provided good revenue opportunities. The financially weak 
local governments were not concerned with the longer term natural resource 
supply and demand situation, nor with managing forest exploitation on a 
sensible and sustainable basis. From 1971 to 1985 a sizeable portion of 
forest reserves in the Eastern, Central, and Kordofan regions were cut while 
little new planting was undertaken. Moreover, revenues from royalties were 
not utilized to maintain forestry department staff and equipment, so what 
little ability existed for local resource management was eroded. 

One of the first acts of the present government's Minister of Agriculture 
and its ministerial level Natural Resources Committee was the re
centralization of agricultural and forestry sector responsibilities. 12 The 
consequences of this decision, taken in late 1985, are not yet clear. 

Government Institutions in the Energy Sector 

The Government of Sudan, like most other governments, created organ
izations with energy sector responsibility only recently. The Ministry of 
Energy and Mining (MEM) was established in 1977, incorporating a num
ber of units with energy responsibilities that had been distributed among 
various ministries and other government departments.' 3 The assignment 
and co-ordination of responsibilities, particularly in the traditional and 
renewable energy areas, remains far from complete. 

Government ministries 
The Ministry of Energy and Mining contains three organizations with 
direct energy responsibility, and a fourth with indirect responsibility 
(see Figure 4.2 below). The General Petroleum Corporation (GPC) and 
National Electricity Corporation (NEC) are statutory bodies under the 
control of the Minister. The National Energy Administration (NEA) was 
formed in 1980, with financial assistance from USAID, to handle energy 
planning and assessment tasks. It is a part of the Ministry itself, and the 
Director of NEA reports to the Unflersecretary. The National Water 
Corporation (NWC), another part of the Ministry, plays an important 
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energy role because of the significant amount of fuel required for irrigation
and drinking water delivery in many parts of the country.

The Ministries of Agriculture and Irrigation also are involved in energy
matters, through their resource production and conservation responsibili
ties. The Ministry of Agriculture contains the Central Forestry Admini
stration (CFA), which is made up of the Afforestation, Inventory and 
Management, Utilization, Gum Arabic, and Administration and Finance 
sections. There is also a system of regional Forestry Departments, which 
are responsible to regional Ministries of Natural Resources. 

Research institutionsand universities 
Government research institutions and universities also play a major role in 
the energy sector, particularly in the renewable energy field. The Univer
sity of Khartoum has carried out experimentation in renewable energy
technologies, primarily solar thermal technologies (distillation, drying,
water heating, solar architecture) from soon after independence. The 
university's agricultural faculty has taken a great interest of late in fuel
wood and agricultural residue energy concerns (mostly biogas and briquet
ting). The new University ot Gezira has a general agricultural focus, and 
has been carrying out experimentation on photovoltaic pumping systems.

The Government's co-ordinating body for all R & D activities, the
National Council for Research (NCR), was founded in 1967 (its admini
strative departments and structure are shown in Figure 4.3, above). 14 

Institutionat energy R & D began in 1970 under the NCR's Science and
Technology Research Council. This council supported the creation of the 
Institute of Related and Environmental Studies, within the Engineering
Faculty of the University of Khartoum, to provide laboratory space for 
energy research. In 1973 this institute changed its name to the Solar Energy
Research Institute, and in 1975 it again changed this title to the Energy
Research Institute, and moved its headquarters to a new building owned 
by the NCR. 

The NCR Director formed a new organization, the Energy Research 
Council (ERC), in 1980, and transferred the Energy Research Institute 
from the Science and Technology Research Council to the control of this 
new institution, which became the fifth of the NCR's councils. As a coun
cil, it was not itself an institute, with a large staff of researchers, but a 
co-ordinating board to oversee and shape the operations of the Energy
Research Institute, consisting of representatives from all government
organizations involved in energy work. The Energy Research Institute was 
renamed the Renewable Energy Research Institute (RERI) in 1983 to 
reflect its focus on alternative energy resources. 

RERI in 1982 consisted of three sections: Solar, Wind/Hydro, and
Biomass. All three were headed by recent graduates, two Ph.D. and one 
M.Sc engineers. The RERI director and ERC director were both Ph.D.'s. 
The institute staff consisted entirely of technical and clerical personnel, 
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with no economic or social science disciplines represented. It was a 
young, highly acredited, technically focused body with little practical 
experience. 25 As a result, RERI's inclination was towards the implemen
tation of design and testing programmes within the confines of its labora
tory facilities at the University of Khartoum, and its field station at Soba. 

The Sudan Renewable Energy Project 

It is common for several years to pass between the initial conceptualization 
of an aid project and its initial implementation steps. This was the case for 
the Government of Sudan nd USAID's Sudan Renewable Energy Project 
(SREP), which began as the 'Rural Renewable Energy Project' in a consul
tancy report in early 1980, but which did not begin implementation until 
October 1982.15 The delay had a profound effect on SREP, because it 
moved its initiation into a new period in USAID Africa Bureau thinking 
about the implementation of energy projects. While the concept paper and 
early project design work were firmly grounded in the 'design and demon
stration' practices of the 1970s, the intervening period saw a change in 
attitude about the project. Emphasis came more on the extent of tech
nology introduction and use, as opposed to the quality of in-house research 
and testing. 

The Georgia Institute of Technology (GIT), the contractor awarded the 
implementation of SREP, recognized this new USAID attitude in its 
technical proposal for SREP implementation. 6 GIT emphasized the im
portance of getting technologies to be produced and adopted in quantity, 
and distributed over a wide geographic area. The project contained two 
central tasks: 'commercializing' suitable renewable energy technologies, 
and developing the RERI as an institution to play a key role in this process. 
It was also agreed that the project need not focus exciusively on work 
in rural areas, but could cover technologies that affect rural resource 
development, such as improved charcoal stoves that reduce forest resource 
demand. This agreement led to the retitling of the project from the 
'rural renewable energy project' to the Sudan Renewable Energy Project. 

The USAID project managers urged that its work focus upon attracting 
technology producers and users to renewable energy activities, and that 
it should avoid excessive reliance on 'research', which was seen as a secluded, 
academic process, with few short-term results. 17 SREP, from this initial 
conception, was to be a project that escaped the failures of previous 'demon
stration projects' that had come in for much US Government criticism. 

SREP contained two principal elements designed to facilitate the attain
ment of commercialization: support for institutional development of innova
tion capability, and a financial incentive for the creation of greater ERC links 
to technology users outside of its institutional confines. The lines of authority 
and support contained in the project are depicted in Figure 4.4, below. 
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Institutional development 
Under SREP, the RERI received institutional support to create new 
divisions devoted to economic and social evaluation, and dissemination of 
renewable energy technologies. USAID provided funds for training and 
procurement of materials and equipment, and the Government of Sudan,
using local currency provided as part of its bilateral development pro
gramme with USAID, increased RERI staff to meet the new assignments. 
A concurrent West German (GTZ) assistance project was to provide a new 
RERI headquarters building, but this construction was delayed and, by 
October 1985, was not underway. 

During SREP's implementation, the ERC decided that institutional 
needs would best be served by the creation of one new department, the 
Dissemination Unit, which would form RERI's fourth section. This unit 
would be responsible for technical evaluation and production develop
ment, economic and social evaluation, and educational and promotional
activities. New staff were hired, including economists, home economists, 
engineers, journalists, artists, and foresters. 18 

Renewable Energy Development Grants 
The second important contribution of SREP was the formation of a 
Renewable Energy Development Grants (REDG) programme. This pro
gramme contained both dollar and local currency funds, which were to be 
used to help initiate renewable energy activities that would then become 
self-sustaining. Approximately $3 million in dollars and Sudanese pounds 
(at 1981 equivalencies) was provided for the REDG programme, roughly
60 per cent of the entire SREP budget.") Most important was the caveat, 
imposed by USAID, that REDG funds could only be disbursed to parties 
and activities outside the ERC's own R & D system.20 

The ERC and its contractor technical advisor, GIT, were asked to 
develop a system for grant selection, disbursement, monitoring and evalu
ation. The resulting programme centered upon a six-person Technical 
Committee, made up of ERC members selected by the full council, that 
received and evaluated all grant proposals, with approved applications 
sent on to the USAID Project Manager for concurrence. The Technical 
Committee was assisted in its deliberations by a grant review process,
involving Sudanese experts in the relevant technical and economic fields. 
Each application received by the ERC director, who served as the admini
strator of the Technical Committee, was assigned to at least two reviewers, 
whose reports were submitted to all committee members in advance of 
their grants review meeting. 

The two central elements of SREP provided a motivation for the pursuit of 
a user-interactive technology development strategy even before the particular 
technologies to be developed under SREP had been selected. A regional
study had listed 29 renewable energy applications that could be suitable for 
the project.2 Yet, USAID and the Government of Sudan did not specify in 
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their project agreement which renewable energy technologies were to be 
the subject of SREP. Technology selection took place at a meeting in May
1983 between representatives of USAID, ERC, and GIT, as a part of the 
formulation of the project's initial work plan, while the REDG programme
procedures and institutional development plans were established in 
December 1982. 

Thus, SREP contained an ex ante commitment to involving the ERC 
more closely with technology users. Before it was known what technologies
would be a part of the ptoject, a central aspect of the way in which those 
technologies would be developed had been determined. To gain access to
the bulk of the finance promised by USAID, the ERC had to strengthen its 
ties with individuals and organizations outside its own research facilities
who could contribute to the design and introduction of the selected 
technologies. 

The May 1983 meeting chose five technologies for SREP: forestry, im
proved charcoal stoves, improved wood stoves, improved charcoal kilns,
and small-scale photovoltaic power applications.22 The three technologies
that received the greatest project attention during the author's three years
with SREP were forestry, improved charcoal stoves, and improved char
coal kilns, and technology development in these areas provides the focus of 
the following chapters. 

REDGprogrannedevelopment
The Technical Committee created temporary advisory committees for each 
of the technology areas, charged with outlining the types of activities that 
could be supported by the REDG programme. Once these committees had 
reported, they were replaced by a single Project Leader f i each area,
responsible both for soliciting grants applications and for monitoring the 
progress of each grant awarded. Project Leaders were drawn from RERI 
staff, where suitable expertise was available. In other cases, such as 
forestry/fuelwood production, a retired senior forester was hired as a long
term consultant for this position. The two long term GIT technical staff 
served only as advisors to the system, and did not have a vote in approving 
or disapproving grant applications. 

The ERC Director originally served as the co-ordinator of the entire 
REDG programme, calling on ERC/SREP clerical assistance when neces
sary. As the programme grew in size and geographical scope, and other 
project and donor obligations put greater demands on the Director's time,
it was decided to appoint a Grants Administrator. She insured that all new 
applications were reviewed according to established procedures and time
tables, and that all extant grants were monitored on a timely basis. The 
RERI Dissemination Unit assisted in promoting the REDG programme
through publications, workshops, and seminars. Its staff also was involved 
in monitoring and evaluation tasks. 
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Energy, Sudanese Institutions, and SREP 

This chapter has introduced sev.-ral characteristics of the Sudanese physi
cal and socio-political-economit- environment that affect forest energy re
sources and their development. The diversity of the land and its people 
makes it essential that local resources and demands are considered in any 
introduction of new technologies. The fragmentation of authority over 
forestry and energy issues weakens Government influence over individual 
areas, and increases the importance of local opinions and organizations. 
The relatively poor understanding of supply and demand for forest energy 
resources within the Government (and, for that matter, within aid agencies 
working in Sudan) hinders technology development in this area, and makes 
the investigation of existing production and consumption a priority for 
innovation efforts. 

In their formulation of SREP, USAID and the Government of Sudan 
responded to these conditions and constraints, and sought to overcome the 
latter through the implementation of a user-oriented innovation strategy. 
The key assumption behind SREP's reliance on the REDG programme 
was that the grants mechanism, given sufficient institutional support, 
would attract greater user involvement in technology development efforts, 
by providing incentives for local prod.ucers, distributors, and consumers to 
design their own energy projects, with technical assistance from ERC staff. 
In so doing, the grants programme would increase the likelihood of suc
cessful innovation in such efforts. The following chapters present 
the successful res-Its of this exercise in user-interactive technology 
development. 
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CHAPTER FIVE 
Improved Charcoal Production inSudan 

'Improved charcoal production' generally connotes improvements to the 
kiln system for converting firewood inputs to charcoal product. Indeed, as 
was discussed in Chapter 3, most technical assistance efforts in the charcoal 
production area have concentrated on changing established conversion 
systems. The assumption behind such efforts is that existing technologies 
are 'inefficient', and that the sconer they are completely replaced by more
'modern' methods, the better for both the production system and forest 
resource conservation. 

Suci an assumption is dangerous for two reasons. First, it is often based 
on a brief, qualitative analysis of existing production systems that does 
not correctly portray their efficiency. Second, and more important from
the standpoint of this dissertation, it promotes a one-directional, non
interactive innovation strategy, as it encourages the idea that the key to
change lies in persuading technology users to adopt new kiln designs and
methods passed on from the R & D sector. Local skills and knowledge, in 
this point of view, cannot be of use to innovation. 

The Energy Research Council's work on improved charcoal production
in Sudan found that local charcoal producers and distributors possessed
considerable technica' and commercial expertise, and that their production
systems obtained high efficiencies, both in physical and economic terms. 
The ERC's investigations have reversed previously held opinions about the
industry and led to the development of an innovation strategy for this 
technical field that involves not a one-way passage of ideas from R & D
down to users, but an interactive technology development strategy in 
which users play an important and directing role. 

Improved Kiln Design as an Initial SREP Priority 
Several factors combined to make charcoal production methods an obvious 
choice for the group of renewable energy technologies selected for
SREP development. The National Energy Assessment, completed by the
Ministry of Energy and Mining's National Energy Administration (NEA)
in 1983, showed the integral role of charcoal in the energy supply/demand
situation. Charcoal use constituted over 27 per cent of total energy con
sumption in Sudan in 1980.' The central part of Sudan, consisting of the
Central, Eastern, and Khartoum areas, consumed 43 per cent of the total
national output. Including Northern Region consumption, much of which 
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Figure 5.1 Charcoal consumption by region 

relies on supplies from the central production sites, this area accounts for 
almost half of total charcoal production in the nation. 2 (see Figure 5.1 
above) 

Charcoal production's role in overall forest resource demand was even 
greater. Using previous wood-charcoal conversion estimates, the NEA 
calculated that charcoal production accounted for 61 per cent of the forest 
resource consumed through all manners of exploitation (energy, timber 
products, browse, land clearance for agriculture, etc.) and losses from 
fires. While twice as much firewood was consumed as charcoal, in energy 
terms, charcoal consumption entailed the overall utilization of twice the 
forest resource exploited in firewood consumption. 

Much of this charcoal was produced from forest resources in a relatively 
small part of this central area, with the principal supply sites found in the 
Blue Nile and Kassala provinces. From these southern sources the charcoal 
was transported up to 600 kilometres away to northern markets. The 
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transport distances have increased markedly over the past 20 years, as the 
forest resource base has visibly receded to the southeast (see Figure 5.2 
above). 

The key element in the charcoal production operation, the factor that 
made charcoal the major drain on Sudan's dwindling forest resource, 
appeared, from this study, to be the process of carbonization. The NEA 
noted that some 18 cubic metres of growing stock was lost for every tonne 
of charcoal produced. This was based on the ratios of 3 cubic metres of 
growing stock per tonne of firewood, and 6 tonnes of firewood carbonized 
per tonne of charcoal produced. 4 In energy terms, production under these 
conditions entailed losses of approximately 72 per cent of the initial energy 
content of the firewood input.5 Even before the charcoal left the produc
tion site, the vast majority of the forest resource input had bec, lost. 

When the ERC drew up its plans for the development of it five tech
nologies to be pursued under SREP, it was assumed that new charcoal kiln 
design and dissemination would be a major activity.6 However, since 
technology development was to be based upon grant disbursement, the 
ERC first had to learn more about participants in the present production 
and distribution system, in order to determine who best could utilize grant 
support, and what sorts of activities could be undertaken by the prospec
tive grantees. Accordingly, the ERC commissioned research into the pro
duction and marketing of charcoal in central Sudan. 

The ERC was greatly assisted in its research by Sudanese foresters. Dr 
Hassan Osman Abd El Nour, who had just completed a posting as Conser
vator of Forests for the Blue Nile Province, a major charcoal production 
area, was engaged as a consultant to briefly survey production in that area, 
and to assist Dr Derek Earl, an overseas consultant, in developing a 
longer, more quantitative research programme for the production sector. 
Gaafar El Faki, a forest economist and head of the ERC's Dissemination 
Unit, used his field experience in the Central and Eastern Regions to 
design and implement a charcoal marketing study, assisted by locally based 
foresters. 

Initial Field Investigations: Rapid System Appraisal 

Drs El Nour and Earl undertook a rapid reconnaissance of the charcoal 
production sector during January and February 1984. Their work entailed 
both a tour of major production sites in the Blue Nile and Kassala prov
inces, and discussions with senior Forestry Administration officials in 
Khartoum and various regional headquarters. 

El Nour and Earl soon unearthed information that prompted the ERC to 
examine the production system far more closely. First, a review of the 
forestry literature on Sudan (cited in the NEA's determination of a con
version efficiency of 18 cubic metres of standing forest cut pc- tonne of 
charcoal produced) showed that none of these studies contained any em
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pirical measurements of the actual conversion process.7 No one had 
quantitatively analyzed kiln operation.

While Jackson (1960), Saini (1964), and Foggie (1967) made small 
samples of fuelwood consumption patterns in the Blue Nile province, none
actually monitored charcoal making itself. Jackson developed an estimate 
of fuelwood cut: charcoal produced of 17:1 by comparing his forest deple
tion estimates with Forest Department records of rail movements of char
coal from the production areas. This, of course, was a crude approximation,
and Jackson noted that this conversion measure contained considerable 
pote*ial error. 8 Saini and Foggie quoted Jackson's conversion estimates 
without further testing, as did a later study by Bayoumi (1983).'

The NEA study's conversi,.n ratio of 18 cubic metres of growing stock 
cut per tonne of charcoal produced entailed a revision of Jackson's stacking
factors (growing stock: tonne stacked firewood) and conversion ratios from
2.7-2.9 to 3.0-3.1 cubic metres growing stock: tonne stacked firewood, and
5.5 to 6.0 tonnes firewood: tonne charcoal, respectively. 19 Essentially,
these werc -, hoc adjustments to the old figures deemed necessary because
of the obvious changes in the forest resource base from Jackson's time.
Aside from the collection of anecdotal evidence from experienced foresters 
by NEA staff, no new measurements had been undertaken. 

The 18:1 conversion ratio, which depicted charcoal making as the major
drain on the forest resource in central Sudan, was thus based upon a series
of rough approximations and not upon any empirical analysis of the exist
ing production system and its participants. It implied that the present
system was primitive and in need of immediate overhaul; but it offered 
little information about the system itself. El Nour and Earl provided this
missing information. Their report from their rapid appraisal tour of pro
duction areas in the Blue Nile and Kassala provinces called the assump
tions and implications of earlier studies into question.

The history and sophisticated organization of charcoal production oper
ations visited by these SREP consultants led them to question whether 
processes that have endured over such a time could indeed be 'inefficient'. 
They noted that the industry contained many long-serving entrepreneurs,
with some 25 from the Blue Nile Province possessing over 20 years of 
experience in charcoal-making." The entrepreneurs employed 50-150
charcoal workers each on a seasonal but regular basis, with most labourers
having practised charcoal production for over three years. Some 80 per
cent of the workers travelled great distances from their tribal homes in
Western Sudan to take part in charcoal making as their dry-season income 
generating activity. As their income was determined by kiln output, they
devoted great care to the carbonization process.' 2 

The consultants observed that commercial charcoal making in the area
took place on fixed sites agreed upon by the entrepreneurs, landowners,
and the Forestry Administration well in advance of the commencement of
production.' 3 All wood was carefully crit, stacked, and dried before 
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carbonization, and kilns were loaded and covered with great organization 
and care. The Sudanese earth kilns were far larger than those from other 
nations, averaging over 100 cubic metres in volume.14 All these factors set 
the Sudanese production system apart from the stereotype of earth kiln 
charcoal production as a small, haphazard, and inefficient operation. 

Their rapid review of the industry convinced El Nour and Earl that 
its history and organization mitigated against the sort of production in
efficiencies attributed to it in previous, largely qualitative assessments. 
They recommended that further quantitative investigation of the conver
sion process be given priority by the ERC under SREP. They cautioned 
against the immediate implementation of kiln design alterations or the 
introduction of new conversion technologies: 'It must be stressed that the 
charcoal industry at present is providing a good fuel at reasonable price to 
the consumer with little or no inputs of foreign exchange, and should not 
be disturbed lightly'.15 

El Nour and Earl identified two other aspects of the production system 
that they felt merited further attention. Production sites and charcoal 
storage depots contained large quantities (Earl estimated up to 20 per cent 
of charcoal volume) of charcoal dust and fines, which could be converted 
from waste to viable fuel through some form of densification technology. 
They also noted that large areas of forested land were burnt to ashes, 
without any form of fuelwood or charcoal utilization, as part of mechan
ized agriculture expansion. More resource-efficient land use policies 
conceivably could reduce such waste.' 6 

Their implication, based upon their field observations and conversations 
with charcoal producers and local forestry and agricultural authorities, was 
that the charcoal production sector offered more potential innovation 
pathways than the one of kiln improvement, and that this pathway offered 
uncertain potential. 

Initial Quantitative Analysis 

El Nour and Earl's report demonstrated the limitations of previous investi
gations into charcoal production, and revealed the importance of achieving 
a greater empirical understanding of the existing technology. ERC plans to 
introduce new kiln designs were delayed, pending the results of more 
empirical study. Some experimental trials on portable metal kilns left by an 
earlier assistance project were undertaken to train staff in their use and in 
testing techniques, but the major work centred about a quantitative analy
sis of commercial charcoal production in the Blue Nile province. 

El Nour and a young BSc forester, Kamal Satti, of the Central Forestry 
Administration, returned to the Blue Nile area to set up the study. From 15 
March to 30 June 1934 they observed and recorded production information 
from five separate production zones, containing a total of 23 work sites and 
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41 earth kilns. These represented a diverse population of erarepreneurs,
labourers, and kiln sizes, as well as a varied forest resource base.17
 

This was 
the first attempt in Sudan to make detailed measurements in 
this sector, and as such it was as much a learning process about investiga
tive methods as it was a new contribution to the technical understanding of 
charcoal production. The main problem encountered the reconciliwas 
ation of the data gathering needs of the inquiry with the limited production 
season. Production occurred only within the December-June (approxi
mate) dry season. El Nour and Satti's sample was large in number and 
geographically widespread. While such a sample permitted the observation 
of site and producer-determined variations, it also necessitated methodo
logical short-cuts in order to obtain all the data required in the limited time 
available. 

The researchers decided to base their conversion efficiency calculations 
on extrapolations of wood input and charcoal output drawn from measure
ments of sample wood stacks and charcoal sacks produced. Wood input
weights and volumes were recorded for stacks formed from various stem 
diameter groups (0-2 cm, 2-5 cm, 5-10 cm, etc), and estimates of the 
quantities of wood from each group contained in a given kiln were made. 
The external dimensions of the finished kiln also were estimated. Sample
charcoal sacks were weighed and the proportional composition of lump
charcoal, fines, and other materials within were recorded. 

The investigation made the first quantitative measures of charcoal pro
duction techniques in Sudan, but, because it did not measure total inputs
and outputs for any kiln operation, it could not provide a definitive 
measure of the overall conversion process. When the data was analyzed, it 
became apparent that any attempt to obtain a figure for wood volume or
 
weight input per tonne of charcoal output would entail adding extrapol
ations to extrapolations. Volume input calculations depended upon an
 
estimate of kiln size, which could only be crudely approximated from the 
dimensions recorded by the researchers. They had noted the circumference 
and height measures, and kiln size was approximated as the volume of a 
cone of similar dimensions. This geometrical abstraction could differ by as 
much as 50 per cent from the volume of a spherical section of similar 
dimensions, another reasonable approximation for the kiln shape.' 8 

Wood input weight estimations depended both on the accuracy of the 
density measures obtained from sample stacks, and on the researchers' 
approximations of the proportions of wood of each diameter group con
tained in the kiln. Their accuracy also depended on the assumption that the 
charcoal producer would stack the billets in the kiln in the same manner 
as he had prepared the sample stacks. Moreover, no moisture content 
measurements of wood input were taken, so the energy content of the 
input could not be determined. 

Charcoal output was estimated by taking the average contents of a ten 
sack sample, and multiplying this by the total recorded sack output. The 
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charcoal producers had no scales, and sample sack weights varied by an 
average of 4 kg per 39 kg sack. 9 This added an additional potential 
error of 10 per cent to the conversion factor determination. 

The input:output ratio, which reflected a combination of weight and 
volume estimates, contained a multiplication of potential errors that raised 
serious doubts as to its reliability. Moreover, the absence of complete 
measures of wood inputs and charcoal outputs for any single kiln made it 
impossible to check the validity of any of the assumptions made. 

Nonetheless, the range of conversion ratios that emerged from the 
study, 6-9 cubic metres (stacked) of wood input per tonne of charcoal 
output, differed greatly from the 17-18:1 figures that had been used in 
earlier reports on Sudanese charcoal production. The new figures could not 
replace the old ratios, because of their uncertainty; but they did alert the 
ERC that the findings of previous work might warrant further reassess
ment. 20 The ERC decided to further delay any SREP introductory 
work for new kiln designs until a more comprehensive study could be 
undertaken. 21 

In addition, the researchers, particularly the young forester Kamal Satti, 
who would lead the follow-on study, gained useful experience in field 
analysis of charcoal production. As they noted in their report, 'Lessons 
learned from this first investigation will allow more accurate and objective 
measures to be obtained from future studies.' 22 Equally important, they
developed a respect for the skills and knowledge of the charcoal makers 
and the entrepreneurs who co-ordinated their operations: 

Although charcoal is made in earth kilns in Sudan, it is by no means 
produced by 'primitive' methods. The charcoal production system in the 
Blue Nile Province ... is a highly developed network of entrepreneurs, 
agents and workers.23 

Follow-on Study 

In November 1984 the ERC and the Central Forestry Administration, 
supported by SREP and the FAO 'Fuelwood Development for Energy in 
Sudan' project, began a new charcoal production study to test the tentative 
results of El Nour and Satti's research. Satti led this study, assisted by an 
Americal Peace Corps Volunteer, Jon Dorrd, and local Forestry Admini
stration staff. The new study took place in the Kassala province, and, like 
the previous work, used professional charcoal makers and traditional pro
duction techniques. The forest resource in the Rawashda Forest of Kassala 
was similar to that in the Blue Nile province, with the same species, Acacia 
seyal, preferred for charcoaling. 

Sati and )orr6's study covered eight kilns over virtually the entire seven 
month production season (November 1984 - May 1985). Aware of the 
problems that had faced the previous work, they focused their empirical 
analysis on the measurement of total inputs to and outputs from this 
smaller sample. All production took place within a forest reserve, and, 

72
 

http:workers.23


prior to the study, the charcoal makers and local Forestry Administration 
authorities had agreed to allow this new area to 	be exploited on the
conditions that the producers would work under the Administration's 
direction (the FA replacing the entrepreneur), and that the study's data 
gathering needs would be respected.

Thus, the new investigation contained an element of user-researcher 
collaboration not seen in the previous study, which had examined already
established production sites. In this study, the charcoal makers gained a 
new production site close to markets in Gedaref and Kassala towns. The
Forestry Administration, through this pilot production exercise, gained
assistance in the inventory of the resource content of one of its important
local reserves, and in the managed exploitation of this reserve for charcoal 
production.24 

The researchers began work at the start of the production process, and
thus were able to completely inventory both the forest stands cut for
carbonization and the fuelwood that entered the kilns. In addition, they
took moisture content samples immediately before kiln stacking, to deter
mine oven dry weight equivalents for the wet fuelwood inputs. This en
abled later conversion efficiency determinations to use a more standard,
dry weight basis, making comparison with findings in other nations pos
sible.25 They weighed all charcoal output, so that their conversion ratios 
were total input:output measurements, and not the combination of sample
measures and extrapolations contained in the previous investigation.26 

Table 5.1 Rawashda Forest Charcoal Production Measurements 

Kiln Area Fuelwood Cubic Fuelwood Cubic Charcoal Tonnes 
felled standing metres/ oven-dry metres produced fuelwood

(feddans) volume feddan weight per (tonnes) per 1 
(cubic (tonnes) tonne tonne 

metres) charcoal 
A 14.3 111 7.76 75.5 1.47 22.7 3.33

B 15.2 100 6.58 67.6 20.7
1.48 3.27 
C 11.4 68 5.96 41.4 1.64 13.1 3.16
D 8.1 57 7.04 35 1.63 10 3.50
E 7.6 44 5.79 26.7 1.65 8.1 3.30
F 6.2 38 6.13 23.3 1.63 6.3 3.70
G 10.7 N.A. N.A. 56.1 N.A. 16.6 3.38
H 9.3 N.A. N.A. 44.2 N.A. 13.4 3.30 

MEANS 10.35 6.5469.67 46.225 1.58 13.86 3.37 

NOTES: 	 Kilns Gand Hconstructed from small diameter wood (5-10 cm dbh) only
Kilns A through Fconstructed from more mature forest stands (stems of 5
20 cm dbh) 
dbh = breast-height diameter 

SOURCE: Satti and Dorr6, p 2. 
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Table 5.1 below summarizes the key findings of the study. The high 
efficiencies of the Sudanese earth kilns postulated from previous research 
were empirically confirmed. On average, only 3.4 tonnes (oven-dry) of 
fuelwood input were required to produce 1 tonne of charcoal, not the 
6 tonnes estimated by the NEA and earlier studies. As 4 tonnes of 
wood input per tonne of charcoal output had been cited in the inter
national literature as the benchmark for an 'efficient' design, this meant 
that, in thermodynamic terms, the Sudanese earth kiln performance was 
outstanding. 
The study did not record the stacked volume of fuelwood input, as it 
preferred to use the more accurate weight-to-weight input-output com
parison to determine carbonization efficiency. However, given the NEA's 
own estimate of 3 cubic metres of stacked fuelwood per tonne of fuelwood 
input, the stacked volume-to-weight conversion figure the study implied is 
10.2 cubic metres (stacked) input per tonne of charcoal produced - con
siderably less than the 17-18 cubic metres input that the NEA had assumed 
was required. More important, the research threw doubt upon the assump
tions made by the NEA and the ERC itself that conversion waste could be 
dramatically reduced through changes to existing techniques. While the 
Sudanese earth kiln efficiency was not as high as that obtained in sophisti
cated pyrolysis and gasification operations, it compared very favourably 
with the efficiencies obtained from brick and portable metal kilns described 
in international literature. 27 

The study also found that kilns using smaller diameter wood (G and H in 
the table) performed comparably to those using the larger stems preferred 
by the charcoal makers. This production experiment, which had been 
included in the study at the suggestion of the FAO's forest management 
expert in Sudan, implied that the 20 year rotations for Acaciaseyal that had 
been assumed necessary for reserve resource management could be re
duced. 28 This finding urged a reassessment of existing management plans 
and of the viability of new forest plantations of Acacia seyal for charcoal 
production and other products, which the Central Forestry Administration 
and the FAO agreed to undertake. 

Satti and Dorrd concluded, 

Considering the high efficiency of the traditional Sudanese kiln, attempts 
at improving its performance are probably not justifiable. Instead, this 
report suggests that responsible and organized utilization of the tra
ditional kiln within charcoal production programs can play an essential 
role in long-term strategies for fuelwood conservation and reforestationin Sudan. 2 

Charcoal Marketing: Additional Local Knowledge and Skills 

While it refined its measurements of conversion efficiencies, !he ERC also 
refined its appreciation of the economic and commercial aspects of the 
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charcoal production industry. Gaafar El Faki Ali, the Dissemination Unit 
director, studied the charcoal marketing process in central Sudan. 30 His 
study provided a more detailed picture of the complex system that had 
been described earlier by Earl and El Nour. He showed that not only was 
the charcoal production industry a sophisticated commercial activity,
involving detailed logistical, labour management, and stock control 
measures, but it also possessed an elaborate and effective capital/financial 
arm, derived from the traditional sheil lending system of Arabic culture. 31 

The seasonal production operation contained what he termed a 'revolving
initial capital' mechanism, in which the investor/entrepreneur provided an 
advance payment to his labourers at the beginning of operations, to be 
repaid throughout the production cycle as returns from charcoal sales were 
received. Towards the end of the production cycle the labourer/debtor
became a creditor, as his proceeds from production exceeded his advances, 
and received a share from the income of all further sales. Ali noted, 

The investment can thus be described as self-financing where the initial 
capital (working capital) is allowed to revolve through reinvestment of 
returns and mutual borrowing/lending between investor and labour all 
along the process. Despite all inherent drawbacks, this intricate system
has been functioning all throughout the industry's history. 32 

The system had its flaws, particularly in the risks it entailed for the investor 
at the beginning of the production season, when he undertook large capital
outflows to labourers who could, in theory, desert or otherwise disrupt
operations. However, it had evolved its own safeguards through the em
ployment of agents and foremen to minimize such disruptions.33 

This financial system had supported the charcoal production industry
from its commercial origins in the 1930s, without the need for any signifi
cant bank financing. There seemed to be little likelihood that such 'conven
tional' financing would be required in the future. 34 

Ali observed that, since the 1960s, charcoal production had become 
largely a 'salvage operation', in which producers used forest resources that 
were earmarked for destruction, to make way for agricultural land expan
sion. Some 84.5 per cent of the charcoal produced in the Blue Nile in 1984 
originated in 'commercial production zones', lands defined by government 
decree as allocated for future agricultural expansion. El Faki pointed out 
that declaring whole areas 'commercial' and allowing their clearfelling
through licensed or unlicensed procedures was antithetical to efficient 
forest management.35 Yet, it was difficult to proceed otherwise, without 
any linkages between charcoal producers and agricultural operations.

Finally, Ali reported that, although this was a traditional industry, as 
Earl and El Nour had stated, recently it had admitted many newcomers to 
its production and distribution systems. He found that 46 per cent of the 
producers surveyed (handling 34 per cent of total production) had worked 
in this business for less than five years.36 Some 78 per cent of the charcoal 
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traders surveyed in Khartoum, who controlled 71 per cent of the charcoal 
distribution from the Blue Nile, were the first from their family in the 
trade. 37 He speculated that the increasing transport costs due to petroleum
price increases and deforestation had put the industry into a period of 
transition of ownership and control.38 

In sum, the industry was sophisticated, and not capital constrained. It 
relied on the continuous expansion of clearfelling and agriculture for its 
resource base, and the absence of a coherent government management 
strategy for this resource was a concern. While charcoal production was 
looked upon as a traditional occupation, it now contained a significant 
newcomer presence. These individuals might be receptive to new ideas 
about how the sector could develop. While earlier work had shown that 
kiln design innovation offered limited potential, El Faki's study showed 
that innovations to resource management could prove of great interest and 
benefit to both new and established producers. 

New Technology Development Directions: Resource Management 

Satti and Dorrd's study did not curtail further charcoal production work. 
Instead, it set that work off in new directions. While they found that the 
conversion process offered no simple paths to waste reduction through
changes in technique, they identified other areas of forest resource con
sumption related to the charcoal production industry that offered great
promise to conservation efforts and other innovations. Ali's study of 
charcoal marketing in central Sudan provided further insights into how 
these new innovation directions could be explored.

The ERC discontinued all plans for work on new kiln designs. The 
Third Annual Plan for SREP, which covered all work from July 1985 -
June 1986, contained no provisions for charcoal kiln design and experi
mentation. 39 On the other hand, this plan did include projectstwo new 
related to charcoal production: the development of briquetting systems,
and the incorporation of charcoal production into mechanized farming 
activities. The CFA's and FAO's work programme contained another new 
activity arising from the previous investigations: a series of trials of short
rotation Acacia seyal cultivation for fuelwood and charcoal production in 
forest reserves. 40 

Mechanizedfarmingand cbarcoalproduction 

Reacting to Earl and El Nour's observation that large areas of forest land 
were burnt to ashes without provision for charcoal manufacture, as a part 
of agricultural expansion activities, the ERC asked Derek Earl to return to 
Sudan to collect information on forest resource utilization in the mechan
ized farming sector in the Blue Nile and Kassala provinces. His study,
undertaken in January-February 1985, coupled with the data from El 
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Faki's charcoal marketing study, provided the elements of a new innova
tion strategy for this sector.4" 

Earl found that 7.4 million feddans was set aside for cultivation withinthe mechanized farming sector. Some 3.4 million feddans were 'undemar
cated', cultivated without government support and, therefore, without
much government supervision. The other 4 million feddans were demar
cated into distinct agricultural schemes, licensed and supported by the 
government's Mechanized Farming Corporation.42 

Over 2.5 million feddans of these demarcated schemes were in the Blue
Nile province, with only 498,000 feddans cleared and under production by
1984. This meant that over 2 million feddans, comprising 13 per cent of thetotal land area in the province, remained under Acacia forest and scrub
vegetation. In addition, Earl noted that seven companies held leases for 
over 2.1 million feddans of the provincial demarcated lands.43 If there were 
any possible ways of improving forest resource management and utilization
in the province, their implementation would need to consider the interest 
of these large agricultural enterprises.

Earl talked with representatives of the Mechanized Farming Corpor
ation and several scheme directors, and selected three large schemes,
covering 969,000 feddans, for more detailed analysis. In site visits and
discussions with scheme staffs he observed that, although their agricultural
operations were mechanized, land clearing was done largely by manual 
labour, with fire used to burn and remove trees and other vegetation.
Decisions on which lands to clear and which to retain under forest cover 
were ad hoc, with criteria varying substantially even between sections of
the same farm. At best, tree strips were left at approximately 500 metre 
intervals.44 

Land clearing operations were carried out by contractors hired
by the scheme companies. These operations were expensive, and
would cost the companies an estimated LS 220,000 to LS 770,000 
over the 1985-1986 agricultural season. 45 At the same nonetime,
of the schemes were using any of the forest resources on the lands to be
 
cleared.
 

Earl proposed that these schemes and others consider two changes to
their current land clearing practices: make charcoal during the land clear
ing operation, and leave far greater areas of forest standing in the form of
shelterbelts, farm perimeters, stock riverbankroutes, protection, and 
shade for worker camps. He argued that both the latter operation would
yield a positive economic return in the long run, with charcoal production
providing a significant short term gain. 4' The combination of improved
land use management and the utilization of resources now burned as waste
would greatly increase the overaUl productivity of the mechanized farm
ing sector, and safeguard the long term future of local soil and human 
conditions. 
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Mechanizedfarm forest resourcedevelopment 

El Faki showed that the charcoal industry was sophisticated, capable, and, 
at present, somewhat flexible, due to its new blood. Earl identified con
siderable potential for greater energy supply both in the short and long 
term through reforms to tb-. land utilization practices of the mechanized 
farming sector. The ERC, through its SREP grants programme, sought to 
put these two components together, enlisting the skills of charcoal pro
ducers and the resources of the mechanized agricultural schemes ia devel
oping a long term charcoal production and resource management system. 

ERC staff discussed Earl's report with the management of the three 
schemes studied. Two of the schemes, the Damazine Agricultural and 
Animal Production Company, and the Arab Sudanese Blue Nile Agricul
tural Company, submitted grant applications to initiate forest manage
ment/chatcoal production programmes.47 Their applications included 
plans for both charcoal production and selective afforestation measures. 
The implementation of their programmes would depend upon their col
laboration with established charcoal produceis in their areas. 

The projects began in May 1985 with the construction of small nurseries 
in the two schemes to provide seedlings for the afforestation efforts. The 
grants provided for nursery construction and some planting costs, but all 
charcoal production costs were to be met by the schemes and the charcoal 
producers, both of whom stood to gain by the new production operations. 
The scheme managers would decide where and when production oper
ations would take place, and the charcoal producers would determine kiln 
sizes and carbonization methods. The ERC provided encouragement and 
assisted in project co-ordination, but the technology users directed the 
project work, and themselves developed the innovations to be tried in their 
specific situations. 

Without the experience and organizational strengths of both the scheme 
managements and the charcoal producers it would not have been possible 
for the ERC to initiate production system innovation on this scale. More
over, involving these technology users in the project from its commence
ment increased awareness of its activities in both the mechanized farming 
and charcoal production sectors. The fact that the participants were invest
ing their own funds in the charcoal production operations increased the 
likelihood that others would replicate their activities, should production 
and revenues from initial activities confirm Earl's economic predictions. 

The Redirection of the ERC Charcoal Production Effort: User Inputs 
Provide a More Productive Focus for Innovation 

The mechanized farm charcoal production effort is in an early stage, and 
the success of this innovation canot be said to be assured.However, it can 
be said that, as a result of its interactions with charcoal producers and 
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mechanized farm managers, both important forest resource users in central 
Sudan, the ERC has moved its innovation efforts onto more productive
ground. This section discusses how the ERC's findings on charcoal conver
sion necessitate a re-evaluation of sectoral consumption of forest resources
in Sudan, and the allocation of greater importance to consumption due to 
agricultural expansion than that due to charcoal production.

The NEA's National Energy Assessment drew attention to the charcoal 
conversion process through its finding that this process constituted over 60 
per cent of the total annual consumption of growing forest stook (see
discussion in beginning of chapter, and Table 5.2, below). The NEA's
analysis of wood consumption, however, contains several Whenerrors. 
these are corrected, and the charcoal consumption figure revised to reflect
the new conversion factors provided by Satti and Dorr6, the consumption
picture and the relative importance of charcoal production anid agricultural
expansion change significantly. 

Table 5.2 ForestrvAood consumption and loss: 1'280 (NEA and 
author-mot'ifled estimates) 

Weight Growing stock equivalents
('000 tonnes) ('000 c.hic metres)

Consumption/loss 
(1) (1) (2) (3) 

Firewood 
 8312 24937 13131 13131
 
Charcoal 
 2585 46527 13885 2927

Fire losses 250 750 395 395
Overgrazing 290 
 870 458 458

Mechanized agri-expansion 363 4687
1090 4687
Shifting cultivation 220 660 348 348
Other causes (poles, etc) 170 269510 269 

Total growing stock loss and consumption 75344 33171 22215 

(1)From national energy administration, annex 1,Table IV-20
(2)Figures revised so that all quantities in solid cubic metres
(3) Further revision assuming charcoal production at Earl/Mukhtar not
 
NEA levels
 
3 cubic metres (solid) = 1 tonne - NEA 
1.58 cubic metres (solid) = 1 tonne - Satti and Dorr6
 
1Feddan = 1.58 cubic metres (solid) - NEA
 
1Feddan = 6.5 cubic metres (solid) - Satti and Dorr6
 
6 tonnes firewood: 1tonne charcoal - NEA 
3.4 tonnes firewood: 1tonne charcoal - Satti and Dorr6
Annual charcoal production = 2,585,000 tonnes - NEA
Annual charcoal production = 545,000 tonnes - Earl and Mukhtar 
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The NEA consumption figures require adjustment in two key respects.
First, its growing stock volume consumption measures use stacked, not 
solid volume figures, based on a ratio of 3 cubic metres of volume to one 
tonne of fuelwood. A comparison of Satti and Dorrr's figures for solid 
volume and weight presented in Table 5.1 yields a ratio of only 1.58:1,
which, when substituted for the former value, reduces volume consump
tion for all sectors.48 

Second, the NEA utilizes a figure of 4 cubic metres of growing stock per
hectare in assessing the wood consumption of various agricultural activities 
and fires. While this might represent a reasonable approximation for the 
stocking of rangelands commonly used for shifting cultivation and grazing,
it is unlikely that it accurately estimates the wood content of the choice 
forest lands selected for mechanized agricultural expansion. A comparison
of Satti and Dorrd's figures for area felled and weight of fuelwood obtained 
from Rawashda Forest (from Table 5.1) yields on average of 6.5 cubic 
metres per feddan, or 3.9 times the NEA estimate. When the higher
stocking figure is used in the consumption estimate for mechanized agricul
ture, its value increases substantially.

Column 3 of Table 5.2 presents the recalculated figures based on the new 
charcoal conversion ratio and the adjustments to the NEA's volume and 

Firewood (33%) 

Ch.r.oal.(.2%) 

Figure 5.3 Forest/wood consumption and loss: 1980 (original NEA figures) 
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Firewood (40%) 
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Charcoal (42%) (14%) 

Figure 5.4 Forest/woodconsumption and loss: 1980 (solidcubic metre 
basis) 

stocking estimates. The charcoal sector's share of total consumption declines from 61 to 42 per cent, while mechanized agriculture expansionincreases its share from 1 to 14 per cent. The changing shares are illustrated 
in Figures 5.3 and 5.4 above. 

Further adjustments to the NEA's calculations cause an even moreprofound change in the consumption picture. The NEA based its figure of2,585,000 tonnes annual charcoal use for Sudan on extrapolations fromhousehold, commercial, and industrial energy consumption surveys carriedout in selected areas of Sudan by its staff. This figure far exceeds thosederived from Government charcoal production statistics. Earl andMohamed El Amin Mukhtar of the Ministry of Energy, in separate calculations based upon Central Forestry Administration records of charcoalproduction, estimated annual production at between 444,000 and 545,000tonnes. 50 If total forest resource consumption is recalculated using a char
coal sector figure of only 545,000 tonnes, the charcoal industry accountsfor 2,927,000 cubic metres of growing stock, while agricultural expansion accounts for 4,687,000 cubic metres, a 60 per cent greater consumption level (see the right hand column of Table 5.2 and Figure
5.5 above). 

81
 



Firewood (59%) 

.. Other 
............. (7%)
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Figure 5.5 Forest/wood consurnktior and loss: 1980 (solid cubic metre basis 
- consumption based on Earl/Mukhtar) 

This result implies that, in the Blue Nile and Kassala provinces, the 
major charcoal production and mechanized farming expansion areas of 
Sudan, agriculture, and not the charcoal industry, is a greater threat to the 
rapidly diminishing forest resource. Moreover, the agricultural sector is 
responsible for substantial resource waste, as much of the land cleared for 
agricultural expansion is not utilized for energy purposes at all, but is 
burned to ashes where it stands, as the NEA itself noted. 5' The deforesta
tion occurring in the area thus represents less of an energy problem than an 
overall land use management issue. 

Thus, the ERC, by moving its charcoal production efforts away from a 
focus on kiln design towards a concentration on forest resource utilization 
and management on mechanized agricultural schemes, has applied its 
technology development efforts towards a more significant area of resource 
waste. Its new work entails a significant user contribution to this innovation 
effort, as it represents the product ,of user interest in both the charcoal 
production and mechanized farming sectors. For this reason, the likelihood 
that its grant projects will succeed in implementing new management 
strategies and minimizing forest resource waste is far greater than that of 
new kiln designs accomplishing these same objectives. 
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Work on improved charcoal production in Sudan began with the assumption that new kiln designs would form the centre of any effort to reduce
forest resource depletion in the major commercial production areas. However, the ERC's grant-focused approach required that it learn more about
technology users in these areas, in order to identify potential grantees andthe roles they could undertake in the overall innovation process. In studying the existing production system, the ERC learned that the coaversion 
process was not 'inefficient' at all, and that bringing in new kiln designs
would be of limited benefit to forest resource management. Rather thanbeing a liability, the existing system and its skilled producers constituted anasset that could be utilized in reducing the 7reater sources of resourcedepletion which, the ERC found, lay not in wood-charcoal conversion, but
in land clearing for mechanized agricultural projects.

The ERC's experience in the charcoal production area demonstrates thesignificant resources of knowledge and skills found in technology users,who all too often can be dismissed as 'primitive' or 'inefficient' due to aninadequate investigation of existing practices. Its work in another technology
area, the development of improved charcoal stoves, provides greater insight
into the importance of user contributions at all stages of the innovation 
process, from the ii,,corporatioa of initial creative ideas into prototypes, to
the large-scale public promotion of new model production and use. 
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CHAPTER SIX
 

Charcoal Stoves: inSudan The Multiple Contributions
 
of Users - Artisans, Retailers, and Consumers
 

The examination of the development of improved charcoal stoves under 
the Sudan Renewable Energy Project reveals specific user contributions to 
the innovation process, and the importance of these contributions to the 
success of the overall technology development programme. It demon
strates the ways in which all types of technology users, including artisan 
producers, retailers, and housewife consumers, ,.an support the design and 
development of new products. It also shows the importance of pursuing an 
interactive technology development strategy in order to utilize effectively 
these important user resources. 

The Energy Research Council's adoption of a user-interactive innova
tion strategy transformed inventive, 1.ut not economically productive activity 
in the stoves area into a succes, 'ul new technology introduction pro
gramme. Moreover, by persuading other local organizations active in stove 
programmes to adopt a similar approach, the ERC helped make their 
activities more successful, and achieved a wider dissemination of new stove 
designs. 

Before SREP: Charcoal Steve work in Khartoum 

Khartoum was not the sole site of work on improved cooking technologies 
in Sudan before the ERC began work in this area in May 1983. Some 
mission groups and voluntary agencies had initiated stove projects in 
several parts of tre coun!ry during the late 1970s and early 1980s, but there 
was no ongoing production or sales of new designs when SREP bega,.' 
None of the earlier programmes, although they had achieved a limited 
production of new stove designs, had succeeded in establishing a self

-
sustaining production and distribution operation. Several new stove devr

opment efforts began concurrently with SREP, under the sponsorship of 
local and international private voluntary organizations. These progiammes 
will be discussed later in this chapter. 

Work on improving charcoal stove designs in Khartoum originated in a 
workshop on the problem of desertification organized by the Sudanese 
Society for the Advancement of Sciences in 1979.2 From 1979 to 1983 a 
stove improvement programme took shape that, while it did not achieve 
extensive production or adoption of new designs, developed some import
ant user resources, and established the base of activity upon which the 
ERC built its subsequent technology development programme. 
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Strengths: idigenousknowledge and initiative
Perhaps the greatest strength of the stove project that SREP came uponwas that it had been a local initiative. Two Sudanese academics, Dr Yahia
Hassan Hamid, an engineer and faculty member of the University ofKhartoum, and Professor Yousif Badri, chairman of the Sudanese Soiety
for the Advancement of Sciences, developed the initial project around theformier's sugpestions for stove improvement offered at the 1979 desertifica
tion workshop. Although the World Health Organization later offeredthe University some financial support in 1981 to continue its work on
improved stoves, its beginnings were planned and financed by the Sudanese 
themselves. 3 

Early involvemcnt of women in the project
Another strength of the 1979-1983 stoves work derived from ProfessorBadri's other occupation, the deanship of the Ahfad University College for
Women. Ahfad, a diploma instiution, was founded by Sudanese interested in furthering women's education, particularly in relation to family
health matters.4 Professor Badri and Dr Hamid decided that Ahfad womenshould take a major part of the testing of the stove models that Dr Hamid
would develop. While stove construction would be handled by the workshop of the University of Khartoum's Faculty of Engineering, all other
aspects of the project would be carried out by Ahfad students, supervised
by Dr Hamid.
 

This decision helped the project in several ways. 
 The Ahfad women 
were far more familiar with cooking practices and needs than many male
researchers. Moreover, in the devout Islamic society of Khartoum, men were not permitted to enter the kitchen areas of most homes and interview 
women to whom they were not related. Any field trials, therefore, required
women to play a major role in data gathering.

Fiially, the early involvement of the Ahfad women in the stoves project

provided available expertise and personnel for the ERC when it included
 
stoves work under SREP. Two 
 Ahfad graduates .%at had worked on
dissertation projects involving the improved stove &.'gns, Shadia Nasr El
Din and Fadia Mahjoub, were 
offered work with he council, and theinitial project team was supplemented with a recently graduated engineer,
El Tayeb E! Beshir, who had helped with engineering drawings of the most 
recent Dr Hamid stove design. 

Weaknesses: insufficient user involvement 
While the 1979-1983 stoves programme possessed the above-mentioned
strengths, it also contained some fundamental weaknesses that prevented itfrom achieving any widespread production and use of the stove designs it
developed. Less than 100 stoves had been produced by the time the ERCbecame involved in the programme, and all manufacture was done withinthe university or by contractors as part of a specific order from the Univer
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sity. Project efforts focused on minor adjustments to past designs, and 
laboratory testing of thermodynamic efficiency, not on production and 
distribution concerns. The overall stoves effort, while it possessed inven
tion, in the form of new design ideas, had not achieved innovation, in the 
form of the widespread production and use of new stove designs. 

As will be shown below, the project's chief weakness was its insularity: it 
did not -involve many of the potential users of the technology in its design 
and development. Women, asked to test new designs, were not called upon 
to evaluate them, or to suggest modifications. While local artisans pro
duced hundreds of thousands (.11traditional stoves each year for Khartoum 
households, they were not consulted about alternative designs or potential 
modifications. Nor were other metalworkers, whether they rcperated small 
welding shops or large fabrication plants, brought into the design dr'velop
ment process. It was hoped that these people would eventually be using the 
new designs in mass production, but it was felt that they could not possibly 
contribute to their formulation. In fact, there was a belief that the produc
tion sector could only 'un-do' good designs. 

Limited women's input 
Although women were given a greater chance than artisans to participate 
in the stoves project, they were not given a first-rank role in technology 
development. Cooks, primarily women, provided some initial ideas during 
design formulation, but were not consulted regarding later modifications. 
The initial stove research in 1979-1980 found that women liked the tvaditional 
charcoal stove design better than three-stone fires or mud stoves, and that 
cooking speed was an important factor in stove performance. As a result, 
Dr Hamid decided that design ;mprovements should be attempted within 
the general physical shape and materials of the traditional, all-metal stove.5 

When new stoves were taken to houses for trial, however, the women were 
questioned only on whether the design was easy to cook with (a yes or no 
question) and on whether they believed it saveo charcoal. They were not 
asked for any qualitative obserations on the design, or for suggestions on 
how it could be improved.6 While the cooks were asked if they would buy 
their trial stoves, their answers were of limited value. There was no quantity 
of stoves actually available for purchase, with the prototypes in the house
holds destined to move elsewhere for new experiments. Moreover, the 
designers and researchers had no idea what such stoves would cost, and 
couldn't give the cooks a firm price in reply to their queries. The hypothetical 
question 'would you buy this stove?' was over whelmingly answered in the 
affirmative, as the response carried no future obligations. 7 

Even the Ahfad women researchers were to a large degree excluded 
from the stove design development process. They collected information on 
field trials and laboratory efficiency tests, which they tabulated and re
ported to Dr Hamid, but they were not involved in forming or producing 
the prototypes. This remained the exclusive rcponsibility of Dr Hamid, 
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those drawings were faithfully reproduced as stove prototypes by the
technicians in the University of Khartoum's workshop. The message thusindirectly transmitted to the women and their own educational institution 
was that the University of Khartoum, with its staff of professional engin
eers, was the sole body that could contribute to design decisions. Even themale professional educators who administered Ahfad could not play a role 
in this area.8 

The Ahfad women developed the attitude that their role was to take thedesign as issued from this workshop, and not to question its physical form.
While they had been strong supporters of design changes coming from theUniversity, they wished to discourage innovations from other sources,because this type of change challenged their ideas of how technologies aredeveloped and disseminated. Nor did they themselves suggest or attempt
stove construction or design, perhaps because they feared that, withoutformal engineering qualifications, they could not contribute to stove design
improvement.9 

Lack ofproject objectives and management
The 1979-1983 stoves work consisted of tinkering without much innovation. The design was altered repeatedly, perhaps being improved in the process, but stoves were not being produced or cooked upon in any
quantity. The stoves project never acquired a coherent structure or implementation plan. There were no estimated outputs, no timetables, and nobudgets. Work ebbed and flowed in response to what money the Govern
ment of Sudan and donors like WHO chose to provide.

Basically, this initial work revealed ample intellectual resources, but poor innovation management. The stove project founders had begun toexplore user needs, but had then retreated to their laboratory, without
examining other users involved with stoves. In partictlar, they did not
examine the needs and capabilities of stove producers and distributors,

who would have to play an important role in the eventual widespread

development of any design. The programr:,i. by 1983, was moving toward less user involvement, and 
 more aft -'n to solitary laboratory
experimentation. 

Initial SREP involvement: May-November 1983 
When the ERC assuaned responsibility for the stoves project in May 1983 itdecifled to employ the two Ahfad women and the male University ofKhartoum engineer. This provided for the retention of much of the learn
ing from the earlier stages of technology development.

The ERC was eager, because of SREP's mandate to 'commercialize'
technologies, to increase the scale of project activities, but it found that adirect move into field p,.oduction and distribution of the improved design
was not possible. The shortcomings of the previous field trials made the 
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viability of the basic design for consumers uncertain (particularly because 
of the absence of a real option to buy for the test families). Moreover, Dr. 
Hamid had revised his design since the last laboratory and field trials, and
wanted all further work to utilize the new, as yet untested model. The new 
model required new laboratory and field testing. 

Laboratory testing
The procedures of the laboratory testing (primarily boiling water tests)
remained unchanged from previous studies. The test did not conform to
the recently published international methods, but, in view of the desire to
achieve rapid, useful results, consistency, more than method, was de:.med 
important.") The Ahfad women quickly organized the materials and equip
ment and began the testing programme, under their old procedures,
whereas initiating a new test method could have caused delays. The 
new stoves and traditional designs underwent boiling water tests. The 
researchers looked for a significant improvement in performance in 
comparison with that of traditional stoves, not an absolu!e measure of 
thermodynamic efficiency. " 

The new stoves tested at 24.5 per cent thermodynamic efficiency, com
pared to 17.8 per cent for traditional stoves. 12 This meant little in absolute 
physical terms, because the test results were not readily comparable with 
those from other nations. However, the 37.6 per cent improvement on 
traditional stove performance was significant.

The tests showed another aspect of stove performance that improved
charcoal consumption efficiency. The new model contained a two-section 
grille design (see illustration, Figure 6.1, above), that permitted small 
charcoal pieces ordinarily discarded as waste to be utilized in cooking. The 
small pieces, placed in the outer compartment, reduced radiation losses 
from the large pieces in the inner compartment, where combustion would 
start, only igniting once the overall firebed temperature reached a higher
level. The stove required only a small amount of large charcoal pieces to 
operate effectively, while still providing the quick starting and boiling
performance desired by Khartoum housewives.
 

The stove's operation using small charcoal 
 pieces was an important
design feature, as charcoal available in the Khartoum area, obtained from
production sites 300-6(X) kilometres away, contained large quantities of 
small pieces in an average sack. Rising tranport costs also contributed to 
the doubling of sack prices between 1980 and 1983. These factors made the 
new design's use of small charcoal pieces especially attractive for this part
of Sudan. 

However, boiling water tests could not determine the significance of this 
innovation. Field trials, in which home consumption was measured, were 
needed to determine to what extent this design feature improved the 
utilization of a family's charcoal resources. 
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Field testing 
Previous field tests had asked cooks whether they thought that charcoal 
was saved with new stoves, but they had not involved these stove users in 
actual fuel measurement. Measuring household fuel consumption con
tained numerous methodological and logistical problems. 13 The ERC's 
field test programme sought to obtain data that although approximate, 
given these constraints, would be useful and available within six months 
for analysis. To meet these requirements, the users had to help in data 
collection. 

The programme began with a general survey of 3(X) households in six low 
and middle income areas of Khartoum. Its purpose was to understand 
better the basic patterns of charcoal purchase and use, and to identify a 
smaller sample of families mostly dependent on charcoal for their cooking 
needs. This smaller group of 96 families (16 from each area) was then 
offered an incentive to assist the ERC's work by monitoring their fuel 
consumption over two periods of roughly three months each, the first using 
their existing stoves, and the second using new stoves. No actual weighing 
was required. The families kept a record of each sack and inahva (mound) 
of charcoal purchased by ticking a sheet of paper provided by Ahfad 
women students serving as field researchers. Even illiterate cooks were 
able to maintain this recording system. 

Civen the super-,."-,rmodynamic performance of the stoves in labora
tory tests, and their ability to use small charcoal normally discarded as 
waste, the field trial was expected to show a significant reduction in char
coal consumption after the new stoves were introduced. Although the 
presence of festivals, guests, travel away from home, and other factors 
could influence energy consumption, it was hoped that the three month 
period was long enough to compensate for such short-term influences. 
The initial monitoring of fuel consumption with traditional stoves pro

ceeded well, but the ERC had great problems obtaining 96 new design 
stoves to replace these after three months' time. Dr Hamid did not wish the 
design to be shown to commercial producers until it could be tested, so 
the ERC asked the University of Khartoum Engineering Workshop, the 
Piaster Vocational Institute, the Military Economic Co,-poration work
shop, and one small metal working shop run by a personal friend of Dr 
Hamid to produce the test stoves. By the mid of six months, Vt which point 
all testing was to have been completed, only some 5)stoves had been 
delivered to the test households. By the actual completion of testing, only 
82 had been completed by these four suppliers, all of whor. possessed 
ample tools and labour to execute the entire fabrication ta;k in a far 
shorter time. In addition, the field researchers complained that some 
stoves produced were of uneven or inferior quality. 14 

The data from the 82 households contained variations in numbers of 
days recorded for use of each stove (not the even three months plus three 
months envisaged in the field test plan), variations in individual stove 
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quality and even materials, and, it was supposed, additional variation due 
to the different competencies of the six Afhad field researchers.15 If the
ERC wished to produce an international journal publication on the test 
p. )gramme, the only course of action would have been to start agaili from 
scratch. But the field trial was seen not as an academic exercise, but as a 
test of the practical replicability of the laboratory findings, and as an
opportunity to qualitiatively assess the reaction of the cooks to the new 
stoves. The data 

16 
was collected and analyzed with this utilitarian aim in 

mind. 
The researchers collected information on unit weights and prices for

charcoal sacks and mounds in the sample areas. This data, correlated with 
the consumption information provided by the cooks, yielded the results
displayed in Table 6.1 below. The limited accuracy of the measurements 
was indicated by the fact that mound-only users, who presumably would 
not have a problem of small charcoal waste, saved more than sack or sack 
and mound users. Nonetheless, the average savings of 0.8 kilograms, or 24 
piasters of charcoal per day was judged by the ERC to be significant. This
represented a potential saving of LS 7.20 per month, approximately the
price of one sack of charcoal. This LS 7.20 was also twice the average price
of a traditional stove. 17 The trial results led the ERC to decide that, in the 
immediate future, priority would be given to attempting more widespread
production and use of this model, rather than concentrating on further 
design modifications. 

Table 6.1 Charcoal and monetary savings of improved stoves 

Type of user Families 

(no.) 

Charcoal consumption (kg/day) 
traditional improved 

stove stove 

savings 

(kg/day) (LS/day) 

Sack users 
Malwa (mound) users 
Sack and malwa users 
Average of all users 

36 
5 

31 

3.08 
3.1 
2.81 
2.97 

2.37 
2.08 
1.99 
2.19 

0.71 
1.02 
0.82 
0.78 

0.17 
0.41 
0.28 
0.24 

Source: Ali and Huff. Table 2 

Productionlessons fromfield test problems
The production problems offered several additional lessons for the 
ERC stove project staff. The vocational school and military workshop
had wished to help the ERC, but they had little long-term interest in
making stoves, and had only produced them when they had spare time and 
capacity. 

The delays in production and the quality problems encountered with 
some stoves also showed that, although the basic architecture of the new 
stove held promise, its material composition and present production struc
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ture might not be optimal. While it was based on the traditional stove 
design, the new model required several different types of metal (sheet, bar, 
and mesh), compared to the traditional stove, which used only sheet metal 
(low-grade, scrap sheet). The fabrication of the new stove required both 
spot and oxy-acetylene welding, in addition to the hand cutting -Ind folding 
tocls needed for traditiopal stoves. 

The relatively -miall production order for the field test revealed the 
problems that these changes caused. While the test did not yield solutions 
to these problems, it stimulated the ERC staff to look for alternative 
materials and assembly possibilities. 

Greater User Involvement in Technology Development 

On 7 November 1983 the Technical Committee of the ERC, the GIT 
advisors to SREP, and USAID Khartoum staff met to discuss SREP 
progress in general. The stoves project occupied a good deal of this discus
sion. ERC/SREP staff mentioned the problems of larger scale prodt'ution
encountered to date, and speculated on possible options to resolve them. 
One of these was to build new workshops. specially equipped and staffed 
tc produce the new :.,toves. This method had been used in many stove 
programmes throughout the world. However, several aspects of this course 
made ;t ill-suited to SREP. The biggest obstacle was the absence of capital
iu SREP's budget to underwi,'e a production venture of sufficient size and 
output to make a significant contribution to stove supplies in the Khartoum 
area. Starting new workshops was an expensive and complex operation, 
one that may have been suited to a conventional energy development 
pro; 'ct, but not easily accomodated by a project that was to implement 
energy activities through disbursements from a small grants fund (the 
REDG programme). 

Attracting artisans through a tove production contest 
On 1 December SREP's expatriate advisors met again with the USAID 
Director and Energy Advisor to report on the progress of the techni,;al 
assistance programme. The Energy Advisor, who had been thinking about 
the earlier discussion, inquired as to why the REDG programme couldn't 
be used to offer a prize to the manufacturer who could come up with the 
best version of the latest stove design. 8 This idea sounded promising, and 
it was discussed with LRC staff, including Dr Harnid, who approved it. 

The decision to proceed with a contest opened up what had heretofore 
been a fairly insular research endeavour and transformed it into a public 
technology development and promotion venture. The prospect of working
-"ith numerous artisans and metalworkers was exciting, but it also was 
somewhat disconcerting, as it would require different skills and manage
ment procedures from the ERC. Sensing this, the ERC decided to transfer 
control over the project from the University of Khartoum research staff to 
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its own, newly formed Dissemination Unit (DU), so that further project
planning and implementation could serve as a learning process for its 
young staff. 

On 18 January 1984, the DU announced the charcoal stoves contest in
Khartoum's two daily papers. Applicants were to submit a finished stove,
and an invoice for the supply of 500 more. Three winners would be 
awarded cash prizes of LS 100, LS 50, and LS 25, with orders for 500, 350,
and 150 stoves, respectively. Entries were due on or before 1 March. 

Neighbour country user contributions 
The success of the contest would depend on attracting as many entries as
possible. Some 15 inquiries were received at ERC's offices in its first three
days, an encouraging sign at the end of January. The ERC called on Maxwell 
Kinyanjui, from the Kenya Renewable Energy Development Project, to
assist in promoting the contest. Kinyznjui directed a user-interactive stoves 
programme in Kenya, where artisans and potters produced thousands of 
metal-ceramic stoves in independent, commercial operations. 19 Also, he
had started his own stove prciuction enterprise. He was an entrepreneur,
and attracting attention and enthusiasm was his principle concern. For the
artisans and the ERC staff, it also was significant that he was not an 
American or European, but a fellow African national, from a country
bordering their own. 

Kinyanjui travelled extensively around Khartoum with El Tayeb El 
Beshir of the Dissemination Unit. Together, they visited large sheet metal
industrial companies, welding shops,market handymen, and even traditional 
stovemakers in squatter locations in markets and automobile junkyards.
One day after the first market visit had been conducted, the ERC received 
an entry from a small workshop craftsman who had been intrigued by the 
stove. His version not only faithfully reproduced the design dimensions,
but also increased both structural strength and external finish greatly from 
the University workshop produced model. El Beshir was absolutely aston
ished at this display of expertise, and stated, 'Whoever had this idea of a 
contest, he was very smart.' This craftsman went on to win the contest, and
eventually become a trainer of new artisan stove producers, and El Beshir 
developed such an interest in artisans and their abilities that he spent the
bulk of his time both during and after the contest in field observations of 
stove production, searching for and developing new design ideas and 
production techniques. Some 28 stove models and invoices were received 
by the 1 March contest deadline. 

Meanwhile, the Dissemination Unit began promoting the awards cere
mony to take place on 1 April, after the judging had been completed.
Newspaper articles and media announcements increased publi,: awareness 
of the ERC's work on stove improvement. The D.U. also ensured that
senior public officials (such as the Director of the National Council for 
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Research and the Under-secretary for the Ministry of Energy and Mining) 
and the media would be present at the awards ceremony, to give it maxi
mum exposure and to show the entrants that the ERC was very concerned 
with stove improvement by local artisans. 

The entries were reviewed by Dr Hamid, Kinyanjui, and the three 
project staff. With the exception of a few poorly made units, most were of 
roughly similar energy efficiency. Quality and price varied substantially. In 
making the final awards decision, a fourth parameter was introduced. 
Entries had been received from large workshops, small shops, and squatter 
artisans from various industrial locales around Khartoum. The prizes were 
given to the best entry from each group, with first prize awarded to a small 
workshop, second to a large one, and third prize to an artisan working 
under a wrecked car in the Khartoum industrial area. 2' 

The winners were all very pleased with the awards and the attention, and 
set about making stoves to fill their orders from ERC. The cash awards had 
not been substantial, but the future profits from the large orders provided a 
good incentive to produce more stoves. The ERC agreed to pay LS 12 per 
stove to each producer, per their invoices. 

At this stage, the ERC added new efforts in consumer promotion, 
concentrating on potential stove buyers, to its work on producer en
couragement.22 To build on public awareness and enthusiasm, and to give 
the winners additional exposure, the Dissemination Unit offered to help 
them in exhibiting their stoves at a Friday (the Islamic 'weekend' and 
major shopping day) market near the workshop of the first prize winner. 
They offered transport for stoves and artisans, and guaranteed to purchase 
any stoves not sold. The Dissemination Unit arranged for posters and 
publicity. 

The producers and ERC staff arrived at Khartoum's Sajana market on 
27 April with 35 stoves. Less than three hours later, all had been sold at LS 
15 to LS 20 each, including two that were hot (they had been burning 
charcoal to demonstrate their utility) and had to be hosed down before 
being carried away. When prospective buyers asked about prices, ERC 
staff referred them directly to the producers, who negotiated each sale. 
General questions about how to use the stove and why it saved charcoal 
were answered by both producers and ERC staff. 

The ERC held a similar demonstration on 17 May at another market in 
Omdurman, at which 70 stoves were sold. The producers, especially the 
traditional stovemaker, could see that their new product had market 
appeal. By 2 June, one month after the first demonstration, this artisan was 
regularly manufacturing the new design and, in an even more positive 
development for the ERC programme, at least ten of his neighbours in the 
juiikyard were making improved stoves based on his product. 

Moreover, the traditional stovemakers were organizing their own sales 
and distribution network. When ERC staff sent to collect stoves inquired if 
any stoves from the order were ready, they received responses such as 
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'Sorry, maybe we'll have some tomorrow.' When pressed, the artisans 
admitted that they were sending the stoves directly to the market, where 
they were receiving a higher price than the ERC had contracted for. They
asked if the ERC staff were angry with them for doing this, and they were 
told that, on the contrary, the ERC wanted them to get the best price they
could, and they could sell all they wanted directly in the market. 

Further Technology Development and Promotion 

The stove contest stimulated producers to invest their own capital and 
labour in the production and distribution of the new design. The traditional 
stove producers, especially, showed an eagerness to work with the inven
tion of Dr -amid, and by December 1984, some six months after the 
contest, approximately 500 stoves per month were being made and sold,
indcpendent of SREP financial assistance.23 

At this stage, it was necessary to formulate a plan for further technology
development, based on the importance of user contributions discovered 
during the stove contest. The Dissemination Unit, which had taken 
responsibility for the stove improvement programme for the ERC, devel
oped several measures during this period to encourage producer involve
ment and innovation. The Unit's strategy was to establish the ERC, 
through its SREP funds, as a service organization for these technology 
users. While not affecting the artisans' autonomy, the ERC would provide
both promotional and technical support to their production process.
Having established initial linkages with these users through the stoves 
contest, the ERC would seek to strengthen these linkages in contiiuing the 
development and production of the new stove designs. 

Promotingcustomerawarenessand understanding 
Many of these measures aimed at increasing public awareness and under
standing of the new stove design, to promote interest and sales. The 
contest itself had generated substantial publicity, and the Dissemination 
Unit developed a sustained media campaign to maintain this interest. ERC 
staff appeared on educational programmes devoted to environmental and 
science iss;ues, and used samples and slide presentations to clearly identify
the new stove. The journalist member of the Unit established good con
tacts with both the newspapers and television network, and the rest of the 
staff learned how to develop media programmes, and how to work with 
cameramen and other technical personnel to make presentations as smooth 
and entertaining as possible. The Unit staff also gave several interviews 
and wrote local newspaper and magazine articles on the history and aims of 
the stove programme. 

The Unit decided to give the new stove a name to aid in its recognition
and appreciation. It chose canun el duga, (stove of the small charcoal 
?ieces), a name which also advertized a key aspect of this design innova
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tion. It also produced a short illustrated brochure which introduced canun 
el duga and its use. While the artisans sold stoves at market demonstra
tions, ERC staff distributed these brochures to purchasers. The artisans 
received additional brochures to give to their other customers. 

Monitoring 
Unit staff learned which stores were receiving stoves from the artisans, and 
paid regular visits to their owners to discuss sales levels and to note any 
consumer and distributor comments. While at first this monitoring process 
was somewhat ad hoc, it was later standardized on a monthly basis with a 
constant reporting format and content. Most important, staff frequently 
visited all production sites to discuss production innovations and problems. 

The artisans had shown great skill in manufacturing stoves quickly and to 
a good standard for the contest. Monitoring of their continued production 
revealed that, as new artisans imitated their neighbours and began making 
the new design, general product quality declined. Also, in spite of the 
expanded number of producers, demand far exceeded supply, and shop 
owners complained that they had to turn customers away, and that they 
had to accept inferior products from artisans. 

The Dissemination Unit noted these developments, and considered its 
options for managing production and quality control. The temptation 
existed to strengthen ERC control over the situation through establishing a 
government workshop, equipped with more sophisticated tools. The pro
ducers could be relocated to this workshop, where their work could be 
more closely supervised by ERC engineers. Alternatively, the ERC could 
attempt to enforce some sort of licensing or other regulatory procedure 
which would require all stoves to be inspected before their sale or distri
bution. The former option seemed expensive, and the latter impractical. 
Also, both would have restricted the producers' independence, and user 
involvement in the ongoing innovation process. Other measures were 
needed, in line with the Unit's user-interactive strategy. 

Promoting user-user interaction 
Programme monitoring had revealed a variation in quality and design 
standards among producers. Some artisans continued to make stoves of 
superior quality to the prototypes that had been produced in the University 
and other institutional workshops. Virtually all artisans had made process 
innovations to the original design, such as replacing welds with rivets, using 
lock seams instead of welds for stronger joints, and saving on raw materials 
costs through using scrap metal resources, which made their stoves cheaper 
and easier to produce. Yet, the lack of communication between artisans 
prevented all these innovations appearing in any one product, and design 
and quality diversity inhibited buyer recognition and appreciation of the 
new technology. 

The ERC again called on Maxwell Kinyanjui, who had encountered 
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similar difficulties in his Kenyan programme. He suggested that a work
shop programme be organized to train producers in the optimum produc
tion methods.24 Further, he urged that, as in Kenya, artisans themselves be
utilized as trainers in this programme. These craftsmen could communicate 
on a different level with the trainees than could engineers, no matter how
well the latter understood the scientific basis of the new stove design.

The Dissemination Unit staff developed a producer workshop pro
gramme for Khartoum. The initial trainees were selected from those
presently producing canun el duga. The contest first prize winner became 
the artisan trainer. 

Initially this artisan, Jamal Sharbaak, was reluctant to serve in this role. 
He perceived the workshops as encouragement !o his competition. TheERC offered to pay him as a technical consultant on a contract basis to
undertake this training role. This indicated to Sharbaak that the R & D
organization high!y respected both his knowledge and his capabilities, and 
was prepared to treat him as it would any other technical expert whose
services it desired. Presented with the respect and financial incentives
contained in the consultanit positition, Sharbaak agreed to lead the work
shops. Thus, a school leaver became an educator and a key participant in 
this new ERC educational and training project.

The Dissemination Unit staff managed and supported the workshopprogramme. 25 Working with Sharbaak, they produced an illustrated 
manual for stove construction, consisting of pictures, dimensions, and arrows indicating the order of the cutting and assembly process.26 They
produced certificates to be issued to each workshop participant, which
provided a token of achievement and also an indication of the ERC's
serious treatment of the workshop itself. The Unit arranged for media 
coverage of the closing ceremony at which the certificates were awarded,
which provided publicity and further encouragement for the artisans. 27 

On Maxwell Kinyanjui's suggestion, they also had Sharbaak produce
sets of templates for stove component production. These templates elimin
ated the need to carefully measure each cut and (a commonly observed
artisan practice) to guess at adjustments to other components to compen
sate for an incorrectly cut piece. Sharbaak did not use templates himself, as
he took great care in measurement and consistently produced to the proper
size and scale. However, the Unit had observed that this was not the case
for many other artisans, and they persuaded Sharbaak to modify his
training technique to accommodate those less meticulous than he.
received an opportunity to practice teaching the use of templates through 

He
a

pre-workshop session involving the training of two Peace Corps Volunteers 
in stove construction. 

The initial 15 trainees all came from the junkyard area where the third
prize winner lived and worked. By the time of the workshop in November,
more than 15 artisans were producing stoves in this area, providing thebulk of Khartoum area canun el duga production. The group as a whole 
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selected 15 trainees (space, templates and time limited the number), with 
the understanding that those not selected would share in the knowledge 
and materials given to the 15. The only financial assistance offered was an 
LS 5 daily allowance, intended to compensate for lost time from the 
trainees' normal occupations. The ERC also allowed the trainees to keep 
the templates they were given during the workshop. 2' The workshop 
was held next to the junkyard itself, so no transport difficulties were 
encountered. 

This first producer training workshop, held in November 1984, lasted 
five days, during which time each trainee was able to complete several 
stoves. Sharbaak's teaching method consisted mostly of individual ex
ample, which seemed well suited to the trainees' needs. Dissemination 
Unit staff attended every session, and used the opportunity to obtain 
additional information from the artisans about their production rates and 
costs, as well as their sales and distribution patterns. The staff also ob
served how the templates, manuals, and other materials were handled, and 
later modified these and the teaching programme based on their experi
ence and the trainee's own comments. 

Positive results from the training were not instantly visible in the sub
sequent production from the junkyard. Several trainees abandoned the 
templates, with some using them to make new stoves. This was simple to 
observe, as the templates were painted bright blue and pink to discourage 
this sort of action. 29 Both Sharbaak's and the Dissemination Unit's 
attempts to get the artisans to work together in a more organized produc
tion line met with total failure, with Sharbaak admitting that the artisans, 
himself included, preferred doing the whole construction process alone. 

Nonetheless, the quality of subsequent production from the junkyard 
area was much improved, and production levels rose. Sharbaak had been 
able to communicate his ideas about stove design rapidly and fairly effec
tively to the other artisans. As a fellow artisan, he was sensitive to their 
needs and their methods, and thus he was able to show and to teach them 
about the new technology in a way a more academically orientated engineer 
might not have managed. 

The Dissemination Unit staff learned a great deal more about the arti
sans' methods and preferences from its participation in the workshop, 
knowledge that would be utilized in subsequent workshops in Khartoum 
and in other parts of Sudan.3 0 The workshop programme thus benefited 
both stove production and the ERC itself, as the latter developed a greater 
capacity to interact with technology users and to manage the innovations it 
sought to promote. 

Geographical Extension of the Stoves Programme 

The Dissemination Unit and SREP/ERC staff were well aware that 
Khartoum represented only a small part of Sudan, and quite early in the 
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improved stoves development programme they considered how they could 
reach other areas. The ERC was a small organization, with no infrastruc
ture outside Khartoum. Building a regional infrastructure would have been 
expensive, time consuming, and probably economically unjustified for the 
sole purpose of stove and other renewable energy technology development
work. Moreover, some regionally based organizations already had initiated 
improved stove programmes, and had manpower and facilities in place to 
further this work. An additional consideration was that different resource 
conditions and cooking practices in other areas could present correspond
ingly different demands for stove design and use. 

The question of how to promote stove prgramme expansion was debated 
in May 1984, when CARE Sudan submitted a grant application to the ERC 
to support its work on improved charcoal stoves in the El Obeid area of 
western Sudan (Kordofan region). CARE had been experimenting with 
improved charcoal stove designs for over one year, and had decided to 
develop a metal and clay stove based on the design Maxwell Kinyanjui 
had produced in Kenya. 3' CARE had been working in the El Obeid 
region since 1981, and had a strong working relationship with the regional 
Ministry of Natural Resources. It had a Sudanese staff that was very
enthusiastic about improved stoves work, arid, if its application was suc
cessful, it would hire additional local staff to support the programme. 

The ERC approved a grant to CARE's stove programe in July 1984. The 
Dissemination Unit considered how it could best assist the CARE effort, 
and several key decisions were made. It would not seek to get CARE to 
work on canun el duga. Rather, CARE was encouraged to continue work
ing with the design it had chosen. The relative proximity of charcoal 
supplies, the preference for mound over sack sales, and the existence of an 
interested local pottery industry all supported the choice of metal-ceramic 
stoves for this area. In addition, the ERC staff felt that CARE's tech
nology development work could have useful applications to other areas of 
Sudan where metal-ceramic stoves could become popular, and where 
SREP could give new grant assistance. 

While it did not push its product on CARE, the Dissemination Unit 
pushed hard to install its user-integrated technology development process.
In September 1984 ERC staff and Maxwell Kinyanjui visited the CARE El 
Obeid programme. They found that CARE rented a workshop and em
ployed several metal workers on salary to produce stoves. A large quantity 
of middle-to-poor quality stoves were piled up in the CARE office, and an 
equally large pile of metal scrap, which could have made hundreds of new 
stoves, was piled as waste in the CARE workshop. There was good public 
awareness of the stoves programme in the market area, but there was little 
entrepreneurial involvement, and sales were slow. 32 

The ERC staff and Kinyanjui explained about the Khartoum pro
gramme, and invited CARE to send staff to attend a producer training 
workshop. They recommended that CARE give up its workshop and 
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production staff as soon as possible, and that it look to traditional stove 
producers to expand both stove production and sales. CARE already had 
planned market demonstrations and media activity to improve sales, and it 
included the search for new producers in its work programme. 

It was discovered that, in El Obeid, stove production and sales both 
occurred in the central market. This was very different from in Khartoum, 
where the two operations were geographically separate. El Obeid tra
ditional stove producer/distributors, the ERC staff found, were very in
terested in the CARE programme, but had not been asked to participate in 
it. The only stove sales in the market were being handled by a tailor, while 
stove producers and sellers less than a hundred yards away remained 
outside the development programme. 33 The ERC staff and Kinyanjui 
suggested these traditional producers be involved in the CARE efforts as 
soon as possible. 

CARE was receptive to these ideas and soon implemented several 
changes in its stoves programme. 34 Models were brought to the traditional 
stove producers, and independent stove production began soon after
wards. CARE terminated its lease on its workshop, and encouraged its 
hired employees to produce stoves on their own at the market. 

This new technology dissemination strategy soon bore fruit. One of the 
producers visited by CARE and ERC began to make both metal ceramic 
stoves and canun el duga (based on a sample shown him by CARE staff), 
employing several young artisans. He also became a stove distributor, 
serving El Obeid and other towns and villages as far as several hundred 
kilometres away. 35 At the end of its one year grant, CARE successfully 
applied for a follow-on grant to support the extension of its programme to 
other towns in Kordofan and Darfur regions. 36 

The follow-on programme contained a series of demonstrations, pro
ducer workshops, and publications to raise public awareness and compre
hension of the use of the new stoves, and a continuation of efforts to enlist 
traditional producers in new stove construction and distribution. The 
Dissemination Unit used its publisher and artist contacts in Khartoum to 
turn CARE's promotional ideas into finished posters, brochures, and other 
products. 

The ERC used a similar tactic in supporting a stove improvement pro
gramme in southern Sudan run by the local Community Development 
Office and Euro-Action ACORD, a European private voluntary organiz
ation. ACORD worked with a UNICEF-originated stove design from 
Kenya, and the ERC, rather than making recommendations on designs, 
materials, and construction, brought the southern Sudanese staff to 
Khartoum for one week (through a grant) to observe a producer training 
workshop and other aspects of its interactive work with stove producers, 
distributors, and consumers. 37 

Where demand for improved stoves but no stove programmes existed, 
the Dissemination Unit looked for local government agencies or other 
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organizations that might have an interest in such work. A trip to review 
forestry activities in the Northern Region uncovered the resources and 
potential of the Adult Education Centre organization, based in Shendi. 
This group later applied for and received a grant to organize producer
training workshops and to obtain promotional materials. 38 The Ccntral 
Forests Administration received a grant to promote improved stoves 
through its extension programe in the Central and Eastern regions. This 
grant, awarded in May 1985, covered an ambitious effort to initiate stove 
production and sales through traditional metalworkers and markets in nine 
towns in these areas. 39 The CFA was assisted by extension support pro
vided through an ongoing FAO project for fuelwood development in 
Sudan.40 

Not all grants achieved the sort of rapid initial success seen in Khartoum. 
The CFA project, in particular, was slow in its inception, perhaps due to 
the limited capacity and experience of the extension personnel, who were 
only beginning their FAO-supported extension training when the grant was 
awarded.4' Other grantees, such as ACORD, have had their activities 
greatly constrained by political instability in their area. 

Nor has production proceeded somoothly in all cases. The artisans in the 
Shendi area, which has no major industrial activity, have been hard pressed to 
find scrap or new metal to make stoves, and large scale production of either 
canun el duga or metal-ceramic stoves may be difficult to sustain.42 

Room for Improvement: a Marketing Specialist's Evaluation 
In spite of the initial success of the ERC stoves programme, production of 
new designs does not approach traditional stove production levels in the 
areas currently under development, and many centres of demand remain 
undeveloped. Recent sales and producer participation levels are dis
played in Figures 6.2 and 6.3, below. Averaging outputs from March to 
September 1985 leads to an estimated current annual production of 6600 
stoves in Khartoum and other centres. The figures also reveal that stove 
production seems to have reached a plateau after its initial rapid expan
sion. Producer numbers, which dipped during Ramadan (May-June), now 
appear to be steadily increasing.43 As Khartoum alone requires more than 
130,000 stoves per year there is ample room for production expansion.
(provided that haif its households buy one stove annually 44 

The ERC recognized that more production-level work should be done,
and it brought in a marketing consultaint to review its improved stoves 
programme's progress and problems. In September 1985 Arthur Brown 
of the Georgia Tech Research Institute arrived in Khartoum. Brown, a 
market research specialist, served in a small business support programme
in Georgia. He knew little about stoves, and had never worked in a 
developing country. However, he knew about users and their importance 
to product development. 
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Figure 6.2 Charcoalstove sales - Khartoum 
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Figure 6.3 Charcoalstove producers- Khartoum 
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Brown examined the Khartoum stove programme, and pointed out that, 
while the Dissemination Unit had established a close working relationship
with stove producers, it had somew'wt neglected the other stove tech
nology users, and needed to give them greater priority in its technology
development strategy. Market demonstrations, he noted, raised producer
enthusiasm, but, because they did not involve local retailers, they contri
buted to a separation between these two user groups. Producer-retailer 
co-operation was essential to larger and more widespread sales, so further 
demonstrations in their present form would be counter-productive.

Brown also noted that, while early field tests had involved cooks and 
gained essential information from their stove use, these users were not 
presently being surveyed. The ERC's monitoring efforts were not record
ing what sorts of people were buying stoves, nor hew the stoves were 
received in buyer households.45 

Brown recommended that market research be carried out to obtain more 
information about both the use of new stoves, and the production and 
distribution systems for traditional stoves. Special attention should be paid 
to retailers and stove buyers. Also new research should be undertaken con
cerning traditional stove producers, to better understand where and how they
provide the vast numbers of stoves presently sold in Khartoum markets. 

Conclusion 

The ERC improved charcoal stoves programme is still in an early stage,
but its progress to date has been impressive. It has achieved stove produc
tion and sales that appear self-sustaining, as they require no ERC direct 
financial involvement with the production and distribution process. With
out expanding its own staff and facilities, extended its stove improvement 
programme to applications in six of Sudan's eight regions during a period
ofjust two years. In each new area it brought local technology users into its 
development efforts, and supported local institutions in encouraging these 
users to produce and distribute the new stoves. The ERC found that 
expertise in design, construction, marketing, and even training existed in 
all the new areas into which it expanded its activities. By delegating
responsibility for technology development to local technology users, the 
ERC could channel their knowledge into the formulation of design and 
production system modifications that accommodated local resource and 
cooking conditions. Most important, it could leave product marketing and 
distribution, which required extensive knowledge of local conditions and 
preferences, to the expertise of local producer/entrepreneurs, and free its 
staff to search for new areas for programme expansion.

Although present production is small compared to total stove sales, it is 
not insignificant in energy terms. If the initial field test results on charcoal 
savings are correct, 6,600 stoves in circulation will save over LS 869,000
($289,000, at official exchange rates, as of October 1985, and over $200,000 
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at parallel market rates) worth of charcoal per year for their owners.4 6 The 
stoves, now selling at LS 12-15.00 in markets in Khartoum, although three 
times the price of traditional stoves, pay back their investment cost through 
charcoal savings in just over two months. 

The stove programme must greatly increase in size and scope to establish 
the new designs as truly successful innovations in Sudan. The ERC will 
have to look for even greater involvement of technology users to achieve 
this aim. The organization has indicated that this is the dissemination 
strategy it will pursue in this field in the coming years.47 

Bringing artisans, housewives, and retailers into the technology devel
opment process in its stoves programme was, in itself, an insitutional 
innovation for the ERC. It represented a departure from previous, more 
insular laboratory-based ventures. This institutional innovation to facilitate 
a more user-interactive technology development programme was a critical 
factor in the success of the overall stoves project. As will be seen in the 
following chapter, such institutional exchange also played an essential role 
in the ERC's forestry programme, in which new forester-farmer relation
ships, more so than any new species or forestry techniques, were respon
sible for the success of new agroforestry projects. 
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CHAPTER SEVEN 
Institutional Innovation and Forestry
 

Developement in Sudan
 

Forestry development, of which fuelwood production is only one com
ponent, is less easy to describe in terms of discrete technical or manufactur
ing issues than is work the areas of charcoal production or charcoal 
stove improvement. Forestry is primarily a resource development and 
management-based concern, which can rely on a wide variety of technical 
options to achieve its ends. The sort of forestry involved in sawn timber 
production has points in common with village or farm-level small woodlots, 
but, in general, its attentions are focused on vastly different priorities.
Agroforestry measures, such as shelterbelts or forms of intercropping,
raise new and still different issues, because of their interaction with food 
production interests and technologies. 

The ERC's support of forestry development in Sudan involved a wide 
variety of technical concerns in the development of large agricultural 
scheme, village, individual farm, and government nursery forestry pro
jects. The diversity of its activities was inspired by the wide range of 
concerns of the multi-disciplinary team of Sudanese experts on the ERC 
fuelwood/forestry advisory committee, who formulated the guidelines for 
its forestry programme. 

From the standpoint of innovation and the user role within this process,
the ERC fuelwood/forestry programme involved little in the way of 
new forestry techniques or tree species. The propagation, planting,
and management methods employed in its forestry projects had all been 
demonstrated and discussed before, both in Sudan and elsewhere in the 
world. 

However, the most successful parts of the ERC forestry development 
programme had at their core a change in the institutional structure of the 
forestry they involved. Their institutional innovations placed forestry insti
tutions and foiesters into a more interactive role with respect to the 
agriculturalists on whose lands the forestry projects were to be advanced. 
These institutional innovations placed greater control over the nature and 
direction of forestry projects in the hands of technaology users, the agricul
turalists themselves, with the foresters taking on a more technical support
and service-orientated role. These innovations provided for greater user 
involvement in the development of the specific forestry technologies em
ployed in the individual grant projects. As a result, the projects received 
strong user participation and support, and initiated successful tree planting 
even in adverse environmental conditions. 
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Chapter 4 discussed the general energy and institutional background to 
forestry in Sudan. It noted the vast importance of trees as an energy 
resource; but it also pointed out the loss of central planning and authority 
over the forestry sector caused by the movement of the Central Forestry
Administration (CFA) away from the general agricultural administration 
activities of the Ministry of Agriculture, and by the confusion and further 
dissolution of authority and responsibility caused by the decentralization 
policies advanced by the Sudanese goveniment in the 1970s. By the 1980s, 
the CFA possessed an extensive array of buildings and staff in all regions of 
Sudan, but it did not possess a communications and control structure 
necessary to effectively command the resources at its di,,posal. 

Sudanese laws governing land use did not provide much assistance to the 
CFA's .;truggles to co-ordinate its activities. Although foresters often referred 
to central policies mandating the maintenance of a minimum forest cover 
and resources on all agricultural lands, the multi-layered and often incom
patible system of provincial, central, and customary laws provided for 
considerable ambiguity and confusion as to what practices were mandated 
in any given area. As Muna Yasin noted, 'different laws apply differently
in different parts of Sudan'.' It was often uncertain not only what practices 
were required, but also who was responsible for enforcing correct practices 
in a given area. 

The CFA was further handicapped by the steady erosion of financial 
support from the central government. The agricultural sector received LS 
754 million out of a total authorization of LS 2300 million in Sudan's 1982
1984 Development Plan budget, almost one-third of all development cx
peluditure. 2 Yet, although trees accounted for over 80 per cent of Sudan's 
energy needs, and represented an essential prt of the lives of the vast 
majority of its people, whose food was cooked on fuelwood or charcoal, 
forestry was not even mentioned in this most recent Development Plan. 
Only 0.6, 0.7, and 1.1 per cent of the total budgetary allocation for 
agriculture during the Sudanese fiscal years from to 1984 was1982 ear
marked for forestry activities.3 

The ERC recognized that its human and financial resources provided by
SREP were insufficient to bring about changes in the overall administrative 
problems facing forestry as an institution in Sudan. Its strategy, rather, was 
to utilize its limited means i. create examples in which small parts of the 
existing system could be made far more effective - to establish modest, but 
replicable projects that could be used to rally popular and government 
support for more extensive fuelwood and forestry development work. 

ERC Forestry Programme Development 

Recognizing that neither forestry work in general nor fuelwood-orientated 
forestry were new to the Sudan, the ERC began its forestry work by 
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stimulating local foresters, along with agricultural, pastoral, and erviron
mental authorities, to discuss forest energy problems and to suggest ways
in which these problems could be attacked. It formed a fuelwood/forestry
advisory committee, which met at least once a month from July to 
December 1983. The committee consisted of foresters, geographers,
environmental scientists, range management specialists, and sociologists. 4 

These experts brought vastly different regional interests and priorities to 
the meetings. This diversity entailed an equal diversity of opinion as to how 
SREP funds could best be used to increase fuelwood supplies. Some 
stressed the great potential of irrigated agricultural schemes along the 
Niles, and their limited utilization to date for forestry purposes. Others felt 
that work should concentrate on halting the environmental degradation
and deforestation plaguing western Sudan, where the southward move
ment of the desert was destroying fields and grazing lands. Still others 
thought that projects should focus upon the remaining forest lands in the
'rainfed' (the term used for land which is not irrigated, where rainfall alone 
was adequate for cereal crop raising) southeastern and southern parts of 
Sudan, in order to preserve these as sustainable sources of fuclwood 
supplies. 

The experts also differed as to what types of forestry activities should be 
stressed in addressing the various issues they had noted. Some supported
work on large irrigated agricultural projects, while others wanted an 
emphasis on smallholder farms. Some wanted to support large, centralized 
government nurseries to rehabilitate and expand their facilities, while 
others advocated small, community-based nurseries and forestry projects.

This discussion reflected the complexity and regional variation in 
forestry cor.cerns in Sudan, and impressed upon the ERC the importance
of accommodating for this variaion in its programme. Its grants system
facilitated this accommodation, as it permitted local interests to voice their 
particular needs and opinions in tho application process. The advisory 
gr ip stressed that the grants programme should seek to support a wide 
variety of forestry activities, in order to provide for diverse conditions and 
concerns. 

The committee recommended that the ERC's forestry efforts be inte
grated into local agricultural and pastoral practices. Although Sudan was a 
large country, with much unexploited arable land, land near sites of food 
and fuel needs was in short supply, and devoting prime land solely to block 
plantation forestry was impractical. Increasing domestic food and econ
omic needs required agricultural expansion, even at the expense of forest 
reserves, and it was unlikely that forestry interests would prevail if they
sought to compete directly with agricultural production. However, co
operative activities based upon various agroforestry practices held greater 
potential for forestry expansion. 

Finally, the committee pointed out that substantial resources, both 
human and material, that could support forestry activities were already 
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in place in many areas of the Sudan. Local technology users, including
farmers, herders, teachers, and religious leaders, possessed essential 
knowledge of environmental conditions and both agricultural and silvicul
tural practices. Grants could help to enlist this user knowledge and skills
into forestry technology development efforts. Their financial incentives
could attract farmers and foresters into an interactive, collaborative pro
gramme, in which the latter would support, while the former would direct 
the application of new forestry techniques on their lands. 

The resulting SREP fuelwood/forestry programme
Acting upon the recommendations of the advisory committee, the ERC 
sought and approved grant applications under SREP for a wide variety of
forestry activities under an equally diverse number of ecological con
ditions.5 By October 1985 it was supporting 36 separate forestry projects,
with ten additional projects contained in grant proposals under consider
ation. Of the approved projects, four involved forestry on large agricul
tural schemes, five involved village and community forestry, 18 supported
individual farm forestry, and nine provided for expansion and rehabilita
tion within Forestry Administration nurseries. 

The ERC, through its SREP grants, did not create new categories of 
forestry practice in Sudan. Agricultural scheme forestry, village forestry,
farm forestry, and nursery development all had long histories in Sudan,
with some rural agroforestry techniques, such as Acacia senegal intercrop
ping, dating back to pre-historic times. Rather than promoting new tech
niques, the grant funds supported the formation of new institutional 
arrangements through which established forestry aims and practices could
be introduced and strengthened. Most important, the grants to local agri
culturalists and community groups served to give technology users greater
control over forestry development activities, making them more active 
partners in project planning and implementation decisions. The grants
supported an institutional innovation in which the foresters moved from a
policing and dominating role to a more service-orientated function, while 
farmers and villagers, the local technology users, moved from a position
outside of all forestry activities to a central implementation role. 

Initiating Forestry Activities on Irrigated Agricultural Schemes 
Forestry activities in the irrigated sector in Sudan dated back to the 1940s,
when the first small windbreaks were established to protect fields and 
canals from dune encroachment in the Gandato, Nuri, and Burgeig
schemes in the Northern Region.6 By the 1980s further windbreaks had
been established in several other schemes in this region by its Forestry
Administration and the Sudan Council of Churches. In 1951 the Gezira
scheme, a 2 million feddan cotton-growing enterprise, began the establish
ment of small woodlots to provide for local fuelwood and timber needs, 
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and had 7500 feddans planted by 1985. 7 The Rahad Scheme, a 300,000
feddan project in the Eastern Region, included forestry in its original
agricultural planning, and initiated forestry activities from its opening in
1974.8 In fact, the plans of every agricultural scheme initiated since Sudan's
independence have included a forestry component. 9 

However, the actual outputs of agricultural scheme forestry to date have
been less than impressive, and their paucity revealed problems in the
relationship between the forestry and farm sectors. Ali and Sid Ahmed 
pointed out that, despite all the efforts to date, only 0.3 per cent of the
total irrigated lands were under any form of forest cover. Their study shcwed
that the irrigated agricultural sector contained a very limited commitment 
to forestry or fuelwood development (see Table 7.1 below). Even the
Rahad scheme, which began with the inclusion of forestry in its develop
ment plans, only assigned the sector enough resources to plant 1000 feddans 
out of its total of 300,000 feddans developed for agriculture in general. 

Table 7.1 Forestry in the irrigated sector in Sudan 

Scheme Total Forest Portion 
Area Area of Total 

(feddans) (feddans) (%) 

Sugar Industries: 
Halfa Sugar 43000 463 1.08

Guneid Sugar 
 37300 859 2.30

Sennar Sugar 
 39800 230 .58
Assalya Sugar 33000 340 1.03
Kennana Sugar 32000 450 1.41
 
Large Agricultural Schemes:
 
Gezira/Managil 
 2100000 7500 .36 
Rahad 
 300000 1000 .33
 
Agricultural Corporations: 
Suki 
 120000 600 
 .50

Halfa 455000 1850 
 .41
Abu-naama 30000 300 1.00
White Nile 360000 600 .17
Blue Nile 300000 95 .03
Northern 92300 940 1.02 
Khartoum Province: 
Large schemes 147218 60 .04
Small farms 87373 22(est) .03 

Totals 4176991 15309 .37 

Sources: Ali and Sid Ahmed, p 129; Clarkin, ed, p 132; author calc. 
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Oppositionto forestry expansion in central Sudan 
An additional problem was the foresters' perception of hostility to further 
tree planting on the part of scheme agricultural management. Bayoumi 
observed that the limited afforestation that had occurred in the Gezira 
scheme originated only after farmers had facilitated an outbreak of black 
arm cotton disease through the illegal storage of cotton stalks for cooking 
fuel. 10 Small eucalyptus plantations provided firewood and poles to replace 
the cotton stalks. and the farmers could burn their stalks promptly after 
har,.'esig the cotton, as directed by the scheme. Moreover, because the 
scheme had not been designed for the inclusion of forestry, the new 
planting tended to be concentrated on sites unsuitable for crops or adjacent 
to the ends of irrigation canals, where water supplies were irregular. 11 

Forestry was carried out away from prime agricultural areas, and it was 
undertaken by CFA staff in isolation from the work of the scheme's 
agriculturalists. The scheme managers, Bayoumi claimed, pointedly re
sisted new plantings that would achieve a greater interaction between trees 
and crops, because these, they argued, would open up great dangers from 
birds and would inhibit aerial crop spraying. 12 Whether or not Bayoumi's 
interpretation of the scheme's anti-forestry bias was correct, it was a view 
shared by many Sudanese foresters.13 

The author's own observations of agricultural scheme forestry reinforced 
the above impressions of its low state of development, and exposed other 
problems in th6 forestry-agriculture institutional relationship. In addition 
to the limited amount of land devoted to forestry in such areas as the 
Gezira scheme, the condition of many of the plantings that did exist was 
deplorable. Irregula- water supplies caused tree death or stunted growth. 
The absence of proper thinning and other stand management measures 
depressed annual growth and, hence, the value of the existing woodlots for 
the scheme. It appeared that the Gezira foresters were having difficulties in 
maintaining their activities at their existing low levels, making significant 
expansion of forestry under the present management system problematic. 
Forestry activities in irrigated schemes in the Northern Region evidenced 
similar difficulties. 14 

The ERC, as it began its forestry development programme, saw that 
forestry and agricultural institutional interests were heading in opposite 
and antagonistic directions, to the detriment of the forestry programmes. 
Forestry operations were becoming increasingly isolated from general agri
cultural practices. With strong government support for agriculture, but 
limited support for the isolated forestry sector, the future for irrigated 
scheme forestry looked bleak. The irrigated agricultural lands held great 
potential for forestry and fuelwood production, but this could not be 
realized under present institutional conditions. Changes were needed in 
order to bring forestry and agricultural interests closer together, and to 
utilize the knowledge and resources of the latter to devise and support 
forestry intiatives to benefit both fuel and crop development. 
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The Seleit grant project 
Many innovations have originated with accidental occurrences, and the 
first ERC forestry grant project began in this way. In July 1983, the ERC 
forestry advisor and the author were searching for an irrigated site that 
could serve as a base for trials of agroforestry techniques. Having heard 
that the Sudanese government might be making new lands available on 
the 11,000 feddan Seleit scheme, located only 10 kilometres north of 
Khartoum, they met with the scheme manager to discuss the matter. 
Before their R & D intentions could be fully explained, the manager
surprised them by stating how much he thought forestry could contribute 
to the scheme as a whole, and how he would like their help in getting
forestry activities started. He offered to pay for some seedlings from 
Khartoum nurseries if his staff could be shown how to plant them. On 7 
August the ERC forester and the author brought 500 seedlings out to 
Seleit, where they were planted in two windbreaks adjacent to the project's 
future poultry area. Although the seedlings were of uneven quality, and 
represented an ad hoc assortment of species because of the paucity of 
supplies in Khartoum nurseries, most survived, and the scheme manager
planed to continue this forestry work. He eventually prepared a grant
proposal for the ERC (with guidance from the ERC forester), which was 
reviewed and approved on 15 November 1983 - the first grant to be issued 
by the ERC.'5 

Physically, there was little novelty about the forestry work that was 
initiated on the Seleit scheme. A nursery was built, and a variety of 
afforestation measures, including shelterbelts, woodlots, shade and 
amenity plantings were established. A forestry team, consisting of three 
trained foresters and six labourers, was formed and given an office. Also, 
a long term forestry plan for the scheme was developed. All of these 
measures had occurred on other schemes. 

However, the central difference in the Seleit project concerned the 
relationship of the foresters to its agricultural management. The grant was 
issued to the scheme, not to the local forestry authority, so all expenditures
and decision-making powers rested with the agricultural managers. The 
ERC forester, a retired official from the CFA, arranged that the foresters 
who worked on the grant project would be placed under the control not of 
the local forestry body, but of the Seleit director. They reported to him, 
and received incentives for good work from him, through the SREP grant.
This was the first time that Sudanese foresters were engaged in service to 
any agricultural authority. The fact that the Seleit scheme was a private 
concern made the arrangements even more innovative. The CFA was wary
of the proposal at first, but accepted it as a trial, perhaps because it realized 
the need to explore new methods for expanding its activities. 

The impact of the new working relationship was felt in several aspects of 
the forestry work on the Seleit scheme. The foresters were able to utilize 
scheme land preparation equipment to hasten the establishment of new 
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plantings. The agricultural manager, who determined where and when 
plantings would take place, did his best to ensure that adequate irrigation 
was made available. Scheme guards provided protection for young trees as 
part of their general agricultural work. Occasional mishaps occurred, with 
scheme sheep and cattle browsing forestry sites at times, but most sites 
remained undisturbed, despite the proximity of large animal populations. 

The foresters, too, adapted their work to reflect needs expressed by the 
scheme's agriculturists. They raised shade and flowering tree seedlings in 
the scheme nursery, which served both to make the scheme environment 
more pleasant, and to generate supplemental income for its operations,
through seedling sales in Seleit's Khartoum produce outlet. Being around 
agriculturalists encouraged the foresters to try food and tree intercropping,
and they successfully interplanted 20 feddans of eucalyptus with karkedeh, 
a hibiscus species used for drinks in Egypt and Sudan. Sales of the first crop 
raised over LS 10,000 for the scheme. 16 

Seleit programme benefits 
The initial two years of work on the Seleit project have been highly 
successful. Over 100 feddans of woodlot have been established by a staff of 
only nine men, with the occasional assistance of agricultural machinery 
operators. This constituted I per cent of the total scheme area, in compari
son to the 0.3 per cent of the Gezira scheme that had been afforested in the 
35 years since 1951 by an entire provincial forestry department. 17 The 
forestry development plan for Seleit, which, so far, has proceeded accord
ing to targets, called for a total of 800 feddans of woodlot to be established, 
plus other shelterbelt and canal plantings. The woodlots alone would 
constitute 7 per cent of the total available agricultural area. As this plan 
was drawn up by the scheme's agricultural management, in consultation 
with its foresters, its prospects, provided the scheme itself endured, were 
good. 

An accurate cost-benefit analysis of the Seleit project would be difficult 
to compile, due to the absence of complete financial input data (particu
larly concerning the scheme's own contributions, which were not accounted 
for separately in its fiscal system). However, a rough comparison of the 
inputs and estimated outputs of the work to October 1985 yielded very
encouraging findings. The ERC provided the Seleit scheme with LS 66,000 
in financial assistance through two one-year grants, which provided for 
nursery materials and construction, forester incentives, transport assist
ance, and, in the first year, some supplemental labour support (Seleit 
agreed to provide six labourers from its own agricultural budget in the 
second year). The CFA paid the salaries of two scheme foresters, which 
was approximately LS 6000 per year in total. The scheme furnished 
mechanical support for land preparation and irrigation, transport mainte
nance and fuel, labour for planting and guarding, and irrigation water. 

Seleit possessed 100 feddans of Eucalyptus woodlot. While the value of 
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this resource in four years' time is uncertain in Sudan's rapidly depleting
forest resource situation, 1985 sales by tender of standing forest lots at the
Guneid Sugar Corporation, 100 kilometres south of Khartoum, yielded an average price of LS 7000 per feddan. 18 This represented a total value of LS700,000 for the present standing crop at Seleit, which required only peri
odic watering and guarding between the present time and its eventual
harvest. Continued sales of karkadeh, seedlings, and other intercropping
products would provide additional income for the scheme during the interim period. Karkadeh alone could provide some LS 100,000 per year if
the results of the initial 20 feddan trial could be replicated over the existing
100 feddans for two crops per year (the normal cultivation practice for this 
product). 

The Seleit project had other, indirect benefits in the form of practicaleducation and training for both the foresters and the agriculturalists on the
scheme. This training was especially important for the foresters, who hadlimited opportunities to do hands-on work during their university or poly
technic education, due to shortages of funds and transport. When the ERCDirector met with the CFA acting Director in September 1985 to inquire as 
to whether similar arrangements could be made with other agricultural
scheme forestry projects, he received the CFA's enthusiastic support for 
more such work.1 8 Equally important, the Seleit Director has been influential in promoting the virtues of irrigated scheme forestry-agriculture
integration to his agriculturalist colleagues. 19 

Village and Community Forestry 
The ERC had been encouraged to support community forestry by its
advisory committee. It was aware that village-level forestry work wasalready underway in Sudan. In order to avoid duplication of effort and of error, the ERC reviewed some of the major work in this area before
developing its grant programmes. Its review focused on community forestry

work in the northern Kordofan Region, and, in particular, on the United

Nations-supported 'Restocking the Gum Belt for Desertification Control'
 
project.20
 

Gum Belt community forestry
The cultivation of Acicia senegal, the trees producing gum arabic sap, was a
traditional agroforestry practice in this region. The trees, as well as providing an important trade product for farmers and herders, also improved
local agricultural conditions through nitrogen fixation and wind and water
erosion control. Trees were grown on approximately a 20 year rotation,
with tapping occurring after five years, and with food intercropping
customary during the first few years of tree growth. The farmers' 'gum
gardens', scattered throughout tie area of Sudan between 10 and 14degrees north latitude, were models of agriculture-forestry integration that 
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dated back to pre-historic times. However, drought and declining real 
prices for gum arabic had resulted in declining production and cutting of 
trees for fuelwood. The United Nations project sought to restore tree 
cover and revitalize the gum trade.2 ' 

The ERC foresters toured the northern Kordofan area from 6 to 13 
February 1984, visiting UN project operations in the Al Ghabsha, Um 
Ruwaba, Er Rahad, El Obeid, and Bara areas. 22 They did not examine 
all UN project installations, but subsequent conversations with CARE 
foresters, who had greater experience in this regibn, confirmed the ERC 
foresters' basic findings. 

The most surprising finding of the tour was the low establishment rate of 
the Acacia seedlings. The ERC party did not visit any farm with more than 
a 20 per cent survival rate. This may have been due in part to adverse 
rainfall conditions, but the sites showed clear evidence of other, less 
intractable problems, such as animal browsing, improper or late planting, 
and complete seedling abandonment. Some gum gardens had seedlings 
planted with their polythene tube casings still attached, which had pre
vented growth in the dry conditions. Others had stacks of unplanted 
seedlings lying dried out in piles in the corners of fields. One farmer who 
had requested and diligently planted seedlings was quite disturbed when 
the ERC foresters informed him that he had received Acacic mnellifera,23 not 
Acacia senegal, and this species would not produce a marketable gum. 

Discussions with local farmers and foresters revealed several organiz
ational and institutional problems. Despite the presence of new Land 
Rovers and lorries, furnished through UN support, seedlings were not 
being delivered to farmers at the proper time for planting, immediately 
after the seasonal rains. Also, the farmers were receiving a number of 
seedlings calculated by UN programme foresters to plant their entire 
landholding in a4-by-4 metre spacing. While this was a correct calculation 
for their eventual seedling needs, planting an entire farm in one season 
often was impractical, particularly as other agricultural needs were press
ing and the planting season was short. 24 

Overall communication between foresters and farmers ini the pro
gramme was sporadic and ineffective. The foresters spent the bulk of their 
time in and around their central nurseries, caring for seedlings, while the 
farmers spent most of their time in their villages. Brief interaction occurred 
during village and farm selection, and seedling delivery, but only limited 
field visits occurred both before and, more importantly, after tree planting 
had begun.25 

The central problem was that, in spite of its reputation, this was not a 
'community' forestry project. It was largely a tree propagation endeavour 
carried out within centralized forestry facilities, bringing in farmers only at 
a very late stage of project development, at which point little could be 
changed to adapt to local human or environmental conditions. As such, it 
failed to effectively channel the considerable material resources provided 
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by the United Nations and local user skills and knowledge of forestry into 
the formulation of a practical and productive programme.

The ERC foresters resolved to seek a more user-interactive forestry
development strategy in the formulation of its community forestiy pro
jects. User involvement would be fostered by investing the basic responsi
bility for project design and implementation in the communities themselves, 
using the grants programme. 

A new approach: the Um Inderaba village project
The ERC foresters initiated this user involvement at the conclusion of their 
northern Kordofan mission, when they visited the village of Um Inderaba, 
a site recommended by the advisory committee for community forestry
project development.26 

Um Inderaba village was located at roughly 15 degrees north latitude,
north of the gum-growing area, with an annual rainfall of only 150-200 
millimetres. The villagers depended on their large wadi (depression, with a
low-head underground water supply), with its numerous shallow wells, and 
the area's one working government diesel borehole well for drinking
water. The recent drought had virtually emptied the former water source,
and the latter was afflicted with periodic mechanical failures and delays in 
service due to the remoteness of the village from Kordofan government 
offices. 

Um Inderaba lay along the major livestock route between western 
Sudan and the markets of Khartoum, and herders and their stock often
would break their journeys there. The villagers generated much of their 
income through selling water, food, and retail goods to passing nomads 
(the food and goods were usually obtained from Khartoum). The drought
had severely depressed this trade, and also brought weak and ill herders to
the borehole, as other watering sources were exhausted. This congregation
of humans and animals further depleted dwindling local fuelwood and 
fodder resources. 

The villagers felt that their environment was decaying, and they were 
particularly troubled by damage caused to houses and fences by windblown 
sands from the north. They had discussed the idea of a community forestry
project with members of the ERCs fuelwood advisory committee who had 
visited Um Inderaba in September 1983. 

The ERC foresters proposed that the village committee consider what 
sort of forestry it would undertake if the ERC provided it with an SREP 
grant of approximately LS 10,000. This offer caused initial confusion, first
because it was unusual for foresters to ask villagers what they wished to do,
and second because the villagers, familiar with the UN programme, had 
expected a far more capital-intensive type of project. The ERC foresters,
with some difficulty, explained that theirs was to be a different type of 
project, in which the villagers would take the lead in designing and imple
menting their own forestry programme. 
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The ERC party stayed in the village for two days, discussing the grant
project idea further. The villagers, led by their sheikh (religious leader), 
after some acrimony, eventually decided that some assistance was better 
than nothing, and began to prepare a proposal to submit to the ERC.28 

The villagers eventually sent two proposals to the ERC for consideration, 
one for a LS 10,000 project, and another for a LS 25,000 that consisted of 
the former plan plus additional funds to rehabilitate one of their two village
borewells. The ERC Technical Committee, which had been briefed by the 
touring party, approved the smaller proposal, although it later added the 
borewell funds in a supplementary grant, after the village demonstrated its 
commitment to and success in meeting the smaller project's goals. 29 The 
funds were disbursed to the village sheikh, and ERC foresters arranged for 
periodic consultations and field visits to assess project progress. 

Institutionalinnovation and Urn Inderabaaccomplishments 
Urn Inderaba had almost no physical resources to draw upon. Normal 
conditions there were harsh, and during the 1982-1985 drought there was 
no measurable precipitation in the area. At the same time, its population
declined, due to death, disease, and out migration, from 2000 to roughly 
600 families. The local CFA representative, althoagh 'based' in Um 
Inderaba, spent little time there, and was of little help to the villagers' 
project. The ERC foresters could visit this remote site only every two to 
three months, and greater gaps between visits occasionally occurred. 

Despite these formidable obstacles, by the end of its first grant period, 
the village had accomplished all its objectives, and still had funds in hand 
to continue its forestry work. It had established a nursery and raised two 
stocks of seedlings. It had planted and protected a three feddan windbreak 
with close to 100 per cent survival among Prosopisspecies, and had fenced 
off 1 feddan in its wadi to encourage natural forest regeneration in the 
absence of animal browsing:31 

The village had finished its work under its budget estimations because, 
being responsible for its own materials procurement, it had managed, 
through shopping around and lobbying the regional government, to obtain 
substantial concessions on sand, cement, wire, and other basic supplies for 
its project. The ERC, had it tried to implement the work itself, could not 
have performed it so economically. 

The village had kept its trees alive in spite of the complete lack of rain, 
and in the presence of large animal herds, by hand watering each tree with 
donkey cart-transported water, and by establishing a village guard rota to 
protect the plantings (including a village-devised compensation scheme for 
the guards). Tree survival spoke well of the drought tolerance of Prosopis
species, but it spoke even better of the capacities of the villagers themselves. 

The village used its nursery to raise good windbreak species, like 
Prosopis,and other species for other purposes, such as neem (Azidirachta 
indica) for shade, and Acacia and Zizyphus species for fuel and fodder. 
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People built brick shelters to protect shade plantings around their homesfrom animal damage. The village committee, noting the limited supplies
from the nursery, introduced a penalty system for any shade trees that
died, adding new incentives to protection efforts. 

The existing plantings, by themselves, did not represent substantiala
contribution to the welfare of the village or its people. A 3 feddan windbreak, even at maturity, would provide negligible control over sand en
croachment for the village as a whole, with a strip of at least ten times itslength needed to have a significant impact on local environmental con
ditions. However, the village had established a means and a method to move incrementally towards these greater technical changes to its environ
ment. The Um Inderaba example also inspired other villages to undertake
similar community-organized projects, and the ERC has granted several 
new village forestry grants based on this initial project. 

Other ERC community forestry projects
The ERC began several other commlnity forestry projects between June1984 and September 1985. Ironicall', in the two projects believed to have
the greatest potential, progress to date has been disappointing, despite theERC's provision of greater technical support to these efforts than it hadfurnished to the Um Inderaba project. In retrospect, it appears that thisperformance disparity can be related to the relative lack of instituti-nal
innovation, involving the relationship between forestry and community
authorities, in these two projects.

The projects took place in Um Tureibat village in the Gezira scheme,and in El Khwei village in the gum-growing area of western Kordofan
Region. Both villages had far greater rainfall than Um Inderaba (approxi
mately 400-800 millimetres per year, versus 100-200 millimetres, on aver
age), and Um Tureibat had the additional resource of Gezira schemeirrigation supplies. With more water, the villages could support a widervariety of tree species, and, in theory, could achieve higher growth rates
with no requirement for supplemental hand irrigation, as was necessary inUm Inderaba. Moreover, irrigated agroforestry in Um Tureibat couldimprove crop yields through providing shelter and reducing evaporative
losses, while gum obtained from Acacia senegalraised in El Khwei forestry
would provide a valuable income, in addition to fuel, for local farmers. 31 

The ERC observed the potential of these two sites, and made special
arrangements, upon approving grants to the villages, to provide extrasupport to their forestry efforts. A US Peace Corps volunteer forester was
stationed in Um Turcibat to help with nursery establishment and forestryextension, and a CFA forester stationed in El Khwei was paid an incentive 
to assist the villagers in building and operating their nursery. The assumption made was that this greater support would accelerate project progress
and facilitate its replication in nearby villages.32 

In practice, neither of these things occurred. The nursery in Um Tureibat 
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was completed, and 20,000 seedlings raised, but the volunteer noted that it 
was difficult to get the villagers involved in its operation.33 In addition, he 
had to obtain an ERC vehicle to carry seedlings to neighbouring villages in 
order to get the prepared seedlings planted, as few farmers were coming to 
the nursery (although most had access to adequate transport and finances 
to obtain seedlings in this far wealthier area than Um Inderaba).

In El Khwei the forester and the schoolmaster, who headed the village
project, successfully constructed a nursery and raised some 17,000 Acacia 
senegal seedlings by July 1985. Good rains came for the first time in years,
and the surrounding fields were planted with millet and sesame, presenting 
an ideal situation for Acacia senegalplanting. However, when the author, a 
CARE forester, and the ERC forestry advisor visited the area in August
1985, they discovered that no seedlings had been taken to the fields for 
planting. 34 The planting season was almost over, so promoting seedling
sales was not practical. The ERC staff called a farmers' meeting, and 
offered to deliver seedlings free the next morning to any farmers that came 
to the nursery to direct the ERC vehicle to their land holdings. Several 
farmers stated at this meeting that they had not known that seedlings were 
available before this time. Some 2,000 seedlings were delivered the next 
day, before the ERC staff had to move on to other villages. It is assumed 
that little additional planting occurred using the remaining seedlings. Here, 
as in Um Tureibat, the project had not attracted a true community involve
ment, a wasand as result doing poorly in spite of highly favourable 
environmental and economic conditions. 

Although physical, social, and economic conditions were very different 
in all three grantee villages examined, making any attempt to compare
project progress between them tentative at best, the two villages which 
received the greatest continual forester presence and attention did less well 
than the village that had the least forester assistance. While the foresters 
themselves did their technical assignments well and acted in good faith to 
advance the project, their constant presence discouraged the communities 
from taking greater responsibility for and control of thcir grant projects.
Although the more advantaged communities, held the funds required for 
nursery establishment and planting assistance, they, unlike Um Inderaba, 
had to acknowledge the presence of a forester paid and supported by
another institution. The foresters, by their presence, brought an external 
authority into the project picture. Intimidated by this official presence, the 
villagers tended to allow the foresters to implement the projects, and 
declined to get involved themselves. 

In retrospect, it may have seemed, to the villagers, as if the ERC had 
included the foresters in the two village projects in order to keep the 
projects in line with its expectations. This perception may have provided a 
strong disincentive for local participation. The traditional relationship
between foresters and villagers in Sudan, as in many other nations, was 
more that of a policeman and a suspect than that of a benevolent 'change 
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agent' and his clients. The foresters, who were not trained as teachers, but 
as technicians, saw their assignment as to make sure the grant was carried 
out according to plan; so, if villagers didn't arrive to carry out necessary
operations, they went ahead and did them themselves - unconsciously
reinforcing the villagers' impression that they did not have to pitch in and 
help themselves, for the work was beyond their control. The Um Inderaba 
villagers, who had no such support, had no such impressions, and organ
ized themselves to accomplish their goals and, equally important, to call on 
the ERC foresters for advice when their knowledge could be useful to 
guide further village action. 

Individual Farm Forestry 

By October 1985 the ERC, through SREP grants, supported 18 individual 
farm forestry projects. While these projects represented the largest num
ber of grants in the overall forestry sector, and were estimated to occupy,
at that point, some 40 per cent of ERC staff forestry time, their results 
were not as encouraging as those of work in the agricultural scheme 

3 -forestry and village forestry areas. In retrospect, their relative lack of 
success can be seen as a reflection of the lesser amount of institutional 
innovation they entailed. 

The ERC's methods and goals in its individual farm forestry work were 
straightforward. Much irrigated land in central Sudan was devoted to small
(less than 20 feddan) farms, including the individual smallholder plots in 
the Gezira and other major inigation schemes. Most of these small farmer 
holdings could, but did not, support some form of tree planting, ranging
from border rows to small woodlots. The ERC felt that, if it could get some 
farmers to initiate tree planting by providing partial financial assist
ance through its SREP grants, their example would inspire neighbouring

farmers to do the same.36
 

Solicitingfarmerinterest throughgrants
On 21 September 1983 the ERC placed an advertisement in the Khartoum 
press, offering to provide financial assistance for tree planting on small 
private farms. The ERC's grants would help pay for seedlings and, in cases 
where the farmers were devoting extensive land to planting or constructing
nurseries, would provide additional partial capital assistance for tree 
propagation. The initial response to the advertisement was strong, with 
nine farmers placing grant applications within the 15 day period specified.
Afterwards, the ERC's offices continued to receive a small but steady
stream of new farmer applications, which was maintained until the author's 
departure in October 1985. 

While the advertisement succeeded in establishing farmer interest in the 
ERC grants programme, the resulting grants were less successful in estab
lishing and replicating small farmer forestry activities. At a meeting of 21 
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August 1984, after the disbursement of ten grants, with 15 applications 
pending, the ERC foresters reported that only four farms had begun tree 
planting. 37 Farmers were keen to receive financial assistance, but they 
were not showing equal enthusiasm for project implementation. Drought 
conditions were partly to blame, as low river levels had left many farms 
without sufficient irrigation water for any form of agriculture. However, 
one year later, after greater rains had remedied this problem, the tree 
planting situation on these farms had not improved substantially. 38 

During the August meeting, the ERC Director noted t: at, if the goal of 
this grants programme was to set an example for other farmers to follow, 
then, rather than giving out more grants, the ERC should hold new 
applications until more progress was made on the initial projects. He 
queried whether further financial assistance in the Khartoum area for such 
projects would be useful, as the ERC was also supporting local nurseries, 
Lnd providing free seedlings to farmers through grants could discourage 
others from going to the nurseries to purchase seedlings. 39 Indeed, the 
continuing influx of new applications seemed to indicate the farmers' 
enthusiasm for a free handout of any sort, rather than a desire to support 
farm forestry, based on their slow implementation of subsequent planting 
activities. The ERC suspended the consideration of further small farmer 
grants in the Khartoum area, although it continued to support a small 
number of new small farm forestry projects in other regions. 

Grantsnotfacilitatinguser involvement in innovation 
A major problem with the small farmer programme appeared to be that, in 
this case, the grants device provided the wrong message to farmers. It had 
been assumed that a small financial input would remove whatever reluc
tance had retarded farmers' inclusion ot trees into their agricultural 
systems. Instead, the farmers, feeling that they had been awarded a prize, 
tended to sit back and wait for the ERC foresters to deliver it to them. The 
ERC foresters noted that farmers were difficult to contact, and did little 
work on their projects when the foresters were not present.4

t) This was in 
sharp contrast to the attitude of the Um Inderaba people, who would travel 
for hours over rough roads to come to Khartoum to obtain new funds, or to 
ask questions about technical problems. 

Government Nursery Assistance 

Some 50 per cent of all SREI- forestry grant funds disbursed by October 
1985, approximately LS 115,00, supported large, centralized narsery 
development, with over LS 80,000 of this involved in the expansion arid 
rehabilitation of two nurseries in the Khartoum area. The ERC forestry 
advisory committee had noted, quite logically, that, in order to encourage 
local farm forestry activities, the farmers needed an available and reliable 
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supply of seedlings. 4 ' The two Khartoum area nurseries, Moghran, con
trolled by the provincial government, and Soba, controlled by the CFA 
and the Forestry Research Centre, contained ample land and staff, but 
provided few seedlings for the public due to shortages in water, nursery
materials, and transport. ERC grants were awarded to both nurseries on 15 
December 1983.42 

Neither nursery succeeded in increasing both seedling production and 
seedling sales and distribution to area farmers. The Soba mrsery did not 
even begin work on renovating its facilities until April 1985, after the ERC
threatened to withdraw its grant funds. The Moghran nu-,cry expanded
annual seedling production from 40,000 to over 150,0(X) seedlings in its first 
year, but it did not manage to transfer many of these to farmers. Most were 
issued free to local youth groups in a single, bull( transfer that took place in 
order to rid the seedling beds of overmature seedlings and make room for 
new plantings. ERC foresters could not find any evidence of the successful 
planting of any significant amount of the youth groups' seedlings, and it 
was assumed that most had died.43 The ERC grant enabled the Moghran 
nursery to repair one of its small lorries to assist in forestry promotion and 
seedling sales, and to produce large road signs and other promotional
materials to further farmer and public education in the benefits of forestry.
However, ERC staff noted that the repaired vehicle was seldom used for 
these desired activities, and the signs, completed in 1984, by October 1985 
still were not erected on nearby roadsides. 44 

Grantprogressand institutionalproblems
The ERC had encountered a problem far larger than physical and financial 
difficulties in its work with the government nurseries. The nurseries had 
been established to provide seedlirgs for local CFA and regional govern
ment needs, and their work was still devoted to this internal service
function. Working with local farmers might be a good idea, but it was not 
the job of the nursery foresters. 

In order for the nurseries to make a greater contribution towards the 
expansion of forestry on agricultural holdings, a fundamental change in the 
CFA's policy regarding their roles would have been necessary. To attract 
and support farmer involvement in forestry, the nurseries needed to adopt a 
more outward-looking, service-orientated attitude, seeking to become a focal 
point for initiating local user interaction in forestry technology development
for small farms. This sort of institutional innovation might have enabled 
these Khartoum nurseries to assume the essential role in farm forestry
innovation that the ERC and its advisory committee envisioned for them. 

ERC Dissemination Unit Support for Fuelwood/Forestry Activities 
The ERC involved the RERI Dissemination Unit in assisting its fuelwood/
forestry activities from the unit's own establishment in January 1984. 
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Initially its work consisted of the publication of studies of forestry issues in 
the northern and Kordofan regions by advisory committee members, and 
of two information brochures on tree planting and shelterbelt design.45 

These publicatiors .elped increase public awareness of the ERC forestry 
programme. 

As the programme itself progressed and it became evident that the most 
promising wv}. was occurring in the agricultural scheme forestry aud 
village forestry sectors, the Dissemination Unit (DU) concentrated its 
efforts on informing and encouraging technology users in these areas. The 
DU used publications to demonstrate to farmers and villagers that they
could play a major role in shaping forestry work in their areas, and that 
raising trees and planting shelterbelts and woodlots were tasks they could 
take a lead role in designing and implementing. Workshops and seminars 
provided more intensive and hands-on introductions to these same topics, 
and helped in improving contacts between forestry professionals and local 
farmers and community organizations. These three types of activities are 
described in more detail below. 

New publications 
The DU's reports on forestry during 1985 centred around the theme of 
agriculture-forestry integration. Two studies discussed the potential for 
forestry inclusion in irrigated agriculture, the first for the Khartoum area, 
and the second for the irrigated sector as a whole. 6 A third study by Derek 
Earl, described in Chapter 5, examined potential agriculture-forestry 
interaction on the rainfed schemes of the mechanized farming sector.4 7 

All reports were circulated to both CFA and agricultural scheme offices 
throughout the regions where potential projects could be formulated. 

The DU also prepared articles for local Arabic and English language 
newspapers and magazines on ERC forestry activities. These described the 
novelty of its measures such as initiating village-run nurseries, and agricul
tural scheme-operated forestry projects.48 

Nursery workshop 
The establishment of small village and farm nurseries played an important
role in facilitating the institutional changes sought by ERC forestry work, 
by providing greater control over forestry resource production and utiliz
ation to the farmer beneficiaries of SREP grants. Recognizing this, the DU 
worked with ERC foresters to develop a nursery workshop, in which 
existing and potential grantees would be trained in nursery establishment 
and management techniques. The workshop, which took place from 16-21 
February 1985, had eleven participants (not including DU and ERC forestry 
staff), of which five were from ongoing village and farm forestry projects,
and one from the Seleit scheme. The other trainees were three members of 
the Sudan Socialist Union, the country's sole political organization (at that 
time), with branches in all parts of Sudan, a representative of PLAN 
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Sudan, an international voluntary organization operating community
development projects in the Central region, and a farmer from the Blue 
Nile province who wished to build his own nursery.49 

The workshop covered the technical aspects of nursery construction, 
seedling raising, and seed collection. Talks and practical work also in
volved forestry matters related to community nursery operation, such as 
tree identification and species selection, costs and benefits of afforestation 
in agricultural areas, and seedling transport and transplantation.5M All 
participants had a chance to take part in actual seedling preparation and 
transplanting activities at the Moghran nursery, which hosted the work
shop. The DU provided an illustrated manual covering the workshop
material and issued certificates of completion to all participants, both of 
which were handed out by the ERC Director at the closing ceremony. 51 

While it is difficult to assess the actual transfer of knowledge that took 
place as a result of the workshop, it did succeed in stimulating new interest 
in village and farm forestry involving nursery establishment. Between 
February and October 1985 the ERC received grant proposals from the 
Blue Nile farmer, PLAN Sudan, and the village of Markha Awaj Ed Dareb 
in Kordofan, whose sheikh had been informed of the ERC's programme by
colleagues in the Sudan Socialist Union, of which he was a member.52 The 
DU planned to continue nursery training in workshops and similar pro
grammes in the future. 53 

Agriculture-forestryintegrationseminar 
Encouraged by the success of the Seleit project, the ERC had the DU 
organize a meeting of senior agriculture and forestry officials from all 
regions of Sudan to promote similar irrigated scheme forestry projects.
The resulting seminar, named AFTAH ('open', in Arabic) - Agriculture
and Forestry, Towards an Abundant Harvest, took place from 10-13 
August 1985, and had some 50 participants, including le, ling agriculture,
forestry, and irrigation specialists from Sudan.54 Presentations were made 
by experts from all three fields on how forestry and agriculture could work 
co-operatively to benefit both crop and wood product interests. 

Just as it had benefited from neighbouring country expertise in its char
coal stoves programme, the ERC found its AFT'AH efforts greatly assisted 
by the presence of Dr Hosni El Lakani, an Egyptian forester. ERC foresters 
had visited agricultural scheme forestry projects in Egypt, where similar 
environmental and irrigation conditions to those in Sudan prevailed. 55 

They were impressed by the degree of commitment to tree growing for 
shelterbelts and canalside plantings shown by Egyptian farmers, re
searchers, and government officials, and had recommended that Dr El 
Lakani attend AFTAH to explain the Egyptian experience to a greater
number of Sudanese foresters and agriculturalists.56 

The AFTAH conference was held in a leading Khartoum hotel and 
conference centre, with out-of-town participants provided with meals and 
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accommodation. Every effort was made to administer AFTAH according
to international conference standards, to demonstrate the ERC's regard 
for the importance and potential of work in this area. Several of the invited 
experts were asked to prepare papers, which were circulated to all partici
pants and discussed during the seminar sessions. ERC reports and pro
motional materials on agriculture-forestry integration were also circulated 
to the participants. 

AFTAH revealed instit'utional friction between foresters and agricul
turalists as well as opportunities for more positive interaction. During the 
proceedings some foresters criticized the agricultural schemes for causing
environmental damage through deforestation, and agriculturalists criti
cized foresters for promoting tree planting in areas where this could attract 
destructive birds, and cause canal seepage and other hazards.57 The ERC 
hoped that this public airing of grievances would enable the two groups 
of professionals to resolve past differences and to work towards a new 
relationship that recognized each others' concerns. 

The participants visited the Seleit project to observe how the AFTAH 
ideals could work in practice, with the Seleit director (and not ERC 
foresters) guiding the tour and explaining all activities. On the last day of 
the conference, the ERC Director talked about the SREP grants pro
gramme, suggesting that proposals for work in a similar vein would be 
favourably received by the Technical Committee. He stressed that the 
ERC wished to receive proposals not from forestry authorities, but from 
the schemes themselves, with local foresters enlisted in service to the larger
agricultural activities. 58 This would insure that the agriculturalists would 
play an active role in the new technology development, and it would 
encourage the movement of forestry personnel into a more interactive and 
service-orientated role with these technology users. 

Within four months of the end of the AFTAH seminar, seven large
agricultural schemes applied for and received SREP grants to initiate or 
expand forestry activities on their lands. 59 The ERC brought two new 
foresters onto its staff to assist in the support and monitoring of its rapidly
expanding work in this area. 60 As has been mentioned previously, the CFA 
acting director pledged his full support in providing foresters from his staff 
to support the schemes in their new grant projects. Thus, the institutional 
innovation that underlay the success of the Seleit project was in the process 
of dissemination throughout the irrigated agricultural sector. 

Institutional Innovation and Increased User Participation 

The ERC fuelwood/forestry programme was not founded on the technical 
aspects of the forestry technology it sought to promote. Neither the species 
nor the methods it employed were new either to forestry science or to the 
Sudan. However, the most successful projects it supported through SREP 
grants all involved an innovation in the relationship between forestry and 
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agricultural authorities, whether on the large scheme or village levels 
innovation that put technology users in a more prominent role in tech
nology development activities. 

In the ERC's work with large, irrigated agricultural schemes, SREP 
grant-based projects put foresters directly under the authority and direc
tion of agricultural managers, as opposed to previous work that segregated
lands and authority into agricultural and forestry spheres. In the village 
forestry area, SREP grants, through putting funds directly into the hands 
of village authorities, gave those authorities a new control over forestry 
measures that inspired them to devise (with technical assistance from ERC 
foresters) and advance afforestation measures even under the most adverse 
physical circumstances. Even in the generally poorer-performing grant 
project areas of farm forestry and government nursery support, those 
individual projects in which farmers acquired the greatest responsibility for 
seedling production and plantation design, and in which foresters adopted 
a less-dominating, more advisory role, made the greatest progress.

The more innovation involved in the relationship between foresters and 
local technology users in SREP grant projects, the more those projects 
achieved innovation in forestry development in their areas of Sudan. When 
users were allowed to determine the types of forestry practices they wished 
to implement, and the location and manner in which these practices would 
be implemented, they responded with a greater participation in and com
mitment to the successful implementation of their projects. 

The forestry work the ERC has initiated has significant potential for 
forest resource development in Sudan, if it can be replicated on a larger
scale. The incorporation of forestry programmes into irrigated agriculture 
scheme design holds particular promise. It has been estimated that, by 
planting trees on canal banks, marginal lands, and 5 per cent of present
agricultural lands (in the form of shelterbelts and border plantings) within 
the irrigated sector, over 30 per cent of urban fuelwood demand and over 
10 per cent of total fuelwood demand in central Sudan could be p, .vided for 
on a sustained yield basis. 6 

1 At the same time, the positive environmental 
changes that accompany afforestation, shelter from hot, drying winds and 
increased moisture retention, could lead to improved crop performance. 
The Egyptian experience with shelterbelt plantings has demonstrated such 
beneficial effects.62 

The main obstacle to achieving such goals is not technical capability; it is 
institutional isolation and rigidity. Sudanese forestry authorities need to re
integrate their work into general agricultural development efforts, and 
seek to get local technology users involved in forestry technology devel
opment efforts. 
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CHAPTER EIGHT 
Innovation and Forest Energy Development:
 

Wider Institutional Implications of the Sudanese
 
Experience
 

Participation ... helps ready people for change by giving them a broader 
outlook and more skills ... participative teams are not equivalent to'groupthink', or inaction without consensus, or management by commit
tee. ... They are action bodies that develop better systems, methods, 
products, or policies than would result from unilateral action by one 
responsible segment, or even from each of the team members working in 
isolation from the others. The results are likely to be more innovative 
and more easily used.' 

The above passage is a fitting summary of the experiences cited in the 
previous chapters concerning forest energy development in Sudan. Yet, it 
was not written about Sudan, nor was it written about forestry, about 
energy, or even about a development issue. The passage comes from 
Rosabeth Moss Kanter's book on how American industrial management 
should change in order to meet the challenge of remaining competitive in 
the technology-dominated markets of the future. 

The aptness of Kanter's words in the context of this book illustrates its 
central tenet: that innovation, whether in high-technology industry or a 
poor rural village, thrives on the exploitation of knowledge of both technical 
possibility and existing demand. Encouraging the participation of technology 
users in the R & D process increases the likelihood that its products will 
profit from user knowledge and skill, and in so doing achieve widespread 
and successful application in the field. User-orientated and user-involved R 
& D possesses the awareness and the flexibility needed to cope with the 
variations, national, regional, and local, in conditions and demands in 
formulating robust designs and in re-innovating those designs as the inno
vation's environment itself evolves over time. The ERC's experience in 
Sudan demonstrates the importance of responding to such variations, 
whether through adjusting stove or forestry technologies to accommodate 
local needs, or through restructuring an entire technology development 
programme to acknowledge indigenous skills and resources, as in the case 
of charcoal production. Peters and Waterman, in seeking the sources of 
industrial success in America in their popular and influential work, In 
Search of Excellence, stressed the importance of this same awareness and 
responsiveness: 

innovative companies not only are unusually good at producing com
mercially viable new widgets; innovative companies are especially adroit 
at continually responding to change of any sort in their environments 
[emphasis theirs]. 
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Implications for Renewable Energy organizations 
The energy field, in general, has tended to work in a more isolated manner
than other professions on techi ology development. Energy work as awhole, and forest energy work as a part of this whole, has been pervaded
with an invention, supply-orientated bias which, crudely put, expresses the
sentiment that, if fuel and machines to use it are provided, all development
problems will be solved. This bias has led to the work attitude that, if
enough time is spent in the laboratory designing and testing hardware, the
needed machines and fuel will emerge, and that all that scientists and
engineers require from outside the laboratory is basic information on 
resource availability and cost, so that they can calculate the cost per unit of 
energy output of their R & D products.

This bias has given scant attention to both user needs and the potential
contribution of users to the innovation process. As is notcd in Chapter 3,recent evaluations of renewable energy efforts have singled out this neglect
as a prime cause of poor innovation performance. The Sudanese experi
ence demonstrates that strategies that encourage users to participate inforest energy technology development lead to successful innovation. Work
in forest energy, as well as work in renewable energy in general, needs tofollow the movements in more mature development fields, such as agricul
ture, irrigation, and public health, and make its R & D system more user
interactive. It should not de-emphasize or curtail the contributions of
scientists and engineers to technology development, but it should comple
ment and enhance these efforts by incorporating the knowledge and skills
of technology users into the design and dissemination process.

Forest energy development, in particular, depends strongly on respon
siveness to environmental conditions. Its technologies must be sensitive to
ecological capacities and constraints, which can vary substantially fromlocation to location. Without the benefit of local knowledge of these
conditions, it is difficult to see how such technologies can hope to beimplemented over a wide area. Richards's comments on the implications of
environmental variability for agricultural development efforts apply with 
equal weight to work in the forest energy sector: 

many environmental problems are, in fact, localized and specific, andrequire local, ecologically particular responses. One of the answers ... isthrough mobilizing and building upon existing local skills and initiatives.
Everything should be done ... to stimulate vigorous 'indigenous science' 
and 'indigenous technology'. 3 

It now seems that, at least in the forestry area of forest energy develop
ment, the importance of the user role is beginning to be recognized. A 
recent FAO publication states at its outset, 

the scope and widespread dispersion of rural needs for local tree cover is now so great that it can only be tackled in an essentially self-help fashion 
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by the people themselves... rural forestry innovations must be based on 
an understanding of traditional tree management practices and in
digenous knowledge, of both men and women." 

While one might dispute that local needs and assistance capacities are any 
more diverse and less powerful, respectively, at present than they were at 
any point in the past, and question why the FAO chooses today, rather 
than ten years ago, to make such a statement, it is encouraging to see this 
sort of sentiment expressed by a major actor in forest energy development 
assistance. The FAO document also cites user involvement as the key to 
successful innovation in forestry activities: 

Innovations should never be construed as replacements for existing
indigenous means of building upon local strength and capabilities. Effec
tive design and introduction of forestry innovations ultimately require 
an understanding of where these activities fall within the spectrum of 
people's [sic] spontaneous responses to scarcity. This will only come 
with direct two-way communication between project planners and rural 
people, and a collaborative effort to devise methods by which the most 
appropriate innovations might be effectively introduced. 5 

One can only hope that this rccognition will come to be shared not only by 
other donors in the forestry field, but also by all those engaged in other 
aspects of forest energy technology development, whether their focus is 
upon stove improvement, charcoal production, or the myriad of other fuels 
and devices based upon the utilization of forest resources. 

Implicationsfor government R & D management 
The ERC, as it transformed itself to become more aware of and amenable 
to user contributions in technology development, achieved its first suc
cesses in moving technologies from the laboratory to the field, factory and 
farm. Institutional structure and human resource management thus stand 
out as important factors in innovation in forest energy development. These 
management factors, cited by Kanter and others in Chapter 2 as important 
to the maintenance of competitive advantage in an industrial situation, 
have equal application within the context of technology and development. 
Building internal capacity to encourage and nurture new ideas, whether 
'they come from inside or outside an organization, is a cornerstone of sound 
innovation management. 

The ERC, in encouraging its staff to work directly with users on tech
nology development matters, and through promoting user-interactive R & 
D through the work of its Dissemination Unit, transformed its basic institu
tional structure into a form more conducive to innovation. In so doing, 
the organization moved towards the formation of the 'organic' linkages 
between government R & D and technology users espoused by Norman 
Clark. Rather than strengthening the barriers of hierarchy that can isolate 
R & D groups from the productive sectors of the economy, the ERC 
sought to dismantle such barriers and increase its ties to technology users. 
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In so doing, it moved towards Clark's 'biological model' for institutional 
behaviour in the management of technical change. 

Implicationsfor development assistance 
At the development assistance level, the challenge is how to channel the 
resources of developed nations into supporting the transformation of tech
nology development work and the local institutions supporting that work 
into a more interactive, user-orientated framework. The chapters concerned 
with forest energy development in Sudan contained little mention of the 
US Agency for International Development and its specific actions in rela
tion to the implementation of any of the technology development pro
grammes of the ERC. This omission does not reflect a failure on USAID's 
part, but rather one of the most successful elements of its SREP project.
While it provided critical financial resources to support the ERC's activi
ties, USAID left the fundamental decisions about technology directions and 
project implementation to the Sudanese institution. The long-term tech
nical advisors from the Georgia Institute of Technology helped to set up
the REDG programme and other management systems within the ERC, 
but the ERC Technical Committee alone decided on all grant applications,
and also approved all consultancy arrangements. ERC staff also main
tained the responsibility for monitoring and evaluating all grant activities. 

In this way, the development assistance offered to the ERC concentrated 
less upon meeting specific technology production outputs than it did on 
developing indigenous expertise in managing technology development and 
innovations. SREP's importance lies less in the particular kilns, stoves, or 
trees that it supported, than in the manner in which it undertook their 
development. By centering the project about the REDG programme,
which required the ERC to both establish links with external technology 
users, and to refine its own structure to accept and respond to user inputs,
USAID encouraged the organization to interact with users in its tech
nology development efforts. USAID provided an incentive for institutional 
innovations with the ERC itself, to mal:e the organization more open to 
the contributions from local knowledge and skill resources. 

Development assistance in forest energy in other nations can profit from 
this example. More emphasis should be placed on management skills, not 
in the sense of MBA degrees, but rather in respect to abilities to communi
cate, evaluate, and make decisions, however these may be obtained. While 
specialized skills in various scientific disciplines, commonly obtained 
through the pursuit of diplomas and degrees, are important aids to the 
management of technical change, excessive specialization can be counter
productive, if it leads to a tendency to dismiss potential contributions to 
technical change that originate from outside research facilities.' Develop
ment assistance appears, in the energy area, to have over-specialized and 
under-communicated, producing institutions and projects dominated by
often inappropriate and impractical technical concerns. This balance 
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should be redressed by stressing the importance of interactive R & D, and 
using training to provide the skills necessary for developing country pro
fessionals to carry out such work. 

Kanter, in assessing the task of restoring America's global competitive
ness, remarks, 

the problem before us is not to invent more tools, but to use the ones we 
have.7 

Using available resources should be considered the central task for devel
opment assistance. Unfortunately, too much assistance focuses on inven
tion, neglecting this more important concern of innovation. This balance 
needs to be redressed. The utilization of existing resources, in the form of 
incorporating user participation into forest energy development pro
grammes, provides both the problem and the solution for assistance in 
generating new technologies and applying them towards innovation in 
developing nations. 
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cribed in a recent publication by the Worldwatch Institute (1985).

5 For more details, see Chapter 5 and Gaafar El Faki Ali (August 1985).

6 Little information is available on income from this ubiquitous but poorly moni
tored trade, but its importance has been emphasized in personal conversations with 
Gaafar El Faki Ali and Hamza Homoudi, the senior foresters in the ERC. Also,
the presence of these products in small markets found in every area of population
concentration in Sudan visited by the author attests to the demand for these 
products. 
7 Prices recorded by author: LS 1.8 = $1 in 1982 and it is difficult to calculate the 
real increase in the price of charcoal during this time, as Sudan has no reliable 
figures on cost of living or inflation for this period, and many basic commodities, 
such as bread and sugar, are under government subsidies and fixed prices. How
ever, the success of the ERC's introduction of charcoal-saving new stoves designs,
described in Chapter 6, attests to consumer awareness of the rising costs of this 
domestic fuel. 
8 UNESCO (Paris: UNESCO, 1985), Table, 3.12. 
9 World Bank (16 April 1986), p. iv. 
10 This status was removed by the Transitional Military Government that took 
power upon the overthrow of the Nimeri regime in April 1985. However the NCR 
Director still maintains a prominent role on national committees, consisting of 
himself and senior ministers, dealing with scientific and natural resources issues. 
IIThe following discussion is heavily indebted to M Alassam, pp 3-11. 
12 His intention to re-centralize the administration of forestry affairs was made 
clear in a public announcement by His Excellency Siddig Abdin, Minister of 
Agriculture, in his keynote address to the ERC's AFTAH Conference, 10 August
1985, recorded in Mary Clarkin (October 1985), pp 12-13. 
13 Amal Tijani Ali, p 3. 
14 The author is indebted to Dr El Tayeb Idris Eisa, Director, Energy Research 
Council, for providing this informaton on the history of the NCR and its compo
nent bodies. The comments on the political elements of this history, however,
reflect the authors individual opinion based on his direct experience with the 
parties involved and are his responsibility alone. 
15 See Lillywhite and Lillywhite. 
16 Georgia Institute of Technology (February 1982), pp 1-2. 
17 USAID feelings in this regard are recorded in the author's notes on the initial 
meeting between USAID officials and the technical assistance staff from the 
Georgia Institute of Technology on 27 November 1982. See author's journal, 27 
November 1982. The motivation behind USAID's change of view regarding the 
design and implementation of renewable energy projects was discussed in Chapter 
3. 
18 Additional foresters were added to the Dissemination Unit staff later in the 
project, as the large number of grants awarded in this technology area necessitated 
the expansion of ERC assistance and monitoring personnel.
19 See USAID/Government of Sudan (31 August 1981). The official exchange
value for Sudanese pounds at this time was $1 = LS 0.81. 
20 The nature of the REDG programme remained somewhat unclear to the 
Sudanese, and the requirement that grant funds be awarded to parties outside of 
the ERC had to be clarified at a meeting of senior USAID and GOS officials on 7 
November 1983. This meeting is discussed in greater detail in Chapter 6. 
21 The listed technologies are noted in Georgia Institute of Technology, Proposal 
for Sudan Rural Renewable Energy Project,p 19. 
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22 The wood stoves area was later redefined to focus upon industrial woodfuels 
consumption technologies. 

Chapter 5 

1 National Energy Administration/Ministry of Energy and Mining, Sudan National
 
Energy Assessment: Annex 1, p 5.
 
2 lbid, p 107.
 
3 lbid, p 92.
 
4lbid, p 17.
 
5 This assumes an energy equivalence of 30 MJ/kg charcoal, and 18 MJ/kg firewood.
 
6 See Sudan Renewable Energy Project (29 November 1983).

7 See Hassan Osman Abd El Nour (February 1984), pp 39-40.

8 Ibid, p 39, and National Energy Administration, Sudan National Energy Assess
ment: Annex i, p 90. It is interesting to note that the NEA recorded Jackson's

reservations; but although its staff did endeavour to revise growing stock estimates
 
in its Energy Assessment, they did not query conversion efficiency estimates. Abd
 
El Nour also points out that Saini, in using Jackson's ratio, noted that it was only a
 
crude measure, with great potential error.
 
9 See Abd El Nour in Earl pp 39-40.
 
10 National Energy Administration, Sudan NationalEnergy Assessment: Annex 1,
 
p 17.
 
11 Abd El Nour in Earl p 48.
 
12 Ibid, pp 49-50.
 
13 lbid, p 17.
 
14 Ibid, pp 17-19 and p 52.
 
15 Ibid, p 12.
 
16 ibid, p 12.
 
17 See Abd El Nour and Satti, p 24.
 
18 Ibid, p 35.
 
19 Ibid, p 32.
 
20 Ibid, p 3.
 
21 See Sudan Renewable Energy Project (31 May 1984), p 22.
 
22 Abd El Nour and Satti, p 2.
 
23 Ibid, p 1.
 
24 See Satti and Dorrd, pp 3-4.
 
25 Ibid, pp 6-11.
 
26 Ibid, pp 14-16. One small element of extrapolation did exist in the Satti and
 
Dorrd study. They analyzed the contents of sample charcoal sacks, noting the
 
presence of brands, fines, and other impurities. In assessing overall conversion
 
efficiency, they reduced total charcoal output by extrapolating these weights, and
 
the weights of the sacks themselves, over the total number of sacks, and deducting

this figure from total sack output. This enabled their resulting conversion figure,

they argued, to reflect the amount of usable charcoal produced per unit of wood
 
carbonized, rather than a less specific measure of total kiln output per fuelwood

input. The deduction of estimated brands, fines, and impurities from measured kiln
 
outputs served to reduce the net conversion efficiency calculation, so this extra
polation in no way detracted from the veracity of their high conversion efficiency

findings.

27 FAO, Simple Technologies for CharcoalMaking, notes that a conversion ratio of
 
4 tonnes wood input: tonne charcoal output isobtained in efficient earth, brick, and
 
metal kiln designs. By this standard, the 3.4:1 ratio obtained in Sudanese earth
 
kilns indicates high efficiency.
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28 Satti and Dorr6, p 5.
 
29 Ibid, p 1.
 
30 Ali. While his work was not finished until August 1985, the main findings were
 
available to the ERC from late 1984, at which time it began an extensive revision of

its implementation plan for the charcoal production area.
 
31 See Ibid, pp II-III.
 
32 Ibid, p 31. 
33 lbid, p 31. 
34 Ibid, p Ill. 
35 Ibid, p 2. 
36 lbid, p 6. 
37 Ibid, p 12. 
38 lbid, p 7. 
39 See Sudan Renewable Energy Project (May 1985), p 11. 
40 Adrian Vinke, Forest Management Expert, FAO, Sudan, personal communi
cation. 
41 See Earl (April 1985). 
42 Ibid, pp 26-28. 
43 Ibid, pp 26-27. 
44 Ibid, pp 29-30. 
45 Ibid, pp 38-39. 
46 Ibid, pp 34-58. Earl undertakes a detailed economic analysis of the costs and 
benefits of charcoal making operations for each company in this work. 
47 Grant applications received 28 April and 5 May 1985, respectively; awards of LS 
12,760 and LS 12,000 made on 30 May 1985. 
48. The author is indebted to Keith Openshaw and Derek Earl, who separately
pointed out this discrepancy. Nothing has been published on this matter, nor has
 
the NEA sought to clarify the figures.

49 National Energy Administration, Sudan NationalEnergy Assessment: Annex i,
 
p 92.
 
50 See Earl (February 1984), p 21; and Mukhtar cited in ibid, p 21. Both Earl and
 
Mukhtar made generous allowances for illegal, unrecorded charcoal production in

their calculations, with Earl assuming that 90 per cent of total production 
went 
unrecorded, and Mukhtar assuming 92 per cent. In spite of these allowances, their 
production estimates were little more than 20 per cent of the figure produced by the
NEA from extrapolations upon household consumption survey results. 
51 National Energy Administration, Sudan National Energy Assessment: Annex 1, 
note (3), Table IV-20, p 92. 

Chapter 6 
1 These projects included now defunct work on improved stoves by the Sudan
 
Council of Churches in the Nile Province, and by Norwegian Church Aid
 
in Equatoria; and ongoing efforts by CARE, in Kordofan, and ACORD, in

Equatoria. The CARE and ACORD projects are discussed in greater detail later in

the text. As stated in the text, none of the above programmes succeeded in
 
establishing independent production and distribution of new stove designs before
 
the initiation of SREP's stove programme.
 
2 See Nasr El Din, p 2.
 
3 lbid, p 2. 
4 Ahfad's founders were especially concerned about female circumcision in Sudan, 
a widespread and growing practice that was regarded as one of the major sources of 
female health problems. They hoped that the college would provide a forum where 
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such matters could bc discussed openly and frankly, without the pressures and 
prejudices of family members and neighbours. The college later broadened its 
curriculum to include such subjects as home economics, nutrition, psychology and 
child development. 
5Nasr El Din, p 2. 
6 Nor did the ERC ask these questions in subsequent field trials, although, in 
retrospect, they probably could have provided useful information. Since the 
author's departure from Sudan, the ERC has undertaken extensive new field 
survey work, in order to obtain more ideas from household users on how the stoves 
programme can be improved. These new studies were the result of recommend
ations of the consultancy on charcoal stoves marketing, to be discussed later in this 
chapter. 
7 Author's own notes, based on conversations with Nasr El Din and Majoub about 
the methodology of their field research in their 1980 and 1983 studies. To be fair to 
them and the Ahfad/University of Khartoum stoves programme, their methodo
logical problems were shared by other renewable energy studies undertaken at that 
time. The ERC and University researchers were well trained in the technical 
aspects of the technologies they studied, but received little training in survey 
technique, or in the general social and economic background of their work. 
8 In one conversation involving the author, a representative of GIT, and other 
project staff, a professor from the University of Khartoum stated that people 
without engir.eering PhD's were not qualified to pursue work on stove improve
ment. To be fair, such professional elitism was the norm, rather than the exception, 
among Sudan's senior academics and civil servants. 
9 It was only much later in the development of the stoves programme that any
Sudanese women became directly involved in stove construction. The desire of 
Mary Clarkin, a woman Peace Corps volunteer, to make stoves, and her partici
pation in an SREP producer training workshop, encouraged other women SREP 
staff to take up hammers and tin snips and to participate in this part of the project. 
10 The international standards are those contained in the testing methods described 
in VITA, Testing the Efficicncy of Woo--' 3urning Cookstoves: Provisional Inter
national St'indards (Arlington, VA: VITA, 1983). The ERC programme did not 
follow these standards, although it possessed the VITA publication, for several 
reasons. Its immediate need was to determine whether the University of Khartoum 
new stove design was thermodynamically superior to traditional stove designs. A 
perfectly sound experimental technique to mL.sure efficier.cy had been developed
by the University, and switching to the VITA methods, particularly multiple-test 
system (involving actual meal preparation and home trials), would have taken 
much additional time and training. Also, although the VITA methods required
only simple laboratory equipment, some of this equipment was not readily obtain
able in Sudan. Considering these factors, the ERC decided to continue using its old 
test methods, and to adopt the VITA procedures at a later date. 
I In any case, the ERC's efficiency measures from its experimental method 
averaged 24.5 per cent, and subsequent measurements using VITA international 
procedures at Kenyatta University, Nairobi, gave an average efficiency of 24.1 per 
cent, an insignificant difference. See Maxwell Kinyanjui, Consultant's Report on 
SREP Charcoal Stoves (Kenya: Energy/D( "elopment International, May 1984), 
p4. 
12 See Fadia Majoub, and Ali and Huff, p 6. 
13 Such problems included seasonal fluctuations in demand, multiple sources of 
supply (several household members gathering or, in this case, buying fuel, or gifts
from neighbours), various end uses (cooking, ironing, washing), and physical
difficulties in precisely weighing fuel used. A useful discussion of these methodo
logical issues is found in Michael Howes, pp 118-130. 
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14 Some stoves suffered from broken pot supports, caused by poor spot welding

where these were joined to the charcoal holder, and others were not properiy

assembled, so that attaching and removing the charcoal holder from the main stove
 
body (for loading and clcaning) was difficult.
 
15 One researcher quit the project midway through the field trial, and the remain
ing Ahfad women had to cover her survey area as best they could to complete the
 
data collection.
 
16 In the end, only a tiny fraction of the information collected, that concerning

consumption figures, was tabulated, with much other information filed away, 
 as 
staff turned to new technology development issues. No extensive report on the field 
test was ever completed. This was unfortunate, but the discontinuation of this work 
freed staff to play important roles in technology promotion and dissemination 
operations. Descriptions of the field test and some of its data can be found in Nasr
El Din, Improved CharcoalStove Project, and Ali and Huff, pp 7-10. 
17 Ali and Huff, p 9.
 
18 Author's journal, 1 December 1983.
 
19 See Hyman for a good general description of this programme. In the author's
 
opinion, Hyman's article gives insufficient credit to data and observations provided

by the staff of the Kenya Renewable Energy Development Project, which admini
sters the stoves programme.
 
20 Ali and Huff, p 12.
 
21 See Kinyangui (May, 1984), p 7.
 
22 The general strategy of this dissemination effort is found in Ali and Gamscr (11

April 1984).
 
23 Ali and Huff, p 18.
 
24 Kinyanjui (September 1984).

25 See ERC Dissemination Unit (3 October 1984). This plan included a schedule of
 
all activities, and assignment of specific staff responsibilities for the execution of the
 
workshop.
 
2.6 See ERC Dissemination Unit (November 1984).
27 See ERC Dissemination Unit (December 1984, pp 5-6 and January 1985), p 1,

for details concerning awards ceremonies and media coverage.

28 ERC Dissemination Unit (January 1985), p 1.
 
29 Clarkin (February 1985), p 30.
 
30 ERC Dissemination Unit (December 1984 and January 1985).

31 See Tapp (September 1984), pp 40-41.
 
32 See Kinyanjui and Gamser, 'Trip Report: El Obeid - CARE Improved Stoves
 
Program, 25-26 September 1984,' Khartoum: September 1984; and Kinyanjui and
 
Gamser, 'The CARE El Obeid Stoves Project: Some Technical Observations,'
 
Khartoum: September 1984.
 
33 See ibid,and Kinyanjui (December 1984). The latter reference contains updated

information on the programme from Kinyanjui's second visit to El Obeid that 
December. 
34 See Kinyanjui (December 1984); and Tapp (6 May 1985), pp 1-2. 
35 Se2 Gaafar El Faki Ali and Matthew Gamser, 'Report: Field Trip to El Obeid,

11-12 December 1984,' Khartoum: 13 December 1984.
 
36 CARE's follow-on grant proposal was contained in Tapp, 'Grant Proposal,'

Khartoum: 6 May 1985. The ERC awarded CARE this grant on 27 June 1985.
 
37 ACORD was awarded a grant of LS 1000 on 12 March 1985.
 
38 A grant of LS 6198, awarded 14 April 1985.
 
39 A grant of LS 55,055 awarded 18 May 1985.
 
40 The FAO project involved was the 'Fuelwood Development for Energy in
 
Sudan' project, sponsored by the government of the Netherlands and the FAO.
 
41 Personal communication from the ERC Director, Dr El Tayeb Idris, 17 March
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1986 - because of unsatisfactory progress, the CFA grant was terminated upon

expenditure of the first tranche of funds (LS 20,0()).

42 See Kamal and Tyndal, pp 1-2.
 
43 The depression in production in and around June 1985 isdue to the Ramadan

fasting period, during which time all production in Sudan isseverely depressed.

44 This isa best estimate. The NEA NationalEnergy Assessment statistics indicate
 
that there are 246,0X) households in the Khartoum area. ERC staff personal

experience has been that almost all Sudanese (as opposed to expatriate) homes in

Khartoum have at least one charcoal stove, and that the average traditional stove
 
lasts less than one year before it has to be replaced. The figure of 130,000 stoves is

based upon the conservative estimate that half the households in Khartoum will

purchase at least one new 
stove per year. No formal data about stove sales is 
available. 
45 Personal communication, Arthur Brown. Brown's consultancy report for SREP
has yet to be published, largely because modifications suggested during his second
visit to Sudan in January-February 1986 were not completed before the disruption
of project activities by the American staff fromevacuation of assistance the 
country.
46 Georgia l,,.titute of Technology, Sudan Renewable Energy Project: Third
Annual Report to USAID Khartoum (Khartoum: GIT, November 1985), p 3. Its
figures are based on the original University of Khartoum field test results, seen in 
Table 6.1. 
47 Since the author's departure from Sudan the ERC has carried out a major
household stove user survey, in order to acquire more information from consumers. At the same time, it has continued its stove monitoring efforts, involving
interviews with producers and distributers to keep informed as to the activities and 
opinions of these other technology users. 

Chapter 7 

1 Muna Ahmed Yassin, p4. Yassin's report provides an excellent discussion of the

ambiguities and internal inconsistencies contained in these laws, which have been a
 
source of great difficulty for natural resource management in Sudan.
 
2 Director of Forests, personal communication.
 
3 Ibid. The Sudanese fiscal year was 1 July-30 June until the declaration of its

transformation into an Islamic Republic in September 1983, at which time the

nation moved partially to an islamic calendar year, and partially retained the old

fiscal calendar. This caused great confusion in the national planning and finance

sphere, which has not been completely resolved to this day. The ERC, for its own

planning purposes, retained the July-June year.

4 Those who participated in the meetings of this advisory group were: Dr M 0 El

Sammani and Dr M Khoghali, Institute of Environmental Studies, University of
Khartoum (sociologist and geographer, respectively); Mustafa Suleiman, Pastures

and Range Management Department, Ministry of Agriculture; Dr Babiker A El
Hassan, Forestry Department, University of Khartoum; Abdel Aziz Bayoumi,

Desertification Control and Prevention Unit; Hamza Homoudi, 
 National Energy
Administration (later ERC Fore-try Advisor); Dr Hassan Musnad, Dr Ahmed ElHouri, and Dr Hamza El Amin, Forest Research Centre, Agricultural Research
Corporation; Hannafi Obcid, Central Forestry Administration; Zein Ramadan,
Central Forestry Administration; Kamal Osman Khalifa, Central Forestry Admini
stration and Sudan Council of Churches (now Director of Forests, CFA); Haj Meki
Awoda, Gum Arabic Corporation; and Gaafar El Faki Ali, National Energy
Administration (later ERC, Assistant Coordinator of SREP and Head, Dissemin
ation Unit). 
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5 Formal articulation of the multi-faceted ERC programme was contained in
Energy Research Council, Advisory Committee on Forestry/Fuelwood Production,
'Report to Technical Committee on Fuelwood/Forestry Programme Development,'
Khartoum: 2 October 1983, which was reviewed and approved by the Technical
Committee in its meeting of 16 November 1983. The ERC later refined its strategyin its 'Agroforestry Strategy' policy memorandum (Khartoum: February 1984).
6 Abdel Aziz Bayoumi, 'The Role of Irrigated Agriculture Schemes in Combatting
Desertification,' in Mary Clarkin (October 1985), p 29.
 
7 Ali and Sid Ahmed, p 118; and Bayoumi.

8 Ismail, pp 52-53.
 
9 Ali and Sid Ahmed, p 118.
 
10 Bayoumi, p 26.
 
11 Ibid, p 25.
 
12 fbid, pp 23, 27.

13 Foresters voiced this belief in their dominance of the discussions following the
 paper presentations in the AFTAH Conference 
 (to be discussed later in this
chapter), but the conference also provided a forum in which agriculturalists challenged the notion that they are inherently 'anti-tree'. See brief minutes of discussions found in Clarkin, ed., pp 91, 132-133. Discussion of he progress of the Seleit:,'heme grant project later in the chapter also belies tie foresters' notion that
agriculturalists obstructed afforestation measures.

14 See Homoudi and Gamser (18-21 November 1984). Assistance to regional
forestry efforts from the Sudan 
 Council of Churches in 1981-1985 helped these
projects to progress while much Gezira province work was in decline. However, thecompletion of the SCC aid programme left the regional authorities with insufficient
materials and funds to sustain the projects. Recent ERC grant support to the region

may help to prevent further degradation, and encourage new afforestation efforts.
15 The Seleit Scheme was awarded LS 42,365 on 15 November 1983. A follow-on
 
grant of LS 25,050 was awarded on 22 January 1985. It is the author's understanding that a further grant of LS 20,000 was awarded in April of 1986. The declining

amounts of the grants reflect the Seleit Scheme's growing assumption of financial
 
responsibility for the successful forestry efforts.
 
16 Hamza Homoudi, personal correspondence, 26 March 1986.

17 It is difficult and potentially misleading to make direct comparisons between the
work at Seleit and forestry in schemes such as Gezira, because different environ
mental conditions, cropping patterns and the varying scales of these operations

create somewhat different work contexts. Moreover, the Gezira scheme is made up
of a large number of smallholder plots controlled by a central board, while the
Seleit scheme has no 
tenant farmers, consisting entirely of centrally-controlled
mechanized cereal and vegetable cropping. In addition, the two-year old Seleit
forestry project has another four years before its first harvest of its woodlots, as
well a- a planting programme that may or may not proceed according to the patternof the past two years, which make its total benefits to the overall scheme uncertain.
Nonetheless, the progress of forestry work on the Seleit Scheme has greatly
impressed both foresters and agriculturalists in Sudan.
18 'Standing timber' refers to growing stock (trees) sold while still in the ground. Insuch purchases the buyer is obliged to carry out all harvesting operations, and tobear all the expenses of such. The Guneid sale prices were provided for the author
in a personal communication from Hamza Homoudi, 26 March 1986.19 Seleit's initial enthusiasm for the project has been described in an earlier section.In 1985 the corporation changed directors, which could have altered its support forthe project. However, the new director, after viewing the work to date, became assupportive as his predecessor. His report on the project belies Bayoumi's pessi
mistic description of agriculturalist's attitude to forestry: 
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the demands of the human population on forests, rivers, agricultural land and so 
forth are increasing while the supplies from the natural resources are often used 
unwisely. For example: trees which control soil -rosion and help land to retain 
moisture and fertility are cut down excessively. Therefore, the demand for this 
resource should be irt by planting trees. So, like other countries around the 
world Sudan is now trying to solve these problems and take steps to stop the 
incorrect use of its natural resources. One of these steps is the incorporation of 
tree planting in big agricultural projects. One of these big agricultural projects is 
the Seleit Scheme. (Mustafa Bedawi Bashir, 'A Note on Seleit's Reforestation 
and Shelterbelt Programmes,' in Clarkin, ed., p 80). 

It is doubtful that Bayoumi could have written a more impassioned plea for the
 
cause of forestry himself, but these words come from an agriculturalist.

20 A more detailed description of the project can be found in Tapp (1984), p 24.
 
21 Ibid, p 24. Note that Tapp poims out that the UN project did not establish a
 
sound monitoring apparatus to confirm whether its seedlings distributed to farmers
 
survived or perished. This point is important in light of the observations of the
 
project's problems to follow in the text.
 
22 See Bradford et al.
 
23 See ibid.
 
24 See ibid.
 
25 This point is also made in Tapp (1984), pp 25-27.
 
26 El Sammani el al, pp 4.3-44.
 
27 An additional confusion was presented by the 'proposal' developed by the El
 
Sam'nani team, which had visited the area and recommended that the ERC
 
consider initiating a project in Um inderaba. This 'proposal' (which, in the ERC's
 
sense, it was not, as it did not come from the village itself), contained a basic
 
description of a million dollar project for the village, including new buildings,

several vehicles, and irrigation works. The team had talked to the villagers about 
these development ideas, so the ERC team's subsequent discussion of a far smaller, 
village-devised and implemented effort, contradicted the earlier message. The 
proposal is contained in ibid, pp 39-68. The confusion and ire that resulted from 
the ERC's different, grant-based conception of village forestry, is chronicled in 
Bradford et al. 
28 See Bradford et al. 
29 An ERC grant of LS 10,5(X) was awarded Um Inderaba on 18 March 1984. 
30 See Homoudi and Gamser (February 1985). 
31 The technical potential of Acacia senegal for multi-product exploitation is well 
described in National Academy of Sciences (1980), pp 102-103. 
32 See Bradford, pp 7-9. 
33 Adams (31 March 1985). 
34 See El Tahir. 
35 Georgia Institute of Technology, Sudan Renewable Energy Project: Third 
Annual Report, p 5. 
36 See Hassan and Gamser.
 
37 Gamser (August 1984).
 
38 See Adams (September 1985).
 
39 Gamser, 'Notes from 21 August 1984 Discussion'.
 
40 See Adams (September 1985).
 
41 ERC Advisory Committee on Forestry/Fuclwood Production, 'Report to Tech
nical Committee'.
 
42 Moghran nursery was awarded a grant of LS 64,450 on 15 January 1984 (the
 
largest single REDG grant); and Soba nursery was awarded a grant of LS 45,940 on
 
4 April 1984.
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4.3 Personal communication, Hamza Homoudi, Khalafalla Sid Ahmed and Jim 
Adams (ERC foresters).

44 Personal communication, Brad Tyndal and Mary Clarkin of the Dissemination
 
Unit, July 1985, and subsequent personal communication from Jim Adams, 6
 
March 1986.
 
45 Bayoumi, Khalifa and Saleem; El Hassan, El Sammani, and SLliman; ERC
 
Dissemination Unit (June 1984).

46 Sid Ahmed; and Ali and Sid Ahmed, pp 115-131.
 
47 Earl (1985).
 
48 See, for example, Mahmoud, p 29; and Tyndal (July 1985), p 42.
 
49 Tyndal (March 1985), p 3. 
50 Ibid, pp 8-9. 
51 Energy Research Council (February 1985).
52 The Blue Nile farmer, El Daw Idris, received a grant of LS 750 on I May 1985;
and Markha Awaj Ed Dareb village received a grant of LS 15,000 on 21 August
1985. The PLAN proposal was considered after the author's departure from Sudan. 
53 ERC, Basic Tree Nursery Techniques, p 6. 
54 Clarkin (October 1985), p iii. 
55 See Homoudi and Gamser (June 1985). 
56 See El Lakani, pp 43-48. 
57 See AFTAH discussion notes in Clarkin, ed, pp 132-133. 
58 El Tayeb Idris, pp 136-137. 
59 Georgia Institute of Technology, Monthly Reports: SREP, September and 
November 1985; January 1986. 
60 Homoudi, personal correspondence, 26 March 1986. 
61 Ali and Sid Ahmed, pp 120-121, 128. The author has adjusted their figures to 
remove Northern Region contributions. However, the demand figures, based on 
National Energy Administration household survey extrapolations, may be high
(see discussion of the problems of these figures at the end of Chapter 6), so the 
potential contribution could be much greater than even Ali and Sid Ahmed 
suggest. 
62 For information on the actual increases in crop performance obtained in 
Egyptian shelterbelt trials, see El Lakani, p 47; and Heikal et al. 

Chapter 8 

1 Kanter, pp 34-35.
 
2 Peters and Waterman, p 12.
 
3 Richards, IndigenousAgriculturalRevolution, p 12.
 
4 FAO, Tree Growingby Rural People, p 2.
 
51bid, p31.

6 The problem of academic 'professionalism' in itself constituting a negative influ
ence on technology development, through erecting barriers to R &D-user interac
tion, is discussed in a thought-provoking work by Robert Chambers (December
 
1985).
 
7 Kanter, p 64.
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