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A SHORT GUIDE-LINE FOR THE READER 

A thesis of well over 300 pages requires at least an attempt 
to justify its volume. The justification lies in the essence of the 
character of the study undertaken: the confrontation of a Technology 
Assessment instrument, developed largely on basis of theoretical 
considerations, with the reality of a field case in the cane sugar 
industry in western Province, Kenya. 

chapter 1. sets out to outline the necessity to assess the effects 
of modern technologies on the living standards of people in 
developing countries and formulates the specific goals of technology 
assessment in this context: 
- satisfaction of human needs: 
- maximum employment: 
- wise use of resources and the environment; 
- more opportunities to employ appropriate technologies: 
- an own development strategy out of dissatisfaction with 

the existing situation and the development aid given. 
In view of these goals a technology assessment instrument focussing 
on the "aims-tools-impacts• principle is developed step by step. 

Chapter 2. prepares the ground for the confrontation with reality by 
describing the Kakamega district in Western Province, Kenya. 
Its geography, climate, people and, above all, its sugar industries 
and related technological practices. 

Chapter 3. deals with the confrontation itself: the practical 
application of the instrument developed and described in 
chapter 1. 

It contains the bulk of the thesis and puts the patience and 
perseverance of the reader to the test by painstakingly describing 
and analyzing the collection and application of data for and in the 
various steps in the "aims-tools-impacts• cycle. It should be born 
in mind that many of the data required were not easily available -
a common situation in most developing countries - and had to be 
collected by means of surveys. A technology assessment study stands 
or falls with the reliability of the data collected and used and the 
possibility for the users of the study to get to the bottom of the 
elements underlying the final recommendations. 
In this fact lies the justification of the elaborate character of 
chapter 3. 

A technology assessment instrument largely designed on basis of 
theoretical considerations is bound to require adjustments after 
being put to the test in a field case. Chapter 4. presents these 
adjustments. 

Readers not too much interested in the host of details related to 
the practical application of the instrument can confine themselves 
to reading chapters 1. and 2., the paragraphs on impact analysis and 
evaluation (3.7.) and policy analysis (3.8.) of chapter 3. and, of 
course, chapter 4. 
This is neither to their credit nor to their discredit, although it 
deprives them of the possibility to become acquainted with what is 
perhaps the most tedious task of the technology assessment 
researcher: the collection, interpretation and analysis of field 
data. 
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SUMMARY 

In the light of the often disappointing results of the introduction 
of modern technology in developing countries, the question is put 
whether the techniques used to analyze technological projects are . 
adequate. Technology Assessment (TA) has great promises to become :a 
better instrument than conventional techniques such as cost-benefit 
analysis and feasibility-studies. 
So far, however, the applicability of TA in the context of developing 
countries has not been established. This is due to the specific 
problems related to the execution of a TA-study in developing 
economies and the fact that so far, little or no practical experience 
in these countries has been gained. 

In this thesis a TA model is developed that meets, as much as 
possible, the specific demands related to policy formulation in the 
context of technology and industry development in developing economies. 
In this respect two central issues are at stake: 
- the necessity to consider the aims of all parties concerned in the 

decision taking process and the feed-back of the impacts originating 
from the technologies introduced to the aims; 

- the consideration in the process of all available and emerging 
technologies. 

To avoid only a theoretical contribution to the development of a 
TA-instrument for developing economies, the instrument is put to the 
test in a field case, starting from the hypothetical assumption that 
Western Province in Kenya can absorb new sugar cane industries. 
The aim of the TA research is to inventorize the various policy 
options and to guide the choice process. 

The study is based on existing sugar technologies in Western Pro~ince 
of different scales: ' 
- a large scale vacuum pan industry; 
- a medium scale open pan sulphitation industry; 
- a small scale •jaggery• industry. 
This makes it possible to collect and use real data and to test ~he 
practical applicability of the instrument in practice. In additidn 
data become available that are relevant to Kenya's policy with respect 
to existing and new sugar industries. 

In chapter 1. a model of an instrument is developed and described step 
by step, leading to an •aims-tools-impacts• cycle. The various steps 
in this cycle get their fixed place as well as the feed-back points 
necessary to introduce the dynamic and cyclic element. 

Chapter 2. justifies the choice of the field case and describes the 
environment in terms of geography, climatology and society. 
In addition a detailed description is given of the existing sugar 
technologies of various scales. 
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The practical application of the developed instrument is dealt with in 
chapter 3. The methodology for the collection of data is tested and 
the use of certain data and choices leading via a weighing process to 
policy preferences justified. 
In the practical application, various steps can be distinguished and 
the most important ones are briefly mentioned. 
The first step consists of defining the aims of the different parties 
involved. By doing this also the scope of the study is set. 

In the technology description and forecasting an inventory is made of 
the various technological options, they are weighed and relevant 
future technological developments are scanned. 
For this purpose the following distinction is made: 
- agricultural technologies for the production of sugar cane; 
- transport technologies for transporting the harvest; 
- processing technologies for the production of cane sugar. 
The description of the socio-economic environment is based on 
institutions and distinguishes between political, kinship, religious, 
socialisation and communication institutions. 

The possible impacts originating from the introduction of new sugar 
technologies are reviewed by evaluating the existing technologies. The 
socio-economic impacts are many and they can only be properly assessed 
after weighing in an impact analysis and evaluation. 
This impact analysis and evaluation makes use of the •multi-criteria 
mixed data analysis• method. This method, by means of a sensitivity 
analysis, makes it possible to test the assessments of the various 
parties involved and to trace critical assessment points. 

The possible points of departure of the parties involved in 
negotiations leading to a final assessment are indicated, as well as 
the effects of shifts in appreciation of the various impacts on the 
final assessment. In case of the hypothetical study and with the 
method employed, it is well possible to formulate policy guide-lines. 
In the policy analysis, at the end of chapter 3., three technological 
options are compared: 
- 1 vacuum pan factory; 
- 1 vacuum pan factory and 4 open pan factories; 
- 1 vacuum pan factory and 10 open pan factories. 
This comparison takes place on basis of the following critical 
elements: 
- effectivity; 
- technological efficiency; 
- economical efficiency; 
- distribution of costs, risks and returns; 
- flexibility; 
- implementability. 
on basis of the comparison a choice is made for the construction of 
l vacuum pan factory and 10 open pan factories. 
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The application of the TA instrument in a field study, 
in chapter 4., leads to a number of adaptations, 
The most important adaptations concern the addition of fixed 
consultation points in the "aims-tools-impacts• cycle ,for the parties 
concerned. 
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CHAPTER 1. 
REVIEW OF THE TECHNOLOGY ASSESSMENT INSTRUMENT. 

1.1. INTRODUCTION 

1.1.1. THE CONCERN FOR A TRUE COMMONWEALTH 

When Thomas More published his famous book 'Utopia' in 1516, he 
described an ideal state in which all material prerequisits were 
available to reach a true commonwealth. He introduced us to a 
perfectly civilized society, where peace reigned and every form of 
injustice had been banished from the social system. 
People were neither unemployed nor overworked and everybody's needs 
could be fulfilled. 
The aims of the development effort over the past two decades show an 
amazing similarity with More's account of a true commonwealth: a 
decent life for all inhabitants of this world. A life in which 
peace, safety and fair political and economical relations are being 
guaranteed. 
The nearly five centuries that separate us from More, and more than 
two decades of development efforts have however brought humanity 
only partially nearer to a true commonwealth. Poverty and hunger are 
still the unwanted companions of a large section of mankind, the gap 
between the rich and the poor widens and the developing countries 
owe more money than ever to the industrialized nations. 

Since the days of More, the purposeful use of science in all fields, 
with in its wake the revolutionary development of technology, has 
brought an undreamed increase in living standard for hundreds of 
millions of people, particularly in the industrialized countries. 
Science and technology in these countries became the trade marks of 
progress, bringing a decent life for most within reach. 

In the past decades, however, it has become more and more apparent 
that the utilization of modern technology for all its tremendous and 
undeniable contributions to the improvement of living conditions, 
has also caused negative effects in various fields. 
The detrimental effects of certain technological actions on the 
environment for one are recognized by many in the industrialized 
countries. In an effort to avoid the negative effects as far as 
possible and to create a possibility to weigh negative and positive 
effects, various evaluation tools were developed. Technology 
Assessment (TA) is such a tool and has been employed in 
industrialized countries with varying degrees of success since the 
early seventies. 

The overall positive effects of modern technology on the living 
standards of the majority of people in industrialized countries 
cannot be denied, but what about the effects in developing countries? 
Here the benefits of modern Western technology have so far been of a 
more dubious nature. 
Since the early sixties, many ambitious and well-meant technical 
development projects failed or after some time showed negative and 
often unintended and unexpected impacts. 
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The often promising use of modern technology has so far not been 
able to provide the majority of people with sufficient possibilities 
to satisfy their basic needs. 

The question whether or not Technology Assessment in developing 
countries can contribute to a better choice of potentially valuable 
technologies can, in our opinion, be answered in the affirmative. 
Technology Assessment however was developed in the context of' the 
industrialized world and as an evaluation tool for development 
projects in Third World countries it will require significant 
adjustments. 

1.1.2. TECHNOLOGY ASSESSMENT: NEITHER NEUTRAL NOR OBJECTIVE. 

Technology Assessment is exactly what the words say: the assessment 
of technology. In the case of Technology Assessment for development 
projects, this can be the assessment of technology developed by' the 
developing countries themselves or the assessment of technology 
transferred from one society to another. In order not to confuse 
concepts from the start, it is necessary to define what exactly is 
meant by technique, technology and technology transfer. 
Technique is the complex of processes and actions necessary to 
manipulate means in order to achieve certain goals in the field of 
arts, industry, applied exact sciences, etc. Or, in other words, the 
processes and actions necessary to make nature subservient to man. 
Technique is the manner of execution or performance in relation to 
formal and practical details and applied to e. g. the arts ilt is 
mechanical rather than creative. 

Technology is the formalized, standardized and systemized theory of 
the principles of the technique in a given society. Technology is an 
integral part of the technological institution of a society.' This 
institution can be described as the collective, standardized! and 
stabilized behaviour of the social system in relation to the ways 
and means by which the societal needs can be fulfilled. The ways and 
means include the entire complex of tools, raw materials, 
technologies, organisations, etc. , 
Each society has its own ways and means by which the societal ~eeds 
can be fulfilled and this makes the transfer of technology from one 
society to another not without problems. 
Our study deals with this type of transfer. 

Since the introduction of Technology Assessment by Daddario in 1967 
the concept has been subject to several minor and some major changes 
and there has never been a world-wide consensus about the definition 
of TA. A recent inventory of the different interpretations of TA, 
its contents, goals and institutions, is presented in the pape~s of 
the European Congress on TA held in Amsterdam, The Netherlanqs, in 
1987. 
From these papers one can only conclude that it is impossible to 
arrive at an internationally accepted definition of TA and the 
suggestion is made to define TA only in relation to a specific case. 
That exactly is the purpose of this paragraph. Before attemptf:ng to 
define the TA-variant used in this specific study, it is hdwever 
necessary to deal with some of the recent changes and developments 
related to the concept of TA. 
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Smits (Smits et al, 1987a, p. 8.23) distinguishes two broad 
conceptual categories: a "traditional" and a "new" concept. The 
"traditional" concept is strongly scientifically orientated and 
expects much from field research. 
It contains a deterministic view on technological development and a 
rational view on decision taking. TA is seen as an instrument in the 
policy and decision taking process. The "new" concept is less 
scientific and decision makers and e.g. pressure groups have a 
greater contribution. Technology is no longer seen as deterministic 
and TA and decision taking processes are linked. 

The conceptual change appears to stem from the difficulties 
experienced when trying to execute TA-studies according to the 
"traditional" concept. 
The following factors are important in this context 
(Smits et al., 1987b, p. 19): 
1. it appeared more difficult than expected and occasionally even 

impossible to obtain relevant and reliable information regarding 
future technological developments; 

2. TA proved to be neither objective, neutral or unbiased and was 
clearly influenced by political and normative factors; 

3. the decision taking process with respect to future technologies 
turned out to be anything but a rational, sequential process. 
Instead it proved to be rather diffuse and hard to be influenced 
by TA·studies; 

4. TA-information appeared to be used more in a conceptual than in 
an instrumental way. 

This analysis by Smits, Leyten and Geurts of the conceptual shift of 
TA, led to a new view on TA. In this view, TA is no longer seen as a 
study but as a process consisting of an analysis of technological 
developments and their consequences and a discussion resulting from 
the analysis. The aim of TA in this view is to generate information 
that helps those involved to determine their strategic policy on 
technological developments and facilitate defining topics for 
further TA-research (Smits et al., 1987b, p.p. 19-20). 
From a new scientific discipline, TA moves in the direction of a 
political tool. The interpretation given by the Dutch government to 
the conclusions of Smits, Leyten and Geurts underlines this shift 
(IWIS-nota, Den Haag, 1984). 
Emphasis is put on opinion forming, regulating and coordinating the 
involvement of various societal groups in the policy making process 
in order to facilitate and regulate the introduction of new 
technologies in the society. This attitude coincides with the new 
trend to call for Constructive Technology Assessment. 
Constructive Technology Assessment appears to advocate to make any 
technological development legitimate and to prepare society with as 
little upheaval as possible for the new things to come. 
The idea that TA should be as objective as possible and take into 
account both negative and positive effects is by and large left. The 
concept of Constructive Technology Assessment is not new and similar 
ideas have been expressed in Medford's work "Environmental 
Harassment or Technology Assessment" (1973). 
In this work Medford warns that TA should not lead to a frustrating 
delay of technological research and development. So far however 
there is little evidence of such frustrating delays and TA has 
seldom proved to be "destructive". 
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Although Smits does not advocate the Constructive Technology 
Assessment, his definition of TA shows a certain amount of pessimism 
with respect to the original idea of objectivity. 
This type of pessimism can even go further and Rip (Rip, 1987) 
reduces the role of TA to merely a study in which information is 
gathered about technological processes, including decision taking 
processes. 
His concept however has the advantage of not necessarily paying lip 
service to the policy makers in order to make the TA study more 
directly applicable. There is a major shift from instrumental to 
conceptual influence and a slight shift from policy instrument back 
to scientific discipline. 

After this intermezzo it is possible to clearly define the character 
of the present TA study. Its major goal is to investigate the 
possible advantages of using TA in the context of the technological 
activities in developing economies and to investigate nece~sary 

adjustments. 
The idea to apply TA in developing economies started from the 
traditional concept. 
The four factors that played a role in the conceptual change 
mentioned by Smits, see before, are only partly relevant to 
developing economies. 

ad 1. 
In developing economies future technologies only play a minor role 
and information regarding existing and emerging technologies ern be 
obtained relatively easy. 

ad 2. 
developing economies we share Porter's opinion 
or any other evaluation study cannot be fr.ee of 

In the context of 
that a TA study 
values. 
When a technological action in the assessor's society is eva:Uuated 
without explicitly paying attention to the values involved, all may 
in the end work out well, because the assessor will unwittingly use 
the dominating values of his own society. When such a technolqgical 
action is assessed in a society alien to the assessors, s~rious 
problems are bound to occur. ' 
As long as TA is used only for a systematic weighing of means and 
goals it can be rational, objective and neutral. Neutrality is 
endangered if the assessor's values play a role in the process and 
therefore objectivity should be preserved as long as possible. 1 

Sooner or later however one arrives at a point where objectivity is 
virtually impossible and the best one can do is to make the 
subjective choices explicit. 
Rationality is a prerequisite for a TA study, like for anylother 
scientific study. Even if the execution of a TA-study is neutr•l or 
objective, the tool of TA is neither one nor the other. In essence, 
TA is a tool to choose between various value-loaden policy options, 
including the often unpopular "no-go" one. 

ad 3. 
In industrialized countries technological development is still seen 
as a more or less autonomous process, taking place beyond the sphere 
of influence of the government. 
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This phenomenon is often even considered an essential element of the 
free market system advocated by these countries. Decision taking 
with respect to technology policy is therefore diffuse. Although 
this by and large is true too for developing economies, certain 
distinct decision taking points can often be indicated. The latter 
is related to the fact that most developing economies are engaged in 
an economic "catching up" exercize and that the technology and 
industrial policy is dictated by the government and not left to free 
market mechanisms. 

ad 4. 
Because of the nature and tradition of decision taking processes in 
developing economies, TA until now only played a conceptual role. An 
instrumental role is however not per definition impossible or 
undesirable. 

The most important task for TA in developing economies is to trace 
those technological developments that can significantly and 
effectively contribute to the formulated development goals. To be 
successful in this respect TA has to gain influence in the political 
development process and ways and means will have to be found to 
increase the influence of the various societal groups on the 
technological developments taking place in their immediate vicinity. 
Apart from the above, the factors that led to a shift in the TA 
concept in the western context are not valid in this context. 
Therefore there appears, for the time being, to be little need to 
change from the "traditional" to the "new" concept of TA. 
So far, few if any "traditional" TA studies have been carried out in 
developing economies and it is therefore essential that practical 
experience is gained. This is the main purpose of the study at hand. 
It goes without saying that in the process of applying the 
"traditional" TA concept to a case, modifications may be necessary. 
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1.1.3. TECHNOLOGY ASSESSMENT IN RELATION TO OTHER EVALUATION 
TECHNIQUES. 

Technology Assessment is by no means the only technique to evaluate 
and forecast the effects of technological action. 
Figure 1.1. compares the following five most common 
techniques with respect to the effects studied and their 
time: 
- cost-benefit analysis; 
- feasibility study; 
- Environmental Impact Assessment (EIA); 
-Retrospective Technology Assessment (RTA); 
-Technology Assessment (TA). 

Figure 1.1 
Comparison of the five most common 
evaluation techniques. 
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evaluation 
place in 

In principle all five techniques can be employed for the evaluation 
of development projects, but the cost-benefit analysis and the 
feasibility study are used most at present. 
The cost-benefit analysis is usually an indispensable part of 'other 
techniques and its name is indicative: it implies an empha$is on 
weighing economic factors and only those effects are taken into 
account that can be expressed in economic terms and values. The 
technology involved is viewed as a black box of which only the 
measurable in- and outputs are relevant. The scope of a feasibility 
study is wider and includes economic as well as production a~pects 
and occasionally even sociological and cultural impacts. 
Technology is no longer seen as a black box and its various 
components are described. 

Lately people have become increasingly aware of the importance of 
non-economic and non-productional effects. Among the most prominent 
non-economical effects are the environmental ones. 
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The Environmental Impact Assessment (EIA), an evaluation technique 
institutionalized in the U.S. by the National Environmental Policy 
Act of 1969, in theory covers a broad field of study and treats the 
natural and human environment, the latter in terms of economic costs 
and benefits, as well as social and aesthetic considerations. 
In practice this freedom is rarely used and the technique primarily 
deals with the biological and physical aspects of the natural 
environment. 
The assessor in a Retrospective Technology Assessment (RTA) study 
starts from a given point in the past and forecasts impacts from 
technological events at that time. The entire range from economical 
to cultural impacts is covered. RTA is designed to enhance the 
development of the more comprising technique of TA. 
Since the consequences of technological events occurring in the past 
are already visible, through RTA, the impacts predicted by TA 
methods can be compared with known facts. In this way, much can be 
learned about TA and the methods can be put to test. 
Technology Assessment, the subject of our study, rapidly developed 
when people in industrialized countries also became aware of the 
importance of non-economic effects of technological actions. 

The wish to control and direct technology development, e.g. in the 
field of space technology, brought Daddario (1967) to the suggestion 
to employ a TA technique to forecast the effects of future 
technologies. The technique was to cover as many aspects as possible 
and to put the decision takers in a position to judge the effects 
involved. 
TA was to have no limit in effects studied and, if necessary, to 
cover decades from the time the first effects were to become 
apparent. A tool used for new technologies only, future-oriented and 
with a long term scope. 
In time however the scope became more limited and TA studies 
focussed not only on future but also on emerging and existing 
technologies. 
The idea of using TA for development projects occurred not much 
later than the introduction of the term by Daddario. The major 
difference between the use of TA in industrialized and developing 
countries lies in our opinion in the technology that should be 
studied. TA in developing countries should not only include possible 
future technologies, but the entire range from village-technologies 
to future ones. Another and more fundamental difference lies in the 
policy orientation of the study. In the industrialized countries TA 
is used as a tool to collect information on the possible impacts of 
technologies and it is, at least in theory, free from policy bias as 
such. 
The latter is in accordance with the free market mechanism and the 
policies based on this economic principle. In most developing 
economies, at least in the nation building period, a centrally 
controlled economy prevails and the policy is geared to an optimal 
planning of aims, means and impacts. 
TA in this setting is used as an instrument to design such a policy. 
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1.1.4. THE GOALS OF TECHNOLOGY ASSESSMENT. 

Both in developing and industrialized countries TA is not seen as 
just another scientific tool, but as a means to reach specific 
goals. During the UN-seminar on TA for development, held in 
Bangalore, India, in 1978, such goals were formulated in the 
development context. 
They are summarized as follows: 
- satisfaction of human needs; 
- maximum employment; 
- wise use of resources and the environment; 
- more opportunities to employ appropriate technologies; 
- an own development strategy out of dissatisfaction with the 

existing situation and the aid given. 

In this introduction to the method of Technology Assessment for 
development projects we consider the satisfaction of human needs as 
a primary goal, comprising all the others. 
In order not to overlook less obvious needs, a distinction should be 
made between material needs, such as food, clothes, shelter, access 
to potable water, sanitation, educational facilities, etc., 
non-material needs such as the right to participate in the work 
process and in various decision making processes and other needs as 
enumerated in the UN-declaration of human rights. 
A second distinction is between individual needs as e.g. food and 
societal or collective needs as "public utilities" like transport, 
health, security, social security, cultural establishments and such 
fundamental things as the need for moral codes and values. 
A third common distinction could be made between basic and non-basic 
needs. It is clear that basic needs have to be met first, but the 
distinction between basic and non-basic remains highly arbit;rary. 
Where the term 'human needs' is used, it is obvious that there/ is a 
differentiation from elementary basic needs to culturally ' and 
socially desirable basic needs. The emphasis is primarily dir'ected 
to the former. I 

The author considers the Human Rights Declaration published in I 1948 
as the most comprehensive description of human needs, material and 
non-material, individual and societal. 

Articles 25 and 26 of this declaration deal with material needs and 
most needs approaches are restricted to them. The non-material needs 
are described in terms of: 

the right to participate in the decision processes concerning 
the own environment (articles 21 and 22); 
the right that by means of national efforts and international 
cooperation, those economical, social and cultural conditions 
are created that are necessary for the dignity and free 
development of the personality (article 22); 
the right to be employed and, equally important, the right to 
freely choose an occupation (article 23); 
the right to get equal rewards for equal kinds of work 
(article 23). 

Although there appears to be a general consensus that non-material 
needs are as important as material ones, little attention has been 
paid to the former for a variety of reasons. 
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To start with there is the problem of measuring the quantity and 
quality of non-material needs. Since some kind of quantitative and 
qualitative indications are indispensable for the execution of 
projects aimed at fulfilling them, the author follows the method of 
quantification by grouping in qualitative classes such as destitute, 
inadequate, adequate and affluent, as suggested by Yeh (1976, 61-89) 
to solve this difficulty. 
Secondly, there is the tendency to think that transfer of technology 
and the accompanying know-how will not significantly affect the 
non-material needs. This, in our opinion misconception, stems from 
the earl,ier mentioned view that science and therefore technology and 
technological knowledge is free of value judgements. 
Finally, in order to justify the neglect of non-material needs or to 
avoid controversy over the subject, it is often presumed that 
national politics will decide on their fulfilment and that aid 
programmes are not intended to interfere with these politics. 
Technologies, however, develop within a political context and this 
context leads through laws, regulations and political attainments to 
specific technology objectives, instruments, methods, organisation 
and forms. 
Technology can often only be successfully adapted by partly adapting 
the political structure that goes with it. 
Summarizing it stands to reason that TA for development projects in 
its broadest sense should be an instrument that makes clear in what 
way technology introduction affects all human needs, both material 
and non-material. In practice however it will nearly always be 
inevitable to narrow the scope of the study. The preceeding 
paragraphs have made it clear that such narrowing down cannot just 
be a process of leaving out some categories of needs. 

1.2. THE BASIC IDEA 

1.2.1. THE AIMS-TOOLS-IMPACTS CYCLE 

A Technology Assessment consists of a number of well-defined 
components. After an exhaustive review of available literature 
Porter (1980, 55) distinguishes the following components: problem 
definition, technology description, technology forecast, social 
description, social forecast, impact identification, impact 
analysis, impact evaluation, policy analysis and communication of 
results. He states that their occurrence in TA follows the given 
logical sequence but that this sequence should not be seen as 
linear. In practice the results of one step can make it necessary to 
return to an earlier step and iterate as long as necessary to attain 
satisfactory results. Porter's model has no fixed feed-back points 
and they are determined by the drift of the study and the nature of 
the results. 
In our method of TA for development projects we propose a model in 
which these feed-back points are fixed. 
Aims lie at the root of development projects and to bring these aims 
within reach, tools are looked for. In this sense the success of a 
project can be measured by the extent in which the chosen to.ols have 
contributed to achieving the aims. This important notion is given a 
central place in our TA-model that, in its simplest form, can be 
presented as an aims-tools-impact cycle. (see figure 1.2.). 
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Figure 1.2 
The aims-tools-impacts cycle. 

Starting from the defined aims, fitting tools are selected a~d the 
impacts of these tools are forecasted. It is then checked w4ether 
and to what extent the forecasted impacts contribute to the aimsi 
If they do not satisfactorily contribute, there are three possible 
modes of action: taking complementary measures, choosing :other 
tools, or adjusting the aims. When finally aims and impacts match to 
satisfaction, the cycle is ended with the project implementatio*. If 
for any reason it becomes clear that aims and impacts cannot b' made 
to match, the exercise ends by taking the 'no-go' decision. ' 

1.2.2. THE CENTRAL PlACE OF THE AIMS IN THE CYCLE. 

A TA study starts with a case-oriented problem definition. Usually 
this is considered to be a simple affair and it may be for this 
reason that various text-books on project appraisal, guide-lines for 
conducting feasibility studies and cost-benefit analyses pay little 
attention to it. Still, the inability to properly formulate a 
problem definition may be one of the reasons for the lack of success 
of many development projects. 
At the roots of a proper problem definition lie the aims formulated 
by the parties concerned. A Technology Delivery System (TDS) as 
suggested by Porter (1980, 136-38) determines in a structural way 
which parties have to be considered. 
Figure 1.3. presents an example of such a TDS designed for the study 
of a development project. Apart from the parties concerned ~he TDS 
gives an overview of the inputs and outputs of the system. 
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Figure 1.3 
The technology delivery system. 

D PRODUCTION FACTORS OF PROJEc·r 

0 PARTIES CONCERNEO/AFf!:ECTfO 6Y PROJECT 

-----<:> INPtJTS 

RELATIONS 

In this simplified and rather arbitrary example five major parties 
are distinguished: the donor government, the receptor government, 
local and foreign entrepreneurs and the target groups at village 
level. The aims of both donor and receptor government can be found 
by executing a policy analysis, whilst the aims of the target group 
can be determined by social description and social forecasting. The 
aims of the entrepreneurs are usually obvious. 
In practice the TDS will be far more complex. There is not always a 
donor government and it is also possible that several donors are 
involved. Often there is more than one target group and sometimes it 
is necessary to differentiate between target groups and interest 
groups. Interest groups are not directly involved in the project 
goals but have possible interests in the project. In almost all 
cases a distinction should be made between "formal" and "informal" 
aims. 

If the scope of the different aims is too broad to tackle in the 
course of theTA study, limitations should be incorporated. 
This limiting of scope will increase the effectiveness of the study 
and provide an opportunity for an indepth analysis. 
It goes without saying that such limiting of scope should be 
explicitly motivated in order to make it possible for users of the 
TA study to judge its validity. 
Aim setting and the first selection of tools 
result in the first direct description of the 
At this point we should emphasize an inherent 
One can set out with a problem definition 
parties concerned feature foremost and end up 
only at the effective "technical" functioning 
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An evaluation of a number of development projects shows that such a 
shift from original development aims to much narrower technical 
goals is common. A well-documented case of this phenomenon is given 
by Gaspary (1977, 96-107) in his analysis of the history of a rubber 
project in Malaysia. 
There are two plausible explanations for this shift of attention. 
The first is that the aims of those that carry out the study are 
different from the goals that led the requesting government to the 
initiation of the project. Secondly, . there is the phenomenon of 
convergence towards more economical and technical goals, originating 
mainly from technical optimism. 
Industrialized countries in particular appear to be biased in the 
sense that they identify growth and development with technical 
growth and development. 
In a standard feasibility study e.g., the impacts of 
action are directly fed back to the tools. When doing 
impacts are considered' equally important and 
technical impacts are given more weight. 

a technological 
this, not all 
economical and 

The described shift and convergence to much narrower technical goals 
should be avoided and this can be done by feeding back the impacts 
to the aims and not directly to the tools. 
This is an essential feature of our TA model. 
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1.3. 

1.3.1. 

SOCIAL DESCRIPTION AND FORECASTING. 

THE PLACE OF SOCIAL DESCRIPTION AND FORECASTING IN THE 
AIMS-TOOLS IMPACTS CYCLE. 

Through a policy analysis, see paragraph 1.6., it is usually not too 
difficult to establish the aims of governmental bodies. 
Aims of different other interested parties, like financing agencies 
and private enterprises, are easily traceable. It is however far 
more complicated to find the aims of the target groups e.g. at the 
village level. Their aims are usually not explicitly described and a 
more analytical approach is called for. 
In a TA study finding the target group's aims is one of the tasks of 
the social description and forecasting. The first time social 
description and forecasting take place is before defining the aims. 
The two elements are used in a different way when choosing the tools 
and when rechecking the impacts with the formulated aims. 

Figure 1.4 
The place of the various elements in 
the cyclic model. 

$0C1At l.\f$CfiiPTIQt< 
SOCIAl FOII!CA$fiii'G 
~CHNOlOG1 DtS<:IIItti'TION 
Tt(:>lltOI.-OGV ffli«!C~STIJiG 

!IOIPACT foMA0'$19 
IMPACt fVA\.!,I&,fiO'II 

In practice the complete aims-tools-impacts cycle is covered more 
than once, resulting in a recurrent use of social description and 
forecasting. Both social description and forecasting are specific to 
a TA-study and are not an explicit component of other evaluation 
techniques. 
The first thing to do in the social description and forecasting 
is to make an inventory of the different impacts . 
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1.3.2. ECONOMIC AND SOCIAL IMPACTS. 

For the purpose of our study a first distinction is made between 
foreseeable and unforeseeable impacts. The foreseeable impacts lead 
to inputs in the economic and social weighing mechanism, whilst the 
unforeseeable impacts will only play a role if the evaluation of' the 
project is a part of the study. In that case, unforeseeable impacts 
of one TA-cycle are fore-seeable impacts in the next cycle. 

Figure 1.5 
Foreseeable, unforeseeable, intended 
and unintended impacts. 

Next intended and unintended impacts are distinguished. An inyended 
impact is directly linked to the aims and is purposefully persued. 
All other impacts we call unintended. To make it possible to weigh 
the intended and unintended economic and social impacts, ,it is 
necessary to qualify and quantify them and this is done by means of 
an economic and a social scaling mechanism. 
The weight of economic impacts is determined by their price ~hich 
can be calculated through economic models based on the market 
mechanism or in centrally planned economies through models based on 
the planning mechanism. 
In the nineteen-sixties it became obvious that these 
important shortcomings. Economic impacts that were not 
within the frame of reference of the model could not be 
for. 
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Also several 'goods' that are not priced on the market or in the 
planning mechanism, like e.g. clean air and water and in addition 
social impacts, were kept out of the calculations. The importance of 
these shortcomings was however realised and economists looked for 
ways and means to account for these so-called externalities. 
The most common way to deal with them is to give them a 
shadow-price. However, shadow-pricing does not always work out and 
only in the field of labour, foreign exchange and capital investment 
the system has been systematically employed. 
Shadow-pricing is in principle a single aggregate criterion approach 
and the scaling is therefore particularly inadequate for social 
impacts. 
Shadow-pricing can easily give the impression of objectivity whilst 
in reality it is highly subjective. 
The advantage of shadow-pricing is that it leads to weights that can 
be directly compared with those of economic impacts. Therefore, if 
feasible and justified, shadow-prices can be used to bring the 
impacts in the economic scaling mechanism. Otherwise the impacts 
will be weighed in the social scaling mechanism (see fig. 1.5.). 
All intended impacts should be weighed in one of the described 
mechanisms. 

The question arises how far one should go when looking for the 
unintended impacts. Zapf (1981, 275-85), in an analysis of intended 
and unintended impacts, uses an example from medical science. He 
states that unintended impacts resulting from medicine use are taken 
into the bargain if they are considered less important than the 
intended impacts, or if there is only a small chance that unintended 
impacts will occur. 

Although this view is generally accepted, some important remarks can 
be made. Unintended impacts in medical science can to some extent be 
predicted by e.g. laboratory tests on animals, but the resulting 
knowledge has to be extrapolated from experiment to human reality 
and therefore excludes any definite statement. 
In our view this is only acceptable if the patient can take part in 
the decision process by weighing the pro's and con's of the 
suggested treatment. 

In the case of unintended impacts related to development projects a 
similar but more complex situation exists. TA can assist in finding 
and weighing unintended economic and social impacts, but laboratory 
experiments, statistical interpretation and extrapolation are almost 
impossible.It is therefore even more important that the patients, in 
our case the target groups at village level that are confronted with 
the unintended impacts of a development project, can give their own 
judgement. If this is for any reason impossible, the least the 
assessor can do is to be fully aware of the problem. 

1.3.3. THE DESCRIPTION OF THE SOCIAL SYSTEM IN RELATION TO THE 
INTENDED AND UNINTENDED IMPACTS. 

A social description can be obtained by describing the relevant 
social indicators. Social forecasting aims at forecasting the 
indicators in future, either normative or explorative. 
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The choice of the social indicators necessary for both social 
description and forecasting is dependent on the description of the 
social system relevant to the project. 
Due to its complexity such a system cannot be described directly and 
is for convenience divided in what we have called institutions. An 
institution is a complex of cultural and behaviour patterns (modes 
of thought and behaviour) and structures necessary to perform a 
specific function in the society in relation to certain needs. The 
economic, political, kinship and religious institutions are the 
basic ones and for the purpose of our study aimed at developing 
countries, we add a socialisation {e.g. education) and a 
communication institution. Although the latter two could be 
accomodated in the basic institutions, their importance in' the 
development context is such that they are dealt with separately. 
The names of the various institutions are self-explanatory with, the 
possible exception of socialisation. Cultural and behaviour patterns 
and structures in this institution are all directed towards 
preparing the members of the society for their place in that 
society. They include both the transfer of rules, norms and values 
and the preparation for specific tasks. Education e.g. is part of 
the socialisation institution. 

The characteristics of the institutions are described in cultural, 
structural and behavioural terms and yield a static description of 
the social system. Repeating this exercize at various moments in 
time provides a dynamic description. Such a dynamic description is 
not only given for each institution but also for the interactions 
between them. In a table the institutions provide the first[ two 
dimensions. 
The various technologies or tools provide a third. 
A fourth is added by the various policy options that can be chosen 
when considering the complementary measures in the 
aims-tools-impacts cycle. We have now arrived at a table consisting 
of hundreds of compartments in which a large number of element~ can 
be distinguished and a certain limitation is called for. 
This limitation is found in the aims by describing only those 
elements of the institutions that originate from the aims and 
feature in the intended impacts. 
The unintended impacts, the effects that are not taken into 
consideration when setting the aims, are not a priori unimportant 
and disregarding them in the weighing exercise would jeopardize the 
evaluation of the technologies concerned. The systematic search for 
these impacts is conducted by screening those compartments in the 
four-dimensional table that have not yet been earmarked through the 
aims. 
Limiting the number of unintended impacts to be considered in the 
study takes place on basis of their estimated importance ~n the 
light of the proposed project and the aims formulated. The choice 
which unintended impacts to include in the study should be based on 
a consultation of all parties concerned. 

1.3.4. SOCIAL INDICATORS, THE BUILDING STONES OF SOCIAL 
DESCRIPTION AND FORECASTING. 

In order to understand reality a theory consisting of a system of 
related hypothesis has to be developed. 
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A hypothesis predicts the relation between different variables or 
elements and to describe these elements social indicators can be 
used. Social indicators are numbers, statistics or series of 
statistics representing relevant elements of an institution. 
Indicators can be used to support theories or to check them, but 
they can never be a replacement of theory. Sometimes information 
leading to social indicators can be collected without proper 
reference to the social context (e.g. hospital beds per number of 
inhabitants), but usually a sound knowledge of societal structures 
is required to collect and interpret information and to arrive at 
meaningful indicators such as e.g. spare time. 
Most developing countries have i~itiated systems of collecting data 
and their efforts in this field are strongly supported by 
international organisations like the UN and the World Bank. 
Unfortunately it is only too common that not much more than basic 
population and macro-economic statistics are available. Information 
about indicators can be collected by means of surveys, but this is 
time-consuming and statistical standards are difficult to meet. 
These collecting problems may account for the fact that in many 
planning and evaluation exercises only macro-economic indicators are 
used. Such a pragmatic view has led to many errors of judgement and 
policy failures and cannot be maintained any longer. 
There are extensive social indicator lists, like e.g. the one 
drafted by the UN in their report 'Towards a system of social and 
demographic statistics'. These lists are of considerable help when 
choosing indicators to describe impacts. 
One way or the other quantitative and qualitative data are 
indispensable and the method of quantification by grouping in 
qualitative classes as suggested before can, at least to some 
extent, solve the problem. 

1.4. 

1.4.1. 

TECHNOLOGY DESCRIPTION AND FORECASTING. 

THE PLACE OF TECHNOLOGY DESCRIPTION AND FORECASTING IN THE 
AIMS-TOOLS-IMPACTS CYCLE. 

Technology description and forecasting occurs at two distinctly 
different places in the cycle (fig. 1.4). The first time when 
appropriate tools have to be found to achieve the primary aims. If 
the impacts resulting from the chosen tools are on cross purpose to 
the primary aims, one may opt for choosing other tools. 
Precisely at this moment a second technology description and 
forecasting is called for. 
In this procedure the primary aims are taken into account and some 
impacts are covered. Other impacts however may only become apparent 
in the course of the study. If they are important enough they can 
lead to new aims and consequently the entire process, including 
technology description and forecasting, has to be repeated. 
Each cycle is bound to be shorter. 

1.4.2. TECHNOLOGY DESCRIPTION AND CHOICE OF TECHNOLOGY. 

Technology description is a standard technique to describe the 'nuts 
and bolts' of a technology. 

- 17 -



The technique is uncomplicated because an abundance of data is 
usually available. Similar to other evaluation techniques su~h as 
the ~ost-benefit analysis and the feasibility study, output, product 
quality and efficiency are the entities on which technologies are 
judged. In addition the features of technologies with respect to 
their economical, social, cultural and environmental impacts will 
determine the choice. 

The black box technology, only showing the ins and outs, is then 
opened and presented as an exploded view, exposing in detail the 
entire technology process. The disadvantage of this approach lies in 
its complexity and time-consuming nature, its advantage in the 
possibility to gain insight in the appropriateness of: the 
technology. By being able to indicate shortcomings at the component 
level it becomes possible to adapt the technology to the formulated 
aims. 
The decision which technologies are to be considered is an important 
one. In a feasibility study e.g. usually only the most advance~, in 
world-wide perspective, technologies are considered. In a TA for 
development projects it should not a priori be the aim to find the 
most advanced technologies with the most promising economic outputs. 
Often the aim is a complex of economic, social and technological 
elements. To reach such an aim every potentially viable technology 
from advanced to village level should be described and its effects 
revealed. This of course poses the question of what is 'worth 
considering'. To define this it is necessary to look at the 
development of technology in history. 
In time a multitude of technologies have been developed rep~acing 
older ones as is shown in an example in figure 1.6 (Steward, '1978, 
32). 

Figure 1.6 
Development of technologies in time. 
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A technology is obsolescent if it can be replaced by a new 
technology using less of both production factors M and N. 
A technology like the 1810 technology in figure 1.6. has not by 
definition become obsolescent. It uses less of production factor M 
than its successor and under certain conditions may have its merits 
even today. The process of becoming obsolescent is reversible. A 
technology will also become obsolescent if it is part of a system of 
which one or more components, not necessarily of a technological 
character, have become obsolescent. All technologies that are not 
irreversible are therefore worth considering. 
Technology description can be done by means of questionnaires and/or 
check-lists. 

1.4.3. TECHNOLOGY FORECASTING. 
In the western context where advanced and future technologies 
feature foremost, technology forecasting is the essential trade-mark 
of TA. In the development context where the entire range from 
village to modern technologies has to be considered, forecasting 
seems to be less important. Still, the way in which these 
technologies will be developed has to be forecasted, but this kind 
of forecasting is normative and according to plan and therefore 
essentially different from the explorative and descriptive 
forecasting in the western context. 
Two types of forecasting are considered: explorative and normative. 
Explorative forecasting tries to extrapolate present trends into the 
near and far future. The data used are known facts from past and 
present and examples of this technique are statistical fitting, 
S-curves, construction of envelope curves and cross impact analysis. 
Normative forecasting on the other hand tries to sketch the future 
as a result of needs, desires and political goals. 
Starting from the present, the task is then to develop a way in 
which this future state can be reached. 
Normative forecasting makes use of relevance techniques. 
For development projects we choose for the normative approach. 
Exploratory techniques are nevertheless useful where they can reveal 
the measures that are necessary to reach the normatively determined 
future. 

1.4.4. METHODOLOGY OF TECHNOLOGY DESCRIPTION AND FORECASTING. 

Although many references can 
technology description and 
apparently known with respect to 
This may be due to the fact that 
one technology is considered. 

be found in literature regarding 
forecasting techniques, little is 
implementation methodologies. 
in the western context usually only 

For the multitude of technologies to be considered in the 
development context, we have developed a technology classification 
system that makes it possible to weigh merits and demerits 
One starts with specifying the qualifications that the technology 
should have in the light of the aims to be fulfilled. Thereafter the 
technologies that are available are described. These available 
technologies are ranked into suitability orders and classes (table 
1.1.) according to their agreement with the wanted technology. 
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Table 1.1 
The sub-division in orders and classes. 

Orders Classes 

suitable well suited 
moderately suited 
marginally suited 

conditionally well suited 
suitable moderately suited 

marginally suited 

not suited 

Figure 1.7 
Technology description and technology 
development forecasting. 
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The available technologies can be improved in order to better meet 
the demands. 
After these improvements a new classification is made. 
A comparison between the two classifications makes it possible to 
choose the technology that best meets the specifications of the 
wanted technology (figure 1.7, previous page). 

1.5. IMPACTS ORIGINATING FROM TECHNOLOGY INTRODUCTION. 

1.5.1. THE PLACE OF IMPACT IDENTIFICATION, ANALYSIS AND EVALUATION 
IN THE AIMS TOOLS-IMPACTS CYCLE. 

Three elements in the cycle relate to impacts: impact 
identification, impact analysis and impact evaluation. They are not 
implemented separately but are part of a systematic repetitive 
exercise of an iterative nature. 
Impact identification consists of detecting and qualifying the 
effects of a technology on its environment in the broadest possible 
sense. 
In the impact analysis, the detected impacts are quantified in order 
to make a comparison possible. In the impact evaluation the 
different impacts are compared in the light of the formulated wanted 
policy. 
As is shown in figure 1.4, impact identification takes place for the 
first time after the selection of the tools and an analysis of the 
application of these tools. 
When feeding back the impacts to the aims, impact analysis and 
evaluation take place. A second impact identification is carried out 
in terms of aims related to the three different adjusting 
possibilities presented in the cycle (adjusting the aims, taking 
complementary measures and choosing other tools). 

1.5.2. IMPACT IDENTIFICATION. 

The number of impacts resulting from a technological action is 
virtually unlimited and a structure to create order in this chaos is 
necessary. One way of achieving this is to distinguish impact areas. 
Porter (1980, 175-61) mentions seven areas under the acronym 
'EPISTLE'. 
The areas are: Environmental, Psychological, Institutional 
(political), Social, Technological, Legal and Environmental. 
In our study we reduced these areas to three: environmental, 
technological and social. In the light of the definitions in the 
paragraph on social description and forecasting this appears to be 
justified. 

Impacts can be identified by scanning 
Scanning examines for each area 
distinguished without deliberately 
cause-effect linkages. Comprehensive 
and compiled by means of Delphi 
discussions. 
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Tracing is a more structural way of 
cause-effect linkages and can be done 
relevance trees. Tracing is complex and 
an intimate knowledge of impact areas. 

looking for impacts and 
by the construction' of 

time-consuming and requires 

Choosing between scanning and tracing is choosing between a 
reductionistic and a holistic approach. Although in case of a TA 
study a holistic approach is to be preferred, due to the lack of 
detailed information regarding the impact areas and lack of time and 
resources, one is usually forced to start the exercise with a 
reductionistic one. Only when the aims-tools-impacts cycle has been 
covered at least once, a holistic approach comes within reach. 

1.5.3. IMPACT ANALYSIS. 

A systematic approach with due attention paid to cause-effect 
relations is desirable for impact identification, but a must for 
impact analysis and evaluation. 
Basically two methods can be distinguished: formal and informal ones. 
Formal methods are based on laws and equations with empirically 
fitted parameters. Informal methods are not that strict and yield 
qualitative approximate judgements. An example is the well-known 
cross-impact analysis. 
Yet, informal methods, if based on logic, are scientifically sound. 
The use of, formal methods appeals to the scientific mind and during 
the last century, particularly in industrialized countries, formal 
methods have gained an almost unassailable position and 
international development agencies make extensive use of them. 
Some caution is however justified. In mathematical equations every 
factor has to be quantified, but in a TA study in the development 
context not all factors can be quantified and occasionally it isi not 
even desirable to quantify. Another danger lies in the fact thJt the 
strictness of the formal methods and the complexity of the 
calculations, often carried out by means of a computer, lead to 
great, but not always justified, confidence in the results. 

1.5.4. IMPACT EVALUATION. 

In the impact analysis each impact is valued separately. The I next 
step, impact evaluation, is to weigh the different valued impacts, 
thus determining their relative value in the TA system. 
Valuation and weighing is subjective in the sense that different 
parties affected by the impacts will have a different judgement. 
In fact it can be said that this is the most critical phase ~n the 
entire TA-process. 
Valuation and weighing therefore have to take place carefully and 
logically, particularly since our TA takes usually place in a 
cultural context different from that of the final assessor. 
This problem can be partially avoided by providing, at various 
places in the TA-process, opportunities for the different parties 
concerned to give their own judgements and to set their own 
priorities. The final assessor can then conduct hisfher evaluation 
on basis of these judgements. 
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A suitable tool for this 
Analytical Hierarchy Approach 
The human mind has great 
situations, but appears 
pair-wise. In view of the 
therefore both intelligent 
in such a way that pair-wise 

type of valuating and weighing is the 
(AHA) developed by Saaty (1980). 
difficulties dealing with complex 

to be perfectly capable of comparing 
complex issues involved in TA it is 
and inevitable to break down these issues 
comparisons can be made. 

The AHA provides a method to scale down the assessment of highly 
complex problems to pair-wise comparisons and shows how these 
comparisons can lead to final judgements. 
The AHA can be used in various places in the TA process but can be 
best illustrated at this stage by transferring the basic 
aims-tools-impacts cycle into a hierarchy. 

Figure 1.8 
Example of an analytic hierarchy. 

Questions such as: 'which technology contributes most to the chosen 
aims' and: 'how much does each impact contribute negatively or 
positively to the aims' can now be answered. 
The elements needed for the hierarchy are already traced 
earlier part of the study. The Technology Delivery 
provided information about actors and institutions and 
identification provided impacts. 

during the 
System (TDS) 

the impact 

The policy analysis provides the sub-aims and the major aims to be 
accomplished by either regional or national development. 
Of course the AHA also has its problems. 
Firstly, there is the issue of collecting the judgements and 
opinions of the parties concerned. Basically this is an 
organisational problem that can be partially solved by putting 
pressure on the parties through the organisations that commissioned 
theTA-study (e.g. the World Bank). 
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The second problem 
number of judgements 
hierarchy with 10 
to be answered. 

is more fundamental and arises from the great 
that have to be collected. In case of a 2 step 
sub-aims and 1 major aim, 44 questions will ihave 

The number of questions to be put to the various parties will 
therefore have to be reduced to a manageable number in order to make 
the AHA practically applicable. 

1.6. 

1.6.1. 

POLICY ANALYSIS. 

THE PLACE OF POLICY ANALYSIS IN THE AIMS-TOOLS-IMPACTS 
CYCLE. 

The first time a policy analysis is undertaken is before the aims 
are described. The impact analysis and evaluation, together with the 
social description and forecasting, will reveal discrepancies 
between aims and impacts and the second time a policy analysis is 
explicitly carried out is after feed-back from impacts to aims. 

1.6.2. POLITICS AND POLICY. 

There is some confusion regarding the meaning of the words 
'politics'. For our concept of policy analysis it is necessary to 
make a clear distinction between politics and policy and to 
establish what is meant by a characteristic political-ideolo~ical 
view. 
Politics is the process of manipulating society in the 
ideology, structures and behaviour in order to reach 
that are characteristic for the ruling group. This group 
ideology in society to a priority system in which the 
group feature foremost. 

fields 
certain 
directs 
aims of 

of 
aims 

the 
this 

The behaviour of the people in society is directed to these aims and 
a structure is persued to force people into such behaviour. Policy 
is an outline of the course of action to adopt to change existing 
situations in society in order to approach as much as possibl:e the 
ideal resulting from a cha~acteristic political-ideological view.' 
A political-ideological view is defined as a complex system of 
standard setting starting points and conceptions about society as it 
is and as it should be and about the way in which the various 
phenomena in society are linked, leading first to problem defi~ition 
and eventually to problem solving. 
Policy in the meaning we have given it is something quite 
fundamental and is less affected by the elements of compromise and 
party interest that often play a major role in politics. 
However it is obvious that policy can only be implemented by 
politics. Therefore, when we speak about policy analysis, wei mean 
the analysis of both politics and policy. 

1.6.3. IMPLEMENTATION OF POLICY ANALYSIS. 

In the setting of 
government, acceptor 
play a role. 

aims, different parties such 
government, entrepreneurs and 
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They all have their own policies and aims and in a political process 
they formulate the final project aim. 
A Technology Delivery System (TDS) determines in a structural way 
all the parties that have to be considered. The policy analysis then 
is concerned with the analysis of the political process, the 
decision taking process involved and the relation between the place 
of the respective parties in society and their influence on the 
ultimate aims set. Usually the aims are formulated by local and 
national governments and they finally find their way into national 
development plans. 
Such a national development plan is often used as a starting point 
for development projects and the assessor in a TA-study can do the 
same. 
He/she should however be aware that key-roles are 
governments and aid agencies and that these parties 
that the aims of the actual target groups, e.g. 
are in danger of becoming less and less obvious. 

usually played by 
are so powerful 
at village level, 

Particularly in case of development projects, the aims of the 
that are supposed to benefit from a project should 
prominently and it is the assessors task to trace these aims 
as possible. 

1. 7. SUMMARY. 

people 
feature 

as well 

The preceeding paragraphs present the outline of a model designed to 
contribute in a practical way to the development of TA for 
development projects. 
The model developed can only be put to the final test and be further 
refined by applying it in a number of field cases. Testing the model 
will be done in one specific field case: the cane sugar industry in 
Western Province, Kenya. 
This will of course result in adjustments to the proposed methods 
and techniques and likewise each new field case will lead to new 
adjustments. 
From a methodology point of view one can only gain from this if 
adjustments are analysed in relation to an original model. 
The model presented in this chapter is such a reference model. 
After developing a viable model, the problem of translating the 
results of a TA in action remains. 
One way is to let the assessor voice the often diverging 
opinions of the parties involved. 
Linstone (1984) e.g. has elaborated this in an explicit and very 
systematical manner. His solution is to indirectly incorporate the 
different opinions in the assessment team. 

The author however prefers to aim at a more direct say of the 
parties involved in the TA-study. In our proposed model we have 
deliberately created, at various places, the possibility for such a 
say. 
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CHAPTER 2 
THE SETTING OF THE CASE STUDY. 

2.1. SUGAR CANE INDUSTRY AS A CASE STUDY FOR TA. 

2.1.1. THE NEEDS AND PREREQUISITES FOR A CASE STUDY. 

From the onset of the research, the general 
about the use of technology assessment as an 
technology policies for developing economies. 

goal was to learn bore 
instrument to de!sign 

During the theoretical development of the TA-instrument it be1came 
clear that further detailing would only be possible by means of a 
field case: the instrument with all its methods and techniques had 
to be put to the test. 
Putting the theoretical instrument to the test in a specific field 
case and feeding back the field information to the instrument 
carries with it the danger of introducing a strong case-oriented 
bias, making it difficult to develop a universal instrument and to 
apply the instrument to other cases. 
The case study should therefore meet the following conditions: 

it should be conducted in a developing economy; 
the impacts of the projects studied in the case should be 
diverse but limited; 
there should be a range of possible technologies to choose from; 
the study should relate to projects that cannot be characterized 
as extremely exceptional; 
the projects should have no serious and predictable limiting 
impacts. 

2.1.2. THE CHOICE FOR THE SUGAR CANE INDUSTRY. i 
I 

Table 2.1 and figure 2.1 (next page) clearly show that sugar 
industry is an important agricultural industry in quite a numb~r of 
developing economies. I 

Table 2.1 
Information on sugar of a number of 
developing countries (%). 

COUNTRY RANK PART OF AGR. 
(1) PRODUCE (2) 

Tanzania 2th 17 
Kenya 1st 40 
Cuba 1st 91 
Brazil 1st 57 
Columbia 2th 32 
Phillipines 1st 72 

SUGAR CONSUMED 
IN THE COUNTRY 

-
12.5 

8 
4.5 

48 
3.5 

Sources: Kurian, G.T., ENCYCLOPEDIA OF THE THIRD WORLD, 
Mansell, London, 1979 

(3) 

WORLD STATISTICS lN BRIEF, United Nations, New York, 1979 

(1) Ranking in view of other agricultural produce. 
(2) Percentage sugar component with r~spect to other agricultural 

produce. 
(3) Percentage of sugar consumed in the country itself. 
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Figure 2.1 
Sugar cane growing areas of the 
world. 
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In many countries sugar is an important export commodity as well as 
an important import substitution commodity. In spite of its positive 
effects on the macro-economy the overall effect is not "a priori" a 
positive one. Sugar cane as a crop e.g. is in competition with 
various other (food) crops. In addition there are of course other 
effects besides the economic ones and they have to be considered and 
evaluated too before a final judgement can be given. Mostly these 
non-economic effects are linked to the social, political and 
environmental situation. 
For the production of sugar, various technologies can be chosen both 
in the agricultural and in the processing field. All these 
technologies still exist and they can be changed, modernized and 
adapted to meet different conditions. Totally new technologies can 
also be developed. 
Sugar projects are usually comprehensive and cover agricultural, 
processing, research and development, educational and infra
structural aspects. 
All this makes the sugar industry very suitable for a field case to 
put the TA-instrument to the test. 

2.2. THE CHOICE OF KENYA, WESTERN PROVINCE AND THE KAKAMEGA 
AREA IN PARTICULAR. 

The area to be chosen for conducting the field work had to meet two 
basic requirements: it had to be situated in a developing economy 
and it had to feature, within a limited geographical region, a 
variety of technologies related to sugar. The world over there are 
various locations where different technologies related to sugar 
exist next to each other: starting from a division in large, m~dium 
and small scale technologies, there are several eligible geographic 
regions. In India there is a long tradition of small and ,~dium 
scale sugar technologies, whereas the large scale technologies have 
now claimed a share of the market that, for the time being, appears 
to stabilize at about half of the total production. In Bangladesh 
and some other East-Asian regions a similar situation e~ists, 

although the position of the medium scale technologies is less 
flourishing here than in India. 
The small and large scale technologies can also be found in 
South-America, but here the medium scale technologies are absent. 
This is also the case in various other places, including several 
countries in Africa. 
Both in Tanzania and Kenya medium scale technologies were recently 
introduced with varying degrees of success. 

Since the Eindhoven University of Technology had contacts with the 
sugar industry in Kenya, eventually this country was chosen to 
conduct the field work. 
The next step was to find an area, limited in size, in which the 
large, medium and small scale sugar technologies were all present. 
Such an area was found in Western Province, Kenya, near the town of 
Kakamega, where within a circle with a radius of approximately 35 km 
sugar cane is grown and sugar processed at all three scales. The 
physical, climatological, social, economic and political conditions 
in this area are reasonably alike, making it suitable for a field 
study. 
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The major disadvantage of the choice lies in the fact that the 
medium scale technology is the only one presently operating in 
Kenya. This can however be easily accounted for in the case study 
and even makes the case more interesting since it can s er v e the 
purpose of analyzing the validity of this particular technology . 

2 . 3. DESCRIPTION OF THE KAKAMEGE AREA . 

2. 3 .1. GEOGRAPHICAL SITUATION. 

Kenya is administratively divided into seven provinces 
(see fig. 2.2.). 

Figure 2.2 
Administrative division of Kenya 
and the field work area. 
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These provinces are further divided into forty districts. Sugar cane 
cultivation is to be found in Nyanza and Western Province (see fig. 
2. 3.). 

Figure 2.3 
Sugar cane growing areas in Western 
Province, Nyanza and Rift valley . 
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Our case is situated in the sugar cane area in Western Province. 
Because of the optimization of transport costs, sugar factories will 
be placed more or less in the centre of a circle. The circle in 
which the sugar cane for a certain factory is grown, is called a 
"zone". Both the factories and the Kenyan governmental bodies use 
four concentric circles to subdivide the sugar zone of each factory. 
Management and e . g. price policy are based on this division in an A, 
B, C and D zone. The radius for the different circles is 10, 16, 24 
and 32 kilometers respectively. 
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Our field case in Western Province is focused on 
Mumias Sugar Company Ltd. (MSC), as an example of a large scale 
sugar technology; 
West Kenya Sugar Company (WKSC), as an example of a medium scale 
technology and on 
several jaggery factories, as examples of a small scale 
technology (see fig . 2 . 4 . ) . 

Figure 2.4 
Sugar factories and their zones in 
the field work area. 
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There are gene rally two systems of cane growing: the estate system 
and the outgrowers system. 
In the estate system the cane is being grown in large blocks and the 
land is directly under control of the sugar factory . In the 
outgrowers system different farmers grow cane on their own land. 
They sell the cane either on contract or on the free market to the 
sugar factory. The factories in Western Province are functioning 
according to the outgrowers system, although Mumias Sugar Company 
has a nucleus estate. This estate however provides only about 10 
percent of the necessary cane . 
The majority (95 %) of farmers delivering cane r egularly to MSC can 
be found within the C-zone. The medium scale factory relies on 
farmers in the A-zone, but until now a considerable part of the cane 
is being delivered by farmers from the B-zone. 
These zones, shown in figure 2 .4., mark the area that is covered 
in this case study. Within this area there are several jaggery 
factories . They do not work with any defined zones, but i t is clear 
that they try to get the cane from the closest distance possible . 
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I 

Their zones are considered to be within the two circles of the 
bigger factories. 
On district level a great part of Kakamega is covered in the study 
and small parts of Bungoma, Busia and Siaya. This last district is 
part of the Nyanza Province. Each district is subdivided into 
locations which in turn consist of several sub-locations. 
On sub-location level it is well possible to define the research 
area in administrative units (see table 2.2.). 

Table 2.2. 
Locations and sublocations in the 
field work area. 

SUB·LOCATIONS LOCATIONS SUB-LOCATIONS 

BUYOFU BUKHAYO SHISWA 
MALANGA BUKHAYO BUMALA 
BUDONGA BUNYALA ELUKHARl 
NAMBACHA BUNYALA ELUKONGA 
SlDOKHO BUNYALA ESIKOHA 
SIRIGOI BUNYALA KINGANDOLE 
llUKURA llUTSOTSO BUCHENYA 
ESHIBEYE BUTSOTSO IMANGA 
ESUMEIYIA BUTSOTSO INAYA 
INDANGALASIA BUTSOTSO LUNZA 
INGOTSE BUTSOTSO MANYALA 
SHIKOTI BUTSOTSO SHIANDA 
W.SANGALO E.BUKUSU SHIBEMBE 
E.SANGALO E.BUKUSU SHIKUNGA 
ELUCHE E.IJANGA SHINAMIJENYULI 
ISONGO E.WANGA SHIRAHA 
LUBINO E.WANGA SHIROTSA 
MALAHA E.WANGA SHITSALA 
MUNGANGA E.WANGA LWANDETI 
KWAMUHILI INDIVISI MALA VA 
KAMBIRI ISUKHA MATSAKHA 
LUBAO ISUKHA INDANGALASIA 
MUKULUSU ISUKHA KHALABA 
MURHANDA ISUKHA 

LOCATIONS SUB- LOCATIONS LOCATIONS 

ISUKHA KHOLERA N.WANGA 
MARA CHI KOYONZO N.WANGA 
MARA CHI LUG'ANYIRO N.IJANGA 
MARA CHI MATUNGU N.IJANGA 
MARA CHI MAYONI N.IJANGA 
MARA CHI NAMAMALI N.IJANGA 
MARAMA BUSHU S.KABRAS 
MARAMA CHEMUCHE S.KABRAS 
MARAMA CHESERO S.KABRAS 
MARAMA LUKUME S.KABRAS 
MARAMA SAMITSI S.KABRAS 
MARAMA SHAMBERERE S.KABRAS 
MARAMA BUCHIFI S.WANGA 
MARAMA BUKAYA S.WANGA 
MARAMA BUNGASI S.WMfGA 
MARAMA EKERO S.WAlfGA 
MARAMA LUREKO S.WANGA 
MARAMA MUMIAS S.IJ~GA 
N.KABRAS MUSANDA S.IJA!IGA 
N.KABRAS N.KABRAS S.WANGA 
N.KABRAS· N.WANGA IJ.BU~SO 
N.iiANGA N.IJANGA W.BU SU 
N.iiANGA S.NYANGA w. Bmtusu 

I 

' 

Due to a favorable physical environment connected to an altitude of 
1,000-2,000 meters, an average rain-fall of 1,500-2,000 mm. , an 
average day-time temperature of about 20 degrees Celsius and good 
soils, this area is one of the most densely populated rural areas of 
Kenya (see table 2.3.). 
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Table 2.3 
Areas in square kilometers and 
population density. 

PROVINCE SQKM 

Rift Valley Province 171,108 
Eastern Province 155,760 
North-Eastern Province 126,902 
Coast Province 83,040 
Nyanza Prov incee 12,526 
Central Province 13,173 
Western Province 8,223 
Nairobi 684 

Source: Landerkurzberichte, 1977. 

INHABITANTS 

* 1000 per SQKM 

2,578 15 
2,244 14 

258 2 
1,168 14 
2,740 219 
2,060 156 
1, 680 204 

700 1024 

The majority of the people belong to one of the subtribes of the 
Luhya tribe (see fig. 2.5.). 

Figure 2.5 
Language groups and tribes. 

§ BANTU 

1:::::::::::1 NILOTES 

- 33 -



Only a small part of the south of the research area is in a Luo 
area. The distribution of the statistical samples taken in the 
research area is given in table 2.4. 

Table 2.4 
Distribution of sample based on 
tribal division. 

TRIBE 

Luyia 
Luo 
Kikuyu 
Zaire 
Others 

TOTAL 

SAMPLE 

76.7 
21.4 
0.3 
0.5 
1.1 

100 

From the above it will be clear that the story of the society in the 
research area is the Abaluyia story. 

2.3.2. THE SOCIETY DESCRIBED IN TERMS OF KINSHIP, RELIGION, 
POLITICS, ECONOMICS, EDUCATION AND COMMUNICATION. 

Kinship. The Abaluyia who according to their language are Bantu, are 
Kenya's largest ethnic group. The tribe is subdivided into no less 
than seventeen subtribes 
(Barclay, 1977, p. 7). Kinship has always been a strong link be.tween 
the constituent clans. The basis of this clanism is the idea; that 
all clans descend from a mythical tribal ancestor. Whether o~ not 
one belongs to a certain clan is patrilineally determine~. The 
social and political world in which the Abaluyia live is determined 
by patrilinearity as well as by the principle of seniority (Wagner, 
1976). Before British colonialism interfered with traditional life 
in this part of Kenya, the subtribes had a great deal of 
independence and within the clans there was no strong hierarchical 
system. An exception was the Abawanga tribe, in which part of the 
clans were not of common origin but seceded from surrounding tribes. 
This apparently resulted in a different structure of the Aba'wanga 
tribe with a well-developed institution of chieftainship. Irl the 
other subtribes the clan with its clan ties and the principle of 
seniority formed the insti.tution that guarded the ideology of 
kinship. Since the coming of the British administration to the area, 
the narrow borders of the clans were opened and the various tribes 
gradually developed a consciousness of forming a unit on a higher 
level. That tendency ultimately led to the official recogniti~n of 
the name "Abaluyia" for the Bantu tribes in this part of Kenyal This 
change in structure of kinship can be partly explained by the 
growing consciousness of the mutual cultural and linguistic affinity 
and a protection against the tribes that surrounded the Abaluyia. 
Tribes belonging to another language group: the Nilotics·. Within the 
subtribes kinship plays an important role. 
The closer a clan is related to the common ancestor, the more 
authority it will have. 
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The principle of seniority in descent and age on which authority and 
prestige are based may be found within all social groups, including 
the individual family. 

Precedence in succession and inheritance are ruled by seniority. 
Wagner (Wagner, 1976, p. 37) states that in case of inheritance the 
brothers and senior relatives have precedence over the sons. The 
present practice learns that at least where economic matters are 
concerned this changed in favor of the sons. Wagner already 
mentioned the possession of wealth and a gentle character as factors 
contributing to authority. With the change to a money economy the 
authority based on wealth became more and more important. 
The political system, enforced by the British, introduced a new form 
of authority by means of the system of district officers, chiefs and 
subchiefs, although the appointment of the different authorities is 
still very much based on the former differences in kinship (Mulaa, 
1981). 

Within the Abaluyia society the different professions were based 
upon kinship. The access to professions in which possession of 
"secret knowledge" was involved, e.g. diviner, medicine man, 
sorcerer and circumcisor, was acquired by birth. The more common 
crafts, such as pottery, wood and leather working, were free and 
could be learned by everybody. Today this principle still holds, but 
the professions that require secret knowledge are becoming less 
important and the professions that are free for everybody rapidly 
increase. 

In the Abaluyia society there is still a marked sex dichotomy. This 
shows in the cultural emphasis placed on patrilinearity, in the 
rules of inheritance, laws of property and in residential 
arrangements after marriage, but also in the division of duties and 
labour in everyday life. The stratification among males and females 
is quite strong. Within the sex groups the Abaluyia can be described 
as a "democratic" society where the differences in prestige and 
social status mainly play a role when it comes to e.g. inquiry 
procedures. 

Religion. The major function of the original religion of the 
Abaluyia was the explanation of both the unexplainable and the 
"raisons d' etre". In this religion there is one God, the creator of 
the celestial bodies, the world and the creatures on that world. All 
things created by God have their function. After creating the sun 
and the moon and giving them the power of resplendence, God created 
man to enjoy this splendor. 
Woman was created for the man to have somebody to talk to. After 
creating the plants God created the animal to eat them. Cattle was 
created by taking a young male and female buffalo to the people to 
keep them as domesticated animals 
(Wagner, 1976, p.p. 27-55). 
God's creations are praised by the Abaluyia particularly for their 
social value. 
The sun is praised because it provides light to the world, enabling 
people to work in their fields and to go about their daily tasks as 
well as for dividing the day into morning, afternoon and evening. 
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The moon is praised because it shines on people at night and helps 
them to make love. The phases of the moon are also helpful to 
predict the duration of pregnancy both for man and beast. God is 
seen as a father watching the good as well as the evil of man and 
punishing or cursing his children when they do wrong. 
The dead have a special place in the religion and are believed to 
live on as long as the eldest living member of a family or cla~ can 
remember them. The "living dead" or spirits. They are an integral 
part of the family or clan and are believed to possess and exert 
power in many fields. It is e.g. believed that they can affect the 
health and the general well-being of their living relatives. 
Furthermore they are considered to be the guardians of tribal law 
and customs. In the course of time and under the influence of the 
emergence of other religions in the region, the traditional Abaluyia 
religion changed. Many traditional elements however still pl~y an 
important role in the Abaluyia society. 

Around the turn of the century several christian missions were 
started in the area. At about the same time a provincial Muslim 
court was established in Mumias and later a mosque was erected here 
(Barclay, 1977, p.p. 43-47). In the Mumias area the Islam is 
predominant, whilst in the other areas Christianity in different 
forms, including local African churches, has gained quite some 
influence. 
At the turn of the century Christianity and Islam were 'only 
interested to convert the Abaluyia. When the first schools based on 
these religions were established in the late thirties, the influence 
of the new religions on the social life of the people became more 
and more important. 

Politics. The present political system and ideology was more or less 
imposed on the Abaluyia by the British. In the small tradit~onal 
Abaluyia communities kinship was the governing basis of society. 
There was hardly an institutionalized political system and so¢iety 
was ruled by those members of the clan that had authority: the 
elderly and the more effluent. 
The Abawanga, one of the Abaluyia tribes, were an exception: they 
had a system of centralized chieftain government. 
Such a more regulated and centralized political system was a 
prerequisite to incorporate clans from neighbouring tribes. 
Somewhere in the mid 17th century the institution of a hereditary 
paramount chief, known as the Nabongo, was established in the 
Abawanga area (Barclay, 1977, p.p. 26-56). Mumia was one of 'these 
Nabongos and in colonial times he opted for friendship and close 
collaboration with the British administration. This brought several 
benefits for the Abawanga chiefdom, established in the royal village 
of Lureko, which was soon called Mumias after the Nabongo's name. 
The Nabongo and his next of kin misused their power under the 
sub-imperial system to accumulate wealth by gross exploitation and 
this affected the agricultural and animal husbandry productiv~ty in 
a negative way. The non-Abawanga groups still consider this period 
of their history as one of gross exploitation and even today these 
memories play a role in the political life of the Abaluyia. 

After independence in 1963 a political system of national and 
regional institutions was established. Members of the different 
political bodies are chosen in regional and general elections. 
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The leading political party assigns officials on the provincial, the 
district, the location and the sub-location level. Politics 
penetrated more and more in even the smallest units of the Abaluyia 
society. The abuse of power by Mumia's sons, grand-sons and brothers 
in the past, causing hardship for many, was still an issue in the 
1974 elections campaign for the three Wanga seats on a local 
government body in Kakamega and the Mumias seat in Parliament. 
Until 1974 the political perception of the Abaluyia was governed by 
clanism. Kenya's new political system, particularly during election 
periods, tended to bring clanism to the surface again in such a way 
that virtually every political issue boiled down to "them versus 
us". 
Between 1974 and 1979 there was however a major change in important 
political issues. Sugar cane farmers discovered that they had common 
problems and they became aware of the fact that politics was an 
instrument that could be used to fulfil at least some of their 
wishes. Mulaa (Mulaa, 1981, p. 107) concludes that in 1979 politics 
were still heavily influenced by kinship, but that the problems of 
the sugar cane growing farmers started to play a more and more 
important role. 
It is obvious that politics in the sugar cane areas and therefore in 
the Abaluyia society will increasingly be dominated by the common 
interest in this cash crop. 

Economics. In the traditional economy of the Abaluyia where tribe, 
clan and family played a major role, the family economy prevailed. 
The basis of such a subsistence economy is the natural wish to 
survive. Economic organisation is directed at economic activities 
like production and exchange (Kongstad, Monsted, 1980, p.p. 20-43) 
and although small changes occurred in time, the fundamentals of 
this economy kept dominating the region. 
A major change occurred when the village of Lureko grew into more 
than a collection of home-steads of the people of one clan because 
of the increasing importance of the Nabongo Mumia. 
In this "new" Mumias village a service economy emerged. 
The new economic activities attracted non-Abaluyias such as Asians 
and Nubians, mainly involved in trading and related activities. 
In the entire Abaluyia area virtually no cash earning activities 
occurred before independence and subsistence agriculture and cattle 
keeping remained the main economic activities. In the Abawanga 
region even these activities deteriorated because of the economic 
reliance on exploitation of the neighbouring clans by chief Mumia. 

In 1921, the British administration transferred its district offices 
from Mumias to Kakamega mainly to get away from the black water 
fever infested areas around Mumias. 
When the railway from Mombasa at the coast to Nairobi and eventually 
to Kisumu at the shores of Lake Victoria was completed, Mumias was 
no longer an important resting station along the main road to Uganda. 
This further decreased the possibilities of the Abaluyia to become 
involved in other than subsistence economic activities. People 
started to move out of the area in search of cash earning jobs. 
This need for cash income was one of the instruments used to supply 
their estates and large scale farms in other parts of Kenya with 
unskilled labour. After independence this migration was, on a more 
voluntary basis, directed towards urban areas such as Nairobi and 
Mombasa. 
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Before 1970 little effort was put in the development of the Abaluyia 
area. The most obvious development would have been in agriculture, 
but the area appeared to be situated just outside the prom~s~ng cash 
crop areas. East of the area the tea estates emerged, west of the 
area tobacco growing was introduced and north of the area maize was 
grown on a commercial basis. Some attempts to grow coffee and sisal 
in a commercial way are recorded (Barclay, 1977, p. 36). 
They failed partly because of environmental constraints, partly 
because of the absence of infrastructural facilities such as storage 
and transport. 
The Government at least tried to improve the agricultural 
subsistence food production by the introduction of cassave and sweet 
potatoes as a safeguard against famine and crop failure in other 
sectors. Agricultural extension workers and local chiefs were used 
as vehicles for the "progressive farmer" strategy and the farmers 
were encouraged to practice crop-rotation, ox-ploughing, terracing 
against erosion and the use of certified seed and plant material. It 
was hoped that the example set by the progressive farmers would be 
followed by others. For several reasons not well understood, this 
policy was not successful. A small number of farmers changed to 
ox-ploughing and were able to make better use of the fertile but 
heavier soils near rivers and streams. 
Most farmers for their traditional crops however continued to depend 
on the hoe for soil tillage. 

In that traditional cropping pattern, like in many other are~s in 
Africa, a gradual shift occurred from sorghum to maize, sorghum 
being an important second crop grown in an intercropping system with 
the maize. Later on, cassave became more and more important. Cassave 
is easily multiplied, grows fast and requires much less attention 
and therefore work, than e.g. sorghum to obtain reasonable yields. 
In addition it is tasty and filling and hence became popular as 
staple food. Unfortunately however its nutritional value is low. i 

Sugar cane growing played a minor role in this setting. 
In the area several small jaggery factories were established with a 
milling capacity of up to 18 tonnes of cane per day. These factories 
produced jaggery in the form of brown sugar loaves by boiling the 
extracted juice until it could be poured into moulds to crystallize. 
Jaggery is hardly used as a sweetening agent or for cooking. Most of 
it goes to alcohol production which is, although illegal, th~ most 
important home industry in the Abaluyia area. Mostly women are 
involved in this alcohol production and for them it is one of the 
few sources of cash income. 
Cane growing for jaggery factories was however a risky business. 
Many plots yielded extremely poor crops due to the primitive 
agricultural practices and farmers could never be sure that the cane 
would be bought at a reasonable price. 
In this setting new cane sugar producing technologies were 1 to be 
introduced. ! 
Socialisation. In the traditional Abaluyia society socialisation was 
directed towards the most important goal: surviving. It took place 
within the clan and was controlled by tribal laws and customs. 
Education as a form of socialisation came to the Abaluyia by the 
religious reformers and whether or not a school was started, to a 
great extent depended on the religious leaders concerned. 
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In the Abawanga area a not very enlightened missionary considered 
education only necessary for reading the bible and likewise the 
Islamitic leaders restricted their,education to Koran reading. 
Already in the early thirties the Abaluyia themselves were convinced 
of the necessity of education in order to provide better future 
possibilities for their children. The Mumia clan forced the 
Catholics to open a mission school by threatening to make the 
Nabongo expel all the Catholics from Wanga 
(Barclay, 1977, p. 46). 
After the establishment of several Christian schools, 
the Muslims followed with various primary schools. 
When the Kenyan government took over the responsibility for 
education after independence the educational infrastructure 
improved. Education remained a high priority for the Abaluyia in 
spite of the burden of high fees on the family budget and the fact 
that only few school leavers were able to find fitting jobs. 

Communication. Since there was little need for communication outside 
the clan, the communicational infrastructure of the Abaluyia was 
simple. There were of course trading routes between clans and tribes 
and these were improved with the arrival of the colonial traders, 
settlers and officials. 
The railway stopped at Kisumu and did not penetrate into the 
Abaluyia area, but dirt roads appeared. When they were of particular 
economic importance or when they led to the homes of powerful 
people, they were improved and eventually the road between Mumias 
and Kakamega became a shaped and drained murram (compacted laterite) 
road. Telephone and electricity were absent and postal services were 
not started on a regular basis. Only in Kakamega, a town of some 
importance in the governmental system, a basic infrastructure 
developed and the road between Kakamega and Kisumu was the first in 
the area to be tarmaced. 
Local markets were always present but the foundation of 
Mumias village marked a major step in the development of the 
economic structure of the area. With the extension of the road 
net-work new local markets developed. 
However, before the introduction of the new sugar industries in the 
Abaluyia area, the infrastructure could only be classified as poor. 

2.4. DESCRIPTION OF THE SUGAR CANE AGRICULTURE. 

2.4.1. GENERAL ASPECTS OF GROWING SUGAR CANE. 

Sugar cane, Saccharum officinarum L., is family of the grasses. 
There is strong evidence that it was first domesticated in New 
Guinea more than 10,000 years ago and from there was brought to the 
Philippines, India and Indonesia. From India it reached the Middle 
East and wi·th the Arab expansion in the 7th and 8th century, sugar 
growing and processing spread in the Mediterranean basin. 
It was taken to the New World colonies by Columbus on his second 
voyage in 1493 and it was here that the large plantations .developed 
that provided Europe with sugar for centuries to come. Large scale 
sugar cane growing was introduced in Africa from the mid-19th 
century onwards. 
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Sugar cane needs tropical and sub-tropical climates to grow well and 
considerable know-how in the fields of agriculture and processing. 
In addition its growing and processing is labour-intensive. 

It is propagated by cutting fully grown stalks into pieces 
consisting of at least four internodes and three buds. These pieces 
are planted in a well-prepared seed-bed and from them the so-called 
plant crop grows. When the plant crop reaches maturity, depending on 
climatological and soil conditions this may take 16 to 22 months, it 
is harvested by cutting the stalks just above the ground. The 
remaining stool will tiller again and the resulting crop is called a 
ratoon crop. 
Depending again on climatological and soil factors as many as five 
or six ratoon crops can be grown in succession. Maturing of a ratoon 
crop may take between 12 and 18 months. 
With a plant crop that takes 22 months to mature and four r~toon 

crops requiring 16 months each to mature, the land will have to be 
reploughed every seven years. 
Sugar cane is virtually unsurpassed by any other cultivated plant in 
its ability to transform the energy of sunlight into plant calories. 
To take full advantage of this ability the factors affecting the 
growth of sugar cane should however be optimal. The most important 
factors are related to the climate and the soil. 
Moisture, light and temperature are the principal climatic fabtors 
that control the growth of sugar cane and an ideal climate for the 
crop can be characterized as follows 
(Mangelsdorf, 1950): 

a long, warm growing season with adequate rainfall; 
a fairly dry, sunny and cooler harvesting season; 
freedom from typhoons and hurricanes. 

Depending on other conditions, an average annual rain-fall of 
approximately 1,600 mm. is required. For ripening, the buildi~g up 
of the sucrose content in the stalks, a dry season of som~ 4-5 
months is required. During such a dry season the cane can also be 
transported from the fields to the factory without too many 
difficulties. Prolonged droughts are however detrimental to the crop 
and significantly reduce yields. An average daily temperature of 
approximately 28° c is optimal and growth is checked by temperatures 
lower than 15oc. 
At higher elevations, temperatures are lower and with the /usual 
cloudier weather cane grows at slower rates and reaches matur~ty at 
an older age. 
Barnes (1953) states that the average crop age in East-Africa 
increases seven months in rising from sea level to 1,500 m. 
Sugar cane is sensitive to frost and to strong winds. In the latter 
case the cane will lodge pre-maturely. 

Chemical, physical and micro-biological properties are the principal 
soil factors that control the growth of sugar cane. As c4n be 
expected from a member of the grass family, sugar cane grows on a 
wide variety of soils, ranging from coastal sands to heavy black 
river clays. 
Although the demands made by sugar cane on the soil are not high as 
such, its unsurpassed ability to transform the energy of sunlight 
can only be fully exploited on fertile, well-drained soils with 
favourable physical characteristics. 
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It is difficult to give general figures for nutrient removal from 
the soil by the crop, but a cane crop of 150 tonnes may remove as 
much as 75 kg. N, 50 kg. P205 and 150 kg. K20 from the soil. 
These high nutrient requirements result in a rapid impoverishment of 
the soil, especially if cane is grown in a mono-culture. In this 
case adequate fertilizer application soon becomes, together with an 
adequate water supply, the most important prerequisite for a 
profitable crop. Amongst the nfertilizers", nitrogen takes the first 
place since most soils have no adequate supply of this element. 
However, depending on the soil type, also phosphorus and potassium 
will have to be supplied. 
To obtain good yields the root system of sugar cane has to be 
well-developed and this is only possible if the physical properties 
of the soil are optimal. The seed-bed should permit rapid 
infiltration and satisfactory retention of usable rain-fall and 
irrigation water. It should offer little resistance to root 
penetration and resist erosion. The necessary physical soil 
conditions can only be obtained by an adequate land preparation 
system consisting of ploughing, subsoiling, harrowing and ridging. 
In contrast to many other crops, sugar cane is little dependent on 
the use of farm yard manure and compost. The main function of manure 
is to improve the soil structure. The micro-biological soil 
properties however are usually already satisfactory because of the 
intensive root development and the dense shading of the soil by the 
crop itself. 
Furthermore there are large quantities of leaves remaining on the 
fields after harvest. This is, in so far as they are not burned off. 

As was stated before, the most important factors affecting the 
growth of sugar cane are related to the climate and the soil. 
However there are other factors as well. The topography of the land 
e.g. is important when it comes to mechanization and erosion hazard. 
Steep slopes prohibit the use of mechanical farm equipment and 
increase erosion risks. Stoniness of the land is also a factor to 
consider. Although a soil may have favourable chemical, physical and 
topographical characteristics, the use of mechanized farm equipment 
will be impeded by stones and boulders. 

2.4.2. THE GROWING OF SUGAR CANE IN THE KAKAMEGA AREA. 

The field work for the TA study took place in Western Province in 
the Kakamega, Bungoma, Busia and Siaya districts 
(see fig. 2.3.). 

The physical environment in the areas studied is favourable for the 
growing of sugar cane. The yearly total rain-fall is of the order of 
2,000 mm. per annum (Mumias) with November, December, January and 
February being the driest months. 
Peak rain-fall is recorded in April, May, June and October. The mean 
maximum and minimum temperatures are of the order of 29° C and 14° C 
respectively. The annual hours of sunshine amount to some 2,900 
hours, with a monthly mean of some 240 hours. The daily radiation 
amounts to approximately 
550 caljcm2. 
Usually no excessive wind-speeds are recorded and they fall within 
the range of 5 to 13 km. per hour. 
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The landscape is slightly rolling with an average altitude of some 
1,300 meters above sea level. The main river is the Nzoia and it 
holds water all the year round. 
The soils consist of various types of red laterite in hill top~ and 
slopes and darker coloured alluvial soils in the lower parts. With 
the exception of the soils situated lower, the soils are generally 
well-drained and can be comparatively easy tilled. 
The virgin soils, with the exception of the more sandy types, are 
fertile and fertilizer trials conducted in the early seventies,' when 
sugar cane was introduced, showed no significant responses/ to 
nitrogen, phosphorus and potassium dressings. In the meantime 
however the situation has changed and regular applications of 
fertilizers have become necessary both the plant and ratoon crops. 
Rocky and stony patches of land occasionally occur. 
It is customary in the area to grow a plant crop and up to three 
ratoons, depending on the conditions and the management system. 
Plants are harvested at an age of 
18-22 months, ratoons at an age of 14-18 months. 
The yields expressed in tonnes of cane per hectare vary with 
conditions and management systems. 
Plant cane grown on a centrally controlled estate may yield up to 
120 tonnesjhectare with a gradual decline in yield to 
90 tonnesjhectare in third ratoons. 
Plant cane grown by outgrowers supplying cane to MSG may yield up to 
95 tonnesjhectare with a gradual decline in yield to 
60 tonnesjhectare in third ratoons. 
Yields of small farmers supplying cane to WSK and jaggery factories 
are considerably lower. The main varieties grown in the area are NCo 
370, Go 467, Go 775 and Go 680. 

In the area studied, three different management systems for gtowing 
cane were distinguished: 

I an outgrower system supplying cane to a modern vacuWf pan 
factory (Mumias Sugar Company - MSC). Cane is also suppl}ed to 
this factory from a nucleus estate that is completely conttolled 
by the factory. This estate however only supplies approximately 
10 % of the cane delivered to the factory; 
an outgrower system supplying cane to a medium-sized open pan 
factory (West-Kenya Sugar Company- WKSC); 
small farmers supplying cane to small scale jaggery factories. 

2.4.3. THE MUMIAS SUGAR COMPANY (MSC) AGRICULTURAL SYSTEM. 

The agricultural system related to Mumias Sugar Company is the most 
sophisticated one and consists of two systems: a nucleus estate 
system and a, much larger, outgrower system. In the nucleus estate 
system all agricultural practices are centrally controlled and 
carried out. In the outgrower system some agricultural practices are 
centrally controlled and carried out, such as e.g. land preparation 
and transport and some are done by the farmers themselves such as 
e.g. practices related to crop maintenance. 
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The following agricultural practices can be distinguished: 
1. land preparation; 
2. planting; 
3. fertilizer application; 
4. irrigation; 
5 . crop maintenance; 
6. harvesting; 
7. cane transport to the factory. 

ad 1. 
Land preparation consists of a number of sub-practices to be done in 
a certain sequence and frequency. The sub-practices in an ideal 
sequence and disregarding frequencies are: land clearing, land 
levelling, ploughing, sub-soiling, harrowing, ridging, ditching and 
interrow ridging. On the nucleus estate all land preparation is done 
by tractor and sophisticated implements and the entire exercize is 
centrally controlled. The same is the case in the outgrower areas, 
with the exception of land clearing. The latter is done manually. 
Research facilities in the form of an agronomy department are 
available to improve on the practices concerned. 

ad 2. 
Planting is done in two steps, both on the nucleus estate and in the 
outgrower areas. Selected and treated (against diseases and pests) 
canes are planted in nurseries that receive special care and 
attention. These nurseries provide the planting material for both 
the nucleus estate and the outgrowers. Planting in both cases is 
done by hand and plant material is transported by tractor and 
trailer to the fields. Research facilities in the form of an 
agronomy department are available to improve on the practices 
concerned. 

ad 3. 
Fertilizer is applied to both the nucleus estate and the outgrowers 
cane. The fertilizer is transported to the fields by tractor and 
trailer and applied by hand. On the nucleus estate it may also be 
applied by tractor and spreader. Considerable efforts are put into 
investigating the ideal types and quantities of fertilizer to be 
applied. 

ad 4. 
Irrigation in the form of sprinkler irrigation only takes place on 
the nucleus estate and is limited to the areas near the Nzoia river. 

ad 5. 
Crop maintenance consists of a number of sub-practices to be done in 
a certain sequence and frequency. The sub-practices in an ideal 
sequence and disregarding frequencies are: manual weed control, 
chemical weed control and pest control. 
They take place both on the nucleus estate 
areas. Chemical weed control is dominant on the 
the outgrower areas virtually all weeding is done 

ad 6. 

and in the outgrower 
nucleus estate. In 
manually. 

Harvesting consists of the following sub-practices: pre-harvest 
burning, cutting and loading. 
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On the nucleus estate pre-harvest burning takes place, the cane is 
cut by hand and loaded by grab-loaders on trailers for transport to 
the factory. 
In the outgrower areas the cane is not burned prior to cutting and 
only the thrash is removed. 
The cane is cut by hand and stacked into one trailer load piles. MSC 
tractors winch the piles on trailers and transport the cane to the 
factory. 

ad 7. 
Transport to the factory is by tractor and trailer both on the 
nucleus estate and in the outgrower areas. 

2.4.4. THE WEST KENYA SUGAR COMPANY (WKSC) AGRICULTURAL SYSTEM. 

This system has no nucleus estate and all the cane comes from small 
farmers. Agricultural practices are not centrally controlled with 
the possible exception of some assistance in the field of land 
preparation and notably ploughing. 
The following agricultural practices can be distinguished: 
1. land preparation; 
2. planting; 
3. fertilizer application; 
4. crop maintenance; 
5. harvesting; 
6. cane transport to the factory. 

ad 1. 
Land preparation consists of the following sub-practices: 
land clearing, ploughing, harrowing, ridging, ditching and interrow 
ridging. Land levelling and subsoiling do usually not take place; 
The practices are carried out manually or by means of ~nimal 
traction and simple implements. The use of tractors, and 
sophisticated implements is increasing. 

ad 2. 
Planting is done manually by selecting stalks from st~nding 
commercial crops. There is no nursery system. 

ad 3. 
Fertilizer is not often applied. If applied, it is 
Crop rotation takes place occasionally but not 
manner. 

ad 4. 

done by hand. 
in a systematic 

Crop maintenance is limited to manual weed control, but even this is 
done in a haphazard manner. 

ad 5. 
Harvesting consists of cutting and loading. The cane is not burned 
prior to harvest and loaded by hand on lorries and tractor driven 
trailers. 

ad 6. 
Transport to the factory is by lorry and tractor driven trailers. 
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2.4.5. THE AGRICULTURAL SYSTEM RElATED TO JAGGERY. 

There is no system of controlled agricultural practice and every 
farmer does as he sees fit. The following agricultural practices can 
be distinguished: 
1. land preparation 
2. planting 
3. harvesting 
4. cane transport to the jaggery factory. 

ad 1. 
Land preparation consists of the following sub-practices: 
land clearing, ploughing, harrowing and ridging. 
The practices are either carried out manually or by means of animal 
traction and simple implements. 

ad 2. 
Planting is done manually by selecting stalks 
commercial crops. There is no nursery system. 

ad 3. 

from standing 

Harvesting consists of cutting 
prior to harvest and is loaded by 
trailers or ox-carts. 

and loading. The cane is not burned 
hand on lorries, tractor-driven 

ad 4. 
Transport to the factory is by lorry, tractor-driven trailer or 
ox-cart. 

2.5. DESCRIPTION OF THE INDUSTRIAL PROCESSING OF CANE SUGAR. 

2.5.1. GENERAL ASPECTS OF PROCESSING CANE SUGAR. 

Sucrose - what we call sugar is an organic chemical of the 
carbohydrate family and it occurs in all green plants. 
The two most important sources of processed sucrose are sugar cane 
and sugar beets. The latter however only since the middle of the 
19th century. 
As we saw in paragraph 2.4.1., sugar cane, Saccharum officinarum L., 
was probably domesticated in New Guinea some 10,000 years ago and 
from there spread to other parts in 
South East Asia. Via India and the 
Mediterranean and eventually arrived 
second voyage of Columbus in 1493. 
reached Africa in the mid 19th century. 

Middle East it spread to the 
in the New World with the 
As a plantation crop it only 

Mintz (Mintz, 1985) mentions early references to sugar making from 
sugar cane in Indian literature and quotes Nearchus, a general of 
Alexander the Great, who in 327 .B.C. asserted that "a reed in India 
brings forth honey without the help of bees .. ". 
In about 500 A.D. there is a first detailed written evidence of 
sugar making, as a Hindu religious document describes the boiling of 
juice, the making of molasses and the rolling of balls of sugar. 
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From this description, the basic processes of extracting 
sucrose from sugar cane can be derived. The cane needs 
extract the sucrose containing juice. 

crystalline 
crushiytg to 

The juice is boiled causing evaporation and resulting in a 
concentration of sucrose. As the juice becomes supersaturated, 
crystals are formed. Further crystallization requires the cooling of 
the supersaturated juice and whilst cooling and fufther 
crystallizing, the emerging "raw sugar" is embedded in molasses.' The 
remaining molasses or treacle still contains a high percentage of 
sucrose and is used for various purposes. The "raw sugar" produced 
in such primitive processes is dark brown to black, has a high 
moisture content and contains many impurities. It is moulded in the 
form of balls, loaves, sticks and the like. 

The oldest way to enjoy the sweetness of sugar cane is to chew it. 
Also here expertise is required. One has to know the best varieties 
to chew and also how to chew them. To be chewed properly, the right 
part of the stalks must be selected, the cane must be peeled and 1 the 
pith cut into manageable portions. An art that is still practised by 
numerous people today in sugar cane areas around the world. 
To produce crystalline sugar is however a complicated technical 
process that starts with the crushing of the cane. It was probably 
first done with the help of an edge roller mill, derived from1 the 
olive presses that were already used by the old Egyptians. A 
decisive step in sugar technology came with the invention of the 
vertical 3-roller mill, animal-, man- or water-driven, in the mid 
15th century. The basic processes of boiling, evaporation and the 
separation of crystalline sugar and molasses remained basibally 
unaltered for centuries. Another decisive step in this field was the 
use of centrifuges to separate crystals and molasses and occurred in 
the 19th century. 

The process of extraction of sugar 
is conducted in a number of 
considered under four heads: 

from the cane in 
stages that can 

modern factjories 
be conveniently 

1. crushing; 
2. clarification of the juice; 
3. concentration by evaporation; 
4. crystallization. 

Figure 2.6. presents a simplified flow-chart of a modern sugar 
factory according to Barnes (Barnes, 1964). 

The juice is extracted by passing the shredded 
of four 3-roller mills. Extraction by milling 
common practice but extraction by means of 
ground. 
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FIGURE 2.6 
Simplified flowchart of a modern 
sugar factory according to Barnes. 
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2.5.2. PROCESSING CANE SUGAR IN THE KAKAMEGA AREA. 

Sugar cane was probably first introduced in t he area by t he Arab 
t raders and ma inly use d a s chewing cane . In 1858, 
John H. Speke was probably the first European to gaze for the first 
time on, as he recorded, "the pale waters of the Nyanza": Lake 
Victoria was on the map . He was also the first who travelled from 
the lake towards Mount Elgon, now on the border with Uganda , a nd he 
must have passed through what is now the Kakamega area. 
Just over 40 years later, the railway from Mombasa a nd Nairobi 
reached t he shores of Usoga Bay, on the Kavirondo Gulf of 
Lake Victori a, on December 20, 1901. Kisumu, still to be established 
as a town, was the end of the line. 
To build the rail-road, the British had contracted tens of thousands 
of Indians and many of . them settled in the area, bringing with them 
the knowledge of making "gur", the black j a ggery . 
Until the initiation of the modern vacuum pan factories in the late 
sixties and early seventies the jaggery process was the only process 
known in the area. 
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In 1981 another process, unique in Kenya, was introduced: 
the open pan sulphitation process. 

In the field study area, four different sugar producing processes 
were distinguished: 
1. a vacuum pan centrifugal process (MSC); 
2. an open pan centrifugal process (WKSC); 
3. a small factory open pan non-centrifugal process (jaggery); 
4. a primitive open pan non-centrifugal process (jaggery). 

The total jaggery production of the primitive and small open pan 
non-centrifugal process is difficult to estimate but may be of the 
order of 200 tonnes of jaggery per annum. 
The open pan centrifugal process produces approximately 

· 5,000 tonnes of sugar and jaggery per annum and the vacuum pan 
centrifugal process 150,000 tonnes per annum. 

2.5.3. THE VACUUM PAN CENTRIFUGAL PROCESS OF MUMIAS SUGAR COMPANY 
(MSC). 

Large scale sugar processing takes place in so-called vacuum pan 
factories. Although there is a wide variety of types of 
installations, the basic processes are very much the same. 
At MSC the following processes can be distinguished: 
1. cane handling in the yard; 
2. cane preparation prior to milling; 
3. milling; 
4. clarification; 
5. concentration and 

crystallization; 
6. centrifugation; 
7. drying; 
8. bagging; 
9. storing. 

The untreated juice after milling, process 3., is called 1mixed 
juice. The by-product of this process is bagasse, the residue fibers 
of the stalks. Bagasse is used, after drying, to provide the fuel 
for concentration. 
After clarification, process 4., the mixed juice becomes clear 
juice. The by-product of this process is filter cake. Filter cake is 
used as a fertilizer and to improve the physical structure of the 
soil. The clear juice enters the evaporators and vacuum pans, 
process 5., and leaves the vacuum pans as massecuite for the 
crystallizers, process 6., and the centrifugals, process 7. The 
by-product of centrifugation is ·molasses. Molasses are sold for 
alcohol and cattle fodder production. 
The end product is raw sugar. 

ad 1. 
Cane handl~g in the yard consists of the following subpractices: 
cane weighing, cane handling and feeding cane on to the feeder 
table. The cane arrives in the yard on trailers and after weighing 
is dumped in large heaps. Proper care is taken that newly arrived 
cane is not mixed with the cane already in the yard. 

- 48 -



The yard contains a stock of cane, to be processed in a continuous 
process . 
With cranes and grab-loaders the cane is pushed on the feeder tables. 

ad 2. 
Cane preparation prior to milling consists of the following 
subpractices: levelling, washing, tramp-iron removal, cutting and 
shredding. 
On the feeder table the cane is evenly spread and moves on to a 
slatted conveyor belt leading to the mills. Depending on the amount 
of dirt mixed with the cane, the cane may be washed by water jets. 
Before reaching the mills the cane is cut by rotary knives and 
shredded by two other sets of knives. 

ad 3. 
Milling consists of crushing the shredded cane and adding imbibition 
water. The milling train consists of a series of five 3-roller mills 
and additional water (imbibition) is added in order to increase the 
extraction. See figure 2.6. for a simplified flow chart. 

ad 4. 
Clarification consists of the following subpractices: screening, 
pre-heating, addition of flocculants and milk of lime, filtering and 
the removal of filter mud. After screening, the screened fibrous 
particles are fed back to the mills, the mixed juice is heated to 
105° C., flocculants and lime are added and the juice enters the 
clarifiers. Clear juice is decanted from the top and the muds are 
filtered by rotary vacuum filters. 

ad 5. 
Concentration and crystallization consists of the following 
sub-practices: heating, evaporation, addition of chemicals and 
boiling. The temperature of the clear juice is raised to 
110° C. in the pre-heaters and this hot juice enters the quadruple 
effect evaporators. There are four of these evaporation vessels 
placed in series. In these vessels the juice is concentrated to a 
solid content of 65 percent by weight (brix 65) to obtain what is 
called raw syrup. 
The raw syrup is bleached by adding sulphur dioxide. 
The resulting syrup is further concentrated in the vacuum pans until 
a fixed degree of super-saturation, leading to the formation of 
sugar crystals. Vacuum pans are in fact one-effect evaporation 
vessels, working under reduced pressure. The advantage is a low 
boiling temperature with no risks of caramelization or inversion and 
a very efficient use of energy. 

ad 6. 
Centrifugation takes places after the raw juice has been boiled to a 
semi-solid mass of crystals and liquid, called massecuite. In the 
centrifugation process, the sugar crystals are separated from the 
molasses. 

ad 7., 8. and 9. 
~ of the sugar that leaves the centrifuge takes place in rotary 
driers with steam-heated air. After drying the sugar is bagged in 
100 kg. bags and transported to the main sugar store. 
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In the vacuum pan proces 3 types of sugar are made: A, B and C 
sugar. A-sugar is made from the first syrup. B-sugar is reco~ered 
from the molasses remaining from the A-sugar process. B-molasses is 
further processed into C-sugar. This so-called ABC boiling system 
can be modified by mixing the different molasses with syrup or 
molasses from an earlier process stage. 
A-sugar is the final product. B-sugar is mixed with the A-syrup to 
enhance the development of crystals. C-sugar is remelted and ~dded 
again to the raw syrup. Steam is the source of energy and power in 
the factory and it is generated by bagasse fired boilers. The 
process is efficient and uses a minimum of labour. 

2.5.4. THE OPEN PAN CENTRIFUGAL PROCESS OF WEST KENYA 
SUGAR COMPANY (WKSC) . 

The open pan centrifugal process was developed in India on basts of 
the "gur" (jaggery) process technology. 
The introduction of centrifuges in this "gur" process made it 
possible to separate the crystals from the molasses in an efficient 
manner. To further increase the quality of the final product and to 
enhance the efficiency of the process, many other modification~ were 
introduced. 
The processes related to the open pan centrifugal factory of the 
WKSC are the same as the processes of the vacuum pan centrifugal 
factory of MSC. The significant differences lie in the sub-proce~ses. 

I 

Cane handling in the yard consists of weighing the lorry and trailer 
loads and dumping the cane in heaps. Cane preparation prior to 
milling does not take place and the cane is fed directly into the 
mills. Milling is done by two milling tendems of three 3-foller 
mills each. The mills are electrically driven and achieve a milling 
efficiency of about 65 percent. Clarification of the juice is done 
by running juice and milk of lime simultaneously into a 
clarification tank until the pH has risen to about 8. Sulphur 
dioxide is then blown through the clarification tank until the 1juice 
has reached a pH of 7. The juice is heated to 100° C., settl.d and 
decanted at 70° C. The settled mud is filtered in plate filters and 
removed. The sulphitation stage has given this process part of its 
name: the open pan sulphitation technology. 
Concentration and crystallization takes place in open pans and in 
massecuite containers. Evaporation takes place in five stages,lusing 
five consecutive pans. The five pans are built in a bagasse furnace, 
the flue gasses of which heat all the pans. The furnace can be fired 
with wet bagasse but usually the bagasse is first dried in the sun. 
Wood is used as an additional fuel. The first three pans in the set 
have a rectangular surface to obtain maximum heat transfer. · 
The last two pans are round and therefore more suited for the 
careful boiling stage. The last pan in the boiling line is the 
pen-ultimate pan in the construction. In this pan, the juice is 
boiled to a syrup containing a very high percentage of solidf. Too 
much heat at this stage causes caramelization and a low quality of 
the final product. 
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When the syrup is thick enough, it is poured into large rectangular 
vessels where it is slowly stirred whilst cooling off. In about 48 
hours of cooling the sugar crystals will grow to a size that makes 
the massecuite ready for centrifugation. 
In the centrifugation process the crystals are separated from the 
molasses. The molasses from the first crystallization still contain 
up to 50 % of sugar in the form of small crystals or still in 
solution. This molasses can either be reboiled to give a second and 
third sugar or turned into jaggery. 
~by warm air takes place in a rotary drier. After drying, the 
sugar is bagged and transported to the stores. 
The open pan centrifugal process of WKSC is labour-intensive. Manual 
labour is involved in transporting the juice from the mills to the 
clarification tank and in transporting the syrup to the 
crystallization vessels. The technology involved is a simple bucket. 
Other manual work involves the transport of bagasse, the drying of 
bagasse and the bagging of sugar and packing of jaggery. 

2.5.5. THE SMALL SCALE OPEN PAN NON-CENTRIFUGAL PROCESS OF THE 
JAGGERY FACTORIES. 

With the exception of centrifugation the processes involved are 
basically the same as in the open pan centrifugal process of the 
WKSC. The entire operation is however much smaller in scale. 
Cane handling in the yard is restricted to off-loading lorries, 
trailers and ox-carts and the cane is not weighed prior to being fed 
in the mill without further ~ preparation. Milling is done by 
means of a horizontal 3-roller mill, powered by a Diesel engine. 
The juice is transported by gravity to a boiling house where one or 
more sets of pans are installed. Each set contains three pans. 
The construction of the pans, every pan slightly lower than the 
preceeding pan, allows the juice to be transported by gravitation. 
Clarification does usually not take place and in the concentration 
and crystallization process the juice is boiled to a thick syrup. A 
few factories in West-Kenya use some sort of boiling control 
together with clarification to produce super-fine jaggery. The 
clarification involves the addition of both milk of lime and herbs 
to the second pan. 
The lime neutralizes the juice and inversion is counteracted. The 
herbs act as a coagulation agent in which some of the impurities are 
trapped in the scum formed. This scum is skimmed.off. 
The massecuite from the last pan is cooled and then poured in moulds 
to further solidify into sugar loaves. Since no crystalline sugar is 
produced, drying is not necessary and the loaves are tapped out of 
their moulds when they have completely cooled down. 
The loaves are transported to the stores and stacked awaiting 
transport. 
Super-fine jaggery is used for cooking, particularly by Asians, and 
as a candy. The black jaggery is used for alcohol production. 
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2.5.6. THE PRIMITIVE SMALL SCALE OPEN PAN NON-CENTRIFUGAL PROCESS 
OF THE TRAVELLING JAGGERY MAKERS. 

This is the most simple process that can be observed in this part ~f 
Kenya. The equipment used is movable and owned by the processor. 
Milling takes place in or near the cane plots by means of an upright 
iron mill, that can be driven by either animals, mostly oxen, or m~n. 
These 2- or 3-roller mills are mostly in a deplorable condition with 
worn grovings and other technical defects. They are 50 percent less 
efficient than the Diesel driven mills of the small jaggery 
factories. 
The cane is fed directly into the mill with a few stalks at a time. 
The juice is poured into a boiling pan placed on an open fire in a 
pit. The fire is fed by dried bagasse and fire-wood. Concentration 
and crystallization takes place by prolonged boiling. The boiling 
temperature may rise to 117° C., leading to varying degrees of 
inversion and degradation of the juice (syrup). 
Caramelization will form brown to black coloured by-products. When 
the juice is sufficiently thick, it is poured into iron buckets that 
are used as moulds. Crystallization will take place during cooling, 
but the high content of invert sugars will hamper this process. 
The result is a sugar loaf where the massecuite is solidified as a 
matrix of molasses with small embedded crystals. The resulting black 
jaggery is almost exclusively used as raw material for alcohol 
production. 
The costs of processing the cane are paid in jaggery by the farmeti 
and may amount up to 50 percent of the price of the jaggery 
produced. The process is very inefficient and the earnings for the 
farmer are small. The processing method is therefore only chosen ~f 
the farmer has no alternative to turn his cane into cash. ' 
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Feeder table to 
the mill train. 

MSC 
Vacuum pan process . 
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in 100 kg bags. 1 
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WKSC 
Feeder table to 
the mills 

WKSC 
Open pan sulphitation 
process. 

WKSC 
One of the end 
products apart from 
plant ation white sugar : 
Black jaggery cone s 
for alcohol produc tion. 
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Jaggery factory 
Feeding cane directly 
to the mill. 

Jaggery factory 
Open pan process 

Jaggery factory 
One of the end 
products: high quality 
jaggery for cooking. 



CHAPTER 3 
PRACTICAL APPLICATION OF THE TECHNOLOGY ASSESSMENT 
METHOD. 

3.1. THE TECHNOLOGY DELIVERY SYSTEM 

3.1.1. REVIEW OF THE METHOD. 

A Technology Delivery 
production system, it 
of that reality. 

System (TDS) is a simplified model of a 
parallels reality but is by no means an image 

It is composed of four kinds of elements: system inputs, system 
actors, linkages and system outputs. The elements are identified by 
means of e.g. delphi techniques and comparative analysis. 
In the TDS these elements are placed in a logical structure in such 
a way that insight is obtained with respect to the technology and 
the relations that play a role in its implementation. 

3.1.2. PRACTICAL APPLICATION. 

The final product produced by sugar industries is sugar. Sugar cane 
is an intermediate product that has to be transported to the 
processing unit. The TDS therefore consists of three sub-systems: 
a) the agricultural system 
b) the transport system 
c) the processing system. 
The system actors provide the links between the systems. 
Data regarding the different system inputs, actors, linkages and 
outputs were collected in three existing sugar producing industries 
in the Kakamega district in Kenya. 
The resulting TDS is presented in figure 3.1 (next page). 

3.1.3. ADJUSTMENTS. 

Insight in the system inputs and outputs and in the nature of the 
system actors was required to give direction to a first analysis, 
eventually leading to the aim-setting. The first design of the TDS 
was therefore confined to the essential static elements of the 
technological systems (agriculture, processing and transport) and 
the system actors. The linkages at this stage were considered to be 
less important and not all system in- and outputs were incorporated. 
Although it is not yet a comprehensive model of a production system, 
the resulting TDS is more than a simplified model: it is a well 
defined skeleton, serving a specific purpose. 
Comparing the TDS developed for the sugar case with the original 
concept of a technology delivery system, it is clear that more 
emphasis is placed on the production system as such. This is 
inherent to the fact that known,technologies are involved instead of 
future ones. This shift in scope of the TDS is essential when using 
the instrument for projects in developing economies. 
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3.2. POLICY ANALYSIS FOR TRACING GENERAL AIMS. 

3.2.1. REVIEW OF THE METHOD. 

In this place in the technology assessment cycle, the policy 
analysis identifies the aims of the parties involved in the intended 
technological action . In the technology delivery system, actors are 
identified. These system actors are the parties involved in the 
formulation of the aims. For the parties of which the aims are 
explicitly or implicitly written down, these can be traced by a 
policy analysis. Other parties have no written aims and to find 
them, other methods will have to be used (see 1.3.). 
In the policy analysis a maximum of information on the aspirations 
of the parties concerned is collected. In the process of formulating 
a development plan or a project, an agreement between different 
parties on a package of goals and objectives is often reached. In 
this phase of the technology assessment cycle it is important to try 
to differentiate between the aims of each single party. 
Aims can be of a different order and can be divided into several 
sub-aims. This construction of aims and sub-aims, bringing the final 
aims closer within reach, is reflected in an aims hierarchy similar 
to the idea of an aims tree (Buit, 1978, p. 29; Chadwick, 1971, p.p. 
152-172). The fact that an aim according to the hierarchy belongs to 
a lower level does not automatically mean that this aim is less 
important. For each party such an aims hierarchy has to be 
constructed. 
Aims are found by analysing general policy documents or documents 
concerning topics related to the projects or technologies under 
consideration. 

3.2.2. PRACTICAL APPLICATION. 

The system actors identified in the technology delivery system are: 
the local governmental bodies, the donor government, the lending 
institutions, the private investors, the entrepreneurs, the 
contractors, the farmer's co-operatives, the farmers and the 
labourers (see fig. 3.1). 

Apart from the farmers and the labourers, the aims of all the 
identified parties are traced by a policy analysis. The aims of the 
farmers and the labourers are traced by a social analysis (see 
paragraph 1.3.1.). The aims will be structured in three categories: 
economical, political and social (socio-ethical). 

THE KENYAN GOVERNMENTAL BODIES 
Since governmental bodies at the national, regional and local level 
serve different groups, there are bound to be significant 
differences between the aims of these bodies. The closer they are to 
the people directly involved, the more their aims can be expected to 
coincide with those of the people concerned. 
However, hardly any policy documents on the regional and local level 
are available and in practice it proved to be impossible to 
differentiate between the aims of the different bodies. 
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The most comprehensive policy document with the aims of governmental 
bodies on all levels is the National Development Plan. The universal 
nature of this policy document makes it somewhat non-committant, but 
in this stage of the technology assessment cycle this is not too 
problematic. 

Table 3.1 
Aims hierarchy for Kenyan governmental 
bodies. 

FIRST LEVEL 

Political aims: 
- Political equality 

Human dignity including 
freedom of conscience 

Economical aims: 
- High and growing per capita 

income fairly distributed among 
the people 

• Freedom from want, ignorance 
and disease 

Social aims: 
Freedom of worship 
Social justice 

Equal opportunities 
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SECOND LEVEL 

· Improved educational facilities 
• Increased relevance of educati~n 
- Increased mutual. social 

responsibility 
• Preserving the fundamentals of 

Kenyan ideology 

· Improved educational facilities 
· Higher agricultural production 
· Optimal use of labour 
. Fair return to the producers 

1 
• Optimal land-use 
• Optimal use of water resources : 
• Import substitution 
• Export promotion 
- Increased industrial efficiency 
• Increased domestic savings 
· Increased relevance of education 
- Increased level of income 
- Distribution of income opportunities 
: Distribution of facilities ' 
• Improved educational facilitieJ 
• Improved health facilities I 
• Fair return to the producers 
• Increased relevance of education 
• Increased level of income 
• Distribution of income opportunities 
- Distribution of facilities 

- Improved educational facilities 
• Fair return to the producers ' 
- Increased relevance of educati~n 
- Increased mutual social 

responsibility 
· Increased level of income 
- Distribution of income opportunities 
- Distribution of facilities 
• Improved educational 'facilities 
• Increased relevance of education 
- Increased mutual social 

responsibility 
• Distribution of income opportunities 
• Distribution of facilities 



In the National Development Plan the most elementary aims are 
summarized as follows: "The long-term goals of social and economic 
development are based on political equality, freedom of worship, 
social justice, freedom from want, ignorance and disease, human 
dignity, including freedom of conscience, equal opportunities for 
all citizens and a high and growing income per capita, fairly 
divided among the people" (Planning for Progress, 1979, p. 10). 
These aims will form the first level of the hierarchy 
(table 3.1, previous page). 

A considerable part of the rest of the National Development Plan is 
devoted to the elaboration of these general aims and working out the 
sub-aims, fulfilment of which is thought necessary to reach the 
elementary aims. These sub-aims form the second level of the 
hierarchy. 

THE DONOR GOVERNMENT 
All industrialised countries have some kind of aid programme, 
including countries that are considered developing economies 
themselves. An example of such a country is India. 
Every government with an aid programme can be a system actor in the 
technology assessment of the sugar project. On the Lysebu Conference 
in Oslo, 1982 the aid performances and policies of the European 
countries were analysed. The main aims of the different donors 
proved to be very similar and can be generally described as (1) 
helping the poor and (2) promoting one's commercial interests in 
expanding markets. 

The emphasis however can be put differently and certainly at the 
level of sub-aims, further differentiation will occur. Within the 
European Community e.g., the smaller countries put more emphasis on 
the aims of helping the poor, whilst the larger countries are more 
inclined to aim at the promotion of their commercial interests first. 
In this analysis two countries will be discussed: the United Kingdom 
and The Netherlands. One reason for this choice is that the two 
countries are examples of both groups mentioned before. Another 
reason is that the U.K. is actually involved in the sugar industry 
in Western Kenya and that information on the development policies of 
The Netherlands is easily available. In the test-case therefore, 
extra attention is given to the position of this country in the 
hypothetical case of starting a new sugar project in Western Kenya. 
In order to construct an aims hierarchy for the donor government, it 
is necessary to make a detailed analysis of the development aid 
policy. 
Such a policy can only be understood when viewed in the light of the 
history of its formulation. 
In both cases it was possible to use secondary sources and wherever 
necessary, primary sources were used to complete the analysis and to 
construct the aims hierarchy. 
The alms hierarchy of the United Kingdom, see table 3.2 (next page) 

is based on the analysis of Horesh (Horesh, 1982). From the 
analysis of Horesh it is clear that no fundamental changes in the 
policy concerning development aid are expected unless , dramatic 
changes on the political scene are to occur. So far, these changes 
have not occurred. 
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Table 3.2 
Aims hierarchy for the U.K. as a 
donor government. 

FIRST LEVEL 

Political aims: 
------Maintain security, stability 

and prosperity threatened by 
the increasing gap between rich 
and poor 

- A moral if not legal duty to 
offer assistance to former 
colonies 

Economical aims: 
Serve investment and trading 
interests in the developing 
countries 

Reach a positive balance of 
payments 

Improve employment in Britain 

Social aims: 
Improve the living standard 
of the world's poor 

SECOND LEVEL 

• Using aid complementary to 
British private investment 

• Attain infra-structural improvements 
- Enhance employment of local staff 

and management : 
- Enhance the participation of local 

capital 
- Facilitate British investments 
- Promote British exports 
- Concentrate British aid in those 

countries that offer the greatest 
potential markets 

- Encourage and protect priva:te 
investments in developing c,buntries 

- Concentrate aid on agriculture 
• Promote birth control 
- Improve rural development 
- Concentrate on the relief o'f 

poverty rather than on the 
stimulation of growth 

- Concentrate on target grouPf such 
as: 
- small peasants 
• landless rural labourers 
- urban un(der)employed 1 
- women 

- Increase productivity of 
agriculture and related enterprises 

- Promote a fair distribution of 
wealth between consumption,: 
investment and communal services 

- Minimize the displacement of labour 

The aims hierarchy of 
is based on Bertholet's 
Clerq, 1987). 

The Netherlands, see table 3.3.( next page), 
and De Glerq's analysis (Bertholet, De 

Since then, significant changes in development aid 
under influence of the liberals. Therefore some 
sources (Ministry of Development Go-operation, 1-5-'84 
are incorporated in the aims hierarchy. 

policy occurred 
recent pJ.:imary 
and 20-S-'84) 

When comparing the aims hierarchies of the two donors, the 
similarity in leading aims is striking. In the political context two 
aims feature foremost: the security/stability of the countries 
concerned and the moral duty to assist former colonies. 
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Table 3.3 
Aims hierarchy for the Dutch Government 
as a donor. 

FIRST LEVEL 

Political aims: 
Contribute to the easing of 
tension 
Create better chances for peace 
and stability 
To in the long run benefit the 
Dutch political standing 
Take the responsibility for 
the further socioceconomic 
development of the former 
overseas territories 
Help people and nations to 
help themselves or strengthening 
their self-reliance 

Economical aims: 
- Make use of the vast stock of 

knowledge and experience gained 
in the former colonies and 
applied all over the world 
To in the long run benefit 
the Dutch economy 

Bridge the gap in well-being 
and buying power among U.N. 
member nations 

Social aims: 
- Provide the much needed help 

to the majority of mankind 
- Exercise solidarity with 

overseas nations and their 
populations 

• 
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SECOND LEVEL 

- To make countries less 
vulnerable to communist influences 

- Support nation building 
- Support the democratisation process 

- To support the development of 
a management and planning 
capacity that is adapted to 
the local situation and habits 

- Increase the power of the 
national governments with 
respect to domestic economic affairs 

- Guide and control big profit 
seeking private initiative and 
entrepreneurship 

- To reinforce the productive ability 

- Bring about a situation in which 
capital movements flow adequately 
in the international markets 

- To promote world-trade 
• To enhance the chances of Dutch 

profit-seeking enterprises 
- To improve the use of the Dutch 

supply potential in order to 
improve the Dutch employment 

• To attain rural and industrial 
development 

• To attain infra-structural 
improvements of rural areas 

• To avert and counteract the 
deterioration of the natural 
environment 

- To improve the national health care 
- To improve credit facilities 

- Rural development 

- To improve the consciousness 
in the home country 

· To attain the emancipation of 
backward and suppressed groups 

· To concentrate on target groups 
like: 
- small farmers 
- landless people 
- unemployed 
- women 



Although the latter aim is the same for both donors, the fact that 
both countries have different colonial ties, creates a difference in 
their policy. 
The primary economical aims show some differences in nuances. The 
U.K. government frankly mentions British investment and trading 
interests now and in the future. The Dutch government states.that 
the primary economical motive is one of not wasting the knowlege, 
experience and man-power developed and covertly speaks of long term 
benefit for the Dutch economy. · 
The policy papers of the Dutch Ministry mentioned earlier, show that 
if there ever was a difference in economical aims between the two 
countries, this difference is rapidly disappearing. 
The leading social aim expresses a feeling of obligation towards the 
deprived poor. 

THE LENDING INSTITUTIONS 
Most of the lending institutions are part of a banking system that 
consists of a central bank, a number of competing commercial banks 
and certain specialist banks, such as merchant or development banks 
(Furness, 1975,p. 32). In the case study the following lending 
institutions were identified: the Commonwealth Development 
Corporation (U.K.), the Kenya Commercial Finance Corporation and the 
Kenya Commercial Bank Ltd. 
These institutions can be classed into two categories: commercial 
banks and development banks. A commercial bank is an enterprise with 
the main goal of making profit. 
The aims of commercial banks do not depend on the geographical 
region or the economic system. The aims of development banks, which 
are established by international organisations to guide financial 
aid to developing economies, depend on the purpose for which they 
were established. In the context of developing economies they p~ay a 
very special role. Non-banking institutions could also be invblved 
in money lending, but these are not discussed in this study. 

COMMERCIAL BANKS 
Commercial banks are generally free to use their funds to obtain 
maximum profit. Maximum profit can therefore be indicated as. the 
final aim. 
This aim can be influenced by a higher level, such as e. g. the 
central bank. In such a case, aims can be imposed consigning it to 
another level in the aims hierarchy. 
The aim of profit maximisation can be sub-divided into aims 
concerning risk and lending terms. Another aim on this level can be 
securing the position of the bank on a market or in a certain 
sector. The aims hierarchy is given in table 3.4. 

Table 3.4 
Aims hierarchy for the commercial banks. 

FIRST LEVEL SECOND LEVEL 

Economical aims: 
- Long term profit • Short term profit maximisation 

maximisation • Minimisation of risks 
- Optimisation of terms of the l~ans 
- Securing the market position 
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DEVELOPMENT BANKS 
Economic progress of developing countries pre-supposes the 
continuous expansion of industry and trade. In order to reach this 
expansion it is necessary to invest money for longer periods and in 
projects that are not a priori free of risks. Although this kind of 
investment in the long run should lead to profits, it is clear that 
private investors and shareholders of e.g. commercial banks, can 
usually not be persuaded to risk their capital for general 
socio-economic benefits and a better world. 
Development banks are filling this gap and they are intended to 
function as substitute institutions in stimulating the growth of 
factors necessary for development. 
Although economic viability is a major criterion of the development 
banks, additional criteria are formulated like: a maximum impact on 
the economic development, concurrence with the priorities assigned 
in the national development plan, positive influence on the foreign 
exchange position, use of the existing labour resources, the 
influence on governmental income and forward and backward linkages 
with other industries. Development banks are the source of medium 
and longer term finance, they stimulate the flow of private saving 
by stimulating share-ownership and encourage entrepreneurship i.a. 
with concrete aid in the form of technical and managerial services, 
feasibility and marketing studies and of course the provision of 
capital. 

Development banks with a more than national function, such as 
regional and international development banks, will also aim to 
induce private capital and enterprises from industrialised countries 
to undertake productive activities in developing countries (Zolotas, 
1977, p. 377). 

Table 3.5 
Aims hierarchy for the development banks. 

FIRST LEVEL SECOND LEVEL 

Economical aims: 
- Stimulation of the growth - Economic viability 

of factors necessary for - Maximum impact on economic 
development development 

- Concurrence with. national 
development plan 

- Positive influence on foreign 
exchange position 

- Use of existing labour market 
. Positive influence on governmental 

income 
. Forward and backward linkages with 

other industries 
- Induce private capital and 

enterprise to invest and undertake 
activities in developing countries 

- Support special areas (agriculture, 
renewable natural resources) 

- Stimulate joint ventures with and 
exports from special countries, 
allied with the bank 

- 65 -



The Commonwealth Development Corporation (CDC), although in name not 
a bank, fits in the described picture of an international 
development bank. In addition to the normal aims of development 
banks, CDC has formulated a number of special aims (Commonwealth 
Development Corporation, 1984, p.p. 5-9). Its activities give 
preference to agriculture in order to stimulate the reversion to the 
developing country's prime asset: land. In addition CDC aims at a 
high profile towards British industry in order to stimulate :joint 
ventures and exports. 
Emphasis is put on the poorest countries and 
resources. These additional aims of CDC are 
lending institutions with an international 
hierarchy is given in table 3.5 (previous page). 

on renewable natural 
characteristic of 

character. The aims 

THE PRIVATE INVESTORS. 
The final aim of the private investors can simply be described as 
the wish to make a maximum profit. This may seem simplistic since 
investors are concerned with much more aspects when they have to 
decide where and when to invest. These concerns should however be 
considered as sub-aims that serve the aim of profit maximisation. 
But even the term "maximisation" does not account for the complex 
reality where some investors may aim for a satisfactory profit 
only. These investors have more aims that are competing with the aim 
of profit maximisation. The aims hierarchy for private investors 
with the major aim of profit maximisation is simple (see table 
3.6.). For the other investors, the first level of the aims 
hierarchy has to be extended. 

Table 3.6. 
Aims hierarchy for the private 
investors. 

FIRST LEVEL 

Economical aims: . Maximisation of profit 

THE ENTREPRENEURS 

SECOND LEVEL 

- Minimisation of risk 
- Maximisation of net presen~ value 

of the money 

The entrepreneur bears the risk of an enterprise and usually manages 
it. Stanford (Stanford, 1979, p.p. 10-12) quotes as aims for an 
enterprise: survival, profitability, independence, control, growth, 
reaching the desired kind of firm or business, fulfilme~t of 
responsibilities to all parties related to the firm. ' 
In the context of the developing economies there is a difference 
between entrepreneurs having their roots in the developing country 
and those having their roots in another country. 
Most entrepreneurs from abroad have activities in their home c~untry 
that fulfil at least part of their aims. 
The activities abroad in most cases only serve the aim of 
profitability. In these cases, "survival" only refers to the local 
branch in the developing economy. 
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Important problems for these entrepreneurs are (Nationale adviesraad 
voor Ontwikkelingssamenwerking, 1984, p.p. 30-33): 
"the deficient infra-structural facilities, the shortage of 
qualified personnel, the hardly developed internal goods and capital 
market, the problems with foreign currency and currency movements to 
the home country, including import and export limitations and the 
inscrutable and unpredictable policy of different governmental 
bodies." 
These problems can be translated in risks for the entrepreneur and 
an aim is then to minimize these risks. 
For the local entrepreneurs survival indeed seems to be the prime 
aim. These entrepreneurs have the same problems as their foreign 
competitors, but are in a much more difficult position, since more 
aims than profit only have to be fulfilled with the planned action 
and because they cannot fall back on supporting measures of a donor 
country. Their aims will be dominated by the wish to minimize risks 
and even to minimize the losses, while waiting for better times for 
their business (Broehl, W.G., 1978, p.p. 5-10). For most 
entrepreneurs, fulfilling the responsibilities to the parties 
related to the firm, is more the fulfilment of a moral or legal 
obligation than a persuable aim. The aims hierarchy therefore 
depends on the individual entrepreneur and is presented in table 3.7. 

Table 3. 7 
Aims hierarchy for the entrepreneurs. 

FIRST LEVEL SECOND LEVEL 

Economical aims: 
- Survival - Control 

- Improvement of infra-structural 
facilities 

- Acquiring qualified personnel 
- Development of the capital market 
- Development of the goods market 
- Minimisation of risk 
- Minimisation of losses (temporarily) 
- Free import 
- Free export 

- Profit maximisation - -
- Reaching the desired kind of - Growth 

firm or business - Independence 
- Fulfilment of responsibilities 

to all parties related to the 
firm 

THE CONTRACTORS 
In the context of this chapter dealing with practical applications, 
a contractor is he who undertakes a project development contract for 
a government or other public body, often on a so-called turn-key 
basis. Bookers Agriculture International (BAI) from London, e.g. was 
the contractor who took on the turn-key development of Mumias Sugar 
Company (MSC) in 1969. 
Both contractors and entrepreneurs run a business to fulfill their 
aims. There are however differences between the two. 
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The first is that the professional managers of a contracting firm 
are not the ones that take the direct risks. Their aim is the 
maximisation of the value of the firm to its shareholders (Bussey, 
1978, p. 24). An aim that goes beyond the aim of profit maximisation 
and that can be divided in an aim to optimize investment, financing 
and dividend. At the management level these aims are translated in 
aims directly related to the optimalisation of conducting business. 
Another difference lies in the fact that a contracting firm a~ways 
has to adopt the aims of the commissioner (e.g. the K~nyan 
government). Contracting firms of course have to sub-contract tp get 
the work done and in this case the contractor becomes the 
commissioner. 
Also the sub-contractor can therefore be confronted with aims' that 
are not directly related to the firm itself. These aims have to be 
placed in the second level of the hierarchy. Before more facts are 
known about the nature of the contracted work, the aims hierarchy 
cannot be more specific than presented in table 3.8. 

Table 3.8 
Aims hierarchy for the contractors. 

FIRST LEVEL SECOND LEVEL 

Economical aims: 
- Maximisation of the value - Optimisation of investment 

of the firm to its shareholders - Optimisation of financing 
• Maximisation of dividend 
• Fulfilment of the aims of the 

commissioner 

THE FARMERS CO-OPERATIVES 
The main objective of a co-operative in general can be described 
(Van Dooren, 1982, p.p. 19-27) as the endeavour to improve the 
economic position of the members through an increase in revenue, a 
reduction of costs and an optimal provision of services. Both in the 
market and in the planned economies, co-operatives can be an 
instrument of governmental policy. In Kenya this is certainly the 
case in view of the fact that Kenya has a ministry of co-operatives 
and the co-operative movement is characterised (Planning for 
Progress, 1979, p. 39) as an important instrument for achieving mass 
participation in national development. 
Co-operatives that are influenced by the Government will partly 
adapt aims of that Government. Co-operatives can also be set up for 
the benefit of commercial organisations. The aims persued in such 
cases are related to effectiveness and managability. 

In Kenya the above-described influences certainly play a role but 
there is no legal possibility to force people into a co-operative. 
The aim of personal economic benefit should still be seen as :one of 
the major aims. In Kenya the aims-hierarchy of a co-operative will 
resemble the one given in table 3.9. 
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Table 3.9 
Aims hierarchy for the farmers 
co-operatives. 

FIRST LEVEL 

Economical aims: 
- Improvement of the economic 

position of the members 

SECOND LEVEL 

- Increase of revenues 
· Reduction of costs 
· Optimal provision of services 

3.2.3. ADJUSTMENTS OF THE METHOD IN VIEW OF THE PRACTICAL 
APPLICATION. 

The policy analysis as a tool to identify the aims of a party, works 
quite well as long as enough policy documents are available. A good 
way to deal with an abundance of documents (Kenyan Government and 
Dutch Government) proved to be, to start with, a major policy 
document. 
The aims table that is constructed on basis of this document .is 
screened against a second document and the necessary adjustments are 
made. This procedure is repeated until no further changes in the 
aims table have to be made. The use of a policy analysis to find the 
aims of those parties that have no explicitly formulated policy, is 
much more difficult. The method followed in this study was to screen 
general documents about these parties (private investors, 
entrepreneurs, contractors, etc.). The results are meager since the 
aims are very general and rather abstract. On this point, major 
improvements are hardly possible and only more detailed studies 
could provide better information. 
Later in the TA-process, when the technology is chosen and the 
different parties involved are known, it is possible to feed back to 
this point in the process. Certain adjustments can then be 
considered. 
The construction of a hierarchy appears to be somewhat artificial. 
However, the process of weighing whether an aim is basic or whether 
it is deduced from another aim, adds to a better understanding of 
the role of the aims in the technology assessment process. It proved 
that the aims of the higher level correspond with the fundamental 
goals of the different parties, whilst the aims of the lower level 
link better with the goals that can actually be reached with the 
project. Aims on the higher level that seem to have little in 
common, turn out to have common aims on the lower level. 
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3.3. SOCIAL DESCRIPTION FOR TRACING GENERAL AIMS. 

3.3.1. REVIEW OF THE METHOD. 

In the preceding paragraph a policy analysis was used to establish 
the aims of different parties. Sometimes however the aims cannot be 
found by means of a policy analysis, e.g. when no policy doc~ents 
are available, and a social description has to be employed inste~d. 
The form and substance of the social description in this particular 
part of the TA-study depends on the prevailing conditions. Two major 
approaches can be distinguished: the direct and the indirect 
approach. 

In the direct approach, the aims question is put directly to the 
members of certain parties involved. Preferably in such a way t~at a 
sample is obtained that will make a statistical approach pos~ible. 
If for some reason such a sample cannot be obtained, the' aims 
questions will have to be put to selected members of the involved 
parties. These selected members are often referred to as 
key-informants and have to be carefully selected to represent the 
parties involved. Even the most careful choice of key-informants 
will introduce a subjective element in the aims formulation. The 
choice of key-informants by the assessor, is subjective and so is of 
course the information they provide. This type of : aims 
identification will therefore have to be accompanied by a g~neral 
description of the society studied. In such a way the · aims 
identified through a statistical sample of certain parties involved 
or through key-informants, can be checked in the light of the 
existing society and the direction this society is developing in. 

The general description of the society under study is also the basis 
for the indirect approach. If statistical sampling is not pos~ible, 
or if the key-informant approach cannot be followed, the as~essor 
will have to deduce the aims of the parties concerned fro~ the 
description of the society. For this purpose however, the sbciety 
will have to be described in far more detail. 
In the same way as presented earlier, an aims hierarchy can be 
constructed. 

3.3.2. PRACTICAL APPLICATION. 
i 
1 

The parties who's aims have to be identified by means of a ~ocial 
description are the farmers and the factory workers. 
For the farmers the aims are identified by the direct approach. The 
number of households in the research area is used to determine the 
sample size. The number of households is estimated on basis of the 
census of 1979 (Republic of Kenya, 1979) to be 88.900 using 
McCartey's formula (McCartey, 1957): 
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( 1. 96) 2. p. q. 

where p = 0.5, q - 0.5, N- total number, 
n = sample. 

This gives a minimum sample size of 382 households. Samples are 
randomly taken. 
The questions put to the households could not be directly about the 
aims in relation to an introduction of sugar technologies, simply 
because these technologies are already established. The character of 
the study is changed to a retrospective technology assessment and 
the question is put why the sugar growing farmers decided to start 
growing cane. A simple question for the non-sugar cane growing 
farmers, about their aims concerning a sugar technology to be 
established, is not possible because of the metaphorical character 
of such a question. Most non-sugar cane growing farmers in the area 
either do not wish to grow sugar cane, or are not allowed to deliver 
the cane to the factory of their choice. The answers of the cane 
growing farmers are probably also to some extent affected by the 
passing of events and therefore the answers are compared with data 
from the beginning of the introduction of the sugar technologies. 
From the sample of 385 households, 225 are growing sugar cane. Up to 
three reasons for starting with the growing of sugar cane are 
recorded. The importance of all reasons mentioned is rated the same, 
irrespective of the fact whether they are mentioned first, second or 
third. 
This provided 420 answers that can be arranged in the following aims 
and sub-aims (see table 3.10, next page): 
There are 64 different answers to the question on the aims. 
Most of them can be easily classified in one of the sub-aims and 
thus in the aims. 
For two answers the interpretation is more difficult. The answer: 
"Saw other people planting" can be classified under the aim "to 
improve the social security", because it points to the wish not to 
become an outsider in the changing society. On the other hand, this 
answer could be interpreted as: "1 saw other people benefiting from 
it". 
The answer: "to lend people money" can be associated with the 
tradition of family help but can also be interpreted as the wish to 
earn money by lending money. Discussions with the Kenyan research 
assistants and the key-informants led to the latter interpretation 
for both questions. Two answers indicate that growing cane is more a 
matter of convenience than a way to attain certain aims. Three 
answers indicate that the cane was already there and five answers 
indicate that growing cane is a matter of civilisation. From these 
eight answers, three were single given. Together with the two 
respondents that did not mention any aim, this makes five 
respondents that did not link the growing of sugar-cane with the 
attainment of aims. 
The frequency distribution and the percentages in table 3.10 are 
only illustrative. Particularly the indefinite sub-aim "income" 
makes it impossible to attach definite values to the different 
sub-aims. 
The 24.4 % of "getting income" should be divided over several of the 
other sub-aims. 
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Table 3.10 
Aims hierarchy for the farmers and 
workers. 

FIRST LEVEL SECOND LEVEL NUMllER PERCENTAGE 

Economical aims: 

. improve living get income 100 
standard . buy necessary items for 

the household 38 
improve housing . 43 

· become wealthy 34 

. improve farming · grow a profitable cash crop 15 
. use idle land 14 
• get money for farming 27 
· get a better cropping scheme 5 

. to invest in the · to invest in schooling 79 
future • to invest in business 31 

Social aims: 

• improve social • save money for later 4 
security • answer the call of areal 

leaders/factory 12 

· to fulfil • to pay the dowry 4 
obligations • to pay debts 1 

· to help the family 3 
-

TOTAL 410 

Note: In 3 responses it is stated that the cane was already there 
and in five responses it is stated that growing cane is a matter 
of civilisation. 
These answers are not included in any of the aims or sub·aims. 

24.i4 

9.3 
10.15 
8.3 

3.7 
3.4 
6.6 
1.2 

19.3 
7.6 

1.0 

2.9 

1.0 
0.2 
0. 7 -1q0 

In the same way different other sub-aims should be redistributed. In 
this stage, the numbers are only meant to support the construction 
of the aims tree. The small scores on "to pay debts" and "to help 
family" do not justify their inclusion in the tree. In literature 
(Barclay, 1977), the expenditure on these items is often presented 
as quite substantial. In the answers these aims could easily be 
hidden in the sub-aim "get income" and they are therefore included 
in the tree in spite of the low scores. 

Barclay (Barclay, 1977, 247-248) 
sample of 88 outgrowers. The figures 
% on the aim of investing in 
implementing farm improvements and 
improvement. 

recorded pre-harvest plans in a 
he gives on this item are 18.2 
trade, 14.8 % on the aim of 

14.8 % on the aim of housing 

The remaining 52.2 % are not further specified, though it is clear 
that these mainly cover more day-to-day wishes. 
The corresponding figures from table 3.10 are 7.6 %, 14.9% and 10.5 
%. Apart from the aim "to invest in business (trade)" there is a 
fair correspondence. 
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Assuming that the day-to-day wishes in the table come under the 
heading "get income", "get wealth" and "buy necessary things for the 
household" the only important difference lies in the aim "to invest 
in schooling". 
Barclay does not record a figure for paying school fees as a 
pre-harvest plan. From. his expenditure table for the 
outgrowers-sample, where school fees are the third in rank as most 
important category of expenditure (after buying clothes and food), 
it is clear that paying school fees is among the first priorities of 
the outgrowers. 
There is no fundamental difference in the aims recorded by Barclay 
and those recorded in the survey, although the difference in score 
on the item "investing in business" is remarkable. The aims tree in 
the table can therefore be considered representative for farmers 
having the choice to start growing cane. 

For the workers it proved to be more difficult to identify the aims, 
because an analogous question to the farmers question why they 
started to get involved with sugar cane, resulted in virtually one 
answer: to get a job. This answer covers all aims and sub-aims. A 
second problem occurred when it proved to be impossible to question 
the workers of the two smaller industries because of the lack of 
approval of the authorities concerned. In order to judge the 
importance of the lack of more detailed data, the size and the 
composition of this party should be looked at. 
The two parties that together form the local people involved in the 
introduction of sugar technologies are the farmers and the workers. 
Their numbers in the three different cases are as follows: 

Table 3.11 
Number of farmers involved in the 
three different industries. 

MSC (1) WKSC (2) JAGG (3) 

Farmers 30,358 500 100-300 
Permanent workers 5,404 41 1 
Casual workers 430 314 6 
Cane cutters 

(1) Sources: 

(2) Source: 

(3) Source: 

7' 717 0 0 

M.S.C. Outgrowers Development Services, 
Monthly report for December, 1985; 
M.S.C., Staff strength report, January, 1986. 
B2 Sugar Processing Kenya, 
Overseas Development Ministry, U.K., 1986. 
Figures are estimated on basis of fielddata. 
The number of farmers involved differs substantially, 
depending on the amount of cane each farmer is able 
or willing to deliver. 

From these figures it is clear that the workers form a substantial 
part of the involved local people: 31 % in case of the large scale 
industry, 42 % in case of the medium scale industry and 2 7 % in 
case of the jaggery industry. Special attention for the aims of this 
party, at least in the large and medium scale technologies, is 
certainly justified. 
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The number of cane cutters given in table 3.11 applies to January, 
1986, and gives an idea of the number of cutters needed in one 
month. For the harvesting of the cane in the year 1985, 18,000 
different cane cutters were engaged (Glasford, 1986). The cane cut 
by these workers could have been cut by 4,000 cutters. This means 
that cutting cane takes place in addition to other activities. The 
majority of cutters come from the vicinity of the factory and belong 
to the farmer families. From the questionnaire for the permanen~ and 
casual workers at Mumias Sugar Company (sample size 98), it bEjcomes 
clear that 75 % originate from the Kakamega district. This figure is 
supported by the 80 % given by Glasford (Glasford, 1986) and the 
figure of 75 % for non-managerial employees given by Odada (Qdada, 
1985). 

Of the workers at the Mumias factory, 58 % own land and 42 % do not 
yet have land of their own because the land still belongs to the 
father. In 7 % of the cases the workers should be considered 
landless. According to the managerial staff of the Wes.t Kenya Sugar 
factory (Patel, 1986), all the workers there originate from the 
direct vicinity, except some members of the staff. It is even stated 
(B2, Sugar Processing, 1986, 38) that most households with a family 
member working at the factory are also involved in cane-cultivation. 
What was found for the medium scale industry also applies to the 
jaggery industry. 
The recorded composition of 
workers belong to the same 
farmer groups, there is not 
supported by the research 
1983). 

the worker groups indicates that the 
social stratum as the farmers. Within the 
yet much stratification and this is 
of Buch-Hansen (Buch-Hansen, 1982 and 

In view of the above it is justified, although in principle 
incorrect, to assign the aims of the farmer groups to the worker 
groups as well. With the data available it was the only po~sible 

thing to do. Data about the items for which the workers would like 
to recieve a loan, give some insight in the aspiration level o~' the 
workers. 

Table 3.12 
Categories of items for which the 
workers would like to recieve a loan. 

CATEGORY NUMBER PCTN 

Farming 61 43.3 
Education 15 10.6 
Business 44 31.2 
Housing 10 7.1 
Buy a car 2 1.4 
Luxury items 3 2.1 
Housho1d items 4 2.8 
Dowry 2 1.4 

-- -
TOTAL 141 100 

The categories in table 3.12 are chosen in such a way that they can 
easily be compared with the aims recorded in table 3.10. 

- 74 -



The aspiration level of the workers further justifies the assumption 
that the aims of both farmers and workers are similar. The above 
table leads to the consideration of one additional aim. The purchase 
of a car as a luxury item is not recorded as an aim in the farmer's 
sample. The fact that it occurs in the worker's sample as an item 
for which one wants a loan, indicates a next step in the aspiration 
level. The number of times it is recorded however, does not justify 
a seperate aim. 
Table 3.10 serves as the aims tree for both the farmers and the 
workers. 

3.3.3. ADJUSTMENTS OF THE METHOD IN VIEW OF THE PRACTICAL 
APPLICATION. 

The direct method chosen to find the aims of the farmers serves the 
purpose, but there are some remarks to be made. 
The three reasons asked for growing sugar cane, give more 
information than if only one reason had been recorded. By 
appreciating all three answers equally, it is possible that some 
answers are stronger emphasized than is strictly permitted. 
As long as the figures in table 3.10 are not used to give 
quantitative judgments and the results are only used as an 
inventory, there can hardly be any objection. Later however a 
qualitative judgment of the aims is necessary. Therefore the 
question related to the aims should be accompanied by a question 
related to the relative importance of the aims mentioned. In the 
survey mentioned above this was not done. 

The most accurate way to define the aims of potential sugar-cane 
growing farmers, would have been a survey among farmers on the verge 
of starting to grow the crop. For practical reasons this could not 
be done. Such an exercise is included in research done in South 
Nyanza as a part of a study of the International Food Policy and 
Research Institute (IFPRI, 1984). The results of this study are 
however not yet available. 
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3.4. SPECIFIC AIMS OF THE PROJECT. 

3.4.1. REVIEW OF THE METHOD. 

In the policy analysis 
parties identified in the 
traced. 

and the social description, the aims of the 
technology delivery system (3.1.1) are 

These aims are formulated in a general way, without any direct 
action in mind to bring these aims within reach. In this phase of 
the technology assessment study, these more or less abstractly 
formulated aims should be linked to a possible choice of tools, 
resulting in a set of criteria that can be used for choosing these 
tools. 

The range of tools that can be chosen is infinite and should be 
restricted. These restrictions can be introduced by the asse$sor, 
the parties involved or just by the cause of events, that simply 
excluding certain choice possibilities. The limitations imposed are 
either direct or indirect. 
If a party holds strong views about a certain type of tool to be 
used and if that party has the power, the right or the cogency to 
restrict the choice to that tool, it is a matter of direct 
limitation. 
It is obvious that in such a case the nature of the technology 
assessment study could change substantially. 
In terms of the cycle defined (1.2.1), one of the choice
possibilities, after passing through a cycle, namely choosing other 
tools, could disappear. 
Exactly that possibility of choosing from a whole range of 
technologies is the strength of the technology assessment instrument 
in the case of developing economies. This kind of direct limitation 
should therefore be considered a serious threat to the intention of 
the instrument. i 
In such cases the assessor should concentrate on forecasting the 
impacts of that particular tool and he should suggest additional 
measures that could bring the impacts closer to the aims and point 
out which aims cannot possibly be reached with the tool chosen. 

In the majority of cases the limitations will not be direct. 
Indirect limitations are normal. They are imposed by several 
inevitable or factual decisions that are either related or not,, In 
the case of projects, the coice of the geographical region wher¢ the 
project will be implemented can provide such indirect limitations. 
Aims and the possible choice of tools can affect each other 
mutually. In order to link the choice of tools and the aims, the 
interaction between the two should be assessed, resulting in the 
translation of the abstract aims to a series of aims that can be 
reasonably linked to the project. Aims of the parties that are not 
relevant in the prevailing context can be omitted. At the same time, 
the aims of the different parties can be merged giving one srt of 
aims. 
It is convenient to notice expected conflicting aims needing special 
attention in the light of the choice of tools. 
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3.4.2. PRACTICAL APPLICATION. 

In the case-study there are several indirect limitations. 
The first one, included even before the case was chosen, is that 
only technological tools will be considered. 
A limitation imposed by the character and expertise of the research 
group the assessor belongs to. The second one is caused by the 
choice of the region where the project will be planned: Kenya, 
Western Province, the Kakamega district. 
The Kenyan government has chosen this area because of the 
socio-economic impetus it could use. The project should be a 
stimulation for the agricultural sector, the wage employment 
situation and the economic situation of the farmers (Mumias Sugar 
Scheme, July, 1970, volume II, chapter 1). 

Further restrictions are caused by the intention of the Kenyan 
government to use industrialization as a prime mover for the 
intended development. This restriction is furthermore aggravated by 
the commodity that is designated as the final product of that 
industry: white sugar. 
That last restriction influences the choice of tools directly, but 
not to an extent that a technology assessment becomes meaningless. 
There is still a wide range of technologies, both on the production 
and the agricultural side, to be chosen from. 
The range of technologies that can be chosen is therefore restricted 
to sugar producing technologies that can exist in the Kakamega 
district. Other restrictions are indirect and can be found in the 
aims formulated. Most parties are not in a position to impose direct 
restrictions. Their aims will provide further indirect limitations 
with respect to the tools that can be chosen. In a final assessment 
of the choice of tools it can very well be that restrictions that in 
the first stage are not considered as very serious, as yet prove to 
exclude some choices of tools. The aims of the different parties 
involved, traced in the preceding paragraphs, are the basis for the 
tools to be chosen. 
These aims were classified in levels. 
The second level of the hierarchy formulated in paragraph 3.1.2 
(table 3.1 - 3.9) corresponds in level of abstraction more with the 
first level of the aims of the farmers and workers in paragraph 
3.1.3 (table 3.10) than the second level of that hierarchy. The 
difference observed will be further discussed in the next paragraph. 
In this place only the practical implications of the contraction of 
the aims of the different parties to a set of aims related to the 
project will be discussed. In the different hierarchies those aims 
should be considered that are linked with the character and scope of 
the determined activity. 
In the hierarchy of paragraph 3.1.2, those will be the aims on the 
second level, in the hierarchy of the farmers and workers (paragraph 
3.1.3) conversely, those will be the aims on the first level. The 
reason why these levels are of interest is that the aims can be 
interpreted in terms of activities that can be generated by the 
technological actions. The aims have to be concatenated. 
The division in political, economical and social aims will be used 
as a first structuring variable. 
A further sub-division will be made, if applicable, at the macro-, 
meso- and micro-level. Aims at the macro-level relate to matters 
that should be arranged on the level of the state. 
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The meso-level can be 
micro-level deals with 
and families. 

associated with 
matters related 

the regional level. The 
to institutions like firms 

The political, economical and social aims of the parties 
are listed in respectively tables 3.13, 3.14 and 
3.15. The parties that formulated the aims are given in 
"origin". If certain aims cannot be linked with the 
actions, they are omitted. Omitted aims are listed in table 

Table 3.13 
Political aims related to the project. 

LEVEL AIMS ORIGIN APPLICA- ~ 
BILITY 

1. IMPROVED EDUCATION KG ? possible indirect 
FACILITIES impact 

2. IMPROVED RELEVANCE KG y(?) depends on quantity 
OF EDUCATION and quality of the 

jobs created 
3. INCREASED MUTUAL KG ? -

SOCIAL 
RESPONSABILITY 

4. PRESERVING THE KG ? -
FUNDAMENTALS OF 
KENYAN IDEOLOGY 

5. SUPPORT THE DG ? possible indirect 
DEMOCRATISATION impact 
PROCESS 

6. SUPPORT THE DEVELOPMENT DG ? -
OF A MANAGEMENT AND 
PLANNING THAT IS 
ADAPTED TO THE LOCAL 
SITUATION AND HABITS 

7. INCREASE THE POYER OF DG y(?) import 
THE NATIONAL GOVERNMENTS substitution 
YITH RESPECT TO DOMESTIC 
ECONOMIC AFFAIRS 

8. GUIDE AND CONTROL BIG DG ? -
PROFIT SEEKING PRIVATE 
INITIATIVE AND 
ENTREPRENEURSHIP 

9. TO REINFORCE THE DG y(?) domestic sugar 
PRODUCTION ABILITY production 

KG - Kenyan Government 
DG - Donor Government 
y - yes 
? - not certain whether planned actions 

can effect aims concerned 
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Table 3.14 
Economical aims related to the project. 

LEVEL AIMS ORIGIN APPLICA· REMARKS POSSIBLY 
BILITY CONFLICTING 

WITH AIMS 

macro: 
~IMPORT SUBSTITUTION KG; y(high) import substitution 2+32 

DB of sugar 
2. EXPORT PROMOTION KG; y(low) sugar export against 1 

DB import substitution 
3. INCREASED INDUSTRIAL KG y(high) efficiency in sugar 

EFFICIENCY production is low 
4. INCREASED DOMESTIC KG ? import substitution 

SAVINGS (sugar) versus need 
of import (machinery, 
management, etc.) 

.5. FACILITATE DG· . 'l depends on investment 22 
DONOR COUNTRY DB possibilities 
INVESTMENTS 

6. PROMOTE DONOR DG; y{high) possibility to export 21 
COUNTRY EXPORTS DR equipment, expertise, 

etc. 
7. PROMOTE WORLD DG y(low) trade will mainly be 

TRADE one way traffic 
8. POSITIVE INFLUENCE DB y(high) via revenues and taxes 

ON GOVERNMENTAL 
INCOME 

9. FORE\IARD AND BACKWARD DB y(?) depends on additional 
LINKAGES WITH OTHER investments 
INDUSTRIES 

meso: 
10. HIGHER AGRICULTURAL KG y(?) depends on actual and 

PRODUCTION future land-use 
11. OPTIMAL USE OF KG y(?) depends on the labour 

LABOUR intensity of the 
technologies chosen 

12. OPTIMAL LAND USE KG; y(?) depends on actual and 
DR future land-usa 
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Table 3.14 (continued) 

LEVEL AIMS ORIGIN APPLICA· REMARKS POSSIBLY 
lllLITY CONFLICTING 

WITH AIMS 

13. OPTIMAL USE OF KG ? depends on wa.ter 
!lATER RESOURCES demands and 

competing water· 
demanding 
activities 

14. FAIR RETURN FOR KG 29 
FOR THE PRODUCERS 

15. IMPROVED EDUCATION KG ? possible indirect 
FACILITIES impact 

16. IMPROVED RELEVANCE KG y(?) depends on quantity 
OF EDUCATION and quality of the 

jobs created 
17. DISTRIBUTION KG y(?) creation of wage 

OF INCOME labour in area chosen 
OPPORTUNITIES 

18. DISTRIBUTION OF KG y(?) indirect impact 
FACILITIES 

19. IMPROVED HEALTH KG ? possible indirect 
FACILITIES impact 

20. ATTAIN INFRA· DG; y(?) depends on the infra· 
STRUCTURAL E structural adaptations 
IMPROVEMENTS required by the project 

21. ENHANCE EMPLOYMENT DG y(?) 6+31+5 
OF LOCAL STAFF AND 
MANAGEMENT 

22. ENHANCE PARTICIPATION DG y(?) 
OF LOCAL CAPITAL 

23. ATTAIN RURAL AND DG y(?) 
INDUSTRIAL 
DEVELOPMENT 

24. AVERT AND COUNTERACT 
DETERIORATION OF 
NATURAL ENVIRONMENT 

25. IMPROVE CREDIT DG ? 27 
FACILITIES 
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Table 3.14 (continued). 

LEVEL AIMS ORIGIN APPLICA· REMARKS POSSIBLY 
BILITY CONFLICTING 

WITH AIMS 
m~ro: 

26. INCREASED LEVEL KG; y(?) depends on 29 
OF INCOME FC; definition of 

income and on the 
people concerned 

27. SHORT TERM PROFIT CB; ? depends on term, 25 
MAXIMISATION PI risk. and net present 

value of the money 
28. SECURING OF MARKET CB 1 indirect impact 

POSITION OF COMMERCIAL 
BANK 

29. ECONOMIC VIABILITY DG ? . 14+26 
30. CONTROL OVER THE E y(?) depends on external 

FIRM constraints 
31. ACQUIREMENT OF E ? . 21 

QUALIFIED PERSONNEL 
32. GROWTH OF THE E y(?) higher production 

FIRM of sugar is desirable 
33. INDEPENDENCE OF E ? . 

THE FIRM 
34. OPTIMISATION OF c 1 . 

INVESTMENT 
35. OPTIMISATION OF c ? . 

FINANCING 
36. MAXIMISATION OF c ? . 

DIVIDEND FOR 
SHAREHOLDERS FIRM 

37. FULFILMENT OF c 1 -
AIMS OF COMMISSIONER 
OR CONTRACTOR 

38. IMPROVE FARMING - y(?) . 
39. REINVESTMENT OF F ? . 

REVENUES 

KG - Kenyan Government PI - Private Investors 
DG - Donor Government DB - Development Bank 
E - Entrepreneurs c - Contractors 
F - Farmers y - yes 
FC - Farmers Cooperatives ? - not certain whether planned 
CB - Commercial Bank activities can effect aims 

concerned 
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Table 3.15 
Social aims related to the project. 

LEVEL AIMS ORIGIN APPLICA· ~ POSSIBLY 
BILITY CONFLI~TING 

WITHiAIMS 
macro: 
~ONCENTRATE ON DG ? 

RELIEF OF POVERTY 
RATHER THAN ON 
STIMULATION OF 
GROWTH 

meso: 
~IMPROVED EDUCATION KG ? possible indirect 

FACILITIES impact 
3. INCREASED KG y(?) depends on quantity 

RELEVANCE OF and quality of the 
EDUCATION jobs created 

4. FAIR RETURN TO KG ? 
THE PRODUCERS 

5. INCREASED KG 
MUTUAL SOCIAL 
.RESPONSIBILITY 

6. INCREASED KG y(?) depends on definition 
LEVEL OF INCOME of income and on people 

looked at 
7. DISTRIBUTION OF KG y(?) creation of wage labour 

INCOME area chosen 
OPPORTUNITIES 

8. DISTRIBUTION KG y(?) indirect impact 
OF FACILITIES 

9. CONCENTRATE AID DG y(high) greatest impact is 
ON AGRICULTURE on agriculture 
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Table 3.15 (continued). 

LEVEL AIMS ~ APPLICA· REMARKS POSSIBLY 
BILITY CONFLICTING 

'WITH AIMS 
10. .BIRTH CONTROL 00 ? possible indirect 

impact 
11. IMPROVE RURAL 00 y(?) concentration is 

DEVELOPMENT on rural areas 
12. CONCENTRATE ON 

TARGET GROUPS SUCH 
AS: 
- SMALL PEASANTS 00 y(?) -
· LANDLESS RURAL 00 y(?) . 

LA.BOURERS 
· URBAN (UNDER) DG ? depends on urban-

EMPLOYED rural migration 

• 'WOMEN DG ? -
13. INCREASE DG y(?) -

PRODUCTIVITY OF 
AGRICULTURE AND 
RELATED ENTERPRISES 

14. MINIMIZE THE DG ? -
DISPlACEMENT OF 
LA.BOUR 

micro: 
15. IMPROVE SOCIAL F ? -

SECURITY OF THE 
FARMERS 

16. FULFIL SOCIO- F ? depends on magnitude 
ECONOMIC of increase of income 
OBLIGATIONS 

F - Farmers 
KG - Kenyan Government 
llG - Donor Government 
y - yes 
? - not certain whether planned actions 

can affect aims concerned 
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Table 3.16 
The omitted aims. 

AlMS OMITTED 

Kenyan governmental bodies: 
· Freedom of worship 

Donor government: 
• Maintain security, stability 

and prosperity threatened by 
the increasing gap between 
rich and poor 

• A moral if not legal duty to 
offer assistance to former 
colonies 

• Using aid complementary to 
private investment 

Concentrate (donor) aid in those 
countries which offer the greatest 
potential markets 
Encourage and protect private 

. investments in developing countries 

Promote' a fair distribution of 
wealth between consumption, 
investment and communal services 
To make countries less vulnerable 
to communist influences 

Support nation building 

Support the democratisation process 

Make use of the vast stock of 
knowledge and experience gained 
in the former colonies and spread 
subsequently all over the world 
Bring about a situation in which 
capital movements adequately effect 
the international markets 
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JUSTIFICATION 

• too abstract in the context of 
the planned activities 

• too abstract in the context of 
the planned activities 

• a universal aim that can only be 
reached in the greater context 

· is supposed to be covered by the 
aim "Facilitate (donor country) 
investments• 

- choices that can influence the 
achievement of this aim are 
already set 

• is supposed to be covered by the 
aim "Facilitate (donor country) 
investments• 

- too abstract in the context of 
the planned activities 

• this aim cannot be reached on 
the level of the planned 
activities 

• this aim cannot be reached bn the 
level of the planned activities 

• too abstract in the contextl of 
the planned activities 1 

• is supposed to be covered by the 
aim "Promote (donor country) 
exports" 

• is supposed to be covered by 
the aim "Promote world trade" 



Table 3.16 (continued). 

AIMS OMITTED 

To enhance the chances of 
(donor country) profit 
seeking enterprises 

To improve the use of (donor 
country) supply potential in 
order to improve employment 

To improve the conSciousness in 
the home country 
To attain the emancipation of 
backward and suppressed groups 

Commercial banks: 
· Minimisation of risks 

Development banks: 
· Maximum impact on economic 

development 
Concurrence with national 
development plan 

- Positive influence on foreign 
exchange position 

- Use of existing labour market 

· Induce private capital and 
enterprise to invest and undertake 
activities in developing countries 

· Support special areas 
(agriculture, renewable natural 
resources) 

- Stimulate joint ventures with and 
exports from special countries 
allied with the bank 
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JUSTIFICATION 

· is supposed to be covered by 
the aims "Promote (donor 
country) exports" and "Facilitate 
(donor country) investments" 

· is supposed to be covered by 
the aims: "Promote (donor country 
exports• and "Facilitate (donor 
country) investments" 

· too abstract in the context of 
the planned activities 

- is supposed to be covered by the 
aim "To concentrate on target 
groups such as small peasants, 
landless rural labourers, urban 
un(der}employed and women• 

· is supposed to be covered by the 
aim "Short term profit 
maximisation• 

· too abstract in the context of 
the planned activities 

· is in fact done by taking the 
aims of the Kenyan government 
into account 

• is supposed to be covered by 
the aims concerning import and 
export 

• is supposed to be covered by the 
aim •optimal use of labour• 

· is supposed to be covered by 
the aim "Facilitate (donor 
country) investments• 

- choices that can influence the 
achievement of this aim are 
already fixed 

· is supposed to be covered by 
the aim "Facilitate (donor 
country) investments• 



Table 3.16 (continued). 

AIMS OMITTED 

Private investors: 
• Minimisation of risk 

- Maximisation of net present value 
of the money 

Entrepreneurs: 
- Development of the capital market 

· Development of the goods market 

• Minimisation of (temporary) losses 

• Free import and export 

Fulfilment of responsibility 
to all parties related to the firm 

Farmers cooperatives: 

Reduction of costs 

Optimal provision of services 

Farmers and workers: 
- Improve the living standard 

To invest in the future 
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JUSTIFICATION 

- is supposed to be covered QY the 
aim "Short term profit 
maximisation• 

- is supposed to be covered by 
the aim "Short term profit 
maximisation• 

- too abstract in the context of 
the planned activities 

- too abstract in the context of 
the planned activities 

- is supposed to be covered by the 
aim "Short term profit 
maximisation" 

- these are more desirable 
preconditions than aims in this 
context 

- because of the commitments not 
being stringent, this aim is too 
abstract in the context of the 
planned activities 

- is supposed to be covered by the 
aim "Increased level of income" 

• is supposed to be covered QY the 
aim "Increased level of income• 

• this is more an aim the 
organisation has set itself than 
an aim that can be reachedlby 
means of the planned activfties 

- is supposed to be covered by the 
aim "Increased level of income• 

- is translated in the aim , 
"Re-investment of revenues~ 



If it is not certain that the intended actions can affect the aims, 
a question mark is put in the column 
"applicability". If aims can be linked with actions a 
y (yes) is put in the "applicability" column, with between brackets 
the expected weight of the particular aim. Three weight classes are 
distinguished: low, medium (med) and high. If the weight cannot be 
estimated, a question mark between brackets is put in the column 
"applicability". 
Whenever possible, in the column "remarks" an indication is given of 
the relation between the aim and the planned activity. If it is 
clear that an aim is in conflict with other aims, this is recorded 
in the column "possibly conflicting with aims". 
In the tables the aims of the different parties are recorded. These 
aims are general and independent of any intended technological 
activity. In the end the effects of each technological action will 
be judged by each party on the basis of these general aims, since 
the technological activity is no goal in itself but merely a means 
to reach the desired results. 

The introduction of sugar technology projects in the Kakamega area 
should serve different purposes. The project should directly, 
through its production of sugar, contribute to import substitution, 
since Kenya is still a net importer of sugar. In future, Kenya 
should even try to become a net exporter of sugar. The stimulant 
given to the sugar producing industry should increase the overall 
efficiency of Kenya's industrial sector in two ways: 
efficient sugar production and effective foreward and backward 
linkages with other industries. This should result in a positive 
influence on governmental income. 

The involvement of foreign capital (governmental or private) and the 
participation of foreign industry in the project, will facilitate 
foreign investments in Kenya and improve world trade (table 3.14). 
The impacts on the macro-economy are however subservient to the wish 
to relieve the poverty of those that have not yet taken part in the 
development (table 3.15). 
Therefore the project should lead to improvements on the 
micro-economical level. For farmers this could be accomplished by a 
higher agricultural production and an optimal use of the land 
available. In the end, the economic situation of the farmers can 
only improve if the efforts lead to a fair return for the crop grown. 

A substantial part of the community can only improve its living 
standard if more wage labour is available. 
The project should therefore lead to a better use of the available 
labour. On the other hand, the labour available should adapt itself 
to the demands of the new technologies. The project should lead to 
an improvement of educational facilities and above all to an 
improved relevance of the education. 
In order to channel the benefits of the project to the local 
community, mobilization of labour should also lead to an enhanced 
employment of local staff. Equally important is the participation of 
local capital in the emerging industries and related services. 
In the end the project should be a prime mover with respect to the 
rural and industrial development of the region and with respect to 
an improved infra-structure, also in those fields that seem not so 
closely related to the sugar industry, such as e.g. health care. 
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In order to be really beneficial to all people there should be a 
good distribution of both income opportunities and impfoved 
facilities. In addition it is realized that many of the forecasted 
developments are dependent on the availability of good credit 
facilities. 

Technological activities that have positive impacts in the short 
run, sometimes have negative impacts in the long run, due to 
environmental effects. Therefore the natural environment and 
especially the vulnerable water-resources should be taken well care 
of (table 3. 14) . 

These changes in the economy on the meso-level will and ihdeed 
should also be felt in the economy on the micro-level. The income of 
workers and farmers should increase. Farming should be improved and 
revenues should lead to re-investments in order to bring momentum in 
the own economic development. Investments should lead to profits. 

The projects initiated should be economically viable for the firms 
involved and the firms should be able to reach the goals necessary 
for their survival. 
The availability of qualified personnel is one of the major 
prerequisites for success. Other prerequisites are optimisatibn of 
investment and financing, also for the banking institu;tions 
involved. For the contractors it is important that the project leads 
to a maximisation of the dividend for the shareholders and that the 
aims of the commissioners will not be in conflict with those of the 
contractor (table 3.14, 26-39). 
In accomplishing the economical aims, several social aims are ' more 
or less fulfilled at the same time. Educational aims e.g., have both 
economical and social aspects. Economic emancipation is often the 
prerequisite for social emancipation. In addition to the general 
aims, there are specific social aims that have to be reached.! The 
project should enhance social responsibility between different 
societal groups. Therefore the project has to focus on agriculture 
and within that sector on certain target groups such as small 
peasants, landless rural labourers, urban un(der)employed and women. 
The displacement of labour as an impact of the project should be 
minimal. 

The population growth is one of the major causes of social and 
economical problems and birth control should be posi~ively 
influenced by the project (table 3.15). 
At the micro-level the project should contribute to the improvement 
of the social security of the local people and the project should 
make it possible for them to fulfil their socio-economic obligations. 
The project should also contribute to the political emancipation. 
Kenyanisation is one of the overall aims that should be briought 
closer. The strengthening of the sugar producing capac_ity will 
enhance self-reliance and will increase the power of the national 
government with respect to domestic affairs. The project should 
contribute to the development of management and planning adapted to 
the local situation and habits. Too much power for foreign or ilocal 
entrepreneurs should be avoided. The project should not be in 
conflict with the fundamentals of Kenyan ideology and should support 
the democratisation process (table ~.13). 
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The project description presented is based on the aims of all 
parties. It is so to speak the most optimistic expectation of the 
impacts of the project. The most optimistic expectation does however 
not imply the most realistic one. The unrealistic thing about it, is 
the idea that everything can be accomplished. 
In this place in the aims-tools-impacts cycle however an optimistic 
and expectant attitude towards the project and the technologies can 
only be positive. 
The given project description 
description given for the Mumias 
studies (Henckell du Boisson 
1970, main report). 

can be compared with the project 
sugar factory in the feasibility 

Limited, 1966: Mumias Sugar Scheme, 

The intentions of the Kenyan government with respect to the Mumias 
Sugar project are summarized as follows: 

by the end of a five years period, Kenya should be close to 
self-sufficiency in the production of sugar; 
encourage dispersal of industry and its associated benefits more 
widely throughout the country; 
promote import-saving industries; 
provide further sources of cash income for farmers; 
increase employment opportunities by 35 % by creating additional 
wage-paid jobs; 
raise agricultural production by one third. 

Other expectations are given, where the report states that the 
cultivation of sugar cane by outgrowers will provide a renumerative 
cash crop, improve land utilisation and relieve unemployment and 
underemployment, while participation in a scientifically managed 
agricultural industry will develop the skills of the farmers. The 
construction of roads for cane-transport and the injection of 
several millions of shillings annually in the form of wages and 
cane-payments, must have profound social and economic effects, not 
only on the farmers and their families, but on the Kakamega district 
and Western Province as a whole. 
Another remark is on a side-effect of the new sugar factory that 
will make an end to the manufacturing of black jaggery. The jaggery 
is almost entirely used for the production of illicit alcohol and 
the elimination of the jaggery industry is obviously thought to be 
socially desirable. 

In the Hencell du Boisson report, attention is given to the social 
disturbance that the implementation of the sugar project could give 
and it is foreseen that the measure of such a disturbance could well 
be below an unacceptable level. 

When comparing the two descriptions of the aims, it is noticed that 
the aims mentioned for the Mumias Sugar industry are comprised in 
the aims described in general. In a way this is logical, because 
knowledge about the Mumias Sugar project is used to construct the 
aims tables that form the basis of the general description. 
What is striking however, is that theTA-approach gives a much more 
coherent view of the aims. 
The general description comprises much more aims than the MSC 
description. 
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This is caused by the systematic way in which the aims of all the 
parties are taken into account in the TA study and the fact that in 
the MSC feasibility study the choice for a technology was made 
before a detailed study of the aims of the project was done. This 
emphasizes again the difference between a feasibility study, that 
almost always concentrating on the aims and impacts of one 
technology, and a TA study where at least the final choice for a 
technology is only considered after an analysis of the aims to be 
reached with the intended project. The disadvantage of the TA 
method is, that certain aims that in the end are not to be 
fulfilled, by the project are carried along, whereas the feasibility 
study dropped these aims already in an earlier stage. 
The comparison of the aim-setting in the technology assessment 
study, with the knowledge available from the Mumias sugar industry 
project, gives the confidence that the aims tables constructed, are 
a reasonable starting point for the next steps in the aims-tbols
impacts cycle. 

3.4.3. ADJUSTMENTS OF THE METHODS IN VIEW OF THE PRACTICAL 
APPLICATION. 

The procedure followed in the preceding paragraphs leads to a 
satisfying result: a set of aims tables that can be used in the: next 
phases of the cycle and a systematical and coherent descriptiop of 
the expectations with respect to the project in preparation. At the 
end of this exercize, the results should be presented to the parties 
concerned in order to get comments and make adjustments. Because of 
the design of the study, this is not possible. The consequence is 
that probably more aims are carried along in the process than is 
strictly necessary and that no judgement is given about the 
appropriateness of the final set of aims that will be used ir the 
rest of the technology assessment cycle. In this case-study thi!s is 
a fact that can be overcome, but in a normal technology assessment 
it is a must to check the result with the parties concerned. 

- 90 -



3.5. TECHNOLOGY DESCRIPTION AND TECHNOLOGY DEVELOPMENT 
FORECASTING. 

3.5.1. REVIEW OF THE METHOD. 

For the technology description and technology development 
forecasting, the methodology of the technology classification system 
as developed in part 1 will be used. The figure presenting this 
system is shown again below. 

Figure 3.2 
Methodology of technolo~ description 
and forecasting. 

SP.EC!i"!CAT!ON 

WANTED: 

UCHN_?LOCIES 

IN LICHT 

OfSCRII'HO:D AIMS 

SPEC!f!CATJON 

AVAILABU':' 

TECHNOLOCJES 

TECHNO<.OCIES 

~
~CIFtCATION 

VAILASLE 

£CHNOLOCJES 

Eight steps have to be taken: 

r· SUITASIUTY 

I ORDERS AND 

CLASSES 

1. Specification of the wanted technologies in the light of the 
aims described. 
In this case study a specification has to be given of possible 
sugar technologies in the light of the aims formulated in tables 
3.14 - 3.16. In order to systematically specify the complex of 
technological activities necessary to produce sugar, in 
accordance with the technology delivery system presented in 
figure 3.1., the activities are sub-divided in an agriculture, 
a transport and a processing part. 
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This paragraph is in principle only concerned with the purely 
technological requirements resulting from the aims set. The goal 
is to assess existing technologies with respect to their 
possible contribution to the fulfillment of the aims and to 
consider improvements in the available technologies, making them 
more suitable in the light of the aims set. There is however 
little logic in now analyzing the aims with respect to 
technological requirements only and to do the analysis for other 
requirements later. Therefore the aims are analysed taking into 
consideration all impacts related to the use of the technologies 
in the project at hand. The areas considered are the three 
impact areas defined in paragraph 1.5.2: environmental, 
technical and social. To match this categorisation with the 
terminology used in the case study so far and the speFific 
purpose of this paragraph, the areas are classed in three main 
groups: 

a) technological requirements: 
these are directly related to the technologies. 
They can result in specific technology choice~ and 
or adjustments; 

b) socio-economic requirements: 
these are requirements related to the social and 
economic impacts that are indirectly related tp the 
technologies. They cannot be met by merely chabging 
the choice of technology or by adjusting' the 
technology; 

c) other requirements: 
this group contains all requirements related to 
impacts that are not technological, economic~! or 
social, e.g. the environmental ones. 

In the list of aims given in tables 3.14 - 3.16, no choice was 
made in the case of conflicting aims. When it comes to making 
specific choices, these conflicting aims will most ,often 
initiate a divergence of the way in which the assessment s,hould 
be continued. Therefore in this paragraph these conflicting aims 
and the resulting differences in assessment of the technologies 
will be highlighted. 
The aims will be dealt with in groups of aims that are 
connected. 
In the end, this step leads to a set of requirements that can be 
used as a touch-stone for the different technologies available. 

2. Specification of the available technologies. 
Although one would like to be complete, it is an illusion to 
want to describe all available technologies and in fact 'every 
sugar producing company will have its own unique mix of 
technologies. 
Forsyth (Forsyth, 1979) tried to compile a systematic and 
exhaustive description of all possible sugar proc~ssing 

technologies. For this purpose he divided the sugar production 
process in 13 characteristic sub-processes. For each. of these 
sub-processes he recorded the different variants possible. The 
different combinations of all these possible variants resulted 
in over two thousand possible production technologies.: By 
eliminating illogical and impractical processes and by 
introducing some further limitations, e.g. with respect to the 
quality of the sugar produced, he managed to reduce the number 
to about 380. 
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Because of its fundamental approach the method is however 
theoretical and sterile. In addition, the history of the sugar 
technologies, showing an evolution in which certain developments 
and combinations of sub-processes proved to be less viable, 
seems to be disregarded. Forsyth's approach requires a lot of 
time and resources even if limited to the production side of the 
sugar technology. In our case it is necessary to compare not 
only the production technologies, but also the agricultural and 
transporting technologies. 
Therefore a practical approach consists of considering the three 
sugar technologies already functioning in the area where the new 
technology is to be introduced. 
These three technologies are good examples of the sugar making 
technologies and cover the range of possible scales of these 
technologies. The agricultural, the transport and the processing 
part are divided into sub-processes. When describing these 
sub-processes, alternative possibilities will be taken into 
account. 
The sub-processes will be analyzed for different aspects related 
to the aims formulated before. 

3 + 4. Specification of the available technologies in 
the light of the wanted technologies and a classification in 
suitability orders and classes. 
In the specification of the available technologies in the light 
of the wanted technologies, the two first steps are combined to 
find out to what extent the available technologies meet the 
specifications formulated on basis of the aims set. This 
comparison leads to an assessment of the available technologies 
with respect to their suitability related to the specifications 
formulated in the first step. The sub-division in an 
agricultural, a transport and a processing part will again 
provide the structure for the implementation of these two steps. 

5. Improvements of the available technologies, leading to new 
specifications. 
In the preceding steps, inadequacies, of the available 
technologies with respect to the formulated requirements are 
brought to light. In order to overcome these inadequacies 
adaptations of the available technologies can be suggested. 
These adaptations can be classified as minor, moderate or high. 
Each change in technology will lead to new specifications. 

6 + 7. Specification of the improved technologies in the light of the 
wanted technologies and a classification in suitability orders 
and classes. 
The new specifications resulting from modifications in the 
technologies, should be assessed in the light of the 
specifications of the technologies wanted. This can lead to a 
change in the earlier classification in suitability orders and 
classes. 

8. Weighing merits and demerits. 
Finally, the merits and demerits of the different technologies 
with and without improvements have to be assessed. 
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In this stage this can be a broad assessment since only a 
preliminary decision has to be made whether there are 
technologies that, on basis of technological arguments, have to 
be excluded from further consideration. In a later stage, a 
careful and detailed comparison will have to be made. This 
should however be done together with the consideration of 
non-technological items. 

3.5.2. PRACTICAL APPLICATION. 

3.5.2.1. Specification of the wanted technologies in the light of 
the aims described. 

As indicated in the review of the method, requirements in the 
technological and the socio-economical field and a rest cadegory 
consisting of psychological, political, legal and environmental 
fields, will be derived from the aims set before. Thereby repeatedly 
a set of aims will be considered consisting of aims that are related 
in one way or another and that can be best viewed together. 
The resulting requirements are recorded in tables 3.17 - 3.19. 

Concentrate on relief of 12overty, rather than on stimulation of 
growth; 
attain rural and industrial develoJ:!ment; 
im:2rove rural develo:2ment; 
concentrate on target grou12s such as: 

small 12easants 
landless rural labourers 
urban un{der}emJ:!loyed 
women; 

uide and control bi rofit see kin rivate initiative and 
entreJ2reneurshiJ2. 

In the case of projects in developing economies in general and our 
project in particular, the aims go much further than the simple wish 
to have an optimal functioning technology. The result of the 
introduction of technologies in the Kakamega district, should be the 
relief of poverty of the deprived population, with special emphasis 
on the small peasants, the landless rural labourers, the women and 
the urban unemployed. The agricultural technologies should therlefore 
be linked with the activities of· the small peasants. The 
agricultural technologies should also produce wage-earning jobs. The 
latter is also expected from the processing and transporting 
technologies. Wage-earning jobs can be taken by the landless rural 
labourers and attract urban un(der)employed and make them migrate 
back to the rural areas. 
Technological projects of the kind considered can, if economically 
viable, contribute to the growth of the regional and/or na1ional 
economy. In this case, part of the possible contribution tq that 
growth can be exchanged for the relief of poverty of the population 
involved. 
It is expected that the technologies that are directed towards both 
rural and industrial development could contribute to this. This 
impact will be strengthened if the technologies introduced are the 
prime movers for a continuing development in different sectors. 
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In order to reach the above-mentioned goal of poverty relief, it is 
essential to protect the position of farmers and workers and to 
guide and control the big profit seeking pdvate initiative and 
entrepreneurship. 
The technologies introduced should be economically viable. This 
includes a fair profit and return on investments for the investors 
and entrepreneurs. This profit should however not be earned 
exclusively at the expense of the target groups. 

Increase the power of the national government with respect to 
domestic economic affairs; 
increase domestic savings; 
increase industrial efficiency; 
strengthen productive ability; 
import substitution; 
export promotion. 

In order to translate these aims 
specifications, it is necessary to have 
production and consumption figures. 
production and consumption in Kenya for 
given. 

Figure 3.3 
Sugar production and consumption 
in Kenya. 
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The sugar production reaches the sugar consumption level in the 
mid-seventies. During the late seventies until 1981 a small surplus 
of sugar is produced making the export of sugar possible. After 1981 
the production decreases and Kenya faces a shortage of sugar again. 

The sugar in figure 3.3 is mill white sugar, a yellow-white sugar 
with certain specifications of which the polarization of not less 
than 99.5 S and the color of not more than 300 ICUMSA units are the 
most characteristic. For industrial requirements this quality of 
sugar is below standards. 
In industrial products where sugar is a raw material, like soft 
drinks, beer and medicines, refined sugar is preferred if not vital. 
Therefore, the household and industrial production and consumption 
are first considered separately. In figure 3.4 the consumption 
figures of the years 1971 - 1981 are given. 

Figure 3.4 
Kenya household consumption of sugar. 
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The average increase over these years is 5.7 %. On the basis of low, 
moderate and high growth assumptions of the population and deflated 
sugar retail prices, the Kenya Sugar Authority worked out a low, 
moderate and high growth scenario with average growth rates of 2.3 
%, 3.9 % and 5.5 %, see figure 3.5. 
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Figure 3.5 
Kenya household consumption 
estimates. 
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A decrease in the growth of consumption was then foreseen because of 
the need of foreign exchange and because of an expected increase in 
retail price, in step with expected, inflation. The expectations at 
that time with respect to sugar export possibilities were too 
optimistic. However, also because of the theoretical decrease in 
consumption, according to the principle of diminishing marginal 
utility, a lower growth than 5.5 % is likely. Consequently there is 
no need for scenarios with higher growth rates. 
The sugar purchases for industrial use, in the years 1971 - 1982 are 
given in figure 3.6. 
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Figure 3.6 
Sugar purchases for industrial use. 
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The average growth in these years was 12.5 %. Again on basis of the 
population growth and the deflated sugar retail price expected and 
with the help of regression analysis (Kenya Sugar Authority, 1982, 
p.p. III, 11-16), three growth scenarios were worked out, with 
growth percentages of 8.5 %, 10.1% and 11.8 %, see figure 3.7(next 
page). 

Again there appear to be few reasons for a scenario with a higher 
growth rate. 
The policy of the government in the past proved to be very strict. 
when it came to import substitution and the minimization of 
expenditures in foreign currency. 
Before 1975, the Kenyan government imported the sugar need~d in the 
country itself. When it stopped doing so, companies that needed 
sugar of a quality that could not be purchased in Kenya, were 
allowed to import their requirements directly. 

But when the country attained self-sufficiency in sugar in 1979, the 
government forced almost all industrial users to use the locally 
manufactured mill sugar and some had to install sugar treatment 
equipment in their factories. 
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Figure 3.7 
Projected industrial demand for sugar. 
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From this policy it is clear that it should be taken into account 
that as soon as possible, regardless of quality. all the sugar that 
Kenya needs has to be produced in Kenya. In view of the fact that 
the sugar using industries prefer to b•1y refined sugar for their 
production, a national market for refined sugar will develop. The 
first sign of such a development was the installation of a refinery 
at the Miwani sugar factory, with a starting maximum capacity of 
30,000 tons of sugar a year. The production of refined sugar goes at 
the cost of plantation white sugar. For the production of 100 tons 
of refined sugar, 104,6 tons of plantation white is needed. 
One can say that in future the minimum amount of raw sugar to be 
produced should equal the total of the household and industrial 
consumption. 
In figure 3.8 , estimates for the total sugar consumption in Kenya 
for the years 1982 -1990 are given. 
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Figure 3.8 
Kenya sugar consumption estimates 
1982-1990. 
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Figures for the consumption of sugar in the years 1982 - 1985 (Meta, 
1985) give us the possibility to check the validity of these 
projections made in 1982. It proves that the scenario based on the 
medium growth rate of 3.9% for household consumption and 10.1 % 
for, industrial consumption is for the time being a reasonable one. 

In figure 3.8 an indication is given of the maximum capacity of 
sugar production available in 1982 and 80 % of that maximum capacity. 
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The latter is more realistic than the 
estimating the real production, since 
producers has consistently exceeded the 23 
(Ochoro, 1985). 

first when it comes to 
the under-capacity of the 

% throughout the 1980's 

A survey carried out by Ochoro in August, 1985, indicated that in 
all factories the under-utilization exceeded 20 %, with a peak of 40 
% for three major problem factories. 
The gap between the 80 % 1982 capacity line and the consumption line 
based on the medium growth rates, has to be filled by new sugar 
producing industries. The part of this gap that is needed for 
industrial use, can be filled by sugar factories cum refineries (see 
fig. 3.8). 

Apart from the production for the home market, Kenya can of course 
direct itself to the export production. In view of the differences 
in per capita sugar consumption in Kenya, the U.S., the U.S.S.R. and 
the world, see figure 3.9, it is however predictable that it will 
take a long time before Kenya will be forced to export because of 
saturation of the home market. 

Figure 3.9 
Per ca12ita sugar consumption in 
kilogrammes. 
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To assess the possibilities of Kenya to export sugar, it is 
necessary to compare the price of Kenyan sugar with the world market 
price. 
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The free on board price (f.o.b.) of sugar is used for the Kenyan 
product. 
This is the ex factory price of 
harbour, Mombassa, where the 
is made in figure 3.10. 

Figure 3.10 
World sugar prices versus Kenyan 
f.o.b. prices 1977-1985. 
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The f.o.b. price is the ex factory price plus, in this case, 10 % 
(Kenya Sugar Authority, 1982, II-147). 

The world sugar price has been very unstable in the years 1971 -
1985. 
One of the main factors that causes instability in the world price, 
is the variation in annual production, associated with. climatic 
factors and a slow adaptation of the sugar production to changes in 
the price. 
Another factor is the strong competition between sugar producing 
countries, organized in different economical blocks. Several 
international sugar agreements have operated in the past with the 
objective of stabilizing export earnings by controlling the prices 
at which international exchanges take place. 
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In October, 1977, a five year (1987 - 1982) International Sugar 
Agreement (ISA) was negotiated at the United Nations Conference in 
Geneva. Part of the agreement was a target price range of sugar 
between a minimum of 242 US $/MT and a maximum of 423 US $/MT. In 
1980 these prices were increased to 286 and 507 US $/MT 
respectively. Manipulation of the sugar price should take place by a 
policy of sugar stocking. But the European Community, not 
participating in the ISA, undermined these plans by dumping sugar on 
the international market for prices that were artificially low. In 
the European Common Market, a farmer gets a guaranteed price per ton 
sugar that is about five times the world production price. 

Price interventions also take place in other countries like the U.S. 
Due to these manipulations it is extremely difficult to speculate 
about future price development. Three major trends can be 
distinguished: 
(1) the rise of the use ~f substitutes for sugar as a sweetening 
agent, (2) the use of molasses and cane juice to produce power 
alcohol and possible further uses of sugar and its by-products and 
(3) a possible change in sugar policy and protectionism. 

These trends do not have an influence in the same direction on the 
sugar price. Therefore known facts from the last years appear to be 
the most sensible data to rely upon when making plans for the 
future. Departing from the assumption that the price levels set by 
the International Sugar Agreement are probably close to the real 
prices of sugar on the international market, figure 3.10 indicates 
that the situation for Kenya as a sugar exporter, is far from 
favourable. Only if the price on the world market reaches its upper 
limit, a reasonable return can be obtained. If Kenya exports sugar 
before the point of saturation of the home market, the major reason 
for this export is foreign currency. The export possibilities should 
therefore be judged in the light of precisely that goal. In order to 
account for the economical advantages of earning foreign currency, a 
shadow price can be calculated in such a way that the f.o.b. sugar 
price is lower than the real price. Such a shadow price depends, 
among other factors, on the deficit on the balance of payments, the 
amount of foreign debts and the pace of inflation. Without an 
in-depth study of the accounts of Kenya, it is impossible to exactly 
calculate the advantage of earning foreign currency. A shadow price 
for sugar that is 30 % below the real price is probably not too low. 
Exported sugar does not only earn foreign currency, but also costs 
foreign currency because of the necessity to buy equipment, spare 
parts, oil products, fertilizer and the like. In principle, the 30 % 
reduction on the sugar price is only to be applied to the part of 
the sugar price that is domestically determined. Data on the foreign 
exchange component in the sugar industry are not available and 
difficult to interpret. 

The estimate of Awiti and Makanda (Awiti, Makanda, 1985, p.26) that 
this component is somewhere of. the order of 50%, can be used if it 
is taken into account that this figure will differ for different 
production modes and has only an indicative value. The shadow price 
of sugar to be exported will then be 15 % below the f.o.b. price. 
This changes the situation in figure 3.10, for the years 1980 -
1985, to the one described in figure 3.11. 
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Figure 3.11 
World sugar erices versus f.o.b. and 
shadow erices 1980-1985. 
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If the International Sugar Agreement bottom price would be really 
put into effect, the situation for Kenya as an exporter of :sugar 
would be reasonable, particularly · because the shadow price 
calculated is probably too high. 
With respect to the real sugar prices on the world market, the 
situation is still quite unfavourable. The conclusion must be that 
the possibilities for Kenya to gain from sugar exports are highly 
dependent on the situation on the world market and the possibilities 
to cut down on the f.o.b. price and thus on the production costs of 
sugar. 

The consequences for the technology specifications can now be given. 
The Kenyan government can increase its power with respect to 
domestic economic affairs by encouraging the introduction of sugar 
producing technologies. These technologies can have two functions: 
sugar production in order to reach self-sufficiency in sugar and to 
increase domestic savings and sugar.production for export purposes. 
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With the export of sugar the Kenyan government will earn foreign 
currency that can be used in different sectors in the domestic 
economy. Sugar technologies should be efficient as such but they can 
also induce a process of gaining efficiency in other sectors of 
industry. 

In order to reach self-sufficiency in sugar production, the sugar 
processing technologies to be installed should be able to produce a 
minimum 120,000 tons of sugar per annum in 1990. Of these 120,000 
tons, 90,000 tons should have the quality of refined sugar (fig. 
3.8). An excess production of sugar can be aimed at in order to 
export. The profitability of sugar export proved to be very 
dependent on the international sugar market. Therefore, the produc
tion of an excess on the minimum of 120,000 tons should be flexible, 
which in turn means that the technologies used should be flexible. 

It goes without saying that the aims formulated are easier to meet, 
if the production of sugar takes place as economically as possible. 
The wish to export sugar and to save foreign currency adds an extra 
dimension to the economics of the processes: sugar technologies 
should use the smallest amount of foreign currency possible. 
This could even to some extent (up to 30 %) go at the cost of the 
overall economics of the production. The agricultural technologies 
should be able to produce the necessary quantity of cane. 

For each ton of sugar, approximately 10 tons of sugar cane are 
required. Therefore the agricultural technologies should be able to 
produce a minimum 1,200,000 tons of cane in 1990. The production of 
sugar cane necessary for the possible export of sugar should be 
flexible. The quality of cane produced should meet the requirements 
necessary to economically produce plantation white sugar. Also for 
the agricultural technologies it is necessary to use a minimum of 
foreign exchange. 
The transport technologies should be capable of managing the amount 
of cane in the limited time that is available for transport. 

Facilitate donor country investments; 
promote donor country exports; 
promote world trade. 

Donor country investments in principle do not seem to be very 
dependent on the production modes of sugar. It is of course obvious 
that the more capital-intensive a technology is, the greater the 
possibilities for investments and thus for donor country investments 
are. The same is true for donor country exports. An additional 
advantage for exports is if there are many components in the 
technology that cannot be purchased locally. The aim of promoting 
world trade is conflicting in itself, unless this aim is translated 
in the wish to enhance the possibilities of trade of all partners, 
in order to reach a balance trade between the partners. The 
promotion of one-way trade and of donor country investments, 
requires from all three technologies (agricultural, processing and 
transportation) that they are capital-intensive and contain many 
components that cannot be purchased locally. If an equilibrium in 
trade between donor and receptor government is aimed at, there 
should be a kind of balance between the local and foreign currency 
components in the technologies. 
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Positive influence on governmental income 

In the Kenyan context, the influence of the sugar industry on 
governmental income is two-fold: the Kenyan government can be the 
owner or joint owner of a company and the Kenyan government collects 
excise on every unit of sugar produced. Both involvements seem to be 
little dependent on the type of the different technologies ~sed, 

although the large scale technology will be easier for' the 
government to deal with than several smaller units .. 

Forward and backward linkages with other industries 

This concerns the involvement of local industries. Backward linkages 
are directed towards industries delivering the raw materials, 
forward linkages towards industries that use the final product, and 
by-products of the sugar industry as a raw material in theit own 
production process. It seems useful to also define sideward linkages 
to industries that are not directly involved in delivering or using 
raw materials, but that in one way or another are involved in 
repair, maintenance and related sorts of activities. Backward 
linkages can be established if the inputs for the processing, 
agricultural and transport elements are locally produced. 
Forward linkages can be established with industries that use sugar 
as one of the raw materials, such as e.g. breweries, cannin~ and 
juice industries, pharmaceutical industries, etc. Or industries i that 
use one of, the by-products of the sugar industry, like molasses. 
Molasses can be used in the production of alcohol and animal fodder. 
The sugar using industries often require a quality of sugar that can 
only be met by refining. For effective backward linkages, the 
different technologies should use inputs that are locally available. 
Effective forward linkages require a refined sugar quality that 
meets the standards necessary in the sugar using industries. In 
order to have effective sideward linkages, the agricultural!, the 
processing and the transport technologies should fit, as much as 
possible, in the ongoing technological development in the country 
concerned. 

Higher agricultural production; 
optimal land-use; 
improved productivity of agriculture and related enterprises; 
improved farming; 
fair return for producers; 
optimal use of water resources; 
avert and counteract the deterioriation of the natural environment 

Part of the sugar technology is the cultivation of sugar cane. If 
land was fallow before the introduction of cane cultivation, it is 
obvious that a better use of the land is made with growing cane and 
that the production of the land is increased. If land on the ,other 
hand had an alternative function before the introduction 0f ,cane, 
the productivity of cane cultivation should be higher than wi~h the 
previous crop. This productivity can be measured in the returns for 
the owners of the land. If the return of sugar cane is higher than 
for other crops, there is still another consideration to be made 
viz. whether sugar cane gives a fair return to the producers with 
regard to their input of capital, land and labour. The price of 
sugar is fixed by the government. 

- 106 -



The value of a unit of sugar has to be divided between the farmers, 
the transporters, the manufacturers, the government and the traders, 
see fig. 3.12. 

Figure 3.12 
Share of the value of a kilogramme 
of sugar in the consumer price. 
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transport ( 1 0.4%) 

The return for the farmers depends, among other things, on the costs 
of processing and transport. Efficient and economic production and 
transport make a higher return for the farmers possible. The same is 
true for the agricultural technologies. Farming practices in the 
case study area are still much the same as when subsistence farming 
was sufficient to provide the necessary income for the family. In 
order to face the new economic reality and to improve the household 
economy, more efficient farming practices, leading to a higher 
production, have to be adopted by the farmers. The introduction of 
new agricultural technologies as a part of sugar cane growing should 
improve farming practices. 

In the context of self-sustained development, these technologies 
however should be transferable to other crops. Optimal use of water 
resources should eventually be determined by comparing the different 
competing users. It may well be possible that a better use of the 
available water resources, e.g. in irrigation, positively affects 
the productivity of the land. 
Both the agricultural and processing technologies should not deplete 
the water resources, nor pollute them. The same is true for the 
other components of the natural environment: soil and air. 
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Optimal use of labour; 
enhance employment of local staff and management; 
support the development of a management and planning capacity that 
is adapted to the local situation and habits; 
improved educational facilities; 
improved relevance of education; 
acquirement of qualifiedpersonnel; 
increased level of income; 
distribution of income possibilities 

Optimal use of labour can be seen both in a quantitative and a 
qualitative way. The availability of labour in this part of Kenya is 
high. There is a surplus of unskilled labour and labour with a form 
of basic and middle level education. The latter is often employed 
below this level. With respect' to labour, the main consideration 
when introducing new technologies appears to be: the more 
labour-intensive, the better. 

This requirement is however affected by qualitative considerations. 
The overall goal of introducing technologies is to provide a prime 
mover for self-sustained development. Such a development in the 
field of labour can only be reached if the quality of labour 
improves. The jobs available should link with the quality of labour 
available. 
This is true for the unskilled labour as well as for the local 
people with formal or informal schooling and training. The relevance 
of their education and training should be improved. In addition, the 
technologies should offer ample opportunities for all the categories 
of workers to improve the quality of their labour. 

This can be done by indoor training and education. 
In addition, the introduction of new technologies will stimulate 
local people to seek formal and informal education possibilitie

1

s in 
order to enhance their chances of a job related to 'these 
technologies. 

These considerations are in principle valid for all three 
technologies considered. In practice however, the processing and 
transport technologies will be more suited to absorb educated 
labour. Unskilled labour can find its way to both processing and 
agricultural technologies. 
For some specific technologies it can be difficult to find the 
necessary qualified personnel. This· means that qualified personnel 
has to be trained by the companies themselves or that the 
technologies should be adapted to function with the quality of the 
personnel available. Management positions are a specific problem. If 
technologies in the end have to be transferred, the management 
positions must be in local hands. If technologies in an early stage 
need expatriate management staffing, it should be possible to 
incorporate local managers as soon as possible. Technologies i that 
need expatriate staff are in fact not adapted to the 'local 
situation. Adapted technologies should have preference. 

In the end, people in the area will gain from the technologies if 
they can provide them with adequate work and a higher income. This 
impact on the household economy is one of the aspects on which the 
technologies have to be assessed. 

- 108 -



The agricultural, processing and transporting technologies can 
provide jobs for the people. An increase in agricultural jobs 
offered is advantageous. An additional requirement for the jobs 
should however be, that they provide the people with a higher income 
than they can get from the traditional agricultural practices. Only 
then, the improvement of the household economy will be of an order 
necessary to enhance further economic development. 

Distribution of income possibilities, is a prerequisite for a 
development that goes further than only the introduction of some new 
technologies. Those technologies that result in a better 
distribution of income opportunities, are preferable. 

Attain infra-structural improvements; 
distribution of facilities; 
improved health facilities 

The role of new technologies as prime movers, lies mainly in three 
fields: (1) input of money in the economic system, thereby 
stimulating different economic activities, (2) the forward, backward 
and sideward linkages of these technologies causing a accumulative 
effect in the development of other technologies and (3) the infra· 
structural provisions necessary for the new technologies. This may 
lead to the emergence of other economic activities. 

The first two fields are already dealt with. With respect to the 
third field, a requirement for the technologies could be that they 
should lead to improvements of the infra-structure. In order to be 
really effective, the infra-structural improvements should not be 
limited to the immediate vicinity of the technology but should cover 
as wide an area as possible. The new agricultural technologies 
should lead to a better infra-structure for the distribution of 
agricultural inputs and services. 

The transport technologies should 
for communication. The whole package 
infra-structural improvements that 
and farmers. These improvements can 
housing, water, energy supply, etc. 

Economic viability; 
optimization of investment; 
optimization of finance; 

lead to a better infra-structure 
of technologies should lead to 
are necessary to involve workers 
be in the field of health, 

maximization of dividend for the shareholders of the firm; 
growth of the firm 

In the preceding paragraphs it was repeatedly stated that economic 
viability is a requirement "sine qua non". Economic viability as a 
requirement "sine qua non" is however not the same as the most 
important reason for introducing a technology. Economic viability is 
associated with profit, return on investment and the like, but in 
most cases these are not the only criteria (see paragraph 3.1). 

Maximum profit and return is often sub-ordinate to optimization of 
investment and financing in order to secure the capital inputs over 
a much longer period. 
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If the firm is established with the capital of shareholders, 
economic viability is guided by the wish to maximize their dividend. 
This can lead to accepting a smaller profit for the purpose of e.g. 
growth of the firm or growth of the market share. These different 
interpretations of the concept of economic viability will lead to 
different requirements for the technologies. 
In the case of sugar technologies with factories that function ,with 
a system of shareholders and economics that are also directed at · the 
macro level by the involvement of the government, it is more 
important that the capital investments yield returns in the long 
run. 
In agriculture this means, that the technologies used should not 
exhaust the land and that a constant yield is more important than 
short term high yields. 

In the transport and processing technologies, it means that .long 
term investments take place in order to reach efficient and ecortomic 
transport and production. 

Fulfillment of the aims of the commissioner by the contractor; 
control over the firm; 
independence of the firm; 
enhance participation of local capital; 
securing of the market position of the commercial bank; 
re-investment of revenues; 
improve credit facilities; 
minimize the displacement of labour; 
improve social security of the farmers (enhance the possibilities 
for the farmers to fulfill socio-economic obligations) 

In this last group, all aims of the list of "Aims for the project" 
(tables 3.13 - 3.15) that were not covered, are dealt with. These 
aims cannot be directly translated in requirements fori the 
technologies. Sometimes there is a weak link with the technologies, 
but sometimes a link is totally missing. If these aims are reached 
by the introduction of different technologies, measures 
complementary to the introduction of the most suitable technologies 
have to be taken. If the firm executing the technologies, wishes to 
have complete control over the firm, combined with a high degree of 
independence, measures in the legal sphere are necessary. 
If local capital is to be involved in the technologies, some sort of 
fund ra1s1ng activities have to be initiated and conditions s~ould 
be made as favourable as possible. Local investors should be given 
preference over foreign investors whenever possible. If a commercial 
bank is to be involved in the activities, it should be in a position 
to strengthen its market position in the sector involved. 

Complementary measures could put such a bank in a special position 
within the area or within certain branches related to the 
technologies. One of the conditions for sustained developme~tt is 
that revenues are re-invested. This is true for the industria~ as 
well as for the farmers. 
However, before the farmers can get revenues of an order that there 
is a surplus for re-investment, most often the farming system has to 
be changed drastically. Therefore, the farmer is faced with 
necessary investments which he is not able to finance. In such cases 
adequate credit facilities should be provided. 
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For obvious social 
minimum displacement 
choice of the area 
by taking measures 
elsewhere. 

reasons, the new technologies 
of labour. This can be achieved 

where the technologies are to be 
to enhance the employment of 

should cause a 
by a careful 
introduced and 
labour from 

An economic development 
system for the farmers, if 
taken. 

could 
proper 

lead to an improved social security 
measures in this direction are 

The aim to enhance the possibilities for the farmers to fulfil 
socio-economic obligations has little to do with the technologies or 
with the measures that can be taken in addition to the introduction 
of these technologies. 
This aim reveals one of the incentives of the farmers to participate 
in the new technologies. 

The technological, socio-economic and 
summarized in the tables on the next pages. 

other requirements are 

There is a conflict between the aims of the donor government and the 
aims of the Kenyan government. The donor government wants to 
facilitate donor country investments and promote donor country 
exports, leading to a choice of technologies with a high foreign 
exchange element. 
Because e.g. many components of the technology, including 
management, are not locally available. 
Capital intensity further increases the necessity of donor country 
involvement. 

The interest of the Kenyan government on the other hand, is not at 
all served by technologies with high foreign exchange components, 
because they further deteriorate the trade balance. Capital is 
scarce and labour is abundant in Kenya and therefore 
labour-intensive technologies are much more beneficial to the aims 
of the government than capital-intensive ones. 

The requirement of a balance between local and foreign currency 
components in the technology seems to provide a solution for the 
other conflicting requirements. 
A balance however, is a broad notion that can be filled in 
differently by each party. 

In the analysis of the requirements at a later stage, a balance is 
considered to be reached at a point where the foreign component is 
much smaller than the local one. 
This point of view is taken because the two parties conflicting on 
these requirements agree on the aim of the promotion of world trade. 
For an improvement of world trade, the trade position of Kenya 
should be improved, which in turn calls for a moderate foreign 
exchange component in the technologies used . 
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Table 3.17 
Agricultural technologies. 

TECHNOLOGICAL 
REQUIREMENTS 

CONFLICTING 

The technologies should: 
• link with the activities 

of the small farmers 
produce wage-earning jobs 
be prime movers for 
further technological 
development 
be economically viable 
be efficient 
enhance the efficiency of 
other technologies 
use a minimum of foreign 
exchange 
be able to produce a 
minimum of 1,200,000 tons 
of cane in 1990 
have a flexible excess 
production capacity 
prOduce a cane quality 
adequate for the production 
of plantation white sugar 
be capital-intensive 
use many components that 
cannot be purchased 
locally 
show a balance between local 
and foreign currency 
components in the 
technology 
use inputs that are locally 
available 
fit in the ongoing 
technological development 
be labour-intensive 
link with the quality of 
labour available 
be adapted to local 
management and planning 
give a constant production 
over a long period 

* • YES 

* 

* 
* 

* 

* 
* 

* 
* 
* 
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SOCIO-ECONOMIC 
REQUIREMENTS 

CONFLICTING 

The technologies should: 
• contribute to the 

relief of pover,ty 
- be prime movers for 

socio-economic 
development 

• make a fair return 
for the farmers 
possible 

- lead to more efficient 
farming practices with 
a higher productivity 

• provide higher incomes 
to farmers and workers 
than traditional 
agricultural practices 

- lead to a distribution of 
income possibilities 

- lead to improvements and 
distribution of infra
structural facilities in 
the field of agricultural 
inputs 

• generally lead to infra
structural improvements 

• 

OTHER REQUIREMENTS CONFLICT~NG 
The technologies should: 
• not only be to the 

benefit of big profit· 
seeking private 
initiative and 
entrepreneurship 

- lead to the adaptation 
of new farming practices 
in other crops than sugar 

• make an optimal use of 
the available water-
resources 

• give a minimal 
pollution of water, 
air and soil. 

- make it possible for 
the firm to reach a 
high degree of control 
and independence 

• cause a minimal 
displacement of labour 



Table 3.18 
Transport technologies. 

TECHNQUV::T I" AT CONFLICTING 

The technologies should: 
- produce wage-earning jobs 
- be prime movers for further 

technological development 
- be economically viable 
- be efficient 
- enhance the efficiency of 

other technologies 
- use a minimum of foreign * exchange 
- be able to adequately 

transport 1,200,000 tons 
of cane per year in 1990 

- have a flexible excess 
transporting capacity 

- be capital-intensive * - use many components * that cannot be purchased 
locally 

- show a balance between * local and foreign currency 
components in the technology 

- use inputs that are * locally available 
. fit in the ongoing 

technological development 
. be labour-intensive * - link with the quality of 

labour available 
- provide opportunities to 

improve the quality of 
labour 

- be adapted to local * management and planning 

* - YES 
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SOCIO-ECONOMIC 
REQUIREMENTS 

The technologies should: 
· contribute to the relief 

of poverty 

CONFLICTING 

- be prime movers for 
socio-economic development 

- provide higher incomes to 
workers than from 
traditional agricultural 
practices 

- lead to a distribution of 
income possibilities 

· lead to improvements in 
communication infra
structure 

- lead to distribution of 
infra-structural 
improvements in the field 
of communication 

· generally lead to infra
structural improvements 

OTHER 
REQUIREMENTS 

The technologies should: 
- not only be to the 

benefit of big profit
seeking private 
initiative and 
entrepreneurship 

• cause a minimal 
pollution of water, 
soil and air 

- make it possible for 
the firm to reach a 
high degree of control 
and independence 

- cause a minimal 
displacement of 
labour 

CONFLICTING 



Table 3.19 
Processing technologies. 

TECHNOLOGICAL CONFLICTING SOCIO-ECONOMIC CONFLICTING 
REQUIREMENTS REQUIREMENTS 

The technologies should: The technologies should: 
- produce wage-earning jobs - contribute to the relief 
- be prime movers for further of poverty 

technological development - be prime movers for 
- be economically viable socio-economic development 
- be efficient - provide higher incomes to 
- enhance the efficiency of the labourers than from 

other technologies traditional agricultural 
- use a minimum of foreign * practices 

exchange - lead to income 
- be able to produce a distribution possibilities 

minimum of 120,000 tons - generally lead to infra-
of sugar per annum in 1990 structural improvements 

- be able to produce 90,000 
tons of sugar per annum in OTHER CONFLICTING 
1990 with the quality of RWUIREMENTS 
refined sugar 

- have a flexible excess The technologies should: 
production capacity • not only be to the 

- be capttal-intensive * benefit of big profit-
- use many components that * seeking private 

cannot be purchased locally initiative and 
- show a balance between * entrepreneurship 

local and foreign currency • make an optimal use 
components in the technology of the available 

- use inputs that are locally * water-resources 
available - give a minimal pollution 

- produce a quality of sugar of water, air and soil 
that meets the standard • make it possible for the 
necessary in the sugar-using firm to reach a high degre~ 
industries of control and independence 

- fit into the ongoing - cause a minimal displacemertt 
technological development 

- be labour-intensive * - link with the quality of 
labour available 

- provide opportunities to 
improve the quality of 
labour 

- be adapted to local 
management and planning 

- provide a constant 
production over a long 
period 

*-YES 
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3.5.2.2. Specifications of the available agricultural technologies 

As mentioned in the review of the method, at the basis of the 
description of the available technologies, there are the three 
technologies of a distinctly different scale in the case study area. 
In the tables 3.20, 3.21 and 3.22, a review of practices and 
sub-practices is given. 

Table 3.20 
Technical practices for processing 
sugar cane. 

~ECHNICAL PRACTICES FOR PROCESSING SUGAR CANE 

TYPE OF subl!rocessing type of 
TECHNICAL Eractices technology 
PROCESSING employed 
PRACTICE 

CANE HANDLING 
IN THE YARD cane weighing · by estimation 

- weigh bridge 
· weigh bridge 

automatic recording 
cane handling · manual 

- grab loaders 
. cranes 
- tippers 

cane 
transEorting/ 
feeding manual direct in 

the mill 
- manual via feeder 

table 
. conveyor belts 

CANE PREPARATION levelling • manual 
· automatic levelling 

removing trash - hand-washing 
- autom~tic washing 
- hand-picking 
- tramp iron separator 

cutting - manually 
- rotating knives 

shredding - rotating knives 
- rotating hammers 

MILLING · manual (mortar and 
pestle) 

- small crusher 
animal traction 

- small crusher 
engine powered 

• mill tandem 
- mill tandem + 

imbibition 
transl!ort of 
raw iuice - expeller 

· manual 
- gravitation 
- mechanical 
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SIZE OF INDUSTRY: 

*1 *2 *3 

X 

X 

X 

X X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X X 

X 



Table 3.20 (continued) 

~ECHNICAL PRACTICES FOR PROCESSING SUGAR CANE SIZE OF INDUSTRY: 

TYPE OF suberocessing type of 
TECHNICAL Eractices technology *1 *2 *3 
PROCESSING employed 
PRACTICE 

CLARIFICATION screening - gauze wire filters X X 

• sophisticated screen X 

- cyclones 
Ere-heating - open pans X 

- heating X 

lime treatment • uncontrolled addition X 

- controlled addition X 

mud removal - sclllllllling off X 

• defecation clarifiers X x* 
chemical treatment · carbonation 

- sulphitation X X 

• phosphitation X X 

filtering · bag filters 
• plate filters X 

• rotating vacuum 
filters X 

transi!ort of 
cleared juice • manual 

- gravitation 
• mechanical X X 

CONCENTRATION 
AND 
CRYSTALLIZATION evai!oration · open pans X X 

- multi-effect 
evaporators X 

boiling • open pans X X 

• vacuum pans X 

transi!ort of S!rUI! - manual X X 

• gravitation 
- mechanical X 

cnstallisation - crystallisation tanks 
fair-cooled X 

• crystallisation tanks 
{water-cooled 

trans2ort of rab - manual 
· gravitation X 

- mechanical X 

CENTRIFUGATION • manually driven 
• semi-automatic X 

• automatic X 

• continuous 
centrifugals X 

*In this process defecation is done after the sulphitation step. 
! 

*1 - large scale (MSC) 
*2 - medium scale (WKS) 
f*3 - small scale (jag) 
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Table 3.20 (continued) 

~ECHNICAL PRACTICES FOR PROCESSING SUGAR CANE SIZE OF INDUSTRY: 

TYPE OF sub:erocessing type of 
TECHNICAL :eractices technology *1 *2 *3 
PROCESSING employed 
PRACTICE 

transEort of 
moisty sugar • manual X 

• conveyor belt X 

DRYING · open air X 

· cascade (rotary 
driers) X X 

BAGGING · manual bagging 
· manual weighing/ 

sewing machine X X 

• automatic weighing 
and closing 

STORING · manual X X X 

· conveyors 
· fork lift trucks 

CONTROL - occasionally in 
case of troubles X X X 

- regularl:y: and 
:elanned X X 

· laborato!Y control X 

REPAIR AND 
MAINTENANCE - occasional 

maintenance X 

, • permanent on-site 
maintenance 
works hoE X X 

OVERHEAD 

*1 - large scale (MSC) 
*2 - medium scale (WKS) 
*3 - small scale (jag) 
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Table 3. 21 
Technical practices for transporting 
sugar cane. 

TECHNICAL PRACTICES FOR TRANSPORTING SUGAR CANE 

sub:11ractices type of technology employed 

loading · manual 
· grab loading 
· winch loading 
- continue harvester 

trans:eorting · animal traction + simple trailer 
··trucks 
· tractor + simple trailer 
. + single bundle trailer 
- + double bundle trailer 
- + box trailer 
- + twin trailer 

equipment 
maintenance • occasional maintenance 

· permanent on-site maintenance 
workshop 

· permanent field maintenance 
workshop 

. mobile workshops 

road maintenance - motor graders 
• rollers . crawler tractors 

· overhead 

*1 - large scale (MSC) 
*2 - medium scale (WKS) 
*3 - small scale (jag) 
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SIZE OF INDUSTRY: 

*1 *2 *3 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

it 

X X 

X 

X 

X 

X 

X 

I 

i 



Table 3.22 
Agricultural practices for growing 
sugar cane. 

AGRICULTURAL PRACTICES FOR GROWING SUGAR CANE 

TYPE OF agricultural type of 
AGRI· sub·J2ractice technology 
CULTURAL employed 

LAND CLEARING tree and shrub 
removal · manual 

• tractor and chain 
• research 

burning trees, 
shrubs and grass · manual 
removal of stones · manual 

- mechanical stone· 
picker 

LAND LEVELLING • manual 
- tractor and scraper 
· self-propelled 

scraper 
- research 

PLOUGHING - manual by hoe 
- animal traction 

and simple plough 
· tractor and 

sophisticated 
plough 

SUB-SOILING · tractor and 
sophisticated 
sub·soiler 

HARROWING - manual by hoe 
- animal traction 

and simple harrow 
• tractor and 

sophisticated 
harrow 

RIDGING FOR 
SEED BEDS · manual by hoe 

· animal traction 
and simple ridger 

· tractor and 
sophisticated 
ridger 

*1 - large scale (MSC) 
la - nucleus estate 
lb - outgrowers 
*2 - medium scale {WKS) 
*3 - small scale {jag) 
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SIZE OF INDUSTRY: 

1* 2* 3* 

la lb 

X X X 

X X X 

X X 

X X X X 

X X X X 

X 

X X X 

X X 

X X 

X X 

X X X 

X X 

X X 

X X 

X X X 

X X 

X X 

X X 



Table 3.22 (continued). 

AGRICULTURAL PRACTICES FOR GROWING SUGAR CANE SIZE OF INDUSTR~: 

TYPE OF agricultural type of 1* 2* 3* 
AGRI- sub-Eractice technology 
CULTURAL employed la lb 

DITCHING FOR 
DRAINAGE - manual by hoe X X 

- animal traction and 
simple ditcher X X 

• tractor and 
sophisticated 
ditcher X X X 

- self-propelled 
ditcher X 

- research X X 

PLANTING 
NURSERIES selection of 

seed cane - manual X X 

cutting of I 
I 

seed cane - manual X X 

treatment against 
diseases and 
l!ests - manual with 

chemicals 
(dipping) X X 

- hot water .treatment 
plant and chemicals X X 

:elanting in seed 
bed • manual by hoe X X 1 

- mechanical planter X 

- mechanical planter 
with chemicals and 
fertilizers X 

- research X X 

*1 - large scale (MSC) : la - nucleus estate 
lb - outgrowers 
*2 - medium scale (WKS) 

1*3 - small scale (jag) 
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Table 3.22 (continued). 

AGRICULTURAL PRACTICES FOR GROYING SUGAR CANE SIZE OF INDUSTRY: 

TYPE OF 
AGRI· 
CULTURAL 

COMMERCIAL 
PLANTING 

INTERROY 
RIDGING 

FERTILIZER 
APPLICATION 

agricultural 
sub-practice 

selection of 
seed cane 
cutting of seed 

treatment 
against diseases 
and pests 

planting in 
seed bed 

*1 - large scale (MSC) 
1a - nucleus estate 
1b - outgrowers 
*2 - medium scale (YKS) 
*3 - small scale (jag) 

type of 
technology 
employed 

- manual 

· manual 

· manual with 
chemicals 
(dipping) 

1* 

X 

X 

· hot water treatment 
plant and chemicals x 

- manual by hoe 
· mechanical planter 
- mechanical planter 

with chemicals and 
fertilizer 

- research 

- manual by hoe 
- animal traction and 

simple ridger 
• tractorand 

sophisticated 

X 

X 

X 

X 

ridger x 

• manual X 

• tractor and 

X 

X 

X 

X 

X 

X 

X 

X 

mechanical spreader x x 
· research x x 
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2* 3* 

X X 

X X 

X X 

X X 

X 

X 



Table 3.22 (continued). 

~GRICULTURAL PRACTICES FOR GROVING SUGAR CANE SIZE OF INDUSTRY: 

TYPE OF agricultural type of 1* 2* 3* 
AGRI- sub-:eractice technology 
CULTURAL employed la lb 

GRAVITY 
IRRIGATION excavating canals 

and ditches • manual by hoe 
- excavators 

water transfer 
from eriman: 
source to canals 
and ditches - manual 

- animal power 
· electric pumps 
· Diesel and gasoline 

pumps 
- tractor-driven pumps 

water transfer 
from canals and 
ditches to furrows - manual 

- sypbons 
- research 

SPRINKLER 
IRRIGATION water transfer from :eriman: source 

to J!iJ!e system, either underground 
and :eortable or eortable only 

- electric pumps 
- Diesel pumps 
- tractor-driven 

pumps X 

water transfer from l!il!e 
system to s:erinkler system {rizers2 

· manual X 
. pipes and rizers X 

· research X 

MANUAL 
YEED CONTROL • manual by hoe X X X X 

CHEMICAL VEED 
CONTROL knal!sack sprayer - tractor and tank X 

· knapsack sprayer X 

tractor Sl!rayer - tractor, tanks and 
spraying booms X 

aerial serayer - aircraft 

*1 - large scale (MSC) 
la - nucleus estate 
lb - outgrowers 
*2 - medium scale (WKS) 

*3 - small scale (jag) 
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Table 3.22 (continued) 

AGRICULTURAL PRACTICES FOR GROWING SUGAR CANE SIZE OF INDUSTRY: 

TYPE OF agricultural type of 1* 2* 3* 
AGRI- sub-Eractice technology 
CULTURAL employed la lb 

PEST 
CONTROL - manual X X 

- tractor, tank and 
knapsack sprayer X 

PRE-HARVEST 
BURNING - manual X (x) (x) 

CUTTING - labour by knife X X X X 

- combine harvester 
CONTROL occasionalli in 

ease of troubles X X X X 

re![!!larli and 
J:!lanned X X 

labor a to!! 
control X X 

REPAIR AND 
MAINTENANCE occasional 

maintenance X X 

J:!ermanent on-site 
maintenance 
worksho2 X 

J:!ermanent field 
maintenance 
works hoi! X 

mobile worksho:e X 

OVERHEAD 

*1 - large scale (MSC) 
la - nucleus estate 
lb - outgrowers 
*2 • medium scale (t<KS) 
*3 - small scale (jag) 
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The review gives 
processes in the 
sugar technology. 

a detailed account of the different possible 
agricultural, transport and processing part of the 

The description of the 
system used in the tables. 

technologies follows the classification 

Description of practices. 

The growing of sugar cane always starts with land preparation .. This 
land preparation consists of a number of sub-practices to be carried 
out in a certain sequence and frequency. The sub-practices in a 
normal sequence are: land clearing, land leveling, ploughing, 
sub-soiling, harrowing, ridging, ditching and inter-row ridging. 

1) Land clearing 
Land clearing is necessary to create the proper conditions for 
further land preparation practices necessary for the growing of 
sugar cane. Land clearing consists of the removal of bushes, 
trees, the remaining stubs, stones and boulders and finally the 
burning of the grass. 

The removal of stubs, stones and boulders is particularly 
important if in subsequent agricultural practices use is made 
of mechanical implements. Removal of trees can be done manually 
or with a tractor and chain, stones can be either picked by 
hand or by a mechanical stone picker. 
In the area surveyed the last method is not used, 
plots are generally quite small and the costs of 
is in no proportion to the costs of labour. 

because the 
the machinery 

In all cases most of the land clearing activities are done 
manually, except for the clearing of the nucleus estate of the 
large scale factory. Occasionally tractors are used on the 
plots of outgrowers of the large scale industry. 
In the smaller industries, the use of tractors for clear~ng is 
rare, although they are used sometimes in the medium scale 
industries. 
For an efficient use of tractors, but also for the use of:oxen, 
land clearing is essential. In principle clearing has only to 
be done once and it is a well-known traditional activity for 
the farmers. 

2) Land leveling 
Some land leveling is necessary to obtain a smooth, gently 
sloping surface for a satisfactory water distribution and to 
prevent ponding. Leveling is particularly important where there 
is erosion hazard and when land has to be prepared for 
irrigation. 
Preparing land for irrigation requires a high level of 
precision and this calls for special equipment like 
self-propelled scrapers and sophisticated auxiliary equipment 
and instruments to execute the leveling. Irrigation is however 
hardly practiced and precise leveling is not necessary in the 
technologies considered. 
Still, even the less sophisticated leveling calls for a 
considerable knowledge of the terrain and of soil composition. 
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Manual land leveling is inefficient and of poor quality, 
although it is often practiced in the smaller industries. The 
use of tractors or oxen is preferred. 

3) Ploughing 

4) 

Ploughing is the first operation in a sequence of practices 
essential for soil improvement and necessary to make the soil 
loose enough for the development of the roots of the crop and 
for a good water retention. 
These practices strongly affect the ultimate quality and 
quantity of the crop harvested. Manual ploughing (hoe) is not 
very effective and ploughing with an ox-plough can give a 
considerable improvement depending on the quality of the plough 
and the skill of the farmer. Ploughing with tractors is 
preferred and gives the best results. 

Sub-soiling 
Sub-soiling 
properties 
of water. 
quantity of 
conditions 
power and 
Sub- soiling 

takes place to further improve the physical 
of the soil and to facilitate the deep infiltration 
It generally marginally affects the quality and 
the harvest and is only advisable if all other 
are optimal as well. Sub-soiling requires a lot of 
can therefore only be done by large tractors. 
is only practiced in the large scale industry. 

5) Harrowing 
Harrowing is done after the ploughing and pulverizes and 
smoothens the soil. It can be done manually, by animal traction 
using a simple harrow or by tractor and a sophisticated harrow. 

No reliable data on the effects on the yield of land clearing, 
leveling, ploughing, sub-soiling and harrowing are available. 
The costs of mechanical ploughing are generally considered to 
be more than covered by the extra yield. Once the equipment for 
mechanical ploughing is available, sub-soiling and harrowing 
can be easily done in a sophisticated manner as well. Whether 
or not this provides a reasonable economic return is however 
questionable. 
Generally the land preparation practices described, increase 
the yields and the transfer of these practices to other crops 
should be considered positive. This is only true if the means 
are available to the farmers and therefore sub-soiling and 
mechanical harrowing should not be emphasized too much. 
The advantages of good ploughing however are so evident that 
this practice should be more widely followed. 

6) Ridging for seed beds 
In order to efficiently conduct all further practices the cane 
needs to be planted in rows at equal intervals: ridging for 
seed beds. Good ridging makes later practices such as weeding, 
fertilizer application and harvesting easier and more 
effective. Ridging can be done with a hoe, with animal traction 
and a simple ridger or with a tractor and a sophisticated 
ridger. 

7) Ditching for drainage 
Ditching for drainage is necessary to dispose of excess water. 
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where ditches should 
system surveying is 
or with animal or 

Often it is possible to indicate on sight 
be made, but to obtain an optimal 
necessary. Ditches can be made manually 
machine traction. 

8) Planting nurseries 
The growing of sugar cane starts with planting the seed cane. 
These seed canes are pieces cut from whole cane stalks, each 
piece having two or three internodes and buds. From these buds 
the new stalks grow. 
Usually good looking stalks are selected from commercial fields 
and used for cutting seed canes. Sometimes even this is not 
done and seed cane is cut randomly from poor commercial fields. 
Varieties are mixed, diseases are transferred and genE!rally 
poor cane is used. The result is inevitable: poor yields. The 
large scale industry has therefore developed a system of ' cane 
nurseries. 

Research is done on the most suitable varieties that can be 
grown under certain conditions. This means that the type of 
variety used can differ for the various growing conditions. The 
chosen variety is carefully grown and from the available stalks 
the good ones are selected and cut into pieces manually. These 
pieces are treated against pests and diseases e.g. by! heat 
treatment and planted in seed beds of the so-called 
"A" -nursery, either manually or mechanically. In the latter 
case it is easy to add chemicals and fertilizers to the pieces 
of seed cane in order to prevent pests and decay and to enhance 
germination. The result of this planting yields the seed cane 
for the second or "B"-nurseries. 

At this stage, heat treatment is omitted but chJmical 
desinfection takes place before planting. The "B"-nurseries are 
closely monitored and the fields with diseases and pests are 
rejected as unsuitable for seed cane supply. 
The accepted cane from these nurseries is cut and chemically 
desinfected to be planted in the production fields, both on the 
nucleus estate and the outgrower plots. 
This process of developing good seed cane is supporred by 
research in the field and in the laboratory. 

The special attention for seed cane is necessary for an 
efficient cultivation of cane and the efforts invested in this 
practice pay already in the short run. In the other two sugar 
producing technologies, it proved until now to be possible to 
produce reasonable yields by just using stalks from commercial 
cane. 
Eventually such a practice is not advisable and is ,a bad 
example for the farmers who, in order to improve their yields, 
should stop using seed cane from commercial fields and start 
using specially produced certified seeds. 

9) Commercial planting 
From the nurseries cane is used for commercial planting. The 
cane is manually cut into pieces with two or three internodes. 
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The pieces can be dipped in a chemical liquid or alternatively 
the cutting knife can be dipped before cutting in order to 
prevent the spread of diseases. Dipping is only rarely used in 
the large scale industry where the most common practice is a 
combined chemical and hot water treatment in a special plant. 
The pieces are planted end to end in the furrows. 
They are then covered with a layer of soil. Planting can be 
either done manually with a hoe or with a mechanical planter. 
In the large scale industry, the outgrowers are provided with 
the seed cane which they plant themselves manually. 
The farmers in the other two industries use their own cane as 
seed and plant it manually. A mechanical planter, sometimes 
combined with automatic application of fertilizer and 
chemicals, is only efficient in large fields and is therefore 
only used in the large scale industry on the nucleus estate. 
Research will be necessary to guide the whole process of 
commercial planting. Research however requires high investments 
and can only be afforded by the large scale industry. 

10) Inter-row ridging 
When the cane starts tillering, inter-row ridging takes place. 
Inter-row ridging serves two purposes: it destroys the emerging 
weeds and prevents excessive tillering allowing a few tillers 
only to develop into mature stalks. Good inter-row ridging also 
enhances proper drainage. 
Again there are three ways of inter-row ridging: manually, with 
animal traction and with tractors. Inter-row ridging is a 
relatively light tillage of the soil and there is less need for 
advanced equipment. 
The use of readily available equipment will make it easier for 
farmers to use this practice also for other crops. 

11) Fertilizer application 
The relatively high nutrient removal by sugar cane, 
particularly with respect to nitrogen, phosphorus and 
potassium, soon makes adequate fertilizer application 
necessary. Nitrogen is nearly always required and the need for 
phosphorus, potassium and possibly other nutrients, like e;g. 
lime, can only be determined by means of laboratory research. 
This is done in the large scale industry. 
The fertilizer thought to be necessary is then made available 
to the farmers at the right time, normally twice during each 
cycle. The farmers spread the fertilizers manually. On the 
nucleus estate tractors equipped with mechanical spreaders are 
used. 

In the medium and small scale industry there is almost no 
application of fertilizer and certainly there is no controlled 
use. Of course the soils concerned, even if they are fertile 
enough, cannot give optimal yields without adding nutrients. 
Manure and compost improve the soil structure, but in order to 
take effect, large quantities are required. Crop rotation can 
give some relief, but with the increasing production of sugar 
cane on the small plots characteristic for these industries, 
exhaustion of the soil is inevitable. 
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This of course will lead to a decrease in productivity, not 
only for the sugar cane but also for other crops. 

12a) Gravity irrigation 
12b) Sprinkler irrigation 

One of the important prerequisites for the commercial g~owing 

of sugar cane is an adequate water supply. 
This water can be provided by adequate rain-fall. 
Depending on several other conditions, an average ~nnual 
rain-fall of approximately 1,600 mm. is required. 
The distribution of the rain-fall throughout the year is of 
course another important factor. If for any reason at different 
times the availability of water is too low, water can be 
supplied by irrigation. There are two types of irrigation: 
gravity and sprinkler irrigation. 

In the case of gravity irrigation, canals and ditches are 
excavated either manually or by mechanical excavators. From a 
primary source, most often a river, the water is transferred to 
the canals by pumping. Different ways of pumping with different 
sources of energy can be used. From the canals and ditches the 
water is transferred to the furrows manually or by means of 
syphons. 

In the case of sprinkler irrigation, the water is transferred 
from the primary source to a pipe system that can either be 
portable or underground. From the pipes the water is spread 
over the field by sprinklers. In the Western Province area 
rain-fall until now has been adequate for the growing of sugar 
cane. Decreasing rain-fall over the last ten years however, 
initiated a discussion about the future need for irrigation. 
Some land on the nucleus estate of the large scale fact~ry is 
already sprinkler irrigated. 
The system of small growers makes an efficient usb of 
irrigation difficult if not impossible. When irrigation ~as to 
take place, preference should be given to gravity irrig~tion. 
Gravity irrigation is less capital-intensive and therefore more 
economic and it fits better into the traditional practices of 
the farmers. 

13) Weed control 
Weeds take a high place in the factors that have an adverse 
effect on the crop. If they are not effectively controlled, 
they directly reduce the yields of cane and sugar and 
indirectly enhance infestation by pests and diseases, which in 
turn reduces yields. 
In general, conditions favourable for the growing of sugar cane 
also stimulate the rapid growth of weeds. Particularly the 
plant crop is sensitive, since cane grows more slowly ,than most 
of the weeds. Three to five weedings are necessary before the 
cane-leaves close in and arrest weed growth by taking away the 
light. 
For ratoon crops less weedings, about two or three, are 
necessary. Ratoons suppress weeds not only by growing faster 
and thus closing in earlier, but also by the thrash from the 
preceding crop that is intentionally left in the field. 
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Weeding is, together with planting and fertilizer application, 
one of the few jobs in the large scale industry that is left to 
the farmer. Weeding is so important for the final quality and 
quantity of the crop, that the factory will intervene if the 
farmer neglects the weeding. After warning, the factory will 
put in its own weeding gang and charge the farmer for the costs. 

Both mechanical and chemical weed control are practised. Manual 
weeding with the help of a hoe is considered a form of 
mechanical weeding and is the most common method used in the 
area. Sometimes oxen and simple ridgers are used. This form of 
weeding can however only be used in the early stages of the 
crop. Chemical weed control can take place with knapsack 
sprayers, with tractor sprayers and by aircrafts. Chemical weed 
control with tractors or aircrafts is only economical on large 
blocks of land. Knapsack sprayers can always be used. In the 
area surveyed, chemical weed control was only practiced on the 
nucleus estate. Manual weeding is very labour-intensive and is 
therefore to be preferred above chemical weeding. In addition, 
the traditional farmers do not have the required knowledge and 
skills for chemical weeding. 

14) Pest control 
Pests are seldom a major problem in sugar cane in African 
countries. The only insects common in the survey area are 
termites. Termites may attack sugar cane seed and can be 
controlled by dipping the seed pieces in an insecticide. 
Occasionally termites attack mature cane during periods of 
drought. Termite control is most effective when the termite 
colonies are destroyed in their mounts by means of 
insecticides. 
Pest control can be done manually or with tractors and knapsack 
sprayers. Pest control is only practiced in the large scale 
industry. 

15) Pre-harvest burning 
Cane can be burned before harvest. The main advantage of 
burning is that it makes manual harvesting less difficult 
because the thrash is destroyed and the workers have only to 
remove the green tops of the stalks. The main problem is that 
burning enhances the process of inversion of the sugar in the 
stalks. 
In order to limit the loss of sugar it is necessary to process 
burned cane within 48 hours after burning. Burning is practiced 
on the nucleus estate in the large scale industry. This nucleus 
estate is near to the factory and timely transport is possible. 
Burning of nucleus estate cane is necessary because the cane is 
loaded by grab loaders. Without burning, the loaders would pick 
up an excessive amount of trash. The cane on outgrower plots is 
not burned to increase the time available for transport and 
processing the cane. In the smaller scale industries, cane is 
often burned. Problems occur when the farmer burns his cane 
before an agreement is reached with the factory to buy the 
cane. Farmers use this burning if they are in urgent need of 
cash and want to put pressure on the factories to buy the cane. 
Often in those situations the cane was not yet mature and 
cannot be easily processed. 
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The farmer that burned the cane is then forced to sell the cane 
at any price to a factory that is willing to take the cane. 
Burning cane is a manual operation. 

16) Cutting 
Cutting can be done manually or with a combine harvester. 
The latter method is only economical on large blocks of land 
and is not even used on the nucleus estate of the large scale 
industry. Manual cutting with knives or "pangas" involves the 
cutting of the stalks, the removing of the trash, if the cane 
is unburned, and the removal of the green tops. 

17) Management and overhead 
The different agricultural activities need to be managed and 
require certain overheads. If the farmer does everything 
himself, the management and the overhead are his. This is the 
case in virtually all the medium and small scale industries. 
The only involvement of the factories is in judging whethdr the 
cane is mature enough to be cut and processed. This requires 
some insight in the amount of cane that is grown and the time 
when the cane is available, in order to plan the processing 
activities. The cane production in the area can be influenced 
by stimulating or discouraging measures in the economic fie~d. 
In the large scale industry different agricultural practices 
are done by the factory. As mentioned before, only the 
planting, the application of fertilizer and the weeding is left 
to the farmers. On the nucleus estate, all practices are 
carried out by the factory. 
Seed cane for both estate and farmers is propagated by the 
factory. Field- and laboratory research in different areas is 
conducted by the factory on a regular and planned basis. 
Fertilizer is purchased by the factory and distributed among 
all the farmers. This requires an impressive management and 
overhead apparatus, including an agricultural laboratory and 
means of transport. 

18) Repair and maintenance 
Repair and maintenance could have been included under the 
heading management and overhead, but because of their specific 
importance in the context of developing economies they are 
mentioned separately. The agricultural practices of the large 
scale industry require the repair and maintenance of a whole 
fleet of vehicles. 
The infra-structure is such that the factory has to provide its 
own facilities for this work. 
The small and medium scale factories are only to a limited 
extent involved in the agricultural practices and if repair and 
maintenance is required, this has to be done in a comm~rcial 
workshop. 

Economics of the agricultural part of the sugar technologies 

In the light of the described aims and in relation to the ecohomics 
of the technologies, two elements are emphasized: the investments 
necessary for the different technologies and the effects of the 
technologies on the economics of the farmer. 
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The middle and small scale factories do not, or hardly, interfere in 
the agricultural part of the technology. 
For the large scale factory, the agricultural component is an 
integral part of the entire technological system. 

Investments have to be made 
estate, initial clearing, 
road construction. 

in purchasing land for the nucleus 
preparation and drainage of the land and 

Further investments 
research facilities, 
make it impossible to 
component separately. 

are necessary for agricultural equipment, 
housing, workshops, etc. The data available 

deal with the investments for the agricultural 

In fact a separate treatment of 
artificial because the decisions 
concern the overall investments. 
together with the operating costs 
paragraph dealing with the economics 

any part of the technology is 
about investments will always 
Therefore the investments are, 
for the factory, discussed in the 
of the processing part. 

The effects on the economics of the farmers can be assessed by 
calculating the costs of producing cane per hectare for different 
agricultural systems. Thereby all prices are re-calculated on the 
basis of 1985 prices with the help of the consumer price index 
numbers of table 3.23. 

Table 3.23 
Consumer price index numbers, Kenya, 
Nairobi (midle income group). 

YEAR ALL ITEMS FOOD 

1985 391.9 376.0 
1984 371.9 353.6 
1983 357.2 339.8 
1982 335.4 325.4 
1981 266.9 275.0 
1980 234.5 242.6 
1979 210.1 212.3 
1978 196.0 201.1 
1977 177.7 179.9 
1976 159.4 159.6 
1975 147.2 149.5 
1974 124.3 123.6 
1973 108.2 104.8 
1972 100.0 100.0 

Source: 
MONTHLY BULLETIN OF STATISTICS, 
Department of Economic and Social Affairs,. 
Statistical Office, United Nations; 
1983-1986. 

The results of these calculations are given in table 3.24. The 
classification used before is maintained. 
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Table. 3.24 
Costs of producing canejha for different 
agricultural systems for one crop-cycle: 
plant cane plus two ratoons, in 1985 KShs .. 

MSC (1) MSC 
OUTGROYERS NUCLEUS 

ESTATE 

FIXED COSTS 

1. Landclearing 1236 (2) 
2. Landlevelling 1236 (2) - --

TOTAL 1236 1236 

VARIABLE COSTS 

3. Ploughing 840 28453 (9) 
4. Sub-soiling 
5. Harrowing 940 
6. Ridging for 

seed beds 
7. Ditching 

for drainage (3) 587 
8. Planting nurseries 2500 
9. Commercial planting 200 
10. Inter row ridging 442 
11. Fertili:er 

application 6830 
12a Gravity irrigation 
12b Sprinkler irrigation 

WKSC/ 
JAGGERY 

a. b. c. 

1058 (4) 1058 (4) 1058 (4) 

- - -
1058 1058 1058 

I 

1500 1000 

750 500 

2500 1250 1570 (5) 
313 200 

8573 8348 382 (6) 

13. Veed control 3375 (7) 6750 (7) 3375 (7) 
14. Pest control 
15. Pre-harvest burning 
16. Cutting/loading 6221 
17. Interest (8) 1798 
18. Management/ 

overhead 
19. Repair/maintenance 

- -
TOTAL 24139 28453 

a. Based on: B2 Sugar Processing, high cost scenario. 
b. Based on: B2 Sugar Processing, low cost scenario. 
c. Based on field data. 

(1) Based on data of MSC and field data. 
(2) Okullo, 1985 
(3) Including surveying 
(4) Barclay, 1977 

2150 2150 

- -
22536 11748 

(5) 25 out of a sample of 35 farmers stated to have paid for the seed cane 

2150 

-
9177 

(6) Only two out of a sample of 35 farmers stated to have paid for the fertilizer. 
(7) Based on three weedings per harvest totalling to 9 weedings per cycle. 
(8) Intersest on advance-payments given by the factory in the form of work 

done and inputs provided (12% on outstanding balance). 
(9) On basis of the Mumias Sugar Company 1983 annual report, only an overall 

indication of all variable costs can be given. 
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An item that had to be added, is the interest that the large scale 
industry charges on loans in the forms of services during a crop 
cycle. The costs are calculated for one crop cycle, which means 
plant cane plus two ratoon harvests covering 
56 months. 

The costs 
costs. The 
land for 
crop cycle 

of production can be divided in fixed costs and variable 
fixed costs are initial costs necessary for preparing the 
cane cultivation. The variable costs are made every time a 
is passed through. 

In the first column the situation for a Mumias outgrower is given. 
The basis for these figures is the deduction made by the factory 
before payment of the cane to the farmer. 
As indicated before, some practices are left to the farmer. It is up 
to the farmer to either hire labour or carry out the work with the 
help of the family. Family labour is not considered to be free and 
therefore labour costs are included on basis of the wages observed 
in the area (see table 3.25). The total labour costs that are thus 
added amount to 3655 Kshs. 

Table 3.25 
Average payment for labour. 

AU. FARMERS MSC MSC WKS WKS 
CANE NON-CANE CANE NON·CANE 
GROWING GROVING GR.OVING GROWING 
FARMERS FARMERS FARMERS FARMERS 

FEMALE LABOUR 

GENERAL 10.0 (143) 10.9 (86) 10.1 (22) 9.5 (14) 7.2 (21) 
WEEDING 10.4 (118) il. 7 (78) 10.0 (19) 9.8 (8) 7.0 (13) 
PLOUGHING 
PLANTING 8.5 (20) 10.2 (6) 8.0 (5) 7.3 (7) 

MALE LABOUR 

GENERAL 14.7 (142) 16.6 (104) 10.6 (20) 9.3 (8) 7.8 (10) 
WEEDING 15.3 (110) 16.6 (88) 10.7 (16) 9.9 (5) 
PLOUGHING 18.5 (11) 19.8 (9) 
PLANTING 8.5 (12) 8.0 (7) 

NOTE: No figures have been included for sample sizes under 5. 
Sample sizes between brackets. 

In the second column the costs of cane production on the nucleus 
estate are given. Because of the available data it is only possible 
to give an overall figure. The figures in the third and fourth 
column are taken from the B2 Sugar Processing report compiled by ODM 
(U.K.). 
The third column gives the costs for a small holder connected to the 
West Kenya Sugar Company using casual labour for all practices. The 
fourth column reflects the costs made by a small holder who uses his 
own labour and for some reason paying less for the seed cane . 
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In the fifth column the costs are given for the farmers in the WKSC 
area, based on questionnaires answered by a sample of 35 farmers. 

For the farmers connected to West Kenya Sugar Company in the 
remaining part of this study, the results of the field-work 
questionnaires will be used as the typical costs for the medium 
scale technology. This because of the strong evidence that the 
labour costs used in the B 2 Sugar Processing report of 30 Kshs per 
man/day are far too high (see table 3.25) and because of the 
evidence that the seed costs are not representative. A significant 
difference is also occurring in the fertilizer costs. There is 
little evidence that the amount of 382 Kshs recorded in column c of 
table 3.24 is a better figure than the more than 800 Kshs redorded 
in the other columns. 
Additional information of the manager of WKSC who stated that hardly 
any farmer uses fertilizer because of the high fertility of the soil 
(Patel, 1986), tips the balance to a lower cost for fertilizer. For 
the small scale factory the same figures are used. 
Because jaggery factories are not very demanding with respect to 
cane quality, it was found that farmers growing jaggery cane spend 
less on fertilizer and weeding. 

Labour requirements in the agricultural part of the 1sugar 
technologies 

Three types of labour can be distinguished: permanent labour, casual 
labour and family labour. The factories employ permanent and casual 
labour. Farmers rarely employ permanent labour, only two farmers out 
of the sample of 385 stated to employ permanent labour, but 
frequently hire labour on a casual basis. In addition they employ 
family labour including their own. 

In table 3.26 the labour requirements are given. 

Table 3.26 
Labour requirements for different 
agricultural systems for one crop 
cycle: plant cane plus two ratoons. 

HUMIAS SUGAR CO. 
OUTGROWERS/NUCLEUS EST. 

permanent managers 34 personS for 22800 ha. 
supervisors 77 
clerical 79 
manual 1597 

casual 209 man days per ha. 
casual/family labour 260 

WEST KENYA SUGAR CO./ 
JAGGERY 

--
-
-
-

441 

sources: Mumias Sugar Company (annual reports and statistics). 
B2 Sugar Processing 

For Mumias Sugar Company it makes no sense to differentiate between 
the nucleus estate and the outgrowers since the nucleus estate is 
relatively small in comparison with the total hectarage under cane 
(14 %). 
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The agricultural practices executed through the factory provide 209 
man days per hectare work in one crop cycle, both for the nucleus 
estate and the outgrower plots, but excluding planting, weeding and 
application of fertilizer. On the nucleus estate this work is done 
by casual workers. The outgrowers are responsible themselves for 
these activities and can either hire casual labourers or use family 
labour. 

West Kenya Sugar Company in principle does not interfere with the 
agricultural practices of the farmers. However they have some 
agricultural extension personnel checking on the quality and 
quantity of cane available for the factory and they assess the 
maturity of the cane before a license for delivery is issued to the 
farmer. 
According to the information of the factory, this labour is 
accounted for in the transport part of the technology. All the 
agricultural work is done by the farmers themselves. They can either 
hire casual labour or employ family labour. 

Energy requirements in the agricultural part of the sugar 
technologies 

Energy use plays an important role when assessing the technologies 
used. It is impossible to account for all sources of energy 
consumption, but in the agricultural practices most energy will be 
consumed in the mechanised tilling of the land. 
In table 3.27 the energy used by the large scale technology in 
ploughing, harrowing and furrowing is given. 

Table 3.27 
Energy used in agriculture per annum. 

MSC ACTIVITY FUEL (DIESEL) HECTARES LITRES 
(large scale) LITRES PER HECTARE 

(1) ploughing 204990 5895 34.77 
harrowing 67134 6522 10.29 
furrowing 60668 6296 9.64 ---
TOTAL 332792 

(1) source: data are provided by the Mumias Agricultural Service 
Department and relate to the year 1983. 

The medium 
agriculture 
negligible. 
technologies 

and small scale 
and the private 
Therefore the 
in agriculture is 

technologies are not involved in 
tractor use in these technologies is 

energy consumption of these two 
taken as zero. 
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3.5.2,3. Specification of the available transport technologies. 

Description of practices. 
The transport of sugar cane consists of two operations: 
the loading and the transportation of cane to the factory. 
Additional activities in this field are equipment maintenance, road 
maintenance and management and overheads. 

1) Loading 
Loading of cane can either be done manually or mechanically. In 
the case of the small scale technology, the cane is loaded 
manually on lorries or trailers. 
On arrival at the factory the cane is unloaded manually and 
stock piled in the cane yard. For the medium scale technology 
it is necessary to weigh the cane when entering the factory and 
therefore some uniformity in transporting equipment is 
required. This factory makes use of tractors and trailer~. In 
the large scale technology the cane is loaded mechanically. On 
the nucleus estate with grab-loaders in box trailers and in the 
outgrower fields the cane is manually put into neat piles 
(stacks) and these stacks are pulled on so-called bundle 
trailers. Single bundle trailers can carry one stack of cane 
and double bundle trailers take two. 

2) Transporting 
Transport can take place with animal traction and simple 
trailers. This method is hardly used in the research area and 
would only be viable for the jaggery factories where the farmer 
occasionally brings in the cane himself. But even in this 
smallest of the three technologies the transport is mostly in 
the hands of the factory and the use of tractors and lorries is 
far more efficient. 

3) Equipment maintenance 
For an efficient transport, a well organized repair and 
maintenance is a must. In Western Province where the road 
system consists of a few tarmac roads, murram roads and a 
majority of dirt roads, repair and maintenance is almajor 
issue. Only jaggery factories can afford a repair and 
maintenance attitude on a haphazard basis. This is related to 
the fact that a jaggery factory is not sensitive with respect 
to breakdowns. The viability of the other technologies depends 
on a continuous flow of cane and repair and maintenance are an 
integral part of the technology. 
In the medium scale technology there is a permanent repair and 
maintenance workshop at the factory, where maintenance on 
machinery and vehicles is combined. 
In the large scale technology there is a factory workshop, a 
transport workshop and various mobile workshops. 

4) Road maintenance 
In the jaggery technology the amount of cane necessary to run 
the factory is relatively small and the purchase and subsequent 
transport of cane take place via the existing road infra
structure. In the medium scale technology a minimum road infra
structure is required. The costs of necessary roads can however 
not be recovered from the technology. 
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Therefore the medium scale technology can only try to convince 
the government of the necessity of roads but otherwise has to 
do with the existing facilities. 

The position of the large scale industry is different. Since 
the industry has to serve thousands of outgrowers in a large 
area, the main roads are constructed and maintained by the 
government. Secondary and feeder roads are the responsibility 
of the industry. Therefore road maintenance is an integral part 
of this technology. 
Use is made of motor graders, tripper trucks, front end 
loaders, crawler tractors and vibro rollers. 

5) Management and overhead 
The transport part of the technologies also requires management 
and overhead. 
In case of the smallest technology this is negligible and 
incorporated in the general management and overhead tasks. 
In case of the medium scale technology, transport is so 
important that it gets separate attention where management and 
overheads are concerned. In the large scale technology there is 
a seperate transport department with its own management and 
overhead. 

Economics of the transport part of the sugar technologies 

The transport equipment, repair, maintenance and road construction 
investments related to the different technologies will be discussed 
with the other investments and together with the operating costs in 
the paragraph dealing with the economics of the processing part. 

Production costs recovered by the large scale factory from the 
farmers do not dependent on the distance from the field to the 
factory, with the exception of transport costs. When a farmers' plot 
is far away, he will pay more for the transport to the factory. 
Transport deductions are regulated by the government. The same 
applies to the medium scale factories and to a lesser extent to the 
jaggery factories. 
The transportation charges follow the division of the sugar cane 
area in A, B, C, and D zones. 
In 1985 they were respectively 62, 70, 78 and 85 Kshs per ton cane. 

In table 3.28 the costs for the farmers in the different zones and 
related to the different technologies are calculated. 
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Table 3.28 
Costs of transporting cane for 
different agricultural systems in 
the different sugar cane zone for 
one crop cycle (KShs/ton cane). 

MUMIAS SUGAR COMPANY 

A-ZONE B·ZONE C-ZONE 

Transportation 62 70 78 
rates set by the 
government (1985) 
Yield performance 285 285 285 
per ha. per cycle (1) 
Transportation 17670 19950 22230 
costs 

(1) source: Odada,1985 
(2) source: B2 sugar processing. 

WEST KENYA SUGAR JAGGERY 
COMPANY 

D-ZONE A-ZONE B·ZONE A-ZONE 

85 62 70 62 

285 215 215 215 
(2) 

24225 13330 15050 ' 13330 

For the West Kenya Sugar Company the C and D-zones are hypothetical 
and for the jaggery factory even the B-zone will not play an 
important role. They are therefore not included in the calculations. 

Labour requirements in the transport part of the sugar technologiies 

In all technologies transport, of cane is the responsibility of the 
factories. In the large scale industry a considerable part of the 
cane delivered to the factory, about 40 %, is delivered by 
sub-contractors. In the smaller industries, the transport is mainly 
done by the factory, although occasionally a farmer can deliver his 
cane at the factory gate. 
A review of the labour requirements in transport is given in table 
3.29 (next page). 

No data are available for the subcontractors. It is assumed that the 
subcontractors need an equivalent amount of workers to transport an 
equivalent amount of cane. Probably the subcontractors make more use 
of casual labour than of permanent labour. When interpreting the 
figures this fact should be taken into account. 
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Table 3.29 
Labour requirements for different 
transport systems for one crop cycle: 
plant cane plus two ratoons. 

MUMIAS SUGAR 
OUTGROWERS/ 
NUCLEUS EST. (1) 

A* B* TOTAL 

permanent 
· managers 22 14 36 persons 
· supervisors 52 34 86 for 
• clerical 67 44 111 22800 ha 
· manual 1485 990 2475 

casual . 
casual/family 
labour -

A* - factory 
B* - subcontractors 

WEST KENYA 
SUGAR CO. 

1 . (4) 
. 

11 
. 

17 (6) 

-

(l)source: Mumias Sugar Company (annual reports). 
(2)source: B2 sugar processing. 
{3)source fielddata. 

JAGGERY 
{2) {3) 

persons . persons 
for . for 
1820 ha. 2 25 ha. . 

2 {7) 

. 

(4) One fourth of the managment tasks are considered to be put into transport. 
(5) Administrative personal and drivers are classified as clerical simalar to 

the Mumias case. 
(6) The actual number of workers given is 24. But because the factory operates 

only 247 days a year the figure was converted with a conversion factor 
of 247/365. 

(7) For a similar reason as under note (6) a conversion rate of 100/365 was 
used for the recorded number of 8 casual workers. 

Energy requirements in the transport part of the sugar technologies 

The energy use in transport is 
with the help of tractors and 
distances up to 32 kilometers. 
Table 3.30 (next page) presents 
of the different equipment in case 

considerable. The cane is collected 
different kind of trailors over 

a detailed review of the energy use 
of Mumias. 

For the two smaller technologies no specific data on the use of 
energy in transport are available. The assumption is made that for 
the transport in these two cases the figure of 2.01 liters per ton 
cane for the Single Bundle trailer of the Mumias case can be used. 
This tractor trailer combination corresponds more or less with the 
equipment used in the smaller industries. 
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Table. 3. 30 
Energy in transport. 

MSC (large scale) (1) FLEET FUEL(DIESEL TONS LITRES 
TYPE(2) LITERS CANE PER TON 

DB 464969 305040 1.52 
SB 563854 280381 2.01 
Feeders 143653 305040 0.47 
NET 186593 144653 1.29 
SLY 150047 597631 0.25 
GL 113482 215258 0.53 
PW 87814 

TOTAL 1710412 

WKSC (medium scale) (3) FLEET FUEL( DIESEL TONS . LITRES 
TYPE LITERS CANE PER TON 

SB 49647 24700 2.01 

TOTAL 49647 

Jaggery (small scale) (3) FLEET FUEL(DIESEL TONS LITRES 
TYPE LITERS CANE PER TON 

SB 2412 1200 2.01 

TOTAL 2412 

(1) source: data are provided by the Mumias Agricultural Service 
Department and relate to the year 1983. 

(2) key: DB 
SB 
NET 
SLY 
GL 
PY 

Double Bundle tractor/trailor unit. 
Single Bundle tractor/trailor unit. 
Nucleus Estate tractor/trailor units. 
Side Loading Yinch tractors. 
Grab loaders. 
Plain Winch tractors (Recovery units). 

(3) Data on the fuel use in transport by WKSC and the jaggery factory 

. 

• 

: 

are nor available. The assumption is made that a comparable amount of 
fuel is used as the single bundle trailors use in the Mumias case. 

3.5.2.4. Specification of the available processing technologies. 

The processing side of the sugar technologies deals with the 
extraction of sugar from the cane. The two major processes in any 
sugar producing technology are crushing and concentration by 
evaporation. In case of the jaggery factories, the juice extracted 
from the cane is evaporated until the remaining syrup is so thick 
that it solidifies completely after cooling. The final product is 
called j aggery. 

For the medium and large scale processing technologies there are two 
additional important processes: clarification of the juice and 
crystallization. 
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These stages in the process are necessary to make crystallization of 
the sugar possible and to separate the crystals from the remaining 
liquid called molasses. 
When describing modern sugar technologies generally. nine processes 
are distinguished: 
1. cane handling in the yard; 
2. cane preparation prior to milling; 
3. milling; 
4. clarification; 
5. concentration and crystallization; 
6. centrifugation; 
7. drying; 
8. bagging; 
9. storing. 

These processes will now be described for the three technologies in 
Western Kenya, with if necessary • references to other practices 
possible (*). 
Sugar recovery and energy requirements are two major items that 
determine the efficiency of the processes. In the description only 
general comments on these items are made. An overall comparison 
between the processes is made and the technologies are reviewed with 
respect to economic and labour aspects. 

Description of practices. 
1) Cane handling in the yard 

Before the cane enters the yard, the cane is weighed or in 
case of the jaggery factories an estimate is made of the 
amount of cane brought in from the field. 
Weigh bridges can be operated manually or by means of 
recorders. In the medium scale technology weigh bridges are 
operated manually. In the large scale industry automatic 
recording is practiced. Cane handling starts with unloading the 
cane from the trailers. In the large scale industry the cane is 
unloaded with cranes and fed directly to the feeder tables 
where the cane is spread on a conveyer belt that transports the 
cane into the factory. Some trailers are of a tipping type and 
the cane can be deposited directly on the feeder tables. Most 
cane however is dumped in large piles in order to form a stock 
that guarantees a continuous 24 hours supply of cane. With 
cranes and grab·loaders this cane is brought on the feeder 
tables. The stock piling of cane is also a consequence of the 
transport system that can only be efficient if the waiting time 
of the fleet is minimized. Therefore a prompt unloading is 
necessary. 
In the medium scale technology, the supply of cane is much more 
piece meal and normally a trailer is manually unloaded near the 
presses when new cane is needed. 
The cane is then brought manually on the feeder belts that lead 
the cane to the mills. 
In the small scale factories the cane is handled in the same 
way. However here no transport of cane to the mill is needed. 
Cane stalks are directly fed to the mill. 

(*) For the description of the processing technologies and the analysis 
of the three technologies, use is made of the results of field·work 
conducted by T. Oerlemans (Oerlemans, 1985). 
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2) Cane preparation 
Cane preparation prior to milling can consist of leveling, 
washing, tramp-iron removal, cutting and shredding. In the 
large scale industry the cane is evenly spread on the feeder 
table by rotating levellers. The leveled cane moves on to a 
slatted conveyer belt, leading to the knives. Depending on the 
amount of sand, dirt and stones mixed with the cane, the cane 
may be washed by water jets. This is however rarely done. 
Most of the cane is from the outgrowers. The cane is manually 
piled into stacks that are winched on a trailer. This kind of 
loading provides very clean cane. The cane from the nucleus 
estate, loaded with grab-loaders, contains more dirt. Via the 
conveyer belt the cane reaches the leveler knives. The cane is 
cut into small pieces and leveled. 

A second cutting takes place by heavy duty knives. 
The very small pieces of cane are then shredded by a third set 
of knives and drop on the main cane carrier that brings the 
cane to the mills. Before it reaches the mills, the cane p·asses 
an electro-magnet that removes stray pieces of iron (tramp . 
iron). Just before the mills, the cane is collected by a 
so-called Donnely-chute, ensuring an even supply to the mill. 

In the medium scale technology, the leveling is done by the 
labourers when they manually put the cane on a conveyer belt 
that brings the cane to the knives. 
The cane that is handled manually from cutting to the mills is 
very clean. Possible remaining trash is removed manually while 
feeding the cane to the mill. Two sets of knives cut the' cane 
into small pieces, but not to such an extent that one could 
speak of shredding. 

In the small scale technology the cane is fed almost stalk by 
stalk into the mill. Leveling, trash removing, cutting and 
shredding are thus of little importance in this technology. 
Only occasionally cane is cut manually into pieces that are 
more easy to handle when feeding the mill. 

Two alternative practices, mentioned in 
described: hand washing, which is of little 
of the generally clean cane entering 
shredding by rotating hammers. 

table 3.20, are not 
importance because 

the factories, and 

This last process is not more efficient than knife shreddin~. 

3) Milling 
Milling consists of crushing the cane. In the Mumias factory 
there are two parallel lines for milling and evaporation. The 
two lines differ on several points. These differences are 
however not important in this context and the two lines are 
further considered the same. The mills consist of three rollers 
each, with an auxiliary feed roller in front of the top roller. 
There are five mills per line, the cane being transported 
between each mill by bagasse elevators and collected in 
Donnelly chutes. The dimensions of the rollers are: length 1.68 
m, diameter 0.9 m. The capacity of the mill is about 140 tons 
cane per hour (about 2850 ton per day). 
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The grooving is circumferential: Messcheart knives are used to 
keep the grooves free of compressed bagasse. The mills are 
turbine-powered with about 400 horse powers (HP) available for 
each mill. Imbibition water is sprayed on the bagasse leaving 
mill four. The juice of mills one and two is drawn off and 
passes through screens before being pumped to the boiling 
house. The screening removes particles of bagasse ("cush-cush") 
that are returned to the mill. Bagasse from mill five is 
transported directly to the boilers or to the bagasse store. 

The medium scale West Kenya sugar factory has two tandems of 
three 3-roller mills each. The mills are electrically operated: 
mills 1 and 2 have 75 HP motors, mill 3 has 50 HP motors. 
Dimensions of the mill rollers are: length 46 em, diameter 33 
em. The capacity of the mills is 110 tons of cane per day 
(usually not more than 150 tons are milled in a day with the 
two tandems) . 
The raw juice is pumped to the boiling house. 

In the jaggery factory described, as an example for all jaggery 
plants, the milling is done in a diesel-driven three roller 
mill. The dimensions of the rollers are: length 50 em, diameter 
40 em. The diesel engine has a capacity of 26 HP. 

The best way to compare the efficiency of the three milling 
processes is to compare their extraction. 
The extraction is the ratio between tons of sucrose present in 
the juice and tons of sucrose present in the cane: 

extraction - where: 
TCH * pole 

sucrose content (pol) of the juice 
sucrose content (pol) of the cane 
tons of juice per hour 
tons of cane crushed perhour. 

These extractions are calculated on the basis of field data and 
are given in table 3.31. 

Table 3.31 
The extraction for the milling 
processes of the three technologies. 

Qj (1) polj (%) 

MSC (large scale) 165.77 (t/hr) 12.63 
WKSC (medium scale) 79.60 (t/d) 16.80 
Yaggery (small scale) 4.62 (t/d) 19.03 

TCH (1) pole(') extrac-
tion 

156.33 (t/hr) 13.92 0.96 
150.00 (t/d) 13.50 0.66 

12.00 (t/d) 13.35 0.55 

(1) Production figures for MSC are on an hourly basis the production figures 
for WKSC and the yaggery factory are only available on a daily basis. 

source: fielddata. 
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From the table it is clear that in the large scale industry the 
extraction of the sucrose from the cane is the most efficient: 
96 %. 
A considerable contribution to this efficiency is given by the 
imbibition process. The extraction of the small scale industry 
is very low: 55 %. 
This is to be expected from the equipment used and the lack of 
any preparatory activities such as cutting and shredding. An 
extraction of 66 % for the medium scale industry seems low, 
compared to the extraction figures of both the large and the 
small scale industry, but is in fact normal. 

Depending on the fibre content of the cane, normally between 13 
and 16 %, dry extraction with a train of three 3-roller mills 
should be somewhere between 62 and 60% (McChesney, 1983). The 
fibre content of the WKSC is not known, but should be the same 
as in Mumias because of similar climatological conditions and 
varieties of cane. The fibre content of the Mumias c~ne is 
determined daily and amounts on average (*) 16.7 %. 

Milling with imbibition could be used in the medium scale 
technology. Extraction by diffusion, a leaching process which 
makes use of a combination of washing and osmoses and 
extraction with the help of expellers, where a screw extracts 
the juice from small pieces of shredded cane, can be an 
alternative for the extraction by milling. A comparison of the 
energy use of the different milling systems is made later. 

4) Clarification 
Clarification can consist of the sub-practices of screening, 
pre-heating, addition of flocculants and milk of lime, mud 
removal, chemical treatment and filtering. Screening is done 
directly after the milling and is already mentioned in the 
preceding paragraph. An alternative for screening can be the 
use of cyclones. 
In the large scale industry the screened juice arriving at the 
boiling house is weighed before processing. It is then heated 
to 720 C in vertical tube heaters, using vapour bled from the 
evaporation stage later in the process. The hot juice is limed 
and flocculant is added. In this stage it is also possible to 
add sulphur-dioxide for bleaching. In this process sulphitation 
is however only done after the evaporation stage. 

A second heating in vertical tube heaters, again using vapour 
bled from a later process, raises the temperature to 1050 C 
before the limed juice enters the clarifiers. 

In the clarifiers, the contaminations of the juice, c.alled 
"muds", precipitate. These muds are drawn off from the bottom 
of the clarifiers while the clear juice is continually drawn 
off from the top. The muds are pumped to rotary vacuum filters 
where they are diluted, mixed with bagacillo (very fine bagasse 
particles) and filtered over rotating filter drums. 

(*) The average is taken for the years 1981 and 1982 
(MSC, yearly report, 1983). 
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Washing with water takes place during filtering. 
The dry cake left is scraped off and transported to the cake 
stores by a hopper. The filtrate is returned to the clarifiers. 
Five vacuum filters are installed of which one is a stand-by. 
The clear juice is pumped to so-called pre-heaters that raise 
the temperature of the juice with exhaust steam to 1100 C. The 
hot juice then enters the evaporation stage. 

In the medium scale technology, the screened juice is pumped to 
sulphitation towers. Milk of lime and sulphur-dioxide are run 
in simultaneously. The juice is then heated in modified 
furnaces, where it passes through three circular pans (diameter 
1.20 m) and reaches a temperature of 85-900 C. After settling 
in large open tanks, the clarified juice is run into the 
evaporator lines and the muds are filtered in a plate filter. 
No wash water is applied. 

In jaggery factories, clarification is only practiced if the 
so-called "super fine" jaggery is made. Clarification then 
takes place during the boiling stage. For clarification herbs 
as well as lime are used. 
The "herbs" appeared to consist of the bark of one of the 
acacia species: the "fever tree". 
Small quantities of lime are added to the second pan. Scums 
will develop in the liquid and rise to the surface. They are 
skimmed periodically and collected in a metal drum. Part of the 
liquid may be returned to the pans. The energy demand of the 
different clarification processes is discussed later. 
In table 3.32, the consumption of chemicals is given. The 
jaggery factory uses quite different types of clarification 
agents. These are not included in the table but were described 
above. 

Table 3.32 
Consumption of chemicals for the 
three technologies per ton of mixed 
juice (and ton of cane crushed). 

LIME kgjt SULPHUR kg/t FLOCGULANT g/t 

MSC (large scale) 0.90 0.22 2.99 
WKSC (medium scale) 2.00 0.80 . 
Jaggery (small scale) . . . 

source: fielddata. 

The sulphitation of the two larger processes could be 
substituted by two other clarification processes: carbonation 
and phosphitation. The chemicals used in these 
calcium-carbonate and phosphoric acid do not have -
sulphur-dioxide the advantage of bleaching 
resulting in a lighter colour of the sugar. 

5) Concentration and crystallization 

processes: 
contrary to 

the liquid 

Concentration is achieved by heating and boiling, resulting in 
evaporation of the liquid. 

- 145 -



The concentration makes the solution super-saturated with 
sugar. The cooling of the super-saturated solution yields the 
crystals. 
In the large scale factory, the clear, 
entered in the quadruple effect evaporators. 
the A-line consists of six vessels. The 
effects consist of two parallel vessels each. 

pre-heated juice is 
The evaporator on 
first and fourth 

The B-line is a straight quadruple effect. The first effect is 
heated by exhaust steam. Vapour is bled from the first and 
second effects and is used for heating purposes in earlier 
stages as described before. The evaporation yields a raw syrup 
of approximately 65 Bx (*). 

This syrup is treated with sulphur-dioxide (see clarification) 
to bleach it. At this point in the process of Mumias Sugar 
factory, the A and the B·line come together. The sulphitated 
syrup is pumped to the boiling station. The Mumias factory uses 
a modified ABC boiling system (see figure 3.13). 

Figure 3.13 
The modified A B C system. 

The A-massequite provides, after centrifuging, the final 
product. The B-sugar is mixed with a certain amount of water 
and used as a crystal nuclei for the A-boiling. This footing 
with B·sugar enhances the crystallization and ascertains 
uniformly shaped A-crystals. The C-sugar is re-melted and added 
to the fresh syrup. 

Boiling is done in vacuum pans. Vacuum pans are in fact 
one-effect evaporators working under reduced pressure. 
Most of the remaining water in the syrup is evaporated here. 
The result is a certain degree of super-saturation in the 
liquid, leading to the crystallisation of sugar. , 
The whole process is controlled by continuous measurements of 
temperatures and pressures. On several points the product 
stream is weighed and important qualities like the solid 
content and the sucrose content are measured in the laboratory. 

(*) Bx or Brix is the solid content of liquids (dissolved and 
suspended), in% weight. 
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In the West Kenya sugar factory, evaporation and boiling is 
done together in a series of 5 open pans: the juice belt. 
There are eleven juice belts, of which seven are modified to 
allow the burning of wet bagasse. The first three pans in every 
belt are rectangular, 1.80 m x 1.50 m, and the last two are 
circular with a diameter of 1.20 m. The pans are placed at 
different heights so that the juice can be run into the next 
pan without pumping. From the third pan however the juice is 
not brought to the fourth but to the fifth pan. 
The syrup is then brought manually into the fourth pan. 
The changing of the last two pans in the belt is done to see to 
it that the thick syrup, called rab, is not heated too much, 
resulting in caramelization. The rab or massecuite has a solid 
content of 80 to 82 % by weight and is transported manually 
with buckets to crystallizer vessels to cool. 
Sixty vessels are available for the cooling. Initially half of 
them were meant for making A-sugar. The other half for B- and 
C-sugar. Since already quite some time the factory does not 
produce B- and C-sugar anymore. The A-molasses is further 
produced into black jaggery. The A-massecuite is kept in the 
crystallizer vessels for 60-70 hours while being stirred 
slowly. The crystallization is air-cooled. 
An alternative would be a water-cooled process. After 
crystallization the massecuite is transported to the 
centrifugals. 

The process in this 
laboratory checks. The 
the continuation of 
and skill. 

medium scale factory is not guided by 
addition of chemicals and decisions on 
a process are purely based on experience 

In the jaggery factory, the juice is brought by gravity to the 
boiling house into the pans. The factory has two lines of three 
rectangular pans each. 
Pan dimensions are: length 2m., width 1.5 m., depth 0.5 m. 
In the first, pan the juice is heated to boiling temperature. 
It. is then transferred to the second pan, where it is gently 
boiled to a syrup. In the third pan, boiling is vigorous: the 
hot mass is stirred continuously to prevent burning. The syrup 
is boiled to a solid content of approximately 80 %, whereafter 
it is run into a wooden trough to cool. 
This process is also controlled by experience and skill only. 
The energy consumption of the three processes will be discussed 
later. The efficiency of the evaporation and boiling processes 
is best compared after calculating overall recoveries and will 
be discussed later. 

6) Centrifugation 

Centrifugation takes place after the raw juice has been boiled 
to a semi-solid mass of crystals and liquid, called massecuite. 
In the centrifugation process, the sugar crystals are separated 
from the molasses. 

In the Mumias factory different centrifugals are used for the 
A-sugar and the other two sugars. 
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A-sugar is centrifuged in 1220 mm. x 760 mm. batch-operating 
machines, processing 0.65 tons of massecuite, up to 18 times 
per hour. Washing by steam takes place during spinning. The 
centrifugals use regenerative braking, in which the spinning 
energy is used to accelerate another. The moist sugar is 
scraped off by a plough during braking and falls on a hopper 
where it passes a screen before reaching the dryer. 
B- and C-massecuite are separated in continuous centrifugals, 
processing up to 3 tons of massecuite per hour. According to 
the ABC boiling system described before, the B-molasses is used 
to make C-sugar. Both B- and C-sugar are re-entered in the 
process. C-molasses is a final product which is stored in tanks 
before it is sold. 

In the West Kenya factory four semi-automatic 
batch-centrifugals are used, powered by 10 HP motors. They can 
deliver 30-35 kgs of sugar up to 15 times per hour. The 
molasses are transferred manually to a next boiling where they 
are processed into jaggery. Manually driven centrifuges, 
mentioned as an alternative in table 3.20, would not be a good 
alternative for the centrifugals used. In the jaggery factory 
no crystalline sugar is produced. The massecuite is poured into 
conical moulds where it solidifies. The result is a matrix of 
molasses with small embedded crystals. The resulting "sugar 
loaf" is separated from the cone by gently warming the cone in 
hot water. 
The energy consumption of this part of the process is little 
and will be accounted for in the sundry category of the total 
energy comparison to be made. 

7) Drying 
8) Bagging 
9) Storing 

The A-sugar of the Mumias process is dried in rotary dryers, of 
which there are two. The air is heated by steam. The sugar is 
cooled while being transported on an endless belt and is stored 
in eight bins connected t.o the bagging machines. 
The sugar is bagged in 100 kgs bags and stored manually in the 
sugar store from where it is collected by the final 
distributor, the Kenyan government. 

In the medium scale factory, the sugar is transported manually 
from the centrifugals to a rotating sugar dryer. The heating of 
the dryer air is done by fire wood. The. dry sugar is b~gged 
manually in 100 kgs bags and stored before it is collected by 
the Kenyan government. 
In the jaggery factory the process stops after the production 
of sugar loafs. No special drying is applied. The loafs are 
stored before transportation to the distributors in m~rket 
places and to shops in market centres and towns. 
For the two larger processes, conveyors and fork lift trucks 
could be an alternative for transporting the sugar bags to and 
from the stores. 
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10) Control 
11) Repair and maintenance 
12) Overhead 

As was already pointed out in the concentration and 
crystallization step of the process, control of the operations 
is an intensive and painstaking activity in the large scale 
industry. Not only when it comes to control the normal progress 
of the process but also when it comes to the control and 
maintenance of the factories equipment. 

In the medium scale factory where the progress of the process 
is not accurately controlled, the control and maintenance of 
the machinery is however done on a regular and planned basis. 
In the jaggery factory action is only taken when brake downs 
occur. The larger industries have a permanent maintenance 
workshop on site. 
From the description of the process side of the sugar 
industries, it is clear that overheads in the form of 
management and administration are necessary. Of course, the 
extent of this overhead increases with the scale. 
In the large scale industry an important part of the overhead 
consists of the laboratory necessary for process control. 

Comparison of the overall performances of the factories 

In the preceding paragraphs, the sugar production 
described for the different technologies. 
comparisons of a quantitative nature were made. 
sub-practices were however to fragmentary 
conclusions. 

sub-practices were 
Where possible, 

The data on the 
to draw definite 

A comparison of the overall performance will make it possible to say 
something of the performances of the technologies as a whole and in 
addition will make it possible to get more information on some 
sub-practices. The comparison will be made on two major items: the 
sugar recovery and the energy balance of the different factories. 

Sugar recovery 
There are three index figures that reveal information about the 
sugar recovery: 

1. the cane/product ratio (C/P); 
2. the canejsucrose ratio (C/S); 
3. the overall recovery (p). 

ad 1) 
The cane/product ratio C/P indicates how much product is produced 
from the amount of cane that constituted the input for that specific 
production. As a unit of production, generally one run is taken. 

C/P 
TCH * milling hours 

production (tons) 

In the case of the jaggery 
whereas in the case of the two 
white sugar is taken as product. 

factory, the product is black jaggery 
larger industries, only the mill 

- 149 -



ad 2) 
The cane/sucrose ratio indicates how much sucrose is produced from 
the amount of cane that constituted the input for that specific 
production. As a unit of production, also here, one run is taken. 

TCH * milling hours 
C/S 

ad 3) 
production (tons) * polp 

The overall recovery is the ratio between the sucrose in the product 
and the sucrose present in the cane. 

p 
production (tons) * polp 

TCH * milling hours * pole 

The terms used in the formulas are: 
TCH tons of cane crushed per hour 
polp sucrose content of the product 
pole sucrose content of the cane 

The index figures for the three technologies are given in table 3.33. 

Table 3.33 

i 

Index figures on the sugar recovery 
for the three technologies. 

CANE USED PRODUCT 
(tons) MADE 

(tons) 

MSC (large scale) 36123 4297 
WKSC (medium scale) 150 12 
Jaggery (small scale) 12 1 

source: fielddata. 

note: For MSC, one run equals a week; 

POLs POLe C/P 

0.997 0.137 8.407 
0.997 0.135 12.500 
0.657 0.134 8.759 

For WKSC and the jaggery factory, one run equals a day. 

C/S 

8.432 
12.538 
13.332 

(1) This figure for the overall recovery is to high in comparison with 
the figure for the extraction in table 3.28. The overall recovery 

RE· 
CO VERY 

0.864 
0.591 
0.562 
(1) 

can never be higher than the extraction. The reason for this descrepancy 
is that the figures are calculated for different runs. It is however logical 
that the extraction and the overall recovery in the jaggery process are 
almost the same. 

From the cane/product ratio it is clear that MSC uses much 
to produce a unit of product than WKSC. 
The jaggery factory in this respect appears to be 
efficient as the large scale industry. This is however 
where the comparison on product is concerned. 

. 150 -

less 

almost 
only 

cane 

as 
true 



The product, black jaggery, contains all impurities and a 
considerable amount of water. Only 81 % (pol 0.81) of the jaggery 
is sugar (sucrose). The cane/sucrose ratio makes a comparison on 
sucrose basis possible. 
In producing sucrose, the jaggery factory is 
the situation does not change much when 
recoveries. 

not so 
looking 

efficient and 
at the overall 

It is interesting to check whether the difference in efficiency can 
be linked to a certain sub-practice. 
In table 3.34 a comparison is made for the two larger processes. The 
jaggery is left out because of the different end product and the 
unreliable available data. 

Table 3.34 
Comparison of efficiency of MSC and WKSC. 

FOR THE WHOLE PROCESS IN REAL FIGURES: 

SUCROSE SUCROSE SUCROSE 
IN CANE IN JUICE IN PRODUCT 

MSC (large scale) 4948.83 4750.88 4283.81 
WKSC (medium scale) 20.25 13.3i 11.96 

FOR THE WHOLE PROCESS PUTTING THE SUCROSE IN CANE ON 100: 

SUCROSE SUCROSE SUCROSE 
IN CANE IN JUICE IN PRODUCT 

MSC (large scale) 100.00 96.00 86.56 
WKSC (medium scale) 100.00 66.00 59.08 

FOR THE PROCESS AFTER EXTRACTION, 
PUTTING THE SUCROSE IN JUICE ON 100; 

SUCROSE SUCROSE SUCROSE 
IN CANE IN JUICE IN PRODUCT 

MSC (large scale) 100.00 90.17 
WKSC (medium scale) 100.00 89.52 

It is clear that the loss of sucrose in the medium scale process is 
mainly in the extraction process: 34 % compared to 4 % in the large 
scale process. The loss in the evaporation, boiling and centrifuging 
stages is only 10.5 % compared to 10 % for the large scale process. 
With respect to the recovery of sucrose, the open pan boiling 
process is comparable to the vacuum pan technology as far as 
efficiency is concerned. Conclusions should be drawn carefully 
because there are not enough reliable data on the WKSC process 
available. The pol-balances, underlying the above calculations, 
showed 10% of unaccounted losses (Oerlemans, 1985). But further 
analysis will not change the conclusion that the loss of sucrose is 
mainly due to the extraction and not to the boiling and 
centrifugation stages. 
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Energy balances 

The energy balances consist of a demand and an availability part. On 
the demand side each sub-practice has its own contribution. In the 
analysis the energy demands of the sub-practices, milling, 
clarification and evaporation will be specified separately. The 
energy demands of the other sub-practices are presented under the 
heading "sundry". 
In table 3.35, the energy demands for the three processes are given. 

Table 3.35 
Survey of the energy demand of the 
three processes. 

PER TON JUICE IN JOULE: 

MILLING CLARIFI-
CATION 

MSC (large scale) 2.20E+08 4.23E+08 
YKSC (medium scale) 1.09E+08 6.82E+08 
Jaggery (small scale) 2.31E+07 N.A. 

AND PER TON PRODUCT IN JOULE: 

MILLING CLARIFI-
CATION 

MSC {large scale) 1. 77E+09 3.70E+09 
WKSC (medium scale) 2.55E+09 4.69E+09 
Jaggery (small scale) 5.27E+08 N.A. 

EVAPO- SUNDRY TOTAL 
RATION (1) 

1.16E+09 7.02E+07 1. 87E+09 
5. 97E+09 N.A. 6.76E+09 
6.05E+09 N.A. 6.07E+09 

EVAPO- SUNDRY TOTAL 
RATION (1) 

9.94E+09 9.67E+08 1.64E+l0 
3.96E+l0 N.A. 4.69E+l0 
2.04E+10 N.A. 2.10E+l0 

(1) The sundry is not calculated for the two smaller processes because of 
lack of data. The energy used in the other sub-practises can however well 
be disregarded in comparison with the other energy demands. 

The figures 3.14 and 3.15, based on table 3.35, give an insight in 
the energy use of processes and the sub-practices. The medium scale 
process uses most energy per ton of j uicejproduc t. The j aggery 
industry also uses quite some energy per ton of juice, but if the 
energy use per ton of product is considered, the energy use is 
comparable to the large scale process. 
One should however take into account that the product made is 
different and intrinsically uses much less energy. 
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Figure 3.14 
Energy demands per ton juice of the 
three processes. 
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Figure 3.15 
Energy deman4s per ton product of the 
three processes. 
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Looki~g at the sub-practices it is clear that most of the energy in 
the production of sugar from cane is used by the evaporation and 
boiling stage. When comparing the medium scale process with the 
large scale process, it appears that the energy used in the milling 
and clarification stage is comparable. The energy in boiling and 
evaporation in the medium scale process is more than five times as 
high, per ton juice, and about four times as high, per ton product, 
than in the large scale process. 

At first, only the energy available from the burning 
is considered on the availability side. The bagasse 
source for the sugar factories and the process should 
use more than this freely available energy. 

of the bagasse 
is a free energy 
preferably not 

Table 3.36 and the figures 3.16 and 3.17 prove that this is possible 
for both the large scale and the small scale process. The medium 
scale process needs more energy than can be provided by the bagasse. 
This energy is supplemented by burning wood. 

Table 3.36 
Energy balances of the three 
processes 

PER TON JUICE IN JOULE: 

MSC (large scale) 
WKSC (medium scale) 
Jaggery (small scale) 

AND PER TON PRODUCT IN JOULE: 

MSC (large scale) 
WKSC (medium scale) 
Jaggery (small scale) 

TOTAL 
REQUIRED 

1. 87E+09 
6. 76E+09 
6.07E+09 

TOTAL 
REQUIRED 

1. 64E+l0 
4.69E+l0 
2.10E+l0 
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AVAILABLE AVAILABLE MINUS 
FROM BAGASSE REQUIRED 

2.30E+09 4.25E+08 
5.31E+09 -1.45E+09 
l.OlE+lO 4.01E+09 

AVAILABLE AVAILABLE MINUS 
FROM BAGASSE REQUIRED 

2.02E+l0 3.81E+09 
3.52E+l0 ·1.17E+l0 
3.40E+l0 1. 30E+l0 



Figure 3.16 
Energy balances of the three processes based 
on available bagasse. Joules per ton juice. 
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Figure 3.17 
Ener2v balances of the three processes based 
on available bagasse. Joules per ton product. 
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This notion needs some adjustment, since bagasse is not the only 
source of energy in the other two processes either. Table 3.37 gives 
a review of the different types of fuel used and the quantities for 
an arbitrary run of the three processes. 

Table 3.37 
Fuel used per ton juice in an arbitrary 
run of the three processes. 

FUEL USED QUANTITY 

MSC (large scale) bagasse 0.331511 ton 
fuel oil 0.001710 m3 
diesel oil 0.000146 m3 
electricity 0.003012 Mil 

WKSC (medium scale) bagasse 0.884422 ton 
diesel oil 0.010804 m3 
wood 0.025125 ton 

Jaggery (small scale) bagasse 0.735930 ton 
diesel oil 0.004329 m3 

note: For MSC aweek is taken as one run. 

ENERGY 
FROM FUEL 
(J) 

2.35E+09 
6.13E+07} 
5.26E+06 6.66E+07 
3.76E+03 

5.31E+09 
3.85E+08} 6.47E+08 
2.62E+08 

9.57E+06 
1.47E+OS _, 1.47E+05 

For WKSC and the Yaggery factory a day is taken as one run. 

(1) The examples for the surplus of bagasse are taken from table 3.36. 

SURPLUS OF 
ENERGY FROM 
BAGASSE {J) (1) 

4.25E+08 

-1.45E+09 

4.01E+09 

When comparing the surplus energy the large and the small scale 
processes have on energy available from the bagasse, it appears that 
the net surplus of energy is still positive. 
The reason why oil and electricity are used and not bagasse, lies in 
the irregularities due to start-ups and breakdowns in the Mumias 
factory and in the nature of the milling equipment in the jaggery 
factory. 

The West Kenya sugar factory needs fuel in addition to bagasse, both 
for process irregularities and for different diesel-driven machines. 
The conclusion is that the large and small scale processes have a 
favourable energy situation. 
The medium scale process uses more energy than can be supplied by 
the burning of bagasse. This shortage of energy is mainly caused by 
the evaporation and boiling stages in the process. 

Economics of the process part of the sugar technologies 

The investments for the different technologies on the production 
side will be integrally discussed with other investments and 
together with the operating costs. 
Contrary to the operating costs in the agricultural and transporting 
part of the technologies, the factory operating costs do not 
directly affect the economics of the farmers, because of the pre-set 
cane prices. 
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Labour requirements in the process part of the sugar technologies 

A review of the labour requirements for processing is given in table 
3.38. 

Table 3.38 
Labour requirements for different 
processing systems. 

MUMIAS SUGAR CO. 
(1) 

Permanent 
- managers 42 
- supervisors 52 
- clerical 35 
- manual 172 

casual 125 (4) 
casual/family 
labour -

!JEST KENYA SUGAR CO. 
(2) 

3 
10 

7 
-

124 (5} 

-

Source: Mumias Sugar Company (annual reports). 
Source: B2 Sugar Processing. 
Source fielddata. 
Number equivalent to permanent. 

JAGGERY 
(3} 

1 
1 
2 

-
7 (6) 

-

(1) 
(2) 
(3) 
(4) 
(5} The actual number of workers given is 183. Rut because the factory 

operates only 247 days a year the figure was converted with a conversion 
factor of 247/365. 

(6} For a similar reason as under note (5) a conversion rate of 100/365 is 
used for the recorded number of 23 casual workers. 

In order to make the figures comparable casual work is not given in 
man days, but is converted in the number of workers equivalent to 
permanent workers, assuming that a worker works 26 man days a month. 
In the medium scale technology certain parts of work is sub
contracted. This concerns the supplying of fire-wood, the cleaning, 
the drying of bagasse, the security and the entire processing of the 
first molasses into jaggery. 

3.5.2.5. Overall economic evaluation of the three technologies 

A sound evaluation of the economics of a technology requires 
detailed information on that technology and is a time-consuming and 
highly specialistic job. The results of such an evaluation is only 
valid for the technology reviewed. In practice no sugar factory is 
the same and a general economic evaluation can not be made. 

If detailed choices for a certain technology have to be made in a 
project, a cost-benefit analysis provides a prospective economic 
evaluation. In this analysis different uncertainties can be 
accounted for in such a way that it yields conservative results by 
overestimating costs and underestimating revenues. 
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On the other hand, a cost-benefit analysis can be used as a 
negotation tool by presenting the technology advantageous compared 
to competing technologies. 
In this light it is clear that a sound economic evaluation requires 
a separate in-depth study that has to be adjusted frequently in time. 

Such a study for sugar factories is not available. 
Alpine and Deguid (1977a, 1977b) published analyses of the economic 
viability of large and medium scale sugar technologies under African 
conditions. The results of their analyses are debatable because 
none of the medium scale technologies is reported to be economically 
viable. 
The existence of a medium scale technology in Kenya for over five 
years refutes this. The data of Alpine and Deguid are used to 
present an example of the fixed and operational costs of a sugar 
technology processing 100 tons of cane per day, in table 3.39. 

Table 3.39 
Economic evaluation of the factories 
in 1,000,000 KShs. 

LAil.GE SCALE SUGAR FACTORY (200 TONS CANE PER HOUR) 

YEAR ,li'ORKING FIXED COSTS OPERATIONAL GOSTS 
CAPITAL 

AGRIC. FACT. ADIUN. AGRIC. FACT. ADMIN. 

0 7,89 148,10 275.51 25.94 55.91 2.63 47.32 

1 26.82 15,77 183.68 22.08 62.39 18.58 36.28 

2 19.28 .80.45 35,23 36.2!1 

3 7.01 99.37 43.29 36.28 

4 1.05 105.51 48.72 37.16 

5 LOS 102.35 53.28 37.86 

NORMAL 99.90 57.84 37.86 

REVENUE NET SURPLUS 

·563.30 

82.37 -283.23 

207.69 19.10 

271.13 72.91 

293.92 95.52 

293.92 99.37 

293.92 98.32 

In this table the first production year is taken as year one. The 
three years necessary to establish the technology are totalled in 
year zero. The costs are divided in fixed and operational costs and 
within these two categories in costs related to the agricultural, 
the processing part and the overhead or administrative part of the 
technology. 

In the preceding paragraphs transport was considered separately but 
is now included under agriculture. At the basis of the figures are 
of course the assumptions made by Alpine and Deguid, but since here 
only an example is striven at, these assumptions are not discussed 
and can be found back in the literature. 

In table 3.40 an example is given of the fixed and operational costs 
of a medium scale technology processing 100 tons of cane per day. 
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Table 3.40 
Economic evaluation of the factories 
in 1,000,000 KShs. 

MEDIUM SCALE SUGAR FACTORY (100 TONS CANE PER DAY) 

YEAR WORKING FIXED COSTS OPERATIONAL COSTS 
CAPITAL 

AORIC. FACT. ADMIN. AGR.lC. F 

0 16.71 

1 0.40 7. 56 

2 0.40 7.82 

3 0.40 8.08 

4 0.40 8.08 

5 0.40 8.08 

NORMAL 8.08 

N. REVENUE NET SUR.PUJS 

·16.71 

9.46 1.51 

11.33 3.12 

11.80 3.32 

12.50 4.02 

12.50 4.02 

12.50 4.02 

The results of Alpine and Deguid 
technology is concerned, corrected by 
(Kaplinsky, 1983). 

are, as far as the medium scale 
using the data of Kap1insky 

Table 3.41 presents the fixed and operational costs for the jaggery 
factory. This analysis is based on field data. 

Table 3.41 
Economic evaluation of the factories 
in 1,000,000 KShs. 

SHALL SCALE SUGAR FACTORY (12 TONS CANE PER DAY) 

YEAR WORKING FIXED COSTS OPERATIONAL COSTS 
CAPITAL 

l AORIC. FACT. ADMIN AGRIC. FACT. ADMIN. 

0 0.62 

1 0.02 0.25 

2 0.02 0.25 

3 0.02 0.25 

4 0.02 0.25 

5 0.02 0.25 

NORMAL 0.02 0.25 
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REVENUE NET SUR.l'UJS 

-0.62 

0.58 0.31 

0.58 0.31 

0.58 o.:n 

0.58 0.31 

0.58 0.31 

0.58 0.31 



From the data in the above tables general net present values (NPV) 
and internal rates of return (IRR) can be calculated. 
The results are presented in table 3.42. 

Table 3.42 
Net present values and internal rates 
of return. 

NET PRESENT VALUE 
lN 1,000,000 KSHS. 

LARGE SCALE TECHNOLOGY.(2) 
100 TON CANE PER HOUR ·87.6315 
200 TON CANE PER HOUR 415.3733 

MEDIUM SCALE TECHNOLOGY. ( 3) 
100 TON CANE PER DAY 4.7834 
200 TON CANE PER DAY 31.3031 

SMALL SCALE TECHNOLOGY. ( 4) 
12 TON CANE PER DAY 1.2848 

(1) Depreciated at 10% per annum 
(2) Lifetime 25 years 

source: Alpine, R., 1977 
(3) Lifetime 20 years 

calculated from data in Kaplinsky, R., 1983 
(4) Lifetime 10 years 

calculated from fielddata 

INTERNAL 
(1) OF RETURN 

8.7 
13.4 

13.5 
23.4 

4~ 

The NPV and IRR are also given for a 200 tons of cane per hour large 
scale technology and a 200 tons of cane per day medium scale 
technology. The large scale technology figures are from Alpine and 
Deguid, the small scale figures are calculated on basis of the data 
of Kaplinsky. 
The net present value is based on a discount rate of 10 % per annum 
which is quite low in view of the normal bank interest rates of 
12-15 % in the past five years. 

The internal rates of return are however comparable with the 
interest rates. The results, although based on general data, appear 
to be reasonable. It seems logical that the small scale technology 
with its low investments and flexibility towards market events 
provides the highest rate of return. 
The medium scale technology has much higher investments, is tied to 
prices set by the government and is less flexible. The medium scale 
technology takes no responsibility for investments in the 
agricultural sector. This is not the case in the large scale 
industry and it is well possible that the economic advantage of a 
larger production scale is counteracted by the necessary investments 
and high operating costs in the agricultural part of the technology. 
A tentative calculation of the IRR for the large scale technology, 
omitting the agricultural costs, supports with a figure of 26.1% 
this assumption. 
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3.5.2.6. Overall evaluation of the labour requirements of the three 
technologies 

In the preceding paragraphs labour requirements for the different 
sub-practices were given. In table 3.43 the total labour 
requirements for the three technologies are given. 
All figures are expressed in an equivalent amount of permanent 
workers on a yearly basis. A year is considered to have 
312 man-days. 

Table 3.43 
Total labour requirements for the 
three sugar producing technologies. 

AGRI- TRANS· PROCES-
CULTURE PORT SING 

MSC 
(large seale) 

- Managers 34 36 42 
• Supervisors 77 86 52 
· Clerical 79 1.11 35 
· Manual 1597 2475 172 
• Casual 3055 125 
- Casual/family 3800 

WKSC 
(medium scale) 

• Managers 1 3 
- Supervisors 10 
- Clerical 11 7 
- Manual 
• Casual 17 124 
· Casual/family 163 

JAGGERY 
(small scale) 

• Managers 1 
- Supervisors 1 
- Clerical 2 2 
- Manual 
· Casual 2 7 
· Casual/family 7 

PER· FI· GENE-
SONNEL NANCE RAL 
(1) (1) (l) 

20 12 5 
11 28 3 
34 230 5 

229 62 80 
12 43 4 

TOTAL 

TOTAL 

TOTAL 

Note: all casual work is recalculated on an equivalent amount of 
permanent workers. 

TOTAL 

149 
257 
494 

4615 
3239 
3800 -

12554 

4 
10 
18 
0 

141 
163 

336 

1 
1 
4 
0 
9 
7 

22 

(1} The work listed under personnel, finance and general administration is not 
specified seperately in the case of WKSC and the jaggery factory and is 
included under one of the other categories. 
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The columns "personnel", "finance" and "general administration" are 
vacant for the two smaller technologies. The related work is of 
course done, but is relatively little and integrated in the work of 
persons already accounted for in one of the columns. 
For a comparison of the labour requirements of the different 
technologies, the data in table 3.43 are only of limited use. Index 
figures indicating the use of labour per unit of product made or per 
unit of cane used are more indicative. These index figures are given 
in table 3 .44. 
As a third index figure the "labour requirements per hectare under 
cane" is added. 

Table 3.44 
Some index figures on labour requirements 
of the different technologies. 

TOTAL PER 1000 TONS PER 1000 TONS 
CANE PROCESSED PRODUCT MADE 
(1) (2) 

MSC 
(large scale) 

Managers 149 0.104 0.969 
Supervisors 257 0.180 1.671 
Clerical 494 0.346 3.212 
Manual 4615 3.226 30.008 
casual 3239 2.266 21.061 
casual/family 3800 2.658 24.709 

--- --- ---TOTAL 12554 8.762 81.631 

\IKSC 
(medium scale) 

Managers 4 0.162 1.799 
Supervisors 10 0.405 4.496 
Clerical 18 0.729 8.097 
Manual 0 0.000 0.000 
casual 141 5.709 63.428 
casual/family 163 6.599 73.324 --- --- ---TOTAL 336 13.603 151.147 

JAGGERY 
(small scale) 

Managers 1 0.833 7.299 
Supervisors 1 0.833 7.299 
Clerical 4 3.333 29.197 
Manual 0 0.000 0.000 
casual 9 7.500 65.693 
casual/family 7 5.833 51.095 --- --- ---TOTAL 22 18.333 160.584 

(1) MSC 1,429,527 tons of cane milled per annum 
WKSC 24,700 tons of cane milled per annum 
Jaggery factory 1200 tons of cane milled per annum 

(2) MSC 153,790 tons of sugar produced per annum 
WKSC 2,223 tons of sugar produced per annum 
Jaggery factory 137 tons of jaggery produced per annum 

(3) MSC 22800 ha. under cane. 
WKSC 575 ha. under cane 
Jaggery factory 25 ha. under cane. 
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PER HECTARE 
UNDER CANE 
(3) 

0.007 
0.011 
0.022 
0.202 
0.142 
0.167 ---
0.551 

0.007 
0.017 
0.031 
0.000 
0.245 
0.283 ---
0.584 

0.040 
0.040 
0.160 
0.000 
0.360 
0.280 ---
0.880 



3.5.2.7. Overall evaluation of the energy requirements of the three 
technologies 

Energy requirements were recorded for the agricultural, the 
transport and the processing part of the large scale technology. For 
the two smaller technology scales no energy requirements were 
recorded for the agricultural parts. A review of the figures is 
given in table 3.45. 
No reference is made to the use of bagasses as a fuel. 
Bagasse is considered freely available to the factories. 

Table 3.45 
Extra energy used in the three 
technologies (apart from bagassa). 

MSC TYPE OF FUEL QUANTITY 
(large scale) 

• agriculture diesel oil 333 m3 
- transport diesel oil 1710 m3 
· processing diesel oil 217 m3 

fuel oil 2551 m3 
electricity 4493 MlJ 

TOTAL 

WKSC 
(medium scale) 

· agriculture - . 
• transport diesel oil 50 m3 
• processing diesel oil 236 m3 

wood 329 ton 

TOTAL 

JAGGERY 
(small scale) 

- agriculture - -
- transport diesel oil 2 m3 
- processing diesel oil 2 m3 

TOTAL 

ENERGY EXTRA 
FROM FUEL ENERGY 
(J) PER TON 

CANE (J) 

1.20E+l3 
6.16E+l3 

· 7 .82E+l2 
9.14E+l3 
5.61E+09 

1. 73E+l4 l. 21E+08 

1.80E+l2 
8.50E+l2 
3.43E+l2 

1.37E+l3 5.56E+08 

7.21E+l0 
7.21E+l0 

1.44E+ll 1.20E+08 

In order to make a comparison between the three possible 

EXTRA 
ENERGY 
PER TON 
PRODUCT (J) 

1.12E+09 

6.18E+09 

1.05E+09 

technologies, the different types of fuel used are converted into 
their production of energy when burned. A comparison can be made of 
the total energy used or the energy used per ton of cane processed 
or ton of product produced. 
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3.5.2 .. 8. Specification of the available technologies in the light of 
the wanted technologies 

In this paragraph the available technologies are reviewed in the 
light of the requirements formulated on basis of the set aims. This 
leads to a classification of the agricultural, transport and 
processing technologies in suitability orders and classes related to 
the requirements formulated earlier, see chapter 1, paragraph 4.4. 

The agricultural part of the technologies 

The suitability classes for the agricultural part of the three 
technologies with respect to the technological requirements as given 
in table 3.17, are presented in table 3.46 (see next page). 

The agricultural practices in the large scale technology (MSC) are 
generally far removed from the knowledge, the skills and the 
possibilities that farmers in the area have. It is not without 
reason that the major part of the agricultural practices is taken 
over by the Mumias company. 

Particularly the machinery used and the management and research 
necessary for an effective crop maintenance make the gap between the 
cultivation of cane and the traditional cultivation of other crops 
difficult to bridge. 
This management problem is restricted to the micro-level of the 
individual farmer. The management of the agricultural part of Mumias 
Sugar Company is in local hands and therefore can be considered 
adapted to the local circumstances, be it that the planning and 
management were not locally developed but are an adjusted copy of 
the system introduced by the foreign contractor. 

Not only the local staff in the agricultural section 
trained but also many of the agricultural workers 
equipment; the research and laboratory work could only be 
indoor training of the available labour. 

had to be 
dealing with 

done after 

Quite some agricultural practices like weeding, planting and 
particularly harvesting, are still very down-to-earth and the labour 
available can be employed without too much special training. The 
wide variety of requirements for various jobs in the large scale 
technology provides ample opportunities for labourers to improve 
their quality of work. 

The gap between sophisticated work done by permanent labour and the 
basic practices done by either the farmers or casual labourers, is 
however too large to result in a general upgrading of the quality of 
labour. The figure of 0.38** workers per hectare under "cane grown" 
shows that this agricultural technology is quite labour-intensive. 
Of this labour a maximum of 44 % is employed as family labour. 
Consequently a minimum of 56 % is employed in wage-earning jobs. 
This technology therefore produces a considerable amount of 
wage-earning jobs. 

* The number between square brackets refers to table 3.46 
** 8642 workers for 2280 ha under cane (see tables 3.43 and 3.44) 
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Table 3.46 
Suitability orders and classes for the 
agricultural component of the three 
technologies. 

SUITABLE 

TECHNOLOGICAL REQUIREMENTS A* B* C* 

The technologies should 
1 link up with the activities 

of the small farmers X* 
2 produce wage-earning jobs 0 X 
3 be prime movers for further 

technological development X + 
4 be economically viable * 0 
5 be efficient 0 X* 
6 enhance the efficiency of 

other technologies X* 0 
7 use a minimum of foreign 

exchange *X 0 
8 be able to produce a 

minimum of 1,200,000 tons of 
cane in 1990 0 

9 have a flexible excess 
production capacity 

10 produce a cane quality 
adequate for the production 
of plantation white sugar O*X · 

11 be capital-intensive 0 
12 use many components that 

cannot be purchased locally 0 X 
13 show a balance between local 

and foreign currency 
components in the technology 

14 use inputs that are locally 
available *X 0 

15 fit in the ongoing 
technological development X* 

16 be labour-intensive 0 X* 
17 link with the quality of 

labour available X* 0 
18 provide opportunities to 

improve the quality of labour 0 
19 be adapted to local management 

and planning X* 0 
20 give a constant production 

over a long period 0 

A* - well suited 0 
B* - moderately suited 
C* - marginally suited X 

* 
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CONDITIONALLY NOT 
SUITABLE SUITED 

A* B* C* 

0 
* 

0 
X 

*X 

OX* 

*X 

* 

OX* 

0 

X* 

X* 

- Mumias Sugar Company 
(large scale) - Yest Kenya Sugar Company 
(medium scale) 

- Jaggery (small scale) 



The economic viability of the agricultural part of the large scale 
technology can be viewed from two sides. For the Mumias sugar 
company the agricultural technologies used are economically viable 
because they contribute to the economic viability of the entire 
sugar-making technology. The economic viability for the farmers 
depends on the agricultural part of the technologies only. 

Because of the high capital intensity of the technology, 0.06 
million KShs per labourer the costs that are recovered from the 
farmers are relatively high and this negatively affects the economic 
viability of the agricultural technology for the farmer. This 
economic viability should be judged in comparison with alternative 
agricultural uses. It then proves to be very reasonable. 
The use of capital-intensive agricultural practices with large 
machines and the use of fertilizer takes place to reach an efficient 
agricultural technology. This efficiency is reflected in yields of 
285 tons of cane per hectare (table 3.28). 
The efficiency with respect to labour is mainly due to the high use 
of labour in harvesting, 63 % of the labour hired by Mumias in 
agriculture is necessary for harvesting (MSC, agricultural 
department 1985). 

Machinery, spare parts, fuel and fertilizer are all items that have 
to be imported in Kenya. This means that the foreign exchange 
component in the agricu}tural part of the large scale technology is 
high. 

Because of the gap between the agricultural technologies used in the 
large scale industry and the technologies normally employed there is 
virtually no direct spill-over effect that could result in the 
enhancement of the efficiency of other technologies. Still the 
technologies used are the harbinger of the technological development 
necessary in different other agricultural fields. The large scale 
agricultural technology could fulfill the role of prime mover if 
specific attention would be given to the spill-over effect and if 
the inputs necessary for broader agricultural development would 
become available. 

The large scale agricultural technology will have little problem in 
producing 1,200,000 tons of cane in 1990, since the Mumias Sugar 
Company already produces more than this amount (table 3.44). The 
production of a flexible surplus is problematic. 
Firstly, because the crop cycle of sugar cane is five years with 
first harvests after periods as long as 24 and 18 months. 
Secondly, because there are few alternative possibilities to take 
care of the over-production if this is not needed. 
In principle it is feasible to leave the cane longer in the field, 
but this is only possible for about a year and severely affects the 
economic viability for the farmers. The quality of cane produced 
easily meets the requirements necessary to produce mill white sugar. 

The demands on the soil by the impressive consumption of nutrients 
and the mono-culture character of growing cane in case of the large 
scale technology, can only be met by the use of fertilizers. OVer a 
short period this will not be a problem for a constant production, 
but in the long run the deterioration of the soil could endanger the 
production. 
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In the medium (WKSC) and small scale technology the agricultural 
practices are left to the farmers. Sugar cane growing therefore 
naturally follows the traditional agricultural practices. 
The adaptation to local management and planning is not an issue 
although the nature of the crop and particularly the crop cycle of 
18 to 24 months calls for a different management and planning then 
for other crops. The labour required covers the traditional labour 
available. 
As a consequence, there is hardly any opportunity to improve the 
quality of labour. 
The * 0.28 workers per hectare under cane for the medium and small 
scale technology are high but lower than the labour input in the 
large scale industry. This may seem strange but apparently the more 
intensive cultivation and the large overheads due to intensive 
research and management, make the large scale agricultural 
technology not only capital-intensive but also very labour
intensive. 

The agricultural work is usually done by the family and therefore 
not many wage-earning jobs are introduced. Because of the absence of 
the use of expensive capital goods like machinery, the costs made in 
these agricultural systems are relatively low, 38 to 49 % of the 
costs made in the large scale technology (table 3.24). 
The economic viability is better. The efficiency of the agricultural 
parts of these technologies is lower than in the large scale 
technologies with a production of 215 tons of cane per hectare. 

The efficiency of labour is relatively higher because less labour is 
used and because of family labour. The medium and small scale 
agricultural technologies make a minimum use of foreign exchange 
components and thus have a negligible foreign exchange component. 
The agricultural practices necessary to grow sugar, fit in the 
technological development that is taking place in the region. They 
stimulate the use of ox-ploughs to cultivate the land and carefully 
introduce the use of tractors and fertilizer. 

Because of this balanced pace a good spill-over effect to other 
technologies is possible. In practice however the upgrading of the 
agricultural practices is only moderate. 
The impact of the medium scale technology is considerably greater 
than the influence of the farming technologies that are specifically 
oriented at sugar production for jaggery factories. 
The medium scale agricultural technology described here, produces 
24,700 tons of cane per annum. That means that the agricultural 
system should be extended about 50 times. This can never be achieved 
without drastic changes in the agricultural production. 
What is true for the medium scale technology is even more valid for 
the small scale one. The possibility for an excess production of 
cane is, for the same reasons as mentioned in the large scale 
technology, problematic. The quality of cane produced is comparable 
to the quality in the large scale technology and WKSC proves it to 
be possible to produce plantation white sugar with agricultural 
technologies concerned. 

* 163 and 7 workers respectively for 575 and 25 hectare under cane (see 
tables 3.43 and 3.44) 
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It is however to be expected that the quality of cane and certainly 
the quantity of cane produced, in the long run will decrease if the 
agricultural technologies are not changed. 

The transport part of the technologies 

The suitability classes for the transport part of the three 
technologies considered, related to the technological requirements, 
as given in table 3.18, are presented in 
table 3.47 (next page). 

The transport part of the large scale technology is moderately 
labour-intensive and provides 1.9 wage-earning jobs per 1000 tons of 
cane transported**• The kind of labour required in transport and in 
repair is readily available and the work provides ample 
opportunities for the labourers to improve their quality of labour. 

The adaptation of the transport technology of the large scale 
technology is somewhat problematic and after more than 10 years, the 
management is still not totally transferred to local staff. The 
large scale transport technology is highly capital-intensive. 
Machinery, spare parts and fuel have to be imported. 
Trailers however can be made locally and the repair is also in local 
hands. 
The foreign exchange component of the technology is however high. 
The technology does not fit in the normal technological development 
taking place in the area. This can e.g. be seen from the wide roads 
that had to be constructed to make the necessary transport possible 
and from the fact that for the repair of the equipment, the large 
scale company has to rely almost entirely on an own workshop. 

The transport system as such can hardly be considered economically 
viable. In the overall economic analysis of the technology, it has 
to be established that the costs of transport do not affect the 
economic viability of the total technology. The assessment of the 
transport technology is therefore more based on its efficiency. The 
transport is efficient, since it succeeds to bring the cane in at 
the right moment. Some inefficiency lies in the fact that during 
transport cane losses are occurring. The energy use of 1.2 litres of 
fuel per ton of cane, in comparison with 2.0 litres for the other 
two technologies (table 3.30), seems reasonable. 

A considerable part of the transport is given to sub-contractors and 
part of the repaire jobs are also sub-contracted. The transport 
technology therefore acts as a prime mover for other technologies 
and enhances the efficiency of those other technologies. 
The transport system already proved to be able to transport 
1,200,000 tons of cane in 1990 and is perfectly able to take care of 
a possible excess production of cane. 

* 100 crushing days a year give a good internal rate of return (table 
3.42). 
** The number of wage earning jobs is calculated from tables 3.43 and 
3.44. 
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Table 3.47 
Suitability orders and classes for 
the transport component of the three 
techno],<:>gies. 

SUITABLE 

TECHNOLOGICAL REQUIREMENTS A* B* C* 

The technologies should 
1 produce wage-earning jobs * xo 
2 be prime movers for further 

technological development 0 *X 
3 be economically viable 
4 be efficient O*X 
!\ enhance the efficiency of 

other technologies 0* *X 
6 use a minimum of foreign 

exchange * xo 
7 be able to adequately 

transport 1,200,000 tons 
of cane per year in 1990 0 

8 have a flexible excess 
transporting capacity X*O 

9 be capital-intensive 0 X* 
10 use many components that 

cannot be purchased locally< ox * 
11 show a balance between local 

and foreign currency 
components in the technology * 

12 use inputs that are locally 
available * xo 

13 fit in the ongoing 
technological development * X 

14 be labour-intensive * xo 
15 link with the quality of 

labour available *XO 
16 provide opportunities to 

improve the quality of 
labour xo * 

17 be adapted to local management 
and planning * X 0 

A* - well suited 0 
B* - moderately suited 
C* - marginally suited X 

* 
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CONDITIONALLY NOT 
SUITABLE SUITED 

A* B* C* 

OX* 

X* 

*X 

* 

OX* 

0 

- Mumias Sugar Company 
(large scale) - West Kenya Sugar Company 
(medium scale) 

- Jaggery (small scale) 



The transport part of the medium scale technology produces 
1.2 wage earning jobs per 1000 tons of cane transported* and should 
therefore be regarded as moderately labour-intensive The kind of 
labour required does not differ very much from the one in the large 
scale industry. Availability and chances to improve the quality of 
labour are thus comparable. 
Although management and planning can be more easily transferred 
staff in this field is not yet totally Kenyanized. The equipment 
needed for transport makes the transport part of the medium scale 
technology quite capital-intensive. 
Still, many components used in the technology are not locally 
available and have to be imported, resulting in the use of a 
considerable amount of foreign exchange. 

The machinery and equipment used are not exceptional in the area. 
Adaptations needed to facilitate the transport are required, but 
they are of a nature comparable to the changes needed for other 
developments in the area. 
The economic viability of the transport system is not intrinsic, but 
has to be found in the role the transport of cane plays in the 
entire technology of making sugar. That role should be performed as 
efficiently as possible. This depends upon the distances to the 
producers and the capacity of the equipment with respect to the 
amount of cane that can be transported in one trip. 
As indicated before, the energy consumption per 1000 tons of cane is 
higher than in the large scale technology. 
The efficiency with respect to bringing in all the cane that is 
loaded in the field is maximal because of the manual loading. 

The transport and repair is kept in the hands of the company and 
therefore affects other technologies very little, although the 
nature of the technologies would make a spill-over effect very well 
possible. The transport system has a good potential for excess 
capacity, but cannot increase its capacity to the needed 1,200,000 
tons of cane in 1990. 

The transport part of the small scale jaggery technology is more or 
less a scaled down version of the technology used in the medium 
scale technology. 
The technology is more labour-intensive since it uses 3.3 wage
earning jobs per 1000 tons of cane transported*. Because of its 
smaller scale it is better adapted to local management and planning 
and fits better in the technological developments taking place. The 
transport means used, are those that are available in the country 
and although even then, many foreign exchange components are 
involved there is a better equilibrium between local and foreign 
exchange components. Because of the link with the technologies 
already available in the region, the impulses of the technologies to 
improve the quality of labour are less than in the other 
technologies. 

* The number of wage earning jobs is calculated from tables 3.43 and 
3.44 
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The processing part of the technologies 

The suitability orders and classes for the processing parts of the 
three technologies, as considered with respect to the technological 
requirements as given in table 3.19, are presented in table 3.48. 

Table 3.48 
Suitability orders and classes for the 
processing component of the three technologies. 

SUITABLE CONDITIONALLY NOT 
SUITABLE SUITED 

TECHNOLOGICAL REQUIREMENTS A* B* C* A* B* C* 

The technologies should 
l produce wage-earning jobs *X 0 
2 be prime movers for further 

technological development ox * 
3 be economically viable * ox OX* 
4 be efficient 0 *X 
5 enhance the efficiency of 

other technologies ox * 
6 use a minimum of foreign 

exchange * X 0 
7 be able to produce a minimum 

of 120,000 tons of sugar 
per annum in 1990 0 X* 

8 be able to produce 90,000 
tons of sugar with the 
quality of refined sugar 

X*O per annum in 1990 
9 have a flexible excess 

production capacity * xo 
10 be capital-intensive 0 X * 
11 use many components that 

cannot be purchased locally 0 X * 
12 show a balance between local 

and foreign currency 
components in the technology * xo 

13 use inputs that are locally 
available * X 0 

14 produce a quality of sugar 
that meets the standards 
necessary in the sugar-using 
industries ox * 

15 fit in the ongoing 
technological development * X 0 

16 be labour-intensive *X 0 
17 link with the quality of 

labour available X* 0 
18 provide opportunities to 

improve the quality of labour 0 *X 
19 be adapted to local management 

and planning * X 0 

A* - well suited 0 - Mumias Sugar Company 
B* - moderately suited (large scale) 
C* - marginslly suited X - West Kenya Sugar Company 

(medium scale) 
* - Jaggery (small scale) 
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* 

The processing part of the large scale technology is, with 
3.0 wage labourers per 1000 tons of cane processed*, only moderately 
labour-intensive. The labour available cannot be employed and a 
considerable amount of indoor training is necessary. This however 
enhances the possibilities for the labourers to improve their 
quality of labour. 
In the processing part of the large scale technology the major part 
of management and planning is transferred to local people but the 
last remaining vital places are difficult to transfer. This means 
that the processing technology is only marginally adapted to local 
management and planning. 

The technology is miles ahead of all other technological 
developments in the region. The technology is supported by a large 
service sector and therefore initiates many activities in very 
different fields. Mostly these activities are however related more 
to trading than to technology. Although the technology therefore 
should be considered as a prime mover in development, the influence 
on other technologies and their efficiency is small. 

If however the outputs of the processing technology, sugar and 
molasses, were to be used in further manufacturing, the prime moving 
role on a regional or national scale could be considerable. The 
factory processing the sugar cane is a prime example of a turn-key 
factory, which means almost 100 % foreign exchange components. 

The capital intensity is high: 1.0779 million KShs per worker is an 
indication for the capital-labour ratio**. 
The economic viability of the sugar production is only marginal. The 
internal rate of return calculated in table 3.42 can only be 
considered as an indication because it is based on different data. 
The data for MSC on the profit after tax, as a percentage of equity 
being 9.9 %, 20.9 % and 35.4 %, in respectively 1980, 1983 and 1984, 
whereas 1981 and 1982 showed a loss after taxation, give further 
evidence of the marginal viability of sugar production (MSC, Reports 
and Accounts 1984). 

The efficiency of the processing part of the large scale industry 
can be measured by its overall sugar recovery, the quality of the 
sugar produced and the energy used. The overall sugar recovery of 
86.4 % (see table 3.33) is high, the quality of the sugar made meets 
the requirements for plantation white sugar and the energy use of 
1.64E + 10 Joule per ton product is comparatively low. 
All this indicates that the efficiency of the processing part of 
this technology is high. The use of the factory capacity is 80 % 
(Ochoro, 1985, p. 18), indicating that in principle there is a 
reasonable excess production capacity above the 150,000 tons of 
sugar that are produced. 

The number of wage-earning jobs is calculated from tables 3.43 and 
3.44. 

** From the capital requirements of the processing part of the 100 TCH 
factory, 
see table 3.39 and the labour requirements of MSC, see table 3.43, 
this figure was calculated as an indication. 
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The quality of 
sugar, but is not 
that use sugar 
industries. 

sugar produced may meet the demands for consumption 
of the standard that is required by the industries 
as a raw material, e.g. soft drink and beer 

To produce a sugar quality that has the standards of refined sugar, 
the technology should be drastically changed. 

The processing part of the medium scale technology is highly labour
intensive with 5.0 wage labourers per 1000 tons of cane processed *· 
Since the greater part of the jobs require unskilled labour, the 
technology is reasonably in line with the quality of labour 
available. For some jobs experience and skill is needed and 
therefore some kind of indoor training is necessary. The nature of 
the jobs in the medium scale factory provides only marginal 
opportunities to improve the quality of the labour. 

Only a very small part of the planning and management jobs are still 
in the hands of expatriates but these jobs seem to be not 
transferable, indicating that the technology is not totally adapted 
to local management and planning. The technology is not in line with 
the technological activities in the area and the effects on other 
technologies and the role as a prime mover in development are 
comparable to the large scale industry. 
The influence of WKSC compared to the influence of MSC, is however 
proportional to the difference in scale. 

The medium scale factory is another example of a turn-key factory, 
although some elements, like e.g. the pans, can be made locally 
The foreign exchange component of the processing part of the medium 
scale technology is still considerable. 

The capital intensity of the technology is moderate. 
The capital-labour ratio is 0.0823 million KShs per worker** The 
economic viability of the medium scale factory is not very high: an 
internal rate of return of 13.5 % (table 3.42) for a 100 TCD 
factory, if the molasses is not further processed into jaggery. 
A tentative calculation in which the production of jaggery from the 
molasses is estimated at 7.5% on cane, and the price of jaggery at 
3 KShs per lumb or 4000 KShs per ton, shows that if this would be 
done, the internal rate of return would be 56 %. This would make the 
medium scale production economically viable. The overall sugar 
recovery of the medium scale technology is 59 % (table 3.33), the 
quality of the sugar made is the same as the quality of the sugar in 
the large scale technology and the energy use of 4.69E + 10 Joule 
per ton product, is very high, particularly because this energy 
cannot only be provided by the burning of bagasse only and excess 
energy in the form of wood is needed. 
The low overall recovery and the high energy use make this medium 
scale technology rather inefficient. The use of the factory capacity 
is about 80 %*** and an excess production capacity is in principle 
availabale. 

* The number of wage earning jobs are calculated from the tables 3.43 
and 3.44 

** Calculated from table 3.40 and table 3.43 
***247 production days where 300 days could have been made 
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The medium scale technology is not able to meet the requirements for 
producing 90,000 tons of sugar in 1990, nor can it produce sugar 
with the quality of refined sugar required by the sugar-using 
industries 

The processing part of the small scale technolgy uses 
9.2 wage labourers per 1000 tons of cane processed and is even more 
labour-intensive than the medium scale technology. The kind of jobs 
required are very much the same as in the medium scale technology. 
Planning and management is in the hands of local people. The 
technology is in line with the technological development taking 
place. 

It does not act as a prime mover for technological development, nor 
does it enhance the efficiency of other technologies, unless one 
considers the effects of home brewing of illicit alcohol (changaa) 
as a positive technological development. The author for one, is not 
of this opinion. 
The equipment needed in the small scale processing technology can be 
made locally, apart from the diesel engine. 

The foreign exchange component of the technology is very low and one 
could speak of an equilibrium between local and foreign exchange 
components. The capital intensity, with a capital-labour ratio of 
0.0230* million KShs per worker, is relatively low. With an internal 
rate of return of 49 % (table 3.42) the jaggery technology is 
economically viable. 
The overall sugar recovery of the small scale technology is 56 % and 
the energy use is 2.1E + 10 Joule per ton product, which makes the 
technology not very efficient. The product made, jaggery, is not 
comparable with plantation white sugar and the requirements based on 
quality cannot be met. The jaggery technology is remarkably flexible 
and an excess production capacit~ is certainly present in view of 
the low capacity utilization of 33 % *. . 

* calculated from tables 3.41 and 3.43 
** 100 production days where 300 days could have been made 
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3.5.2.9. Improvements of the available technologies leading to new 
specifications 

In this case-study, the choice of improvements is connected with the 
scores in the suitability orders and classes in the preceding 
paragraph. Thereby attention will be paid to the items where the 
technologies score in the "not suited" class. 
This is arbitrary and later attention will be paid to other ways of 
determining which technological improvements should be examined. The 
assessment of the impacts of changes in technologies, leads to a 
second and third round through the aims-tools-impacts cycle (see 
chapter 1). 
Since that carries us beyond the planned end point of this study, 
being the end of the first round, these improvements will not be 
discussed elaborately. The aim is to illustrate how the method of a 
technology description and forecasting works in practice and to gain 
some insight in the results that can be expected from a second and 
third round through the cycle. 

Table 3.46 shows that the large scale technology cannot easily be 
linked with the activities of the small farmers and has too many 
foreign exchange components. With the pressure to reach a production 
of almost 1,200,000 tons of cane within a restricted area, it is not 
feasible to adapt the large scale technology to the practices common 
for the farmers. 
The gap cannot be bridged by changing the large scale agricultural 
technology and therefore the upgrading of the technologies used by 
the farmers should be considered. 

The large scale technology will tend to further divert from the 
normal practices in the area, because the cane cutting problems 
could eventually lead to mechanized harvesting. Cutting down on the 
foreign exchange component of this technology is only possible if 
the equipment needed could be manufactured locally. The fact that 
the agricultural technologies are not able to provide a flexible 
excess production, is mainly due to the nature of the crop: sugar 
cane. 
Both here and in the other technologies this shortcoming has just to 
be accepted. 

In the medium and small scale technologies, the greater part of the 
shortcomings with respect to the technological requirements can be 
corrected by changing the traditional way of cultivation, to a more 
sophisticated cultivation using e.g. machinery and fertilizers. This 
change should however be in line with the adsorption capacity of the 
traditional farming system. 
Summarizing, it appears that the agricultural technologies are 
difficult to change in the short run, even in the case of small 
changes only. This is mainly due to the fact that agricultural 
technologies are part of an entire system of technological, 
economical and social elements that are closely related. 
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The transport parts of the three technologies are economically not 
viable, mainly due to the fact that transport is considered an 
integral part of the sugar making technology. 
If the transport part would be independent, a price for transport of 
cane could be set and an economic evaluation would be much more 
useful. The use of smaller equipment by the large scale factory 
would bring this technology component closer to the local transport 
and transport-related technologies, easier but would severely affect 
the efficiency. 

As in the agricultural part, cutting down on the foreign exchange 
component, is only possible if more of the equipment and fuel used 
could be manufactured locally. 
Modification of the transport technologies, appears not to be the 
most obvious improvement to make. 

In the processing technologies, requirements related to the quantity 
of sugar produced with the smaller technologies and the quality of 
the product of the jaggery factories, can only be better met by a 
choice of completely different technologies such as e.g. a 
m1n1-vacuum plant. Although such an alternative technology is 
worthwile to consider, this is not done because such a technology 
deviates too strongly from the proven technologies in the area. 
Such a technology should however certainly be covered in one of the 
next rounds through the aims-tools-impacts cycle*. 
A similar argument is valid for the requirements for sugar with the 
quality of refined sugar. Therefore either a completely different 
sugar technology has to be initiated, or a refinery has to be added 
to the existing factories. 

The most promising step towards a better fulfillment of the 
requirements formulated, appears to the improvement of the 
efficiency of the medium and small scale technologies. 
From a technological point of view, the difference in efficiency is 
indeed the most significant difference, apart from the difference in 
scale and for the jaggery factory the difference in the quality of 
the product. 

The efficiency of the small and medium scale technologies can be 
improved by improving of the overall sugar recovery, which is 59 % 
for the medium scale technology and 56 % for the jaggery technology, 
whereas the large scale technology is able to obtain an overall 
recovery of 86% (table 3.33). 
Another field where the efficiency could be improved is energy. For 
the medium and small scale technology this energy use is 
respectively 4.69E + 10 Joule per ton product, compared to an energy 
use of 1. 64E + 10 Joule per ton product in the large scale 
technology. 
In table 3.49 a review is presented of the minor, moderate and 
fundamental modifications that could effect the overall recovery and 
the energy use per ton product made. 

* Some information on mini-vacuum plants in Kenya is available in the 
form of feasibility studies like the Kamulamba Sugar Company Ltd. 
report 
of 1981, but no practical experience with such technology is 
available. 
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Table 3.49 
Proposed modification for the medium 
and small scale technology. 

OVERALL 
RECOVERY 

Minor/moderate Fundamental 
modifications modifications, 

IIKSC ·installation ·installation 
(medium scale) of a rotary of .an 

VaCUUIII filter expeller 

JAGGERY ·installation 
(small scale) of a 

plate filter 
·use of a cold· 
sulphitation 
process 

ENERGY USE 

Minor/moderate Fundamental 
modifications modifications 

·installation ·multiple 
of wet bagasse effect systems 
furnaces for the 

evaporation 
stage 

·small vacuum 
pans for the 
boiling stage 

·installation 
of a 
9. roller mi 11 

Installation of a rotary vacuum filter in the medium scale technology 

A source of loss of sugar that seems relatively easy to correct, is 
the loss occuring in the filtering stage performed with a plate 
filter without making use of wash water. 
On basis of the literature, it is predicted that the use of a 
rotary filter instead of a plate filter, will decrease the losses of 
sugar with 0.2 to 0.4 % of the sugar present in the cane. 
This is equivalent to a maximum increase in overall recovery from 
59.1 % to 59.48 %. 

Installation of an expeller in the medium scale technology 

An expeller consists of a screw in a tube-shaped compartment. By 
increasing the pressure the liquid is pressed out of homogeneous, 
spongy solids. Expellers are commonly used for all kind of 
industrial purposes, but their use for the extraction of juice from 
sugar cane is relatively new. 

The particular advantage for the medium scale sugar technology is, 
that it is one of the very few extraction methods that promise a 
better extraction than can be obtained with dry milling without 
extra use of water. 

* For the comprehensive calculations presented in this paragraph and the 
corresponding literature, reference is made to the report of Oerlemans 
(Oerlemans, 1985) 

- 177 -



An extra input of water in the milling stage of the medium scale 
technology, would benefit the extraction but this advantage is 
counteracted by the fact that more water has to be evaporated in the 
next stage. 
This stage already uses more energy than can be provided by the 
bagasse available. Experiments (Kaplinsky, 1983, p. 140) showed 
that, with an expeller, a juice extraction can be achieved of 
72 %. In theory this could lead to an improvement of the overall 
recovery with 21 % to 80 %. 
Reviews of the economic consequences of the installation of 
expellers instead of 9-roller mills, show that this is economically 
viable ( B 2 Sugar Processing, Appendix I). 

Installation of wet bagasse furnaces in the medium scale technology 

A so-called Shell furnace, is a modification of the traditional open 
pan boiling furnace that can burn wet bagasse. 
The advantage is that the bagasse coming from the mill can be used 
directly, saving the labour necessary for sun-drying. It can also 
eliminate the need for supplementary fuel. 
In order to be really independent of firewood, the furnaces need 
also to be more efficient. Real efficiency figures of the Shell 
furnaces are not available, but from trials in the medium scale 
factory it is clear that bagasse self-sufficiency is possible, 
indicating that the average efficiency of the furnaces should be 
about 60 % 
(McChesney, 1983). 
The installation of wet bagasse furnaces is economically viable (B 2 
Sugar processing, appendix I). 

Multiple effect system for the evaporation stage in the medium scale 
technology 

The installation of a multiple effect evaporator in the medium scale 
technology could save fuel. The heating for the multiple effect 
evaporator can be done by flue gases of a furnace that burns wet or 
dry bagasse. Evaporation concentrates the juice to Brix 50. Boiling 
is still done in open pans. The bagasse demands for the whole 
process can be calculated for different furnace efficiencies and for 
both dry and wet bagasse*. 
The results are presented in table 3.50 and figures 3.18 and 3.19. 

With multi-effect evaporation, the medium scale technology becomes 
self-sufficient in energy if furnace-efficiencies of more than 20 % 
can be reached. 

* The dry bagasse has a Nett Calorific Value (NCV) of 16,105 KJjkg; 
the wet bagasse has a NCV of 6.012 KJjkg 

- 178 -



Table 3.50 
Bagasse requirements if a multiple
effect system is installed for the 
evaporation stage in the medium seale 
technology. 

FURNACE EFFICIENCY BAGASSE DEMAND 

(%) WET BAGASSE 

20 70.2 
30 46.8 
40 35.1 
50 28.1 
60 23.4 

(T/D) 

DRY BAGASSE 

26.2 
17.5 
13.1 
10.5 
8.7 

FURNACE EFFICIENCY TRADITIONAL FURNACE: 42% 
FURNACE EFFICIENCY WET BAGASSE FURNACES: 60% 
WET BAGASSE PRESENTLY AVAILABLE: 70.4 TON/DAY. 
DRY BAGASSE PRESENTLY AVAILABLE: 32.2 TON/DAY. 

Figure 3.18 
Wet bagasse demands for different 
modifications. 
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Figure 3.19 
Dry bagasse demands for different 
modifications. 
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The installation of small vacuum pans for the boiling stage in the 
medium scale technology 

Since in the medium scale technology there are quite some problems 
in controlling the boiling process, resulting in inversion and 
subsequent loss of final product, the installation of small vacuum 
pans and condensers may well be considered. Heating of the syrup in 
this modification is done by the flue gases of a furnace that burns 
bagasse, either wet or dry. 
The first boiling starts with syrup of Brix 50. Evaporation to this 
Brix 50 takes place in open pans as usual. 
Bagasse demands for this modification are reported in table 3.51 and 
figures 3.18 and 3.19. 

From the figures 3.18 and 3.19 it can be seen that the installation 
of vacuum pans will only save fuel if the furnace efficiency is 
around 40 % for wet bagasse or 30 % for dry bagasse. The 
construction of such furnaces is feasible. 
A combination with multiple effect evaporation to Brix 50, as 
proposed before, would reduce the bagasse consumption in such a way 
that the process is feasible with furnace efficiencies of about 20 % 
for both wet and dry bagasse. No economic evaluation of these 
modifications was made. 
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Table 3.51 
Bagasse requirements if small vacuum 
pans are installed for the boiling 
stage in the medium scale technology. 

FURNACE EFFICIENCY BAGASSE DEMAND (T/D) 

(%) !JET BAGASSE DRY BAGASSE 

20 135.2 50.6 
30 90.3 33.7 
40 67.7 25.3 
50 54.2 20.2 
60 45.2 16.9 

FURNACE EFFICIENCY TRADITIONAL FURNACES: 42% 
FURNACE EFFICIENCY !JET BAGASSE FURNACES: 60% 
!JET BAGASSE PRESENTLY AVAILABLE: 70.4 TON/DAY. 
DRY BAGASSE PRESENTLY AVAILABLE: 32.2 TON/DAY. 

Installation of a plate filter in the jaggery industry 

In the present situation the scums that form in the clarification 
stage, are skimmed off and collected in drums. Some clear juice may 
be returned to the boiling process but still a considerable loss on 
overall recovery takes place. 
It would be feasible to install a small plate filter to remove 
liquid from the scums. 
Calculations show that the minimal net effect will be 4.6 kgs of 
jaggery per day, the maximum net effect 14 kgs of jaggery a day. 
Translated in total recovery this is an increase of 0.3 % at a 
maximum. The installation of a plate filter is therefore 
economically not feasible. 

Use of a cold sulphitation process in the jaggery factory 

Cold sulphitation consists of the addition of milk of lime and the 
through-put of sulphur-dioxide. In addition to a positive effect on 
the quality of the final product, this practice decreases the 
inversion losses of sugar. The sucrose losses of the jaggery factory 
without any clarification are 11.4 %. If a cold sulphitation 
process, as efficient as the one in the medium scale industry, could 
be installed, the sucrose losses could be cut down to 1.2 %, 
resulting in an increase in overall recovery of 5.7 %. No economic 
evaluation is made. 

Installation of a 9-roller mill in the jaggery technology 

The 3-roller mills in the jaggery factories have an efficiency of 
only 55 %. Installing a 9-roller mill will increase the efficiency 
to 66 %, giving an increase in overall recovery of 
9 %. The energy needed for heating and evaporation is 15.4, % of the 
energy raising potential, of the bagasse. In terms of energy, the 
process is feasible. No economic evaluation of this modification is 
made. 
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3.5.2.10. Specification of the improved technologies in the light of 
the wanted technologies and a classification in 
suitability orders and classes 

The modifications suggested are all aimed at making the medium and 
small scale technologies more efficient. The installation of a 
rotary vacuum filter in the medium scale technology proved not to 
increase the efficiency. 
Installation of a plate filter and introduction of a cold 
sulphitation process in the jaggery industry, results in a small 
improvement of the overall sugar recovery. These modifications will 
however be rejected when an economic evaluation is made. 

The installation of an expeller in the medium scale technology, 
significantly improves the overall sugar recovery. From the 
description of the medium scale technology it is however clear that 
without further modifications in the rest of the process, this 
improvement will be counteracted by the inefficiency · of the 
evaporation and boiling processes. 
This modification should therefore be combined with another 
modification: the installation of wet bagasse furnaces. 
The installation of wet bagasse furnaces as such, is already a 
significant improvement because the fuel use additional to bagasse 
is reduced to zero. 

The wet bagasse furnaces bring the score on efficiency for the 
medium scale technology from "not suited" to "marginally suited", 
(see table 3.48) whereas the additional installation of an expeller 
would make the technology "moderately suited". 
The score on economic viability could also improve, although a 
careful economic evaluation is necessary before something definite 
can be said about the total effect. 

Using wet bagasse furnaces has a negative effect on labour intensity 
and the number of wage labourers needed. 
A considerable amount of labour: 56 on a total of 239 
(B 2 Sugar processing, p. 36) could be saved if bagasse is not 
longer to be dried. 
The scores on these two items would move in the direction of 
"moderately suited", although the labour intensity and the amount of 
wage-earning jobs per 1000 tons of cane processed, would still be 
higher than in the large scale technology. 

The multiple effect evaporation system and the small vacuum pans for 
boiling, are both modifications that greatly improve the efficiency 
in energy use and make an improvement in overall sugar recovery 
possible. Too little is known about the economic viability to 
predict changes in the suitability classification. The installation 
of a 9-roller mill makes the efficiency of the jaggery technology 
greater without affecting the energy efficiency. 
An overall recovery of 9 % appears however to be too small to 
install the 9-roller mill, particularly in the light of economic 
viability, the flexible input and the already very favourable 
economic position of the jaggery factory. 
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3.5.2.11. Weighing merits and demerits 

Since the modified technologies cannot effectively be included in 
the classification, the weighing of the technologies confines itself 
to the three sugar technologies of which Mumias Sugar Company, West 
Kenya Sugar Company and the jaggery factory in Kakamega are the 
examples. 

The classification of the different parts of the technologies is 
given in the tables 3.46, 3.47 and 3.48. It is clear from this 
classification that only the large scale technology will be able to 
meet the requirements of 120,000 tons of sugar in 1990. 
Of course this demand for sugar can be met by more than one factory, 
but it needs no less than 40 medium scale technologies to provide 
that quantity of sugar. 

The medium scale technology contributes to the demand for sugar and 
can therefore be implemented in addition to the large scale 
technology. The jaggery factory does not make a product that 
contributes to the product requirements set. 
In principle, the jaggery factory could be left out of the remaining 
technology assessment study. 

Nevertheless, there is a reason to keep the jaggery factory in the 
assessment study. Two of the main disadvantages of the large scale 
technology, are the poor adaptation to the local situation and its 
inflexibility. The medium and small scale technologies are better in 
line with the local development and the activities of the farmers. 
They may form a bridge between the large scale technology and the 
agricultural and other technologies that can b~ found in the area. 
In itself, the smaller scale technologies are not very flexible 
either because of the character of the crop: sugar cane. 

A combination of different technologies in an area could however 
create a situation where a possible excess of cane could be handled 
and where a moderate shortage would not directly have to lead to 
problems related to the economic viability of the different 
technologies. 

The medium scale technology has some problems related to efficiency, 
but the technology forecasting showed that there are possibilities 
to overcome these problems. 

In the tables 3.17, 3.18 and 3.19, conflicting requirements were 
noticed in the fields of use of local and foreign components of the 
technologies, effects on foreign exchange and capital and labour 
intensity. It depends on the weight that the parties that formulated 
these requirements want to give to them, whether a technology should 
be rejected already at this stage. 
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3.5.3. ADJUSTMENTS OF THE METHODS IN VIEW OF THE PRACTICAL 
APPLICATION. 

The methods used in ~he technology description 
development forecasting, meet the requirements as 
systematic ordering of data is concerned. 

A problem however arises when choices have to be made. 

and 
far 

technology 
as the 

Already in the first step, when specifications were derived from the 
aims set, conflicting requirements were observed. 
A feedback on this place to the parties concerned, could have 
resulted in a discussion on these conflicting requirements, leading 
to a coherent set of aims that could be used as a touch-stone for 
the different technologies to be described. 

The formulation of the 
straightforward procedure 
parties concerned, could 
stages. 

requirements from the aims is a rather 
and a feedback on this point to all 
prevent unnecessary work in the next 

The ordering in suitability orders and classes should - ideally 
speaking - be done in consultation with the parties concerned or 
should at least be checked by them. 
In this particular case study, the absence of feedback is not so 
important because no decision has been made yet to discard one of 
the technologies in the further assessment. 

However this only postpones a decision that in the end has to be 
made. Also part of the work may be in vain because the parties could 
already come to an agreement on the exclusion of one of the 
technologies: e.g. the jaggery technology, that makes a product that 
does not meet any of the requirements and in addition is a supplier 
of the raw material for an illegal follow-up technology: the 
manufacturing of alcohol or changaa. 
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3.6. DESCRIPTION OF THE SOCIO ECONOMIC ENVIRONMENT. 

3.6.1. REVIEW OF THE METHOD. 

In order to structure the social description and forecasting, a 
division of the society in institutions was suggested in chapter 1. 
The economic, political, kinship and religious institutions were 
considered basic institutions and socialisation and communication 
were placed in a separate institution because of their specific 
importance in the context of developing economies. These six 
institutions form the basic structure of the analysis of the social 
system given in the next paragraphs. 

An institution is a complex of cultural (modes of thought) and 
behaviour patterns and structures necessary to perform a specific 
function in the society in relation to certain needs. This 
definition provides the next level of analysis. In each institution 
a cultural, a structural and a behavioural level can be 
distinguished. 
On the cultural level the ideas, the ideology, 
institutions are described. On the structural level 
established to reach the situation advocated by 
described. On the behavioural level the reality of 
described, the behaviour of people in daily life. 

underlying the 
the structures 

the ideology are 
the moment is 

In the literature on sociology, the concept "institution" is usually 
associated with an exhaustive scientific discussion with respect to 
the various specific functions in society. 
Such an exhaustive scientific review of the functions in society 
does not serve the purpose of a TA study. The underlying systematic 
approach however provides the necessary lead for the description of 
society with respect to the subject at hand: the introduction of 
sugar cane as a cash crop and the introduction of sugar processing 
technologies. 

The question now arises which society has to be described. 
A society in its broadest sense is defined as: "the total network of 
relations between people" (Toynbee, 1977, 43-46). 

This network can be described on a macro level where all Kenyans are 
included and on a meso level where only the Abaluyia tribes in 
Western Kenya are considered. On the micro level the households can 
be described as basic elements of the Abaluyia society. 

In chapter 1, the impacts to be described were sub-divided in 
foreseeable and unforeseeable impacts. Unforeseeable impacts can 
only show up after completing the first complete cycle of the 
technology assessment. 
In this first cycle only foreseeable impacts can be dealt with. 
These foreseeable impacts were arranged in two categories: the 
intended and the unintended impacts. Intended impacts are linked 
with the aims and are purposefully pursued. Unintended impacts are 
all the other impacts that occur due to the implementation of the 
specific technologies. These last impacts will be .traced by 
reviewing literature and by interviewing key informants: persons in 
the research area considered to have first-hand knowledge of the 
social system. 
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In the description no direct reference will be made to the intended 
and unintended impacts. The direct links will be mentioned in the 
next paragraphs when analyzing the impacts. 
The structure on which the social description and forecasting is 
based, is presented in figure 3.20. 

Figure 3.20 
Social description and forecasting 
structure based on institutions. 

SOCIAL SYSTEM INSTITUTIONS SUR-LEVELS OF LEVELS OF KIND OF IMPACTS TO liE DESCRIBED. 
THE INSTITUTIONS DESCRIPTION 

<INTENDED IMPACTS 
MACRO -- FORSEEAaLE (related to 

CULTURAL IMPACTS the alms) 

'
CONOMIC~ MESO < ' UNINTENDED IMPACTS 

MICRO-< (from literature 
STRUCTURAL ~ and interviews) 
!IEHA VIOURAL .oE: 

OLITICAL ~ 
SOCIAL SYSTEM INSHIP .;E 

ELIGIOUS o<iE 
OCIALISATION <Ef 
OMHUNICATION o<iE 

A description following the structure presented in figure 3.20 can 
only give a static picture of the social system. This picture has to 
be extended in two ways to provide an adequate dynamic description. 
In the first place, interactions between the different institutions 
should be included. This will be done almost automatically because 
most impacts are not confined to the strict limits of an 
institution. 

Secondly the dimension "time" should be added. In this case study it 
is not possible to add the dimension "time" by comparing the 
different images of the social system at different times. By 
comparing the results of the field work with what is known from 
literature and with data available from interviews with key 
informants, some information with respect to the time dimension can 
however be obtained. 

The dynamics of the social system related to the introduction of 
sugar producing technologies will be covered by reference to the 
zero option, the situation at the time of the introduction of the 
technologies. On the micro level this means a comparison between 
sugar cane growing and non-sugar cane growing farmers in the area. 
Although this will cause a bias because non-sugar cane growing 
farmers will also be affected by the establishment of the sugar 
industries, it is the best societal picture that can be obtained . 
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3.6.2. PRACTICAL APPLICATION. 

In the social description and forecasting, the results of a survey 
involving a statistical sample of farmers in the research area and 
of the workers in the large seale factory are used. 
A survey involving the workers in the smaller factories is lacking 
because of the refusal of the authorities to give permission to 
question these workers. 

In addition to the survey, interviews with key informants are used. 
In the Mumias area 2 chiefs, 6 male farmers and 5 female farmers 
were interviewed. In the Kabras area, where the West Kenya Sugar 
factory is situated, 3 chiefs, 3 male and 3 female farmers were 
interviewed. The interviews were conducted in the Luhya language by 
local research assistants. The results were reported in English. 

3.6.2.1. Identification of the farmers sample 

In chapter 2, the research area was divided in an A, B and C-zone 
for the Mumias sugar factory and an A and B-zone for the West Kenya 
sugar factory (see figure 2.4). Part of the C-zone of MSC in the 
north and north-east, is omitted from the survey because the farmers 
living there are growing cane mainly for the Nzoia sugar factory. 
The sub-locations included in the survey are given in table 3.52 
(see next page). 

The number of households in a sub-location is taken from the Kenya 
population census of 1979. The total number of households in the 
sub-locations is 92,906. The sample size was calculated to be 384 
with the formula: 

1.962 * p * q with: p = 0.5 
n - d2 N-1 + 1.962 * p * q q- 0.5 

N N d- 0.05 
N- total number 
n- sample 

(McCartey, 1957) 

Eventually, 385 farmers were included in the sample. 
The distribution of the farmers over the research area is given in 
table 3.52. 

Of the people interviewed 53 % was male and 47 % female. The age 
distribution is presented in table 3.53. 
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"" "" 

SUB-LOCATIONS 

BUYOFU 
MALANGA 
BUOONGA 
NAMI!ACHA 
SlDOKHO 
SIRIGOI 
Blii<URA 
ESHIBEYE 
ESUMElYIA 
INDANGALASIA 
INGOTSE 
SHIKOTI 
1/.SANGALO 
E.SANGALO 
ELUCHE 
ISONGO 
LUBINO 
MALAHA 
MUNGANGA 
KllAMUHILI 
KA!tl!IRI 
LUBAO 
MUKULUSU 
MURHANDA 
SHISIIA 
llUMALA 
El.UKHARI 
ELUKONGA 
ESIKOMA 
KINGANOOLE 
BUCHENYA 
IMANGA 
INAYA 
LUNZA 
MANY ALA 

LOCATIONS NU!tl!ER OF SAMPLE 
HOUSEHOLDS 

BUKHAYO 1423 7 
I!UKHAYO 1104 5 
BUNYALA 1222 6 
BUNYALA 998 4 
BUNYALA 1013 1 
BUNYALA 905 6 
BUTSOTSO 1121 6 
I!UTSOTSO 1177 3 
BUTSOTSO 1632 8 
BUTSOTSO 991 4 
BUTSOTSO 1785 9 
I!UTSOTSO 1419 3 
E.Blii<USU 1683 2 
E.BUKUSU 1756 2 
E.IIANGA 1062 5 
E.IIANGA 1884 9 
E.IIANGA 2051 9 
E.IIANGA 1122 2 
E.IIANGA 1062 5 
INDIVISI 892 1 
ISUKHA 942 4 
ISUKHA 705 2 
ISUKHA 815 4 
ISUKHA 993 4 
ISUKHA 1020 4 
MARA CHI 1033 3 
MARA CHI 1577 9 
MARACHI 2167 9 
MARA CHI 1517 6 
MARA CHI 1425 6 
MARAMA 1176 6 
MARAMA 679 3 
MARANA 1012 3 
MARAMA 2123 9 
MARAMA 1112 4 

SUB· LOCATIONS LOCATIONS 

SHIANDA MARAMA 
SHII!Eltl!E MARAMA 
SHIKIJNGA MARAMA 
SHINAMIJENYULI MARAMA 
SHIRAHA MARAMA 
SHIROTSA MARAMA 
SHITSALA MARAMA 
LIIANDETI N.KABRAS 
MALA VA N.KABP.AS 
MATSAKHA N.KABRAS 
INDANGALASIA N.IIANGA 
KHALABA N.IIANGA 
KHOLERA N.IIANGA 
KOYONZO N.IIANGA 
LUG'ANYIRO N.IIANGA 
MATUNGU N.IIANGA 
MAYONI N.IIANGA 
NAMAMALI N.IIANGA 
BUSHU S.KABRAS 
CHEMUCHE S.KABRAS 
CHESERO S.KABRAS 
LUKUME S.KABRAS 
SAMITSI S.KAI!RAS 
SHAM!IERERE S.KABRAS 
I!UCHIFI S.IIANGA 
I!UKAYA S.IIANGA 
BUNGASI S.IIANGA 
EKERO S.IIANGA 
LUREKO S.IIANGA 
MUMIAS S.IIANGA 
MUSANDA S.I/ANGA 
SHIKALAME S.IIANGA 
KHASOKO 1/.l!lii<USO 
E.MATEKA 1/.BUKUSU 
S.NYANGA 1/.l!lii<USU 

TOTAL 

NU!tl!ER OF 
HOUSEHOLDS 

1314 
1035 
1303 
1147 
1151 

929 
489 

2015 
2001 
1213 
1019 
1694 
1548 
2060 
1790 
1814 
1541 
1314 
1730 
1020 
1267 
1737 
936 
932 

1374 
1171 
1124 
3613 
498 

2025 
950 

1349 
869 

1277 
1059 ----

92906 

SAMPLE 

10 
5 
6 
5 
5 
1 
2 
9 

13 
4 
3 
6 
7 
9 
8 
8 
7 
6 
7 
4 
6 
7 
3 
4 
6 
5 
5 

16 
2 
7 
4 
7 
4 
6 
5 ---

385 

i:l ~ ~ 1-'•,Z~ 
rt<:T'I-' 
::T«>«> 
«> 1-1 

(1) 
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5o 
I 
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Table 3.53 
Age of persons interviewed in the 
sample areas. 

AGE FREQUENCY PERCENTAGE 

15-20 13 3.4 
21-25 41 10.6 
26-30 61 15.8 
31-35 43 11.2 
36-40 48 12.5 
41-45 47 12.2 
45-50 38 9.9 
>51 93 24.2 

NO ANSWER 1 0.3 - --
TOTAL 385 100 

A total of 60 % stated to be the head of the household. Of these 
household heads, 18 % are female. The marital status is presented in 
table 3.34, the educational background in table 3.55. 

Table 3.54 
Maritat status of the persons interviewed 
in the sample areas. 

MARITAL STATUS FREQUENCY PERCENTAGE 

Single 10 2.6 
Married 322 83.6 
Widowed 44 11.4 
Divorced 5 1.3 
No answer 4 1 - -

TOTAL 385 100 

Table 3.55 
Educational level of the persons 
interviewed in the sample areas. 

EDUCATION FREQUENCY PERCENT 

NONE 137 35.6 
STANDARD 1-3 35 9.1 
STANDARD 4-5 46 11.9 
STANDARD 6-7 84 21.8 
FORM I-II 36 9.4 
FORM III-IV 37 9.6 
FORM V-VI 5 1.3 
> FORM VI 1 0.3 

NO ANSWER 4 l - --
TOTAL 385 100 
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Of the people interviewed, 75.3 % belongs 
of the Abaluyia, 21.0 % to the Luo 
tribe, 0.5 % stated to be from Zaire and 
this specific question. 

to one of the sub-tribes 
tribe, 0.25 % to the Kikuyu 
the rest did not answer 

The households in the sample can be characterized in a similar way. 
Age distribution, educational background and marital status of the 
household heads, of which 10.4 % are female, are given in 
respectively tables 3.56, 3.57 and 3.58. 

Table 3.56 
Age of the household heads in the 
sample areas. 

AGE FREQUENCY PERCENTAGE 

15-20 1 0.3 
21-25 25 6.·s 
26-30 37 9.6 
31-35 43 11.2 
36-40 48 12.5 
41-45 46 11.9 
45-50 53 13.8 
>51 119 30.9 

NO ANSWER 13 3.4 -- --
TOTAL 385 100 

Table 3.57 
Educational level of the household 
heads in the sample areas. 

EDUCATION FREQUENCY PERCENT 

NONE 110 28.6 
STANDARD 1- 3 38 9.9 
STANDARD 4-5 48 12.5 
STANDARD 6-7 84 21.8 
FORM l·II 44. 11.4 
FORM Ul-IV 48 12.5 
FORM V-VI 2 0.5 
>FORM VI 1 0.3 

NO ANSWER 10 2.6 -- -
TOTAL 385 100 

Table 3.58 
Marital status of the household heads 
in the sample areas. 

MARITAL STATUS FREQUENCY PERCENTAGE 

Single 3 0.8 
Married 328 85.2 
Widowed 43 11.2 
Divorced 0 0 
No answer 11 2.9 - --

TOTAL 385 100 
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Of the household heads, 99 % belong to one of the sub-tribes of the 
Abaluyia, 0.5 % belong to the Luo tribe and 0.5 % to the Kikuyu 
tribe. This is in agreement with the data on language groups and 
tribes presented in figure 2.5 in chapter 2 and with the patrilinear 
inheritance system. Although polygamy is an accepted practice among 
the Abaluyias, most households in the sample have 1 wife. The number 
of wives per household is given in table 3.50. 
The distribution of the total number of children per household is 
given in table 3.60. 

Table 3.59 
Distribution of the number of wives 
per household. 

NUMBER FREQUENCY PERCENTAGE 

0 2 0.5 
1 255 66.2 
2 84 21.8 
3 35 9.1 
4 2 0.5 
5 1 0.3 
6 1 0.3 

N.A. 5 1.3 -- --
TOTAL 385 100 

Table 3.60 
Distribution of the total number of 
children per household. 

TOTAL NUMBER FREQUENCY PERCENTAGE 

0 21 5.5 
1 34 8.8 
2 28 7.3 
3 35 9.1 
4 36 9.4 
5 46 11.9 
6 39 10.1 
7 25 6.5 
8 30 7.8 
9 35 9.1 

10 .12 3.1 
11 11 2.9 
12 3 0.8 
13 8 2.1 
14 9 2.3 
15 4 1.0 
16 0 0.0 
17 3 0.8 
18 1 0.3 
19 2 0.5 
20 1 0.3 
21 1 0.3 
22 1 0.3 -- -

TOTAL 385 100 

- 191 -



Of the household heads, 40.8 % stated to have received some kind of 
specific training and 41 % stated to have a job. Of these jobs, 80.5 
% was said to be permanent. Of the wives, 14.3 % received specific 
training and 9.9 % has a job and 92.6 % of these jobs are permanent. 

The involvement of the households in sugar cane growing is as 
follows: within the 24 km circle of the Mumias sugar factory, 191 
farmers (49.6 % of the total sample) grow cane for the Mumias 
factory, 111 farmers (28.8 %) do not grow sugar cane and 
2 (0.5 %) farmers grow cane and deliver this cane to a jaggery 
factory. 
From the farmers living within the 16 km circle of the medium scale 
sugar factory, 25 (6.5 %) grow cane exclusively for the WKSC 
factory, 6 (1.6 %) sell the cane either to the WKSC factory or to a 
jaggery factory, 2 (0.5 %) grow cane for a jaggery factory and 48 
(12.5 %) do not grow sugar cane. 
The number of farmers delivering cane exclusively to a jaggery 
factory is far too small to be considered as a separate group in the 
analysis. 
Therefore only 4 classes of farmers are distinguished: farmers in 
the Mumias area growing cane (49.6 %), farmers in the Mumias area 
not growing cane (28.8 %), farmers in the area of the medium scale 
technology growing cane and delivering it either to the medium scale 
factory or to the small scale jaggery factories (9.1 %) and farmers 
in the latter area not growing cane (12.5 %). 
The 2 farmers from the Mumias area growing cane for a j aggery 
factory are classified in the group of farmers growing sugar cane 
for the medium or small scale factories. 

3.6.2.2. Identification of the sample of workers at the Mumias Sugar 
Company 

The number of people working for the Mumias Sugar Company is 12,544. 
When taking into consideration the homogenity of this group, a 
sample of 98 workers is statistically sufficient according to the 
formula given in the preceding paragraph. 
Of the people interviewed, 84.7% is male and 15.3% female. The age 
distribution is given in table 3.61 and the educational background 
is given in table 3.62. 

Table 3.61 
Age distribution of the MSC workers interviewed. 

AGE FREQUENCY PERCENTAGE 

15·20 3 3.1 
21-25 25 25.5 
26-30 28 28.6 
31·35 17 17.3 
36-40 15 15.3 
41-45 4 4.1 
45-50 3 3.1 
>51 3 3.1 

N.A. 0 0.0 -- -
TOTAL 98 100 
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Table 3.62 
Educational level of the MSC workers 
interviewed. 

EDUCATION FREQUENCY PERCENTAGE 

NONE 0 0.0 
STANDARD 1-3 7 7.2 
STANDARD 4- 5 0 0.0 
STANDARD 6-7 6 6.2 
FORM I-II 21 21.6 
FORM III-IV 10 10.3 
FORM V-VI 50 51.5 
> FORM VI 3 3.1 

NO ANSWER 0 0.0 -- --
TOTAL 97 100 

Most of the people (72.4 %) in the sample belong to one of the 
sub-tribes of the Abaluyia. A total of 15.3 % belongs to the Luo 
tribe. The other 12.3 % belongs to 7 other tribes from all over 
Kenya. 
Of the 76.5 % of workers that come from another sub-location than 
the one they are living in now, 52 % came from the Kakamega 
district. Consequently 36.7 i has moved in from another district. 

Of the people interviewed, 25 % stated to be single and 75 % to be 
married. Of those married, 72.5 % have a household with one wive and 
17.5% have a polygamous household (5.5% two wives; 
2.2% three wives and 1.1% four wives). 
The distribution of the total number of children is given in table 
3.63. 

Table 3.63 
Distribution of total number of children 
for the MSC workers families. 

TOTAL NUMBER FREQUENCY PERCENTAGE 

0 28 28.6 
1 8 8.2 
2 12 12.2 
3 11 11.2 
4 11 11.2 
5 9_ 9.2 
6 5 5.1 
7 8 8.2 
9 1 1.0 

11 1 1.0 
12 1 1.0 
15 3 3.1 -- --

TOTAL 98 100 
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Of the workers in the sample, 62.2 % stated to have 
kind of specific training, 52 % to have a permanent 
factory and 48 % to have a casual job. Of the wives, 
to have received specific training and 11.1 % to have 
these jobs, 75% are permanent. 
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INTERMEZZO 

3.6.2.3. Interviews with key informants and representatives of 
different sub-groups in the research areas 

The interviews are presented 
research assistants. In order 
corrections with respect to 
absolute minimum. 

Mumias area 

as 
not 

the 

they were recorded by the various Kenyan 
to affect their authentic character 

language have been restricted to an 

Chiefs of Mumias Central and East Wanga locations. 
Already in 1969 the discussion about the initiation of a sugar factory 
started, but it took until 1971 before the building of the Mumias factory 
started. 
In general, the positive impacts of the sugar industry have been numerous 
and varied. The standard of living is far better than it was in the 
pre-factory aera. For the people (wananchi) life has become fairly soft and 
much easier than it was before. 

They have built good and permanent houses. Those people knowing how to use 
their money well have been able to start a business and they have 
prospered. Others have managed to educate their sons and daughters even up 
to university level. The sugar factory has constructed roads all over the 
Kumiss division. 

The improvement 
construction of 
improvements of 

of the road network has also gone hand in hand with the 
bridges across the rivers within the area. These 
the communication network have also been of benefit to the 

non-sugar cane growers. 
Due to the availability of money, people have been able to build schools in 
the Harambee (self help) spirit. 

The sugar factory build for us the Kumiss primary school which happens to 
be one of the best schools in the nation. The sugar factory has also 
contributed to the improvement of the medical facilities in the area. The 
most positive impact is however that most of our sons have been given 
skilled and unskilled jobs by the sugar factory. Therefore very few people 
stay idle and do not contribute now to the development of the nation. 

Just as the introduction of the sugar industry has some positive impacts, 
it also has negative ones. The most noticeable negative impact of the sugar 
industry in Mumias is that it has diminished food production. Most of the 
people are very cash crop minded and so give little attention to food crop 
growing. 

People in the area are compelled to buy maize from the Bukusu and Bunyala 
people. But sometimes the demand for food crops is higher than the supply. 
In some homes this has led to malnutrition. Mono-culture and down slope 
ploughing has led to loss of soil fertility and even to soil erosion in 
some areas. 
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There is also a shortage of grazing land. There is hardly any idle land 
left for cattle grazing. This has led to a decrease in cattle keeping in 
the area. A second result is the scarcity of grass for thatching roofs. 
Most people are forced by these circumstances to build irOn-roofed houses, 
but for those who do not grow sugar cane these roofs are too expensive. 

Because of the high demand for labour, the population of the area has very 
much expanded. There has been an influx of different ethnic groups from all 
over the nation, even as far as Uganda and Rwanda. These people have 
brought various types of cultures and even different diseases. When people 
cannot longer sustain themselves they turn to theft, robbery and burglary 
for their living. 

The people of Mumias have.now become used to money most of the time. When 
they are bankrupt they will either lease their cane or even resort to 
theft. This all has increased the rate of crime in the area. Because of the 
heavy traffic on the roads and also the tiresome work of driving sugar cane 
tractors, the rate of accidents has increased alarmingly. 

The cane industry has brought employment but because of the large supply of 
labour this leads to exploitation of the people. Although not yet 
experienced, we fear that the mono-culture of sugar will lead to soil 
infertility. It is thus obvious that sugar cane growing will one day come 
to an end, while people then have become used to having money most of the 
time. 
Then people will find life to be very hard. 

The sugar cane growing farmers have various problems facing them. Most of 
the time the farmers feel that they are exploited by the sugar factory. 
The factory keeps the sugar cane in the fields month after the promised 
harvesting time. On some occasions the cane is harvested and then left too 
long in the sun, so it looses weight, which leads to a low.tonnage. At 
times big losses occur during the transport of cane from the field to the 
factory. 
These losses are paid by the farmer. 

The factory delays several months in paying the farmers after harvesting 
their sugar cane. There have been occasions when a person harvested his 
cane and instead of getting some money, the sugar factory demands money 
from the farmer. Some of the farmers are illiterate and do not understand 
the balances on their receipts and thus feel exploited by the factory. 

The other problem the farmers face, is that there are some forced 
contributions without their consent. The older farmers see that as 
exploitation. Only the literate and younger farmers can understand why this 
is necessary. 

Farmers often face critical financial problems but the factory does not 
agree to advance the farmer a loan to pay school fees or solve other 
problems. 
On the whole, farmers are ignorant about the whole machinery of the factory 
and the cane growing practices and they keep wrongfully complaining about 
small things here and there which they do not understand. 

Because of these problems the relationship between the farmers and the 
factory is sometimes strained and the farmers even urge the M.P.· (Member of 
Parliament) to step in and solve the problem. Most of the time however, 
there is a cordial relationship between the factory and the farmers. 

Sugar cane growing farmers 

First male farmer: 

•1 was born at Ibinda, near Musuanda, in South Wanga location, but I really 
do not know the exact date. My father belonged to the Mumias council of 
elders. They were the ones who presided over the cases at the Nabongo's 
(chiefs) court. 
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My father had six children, two boys and four girls. 
The boys used to cultivate the land and used to look after the cattle. The 
girls used to cook, fetch fire-wood and water. 
In the evenings, the boys could wrestle while the girls used to sing 
various types of songs. 

On the land we grew millet, finger millet, bananas, simsim and some spotted 
maize. Nobody claimed possession of land in those days. Anybody could farm 
anywhere since land had not yet been allocated. Most of the land was not 
used and just covered by bushes. 

In those days there were several problems. We could be invaded by enemies 
from different directions. Our cattle could be raided by Luo's from around. 
Ye fenced our home with a thorn hedge and also dug an 'olukoba' (a big 
trench, approximately 12 feet deep) around the house so that we could 
easily stab our enemies. 
There were also wild animals 
people on occasions. In fact my 
bitten by a wild dog. 

like wolves and wild dogs that used to bite 
elderly sister died after she had been 

When we used to burn bushes to prepare the land for grazing, houses could 
also catch fire and get burned in the process. 
We did not encounter any food problems. There were a lot of cereals and 
also meat from game and from dead calves. 
Several calves used to dy when they were still young and the meat was dried. 

I went to Nairobi in 1927 and got employed in a garage of a white man who 
used to own a wheat farm and later in a workshop. In the process of 
working, I also managed to learn up to class four and I am able to read 
Swahili. In 1932, I left Nairobi for the Rosterman Gold mines near 
Kakamega, where I worked as a miner for a year before I came back to settle 
at home. I was aging and so got married in 1936. 

I have four sons and four daughters. My first son is working with the 
National Examination Council. The other son is tractor driver at the Sugar 
Company. The third son is just at home, because be sustained some injuries 
in an accident while the last son is a primary school teacher. Of the 
girls, only one finished school and she is now a primary school teacher. 
The other three refused to learn and got married. 

I learned about the sugar factory when they started to migrate people as 
early as 1970. When we decided to give land for cane gr~wing, the 
neighbours were very hostile to us and even wanted to force us to migrate. 
They said we had betrayed them and they were going to loose their land. It 
was not until they learned that we got a lot of money from the cane, that 
they also saw the essence of cane growing. 

Life is far better and improved compared to the pre-factory aera. We do not 
experience more problems as we used to and the living standards have very 
much improved. I have built a permanent house and in combination with my 
son I have bought a posho (maize) mill. I now have several garnments, 
unlike those early days. I eat well and I think I am enjoying life. 
The Sugar Company has also offered employment to one of my sons and more so 
they have constructed several roads in the villages. 

Of course there are also some negative effects, because nowadays there are 
several accident cases reported to have been caused by factory traffic. 
Sugar cane on the whole has brought almost only benefits and I even become 
more attracted to it as the Government continues to increase the price of 
sugar. I wish I had a bigger piece of land for expansion, but of course I 
have to leave some pieces of land where I be able to grow food crops. Apart 
from that I decided to give my sons the land at the beginning of this year 
and now everyone has his own cane. 
The only fear that I have, is that they might refuse to give me money when 
they harvest the cane. But I hope they will not do so since I have educated 
them, given them wives and finally land". 
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Second (and third) male farmer: 

"My father gave me eighteen acres of land, but part of it is water-logged 
during the rainy season and therefore unsuitable for cultivation. The only 
crop that does well here is rice, but when that crop is ready, birds 
destroy it, thus resulting in low yields. Besides cane, cassave and millet 
are my most prominent crops. Other crops I grow are potatoes, maize, 
pineapples and some eucalyptus trees that serve for building and can be 
sold in order to earn some cash income. I also have a piece of land for 
grazing, otherwise I could easily run up into some problems of using 
someone else's shamba and paying fines for destroying their crops. 

Before the sugar cane factory came we saw people taking away soil samples 
to see whether it was suitable for cane growing. There were baraza's 
(public meetings) where people were told of the benefits from cane growing. 
In the beginning it was not easy to get people to grow cane, since most 
people felt that their land would be taken away from them. Later when they 
saw their friends getting some money income, they were ready to give up 
part of their farms to grow cane. 
In the beginning we thought that we would be given free sugar because the 
factory was situated in Mumias, but this was not the case and in fact 
people here are paying the same amount for sugar than those in non-sugar 
cane growing zones. 

First, people did not know how to handle the money earned from sugar cane. 
(There are so many frustrations that 1 have experienced because of cane 
farming. In fact it is as if the money people get after harvesting cane is 
cursed, because you can hardly do anything reasonable with it. Like I can 
remember when 1 got my first pay from cane in 1975, I got another girl at 
Marritoli in a bar. This girl took me up to Mombassa for enjoyment. We 
reached there but after some time I was bankrupt. She must have been 
stealing some money from me. When I had finished my money, she just 
abandoned me. without even saying goodbye. I had to come back through Voi 
and work on the sisal plantation for some time in order to get a fare back 
home). 

Rut now, people have learned to use the money for their good. Most people 
have built semi-permanent houses. I can buy things I could not afford some 
time ago. 
The cane also brought many bad things. People were forced to leave their 
land. 
(I very much regret the fact that the factory has been brought to our area. 
I was forced to migrate and lost my fertile land. I even left there all the 
graves of my ancestors before the rituals were done , which were necessary 
for my ancestors. That is for sure the reason why my family'life is not 
stable. The society in which I am now living is very hostile. My 'neighbours 
who sold me this piece of land want to get it back and when I won the case 
in court they resorted to sorcery). 

The people who started to grow cane did not leave a piece where they could 
grow food crops. Food prices have gone up due to shortages in supply and 
the increasing number of people looking for food. Now people are starving 
because they have not enough food. 
Due to migrant labour, having no income when the factory closes down (for 
repair) there are increased cases of thugery and theft. When I started to 
grow cane I expected to get a lot of money, but this proved not to be true. 
By growing cane one runs the risk of starving. Cane takes a longer time to 
mature than the food crops. In any case it seems not wise to spend the 
money earned from sugar cane on buying food when one is able to grow it 
oneself. Money from the cane should be used on other essential things such 
as educating children and building houses. 

Sugar cane seems to be the only crop that is doing well here. Some time ago 
coffee and rice were introduced. The rice was quite fair and is still grown 
here and there but coffee did so poor in our sandy and marshly soils that 
it was soon abandoned again. 
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Plots are becoming smaller and smaller since the number of people is still 
increasing. In future they will become so small that it will become 
uneconomical to work them. Some of the sons that are still lucky to have 
that small piece of land, may use more intensive methods to work it and get 
some income. Others should be trained for some particular skill and seek a 
job in urban areas where they can earn their living.• 

Non-sugar cane growing farmers 

Male farmer: 

"I was born in 1931 at Ekema village in the South Wanga location. I am 
basically a farmer and thus derive my living from the land. I have three 
daughters and a boy. My .children went to school all right. The three 
married girls have also had education but they have no salaried job. All do 
work on their husband's farm and depend on their husband for other 
necessities. My boy has no salaried job and works on a piece of land I have 
given him. 

My land is about 5.5 acres large. The main crops I grow are maize, beans, 
cabbages and other vegetables. The yield is very low because the land is 
not fertile. Therefore I am trying to buy new land in Kitale. 

I have no money to hire labour and hence rely on the labour of my family. 
If 1 had money, I would like to grow many more crops to get a big return 
and invest it in other undertakings which will . be of benefit to me in 
future. I would very much like to grow cane, but the problem is that the 
factory exploits the farmers. The people from the factory deduct too much 
for their services and that is detrimental to the farmers. Too much work 
has to be done by the farmers and the return for that work is not 
satisfying. A crop like sisal could do far better than cane and could give 
more return if the demand for sisal is high. 

They should introduce other crops like fruits which are doing very well on 
this kind of soil. 
The sugar factory brought new prosperity for the town of Mumias. We now 
even have a bank. There are roads leading from Mumias to virtually all 
areas. People are building semi-permanent houses and in general the wealth 
of the people has been increased. 
All this has to be attributed to the sugar factory•. 

Kabras area 

Sub-chiefs of Chesero, Shamberere and Bushu sub-location: 

"The first sign of sugar cane in the area was to be seen in 1947, but only 
in the late sixties most farmers realized the importance of sugar cane. In 
1969 the first farmer to own a jaggery factory emerged. After the start of 
his factory more farmers started with growing sugar cane. A real boom in 
sugar cane growing came after the start of the Kabras factory in 1981. 

The reason why farmers started to grow sugar cane were generally to improve 
their lives both socially and economically. 
They wanted to build schools, earn money for the necessary school fees and 
improve the communication netWork. 
The farmers considered sugar cane a good crop to integrate in their crop 
rotating program or to fill up the fallow parts of their land. The money 
that could be earned they wanted to use for buying graded cattle. 

Positive impacts of the sugar cane industry are that the farmers now get 
more money than they were getting before from growing maize. Farming has 
been improved, the farmers were encouraged to use their land properly. Many 
families have improved their social and economic situation. A lot of people 
have been employed as a result of the coming of the sugar industry. 
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Most people have built good houses. They have improved their dressing and 
many farmers have bought cattle for the production of milk. More people 
than before were able to start a business. To enable an easy transport of 
sugar cane, more "all weather• roads have been constructed. 

After the introduction of the sugar cane in this area, more schools were 
built with the help of Harambee funds. Most of that money came from sugar 
cane farmers. Shamberere Polytechnic was started. 

The sugar industry in Kabras gave also some negative impacts. Food 
production has decreased and malnutrition has affected most of the 
families. The increasing area under sugar cane provided a hiding place for 
wild animals that are harmful for the farmers, their crops and their dairy 
cattle. The farmers are now encountering many problems in dealing with the 
sugar industry. 

The problems of the farmers with the sugar factory concentrate on the issue 
of getting a permit. The managers give permits to certain individuals, 
instead of just giving a permit to any farmer whose sugar cane is ready to 
be cut. Permits are not given in time when the cane is mature, thus leaving 
the farmers with a delay in the harvesting of the cane. When a farmer, 
after long struggling, gets a permit, he cuts all his cane. The factory 
then sends only two tractors to collect the cane, leaving the rest of the 
cane rotting in the field. 

The sugar factory uses middlemen to buy cane from farmers at a very low 
price. Furthermore the factory does not pay the government price per ton of 
sugar cane. The shareholders of the sugar factories have enriched 
themselves at the expense of the farmers. 
The ·sugar factory hires the land of a farmer for such a long time, that it 
becomes impos.sible for the farmer to practice crop rotation on that land. 
When it comes to paying, the sugar factory takes a lot of money for 
transportation, up to 85 KShs per ton. The factory should allow other 
people to transport the cane to the factory. The sugar factory should 
provide fertilizer to the farmers and put the tractors at the disposal of 
the farmers to plough their land. The factory takes too long before paying 
the ·farmers. 
The jaggery factories also cause problems, mainly because they do not use a 
weigh-bridge to measure the amount of cane d~livered by the farmers•. 

Sugar cane growing farmers 

First male farmer: 

"I was born in 1936 here at Chesero. At home we were with six boys and two 
girls. My father had two wives, but the first wife was barren. My father 
cultivated the land and looked after the cattle. We, the boys, also did 
this work for some time before we went to school. The girls used to help my 
mother in the household work until they got married. My father had a 
negative attitude towards the girls and as such he never took them to 
school. We had six acres of land. We mainly grew maize as the source of our 
food. However, we also grew millet, simsim, cassave and potatoes, but on a 
much smaller scale. 
When we went to school, my father could call in relatives to work on the 
farm and the girls were the ones that had the responsibility for the 
cattle. In that time there were not many serious problems. The most serious 
problem was that my barren stepmother was very hostile towards us and our 
mother. 

My own household consists of one wife and four children, three boys and one 
girl. They are still small and not yet working. 
I personally just depend on my land for a living. I have 
1~ acres of land. I mainly grow maize near the stream where the soil is 
fertile. I have ~ acre of my land under sugar cane. Furthermore, I grow 
some vegetables and potatoes. The work on the land is done just by me and 
my wife. 
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Most problems I experience are economical. There is not enough money to 
educate, feed and dress the family and care for their health. When West 
Keny Sugar factory came, in the year 1981, we were very happy because we 
had heard how the people of Mumias were benefiting from the sugar cane 
growing. We were expecting to get money from growing cane and prosper very 
quickly. 

We thought that problems with the school fees could now be solved; that we 
could build good houses and improve our standards of living. But according 
to my opinion, life before the coming of the sugar factory was better than 
it is at present. Our expectations with respect to the sugar factory are 
not fulfilled. All that we got, was a desillusionment and up to now our 
expectations have remained dreams. 

There is hardly any positive impact from cane growing, because the input is 
greater than the outcome. We farmers really do not gain anything. , Maybe the 
only positive impact that I can mention is the fact that the factory can 
advance a farmer 1000 KShs if he is in problems and if his cane is over 16 
months. 
I actually cannot see any chance brought about by cane farming. Life has 
not improved. In fact only the land available for food crops has been 
reduced. 

I am thinking of stopping with sugar cane growing if another cash crop is 
introduced. If only the Mumias Sugar Company would extend its outgrowers 
farms up to this area, we might be able to benefit. There was a time that 
we could get permits to transport our sugar cane to the Nzoia factory and 
we were 'very well paid then. 
As for food crops: I will continue to grow maize, vegetables and any other 
crop that will be available". , 

Second male farmer: 

«I was born here in the Bushu sub-location in the year 1939. My father had 
three wives and several children, but most of them died when they were 
still young. Currently we are four boys and two girls. My father had a very 
big herd of cattle and also owned a large piece of land. Both the boys and 
the girls used to work on the farm in the mornings. After that, the boys 
could go to look after the cattle, while the girls 'could help their mother 
in the household work. ' 

At home we mainly grew maize and some millet and finger millet on a small 
scale. We had a form of co-operative with our neighbours and we worked in 
turn on each member's land. 
In those days there were hardly any problems. People were very social and 
used to see each other as a brother. If there were any problems, it must 
have been the daily life ones that were hardly noticeable. 

Currently I have two wives and twelve children. I myself am working as a 
carpenter, my wives are unemployed. I have 8 acres of land, of which 2 are 
under sugar cane. I grow a lot of maize for my own consumption and 1 even 
have a surplus that is sold on the market. Then still 2 acres are left for 
grazing. The work on the farm is all done by myself. My children also give 
a hand during their holidays. 

The West Kenya Sugar factory was introduced in 1981. 
The reaction of the people on the coming of the factory was different. Some 
were enthusiastic because they knew of the benefits of cane growing. Others 
were very much against it, because it meant that some people were forced to 
migrate. 

After all, I think that life before the coming of the factory was better. 
The introduction of sugar cane growing has led to so many problems. We 
farmers do all the work on the farm, we prepare the land, have to,. look for 
the seed cane ourselves, do the planting and all the weeding. The factory 
does not provide fertilizer and so the cane does not grow well . 
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When the cane is mature, we farmers have to get a permit in order to 
harvest the cane. That permit is not easily obtainable. ~e have to bribe 
the factory. After cutting the cane we again have to bribe the tractor 
drivers in order to load our cane. Even then loaders have to be bribed in 
order to load the tractor to the maximum capacity. ~e farmers feel that we 
are exploited. 

If another cash crop will be introduced, I will give it an attempt if I can 
be sure that it will not pose the problems that sugar cane growing has 
done. But now I think I still have to grow more sugar cane for I understand 
that there is another sugar factory under construction at Kambalamba near 
Chimanget at the junction at Malava. 
If this is true there might be a competition for cane, resulting in higher 
prices•. 

First female: 

"I was born in the Chesero sub-location, South Kabras, in the year 1942. My 
father was guard, my mother was a farmer. 
I had four brothers and two sisters. The household owned 16 a~res of land 
on which food crops such as millet, cassava, potatoes, maize, peas and 
beans were planted. ~e also owned a lot of cattle. Cultivation of the land 
was done by both men and women. 

My father owned an ox-plough and used it to prepare the soil for planting. 
The whole family would then go out to plant. ~eeding was done with hoes by 
the father, the mother and the daughters. The boys had to look after the 
cows. There were so many members of the family available that no labourers 
were hired to work on the farm. The soil was not very good, so the yield in 
most· cases was very poor. This forced us to be very economical in our way 
of eating, in order to assure that the food could carry us up to the next 
season's yield. 

I got married in Bushu sub-location. 1 am widowed now and therefore act as 
the household head. I have 5 sons and 3 daughters. From the 7 acres of 
land, I have 3 acres under sugar cane. A piece of 2 acres is under maize 
and beans which are also planted as a cash crop. For food crops I plant 
bananas, potatoes, yams, vegetables and cassave. 
I do not keep any cattle. 

My sons are all working, they have salaried jobs. So I have to rely on 
hired labour to work on my farm. I hire a tractor for ploughing the sugar 
fields. An ox-plough is used for the maize and beans field. A group of 
women is hired to do the weeding with hoes. 

The West Kenya Sugar Factory began in 1976 (?). 
At that time the chiefs and sub-chiefs announced the coming of the factory 
to the people and the farmers were invited to grow sugar cane and sell it 
to the factory. I was not interested in the cane then. My husband had a 
well paid job as a driver and the children were small and did not need 
education yet. 

Later, when I lost my husband, I started to grow cane. 
The sugar cane helped me in educating the children and helped them to a 
salaried job. Now I do not need the money any longer and the sugar cane is 
taking too much of my time. Therefore I have decided to do my last cane 
harvest this year and then only grow maize and beans as a cash crop•. 

Second female: 

"1 was born in 1920 in the Bushu sub-location. My father had only one wife. 
I had five brothers and one sister. I cannot remember how much land we had, 
but it must have been more than 20 acres. Besides, in those days people had 
no specific land allocated to them. One was allowed to move freely and 
cultivate anywhere one would like to. People were only bound by the tribe 
or the clan they belonged to. ~e did not plant any cash crop . 
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As food crops we cultivated millet, cassava, sorghum, potatoes, simsim and 
vegetables. We also had many cows. Cultivation of the land was done with 
the help of women from the village. They did the ploughing, the planting, 
the weeding and the harvesting. Men's work was only slashing and clearing 
of the land in preparation for ploughing. Children, both girls. and boys, 
were to take the cattle out for grazing. My mother brewed beer which was 
given to the women as a token of thanks for the help offered. 

At that time there was plenty of food and my mother had no problems in 
feeding the family. Problems could arise from natural calamities such as 
drought or destruction of the crops by pests. The most common pests were 
locusts. When they came, the only food crop which could survive were 
potatoes and cassava. When locusts were expected the chiefs advised the 
people to grow a lot of these crops. 

I am married in the same sub-location where I was born. I am the only wife 
of my husband. We have six children, 1 girl and 5 boys. We have 15 acres of 
land. Sugar cane takes 9 acres, 2 acres are under maize, which we intercrop 
with beans. 
On 1 acre we intercrop bananas with vegetables and 2 acres are used for 
gradng. 

The rest is 
5 boys , while 
work in the 
since 1943. 

fallow because of stones. I work on the farm together with the 
my husband is looking after the cattle. We hire labourers to 

sugar cane plantation. We have an own ox-plough for ploughing 

I encounter quite some problems with feeding the household. 
My sons are all married and we use our land all together. 
The food produced is not enough to feed the whole family. 

At the time the sugar factory came into the area the chiefs and sub-chiefs 
called to plant sugar cane and sell it to the factory. The interested 
farmers were instructed how to prepare the land and how to plant the cane. 
Everyone was so excited about it because they were promised a lot of income 
from the cane. All of us were·then planning to educate our children and 
even to build a better house. The high expectations have however faded as 
time went by. Less food is produced because very little land is reserved 
for food crops. People get a lot of money but are forced to buy the food 
they need. This is unlike the old days, before cane was introduced. As a 
result, the money from the sugar cane is not serving the purposes expected. 

Some people have not even been able to put up a better house, while others 
still cannot take their children to school. Only those who have been able 
to divide the land properly amongst the different crops have been able to 
build good houses and educate their children. 

The tasks for us women have been drastically reduced. In these days men 
help in the ploughing, weeding and they even do the harvest. In some houses 

·however the women are treated like slaves. They must do only what the 
husbands tell them to do. Such treatment was very rare in the old days. 
Most men take all the money for themselves and yet expect the women to feed 
the household. 

As time goes on people should withdraw from sugar cane growing and only 
grow maize and beans as a cash crop. After all, these can be used as food 
crop as well. Potatoes, bananas, millet, sorghum and vegetables should be 
planted as food crops. 
If a son marries, he should get a portion of land as soon as possible. That 
should reduce the food problem encountered by the very large households. 

Educating children is good, 
as soon as they leave school. 
paying so much fees, they 
its best in school". 

but the government should create jobs for them 
It really discourages parents when, after 
end up with a jobless child who maybe has done 
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Third female: 

"I was born in 1927 in Sulungai, a sub-location of North Kabras. 
My father had only one wife. Ten children were born by my mother of which 
six died. The four remaining are two girls and two boys. My parents were in 
business and my father owned 10 acres of land. 
The two boys grew up into farming and the two girls got married. Our land 
was not divided amongst the family members. On the land food crops were 
grown including millet, sorghum, cassava, simsim, nuts and peas. No crop 
was planted as a cash crop. Each food crop was planted in plenty. The 
surplus was exchanged against meat or other things we needed. All the work 
on the farm was done with hoes. The amount of labour needed was therefore 
very large. Assistance was given by fellow villagers. Such labourers were 
not paid with money. My mother would brew some beer and then call 
neighbours to come and work on the farm, after which they would assemble at 
home and drink the beer. There was no problem in feeding the family because 
it was a small family and there was plenty of food. 

This nice situation changed when I got married to a family of 4 wives, 
myself being the second wife. In total there are 19 children. I gave birth 
to twelve children, but six of them died. The whole family depends on 
farming as the only source of income. My husband has only 8 acres of land, 
equally divided amongst the family members, which means two acres for each 
wife. On my piece of land I plant food crops like maize, beans, vegetables, 
yams, and bananas. I have planted half an acre of sugar cane as a cash 
crop. I do all the cultivation myself with the help of my children, except 
for the cultivation of sugar cane, where I ~ire labour for the planting, 
the weeding and the harvesting. I pay 7 shillings per worker per day. 
It is very difficult to feed my family because the food grown is not 
enough. Maize that was harvested last year, for instance, only lasted up to 
february this year. 
The half an acre of cane is sold to the West Kenya Sugar factory. At the 
start of the factory, chiefs and sub chiefs announced that people should 
plant sugar cane and that it was going to bring them a lot ·of money. 
Everybody became very enthusiastic. The people were advised to buy the 
plant canes by themselves from the Mumias area. This was done and very soon 
cane was planted everywhere. By 1981, cane was being delivered to the 
factory by the farmers. Payments were done on cane delivery. Though cane 
growing required too much labour input, these payments stimulated the 
farmers to work even harder and plant more cane. The people even thought 
that the factory would supply the farmers with white sugar. Parents even 
encouraged their children to be employed as factory workers, in the hope 
that free white sugar would be supplied to them. 
The planting of sugar cane has raised the living standard of most people. 
Some have managed to educate their children, while others have bought. more 
land or built better houses. 

It also had some negative impacts on the people. ~ a result of planting 
sugar cane, less land has been left for food crops and therefore hunger 
often strikes the people. Some people have even decided to quit planting 
the cane and instead use the land for food crops. The results of this 
change have been very discouraging because the soil was found to have lost 
all its nutrients and is not longer productive. Maybe after all, maize and 
beans is a better cash crop. 
I hope that the government will provide employment for my children. I also 
hope that children can be born freely and birth control is abandoned. 
People should get back to the traditional way of life. Also a change should 
be brought in the fact that women seem to be doing all the donkey work 
while men sit back. Men should carry out more duties such as cultivation, 
cattle keeping, provision of food and many others." 
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Non-sugar cane growing farmer. 

Male: 

"I was born in Chesero in the year 1936. My father had three wives, all of 
them being sisters. I ·cannot really remember the number of children, but 
most of them died when they were still young. Ten children are now still 
alive, six boys and four girls. My father was principally a farmer. He used 
to plant maize in plenty because he earned his living by selling the 
surplus. He also had many cattle. At home the boys had to help on the farm. 
My father loved his daughters so much that they only had to help ay mother 
with her daily household work. 
We had a very big piece of land of which I cannot remember the acreage. We 
principally grew maize as our staple food, but we also grew beans, 
potatoes, millet, vegetables and cassava, though on a small scale. Normally 
the sons and my father did the work. When there was too much work our 
neighbours and relatives would come to give us a hand. The problems we then 
encountered were just the usual hardships in every day live. Maybe there 
were quarrels in our polygamous house, but that is normal and Unavoidable. 
I think I would be wrong if I do not sight the diseases that killed most of 
my brothers and sisters, otherwise there were no problems. 
Currently I am married to two wives and I have ten children. All my 
children are still at school. I personally know some elementary mechanics 
but I depend on my land for my living. I principally grow maize which has a 
ready market in Kakamega. During the dry season I really get a lot of money 
from maize, especially from the Wanga people in Mumias. Most of the time I 
use hired labour to work on the land. There are so many refugees from 
Uganda who offer cheap labour. Occasionally, when the children are at home 
for holidays, they give a hand. 
I am not in sugar cane growing because when the crop was introduced I was 
still in a land dispute with my neighbour. 

When I won the case, I really had hopes of planting sugar cane, but when I 
heard from my friends that they were not gaining much from the canes, I 
decided to continue with maize farming which I think is very well paying. 
In my opinion people in this area who plant maize are better off than those 
who went into cane farming. I would very much welcome coffee or tobacco 
growing if they would be introduced in the area. If Mumias Sugar Company 
would extend its plots up to these sides, I will be very willing to grow 
sugar cane. Otherwise I will continue growing maize as I have done until 
now. 
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3.6.2.4. Review of the interviews. 

The interviews with key informants in the Mumias and Kabras areas 
reveal that the growing of sugar cane has integrated part of the 
farmers in the market system, at a stage when cash crop and 
subsistence production exist next to each other. 
In the Kabras area, the key informants however give the impression 
that this new situation is far from stable and that a relaps to 
subsistence production is very well possible. 

The integration in the market system results in a number of positive 
impacts, of which the higher standard of living is the most 
prominent one. This higher standard of living shows, amongst other 
things, in improved housing conditions, increased business 
activities and . better possibilities to educate the children. The 
society in general benefits from the infrastructural improvements 
and the increased demand for skilled and unskilled labour. 

The introduction of sugar cane as a cash crop also has negative 
impacts. The allocation of land to sugar cane has reduced the food 
crop production, reduced the land available for grazing and has made 
it more difficult to obtain grass for thatching roofs. 
The reduction in food crop production is the most serious negative 
impact, since it is directly linked to the observed symptons of 
malnutrition in the area. 
In the long run the growing of sugar cane will have an adverse 
effect on soil fertility and will lead to soil erosion. 
Although the better employment possibilities are a major positive 
impact, at least in the Mumias area there is a shadow side to this 
too. Better employment possibilities resulted in a rapidly growing 
population, partly due to an influx of people from other areas and 
tribes. This influx is thought to be responsible for the increased 
crime rate. 
The increased heavy traffic in the Mumias area resulted in an 
increasing number of serious road accidents. 

In both areas, the farmers feel exploited by the factories. 
Complaints concern alleged delays in harvesting and in cane payments 
and deductions by the factory on cane payments. 

In the Kabras area, 
exploitation by the factory 
where farmers might stop 
would become available. 

this dissatisfaction with the alleged 
and the middle men has reached a level 

growing cane if an alternative cash crop 

The lump sum payments for the cane by the factories, result in 
financial problems for the farmers because of the long period 
between planting and harvesting. The farmers in this respect would 
favour some kind of credit facility system extended by the factories. 

The interviews provide a general· idea of the changes in farming 
practices in time. In the past, land was almost freely available but 
is now becoming scarce, a process that is aggravated by the 
introduction of cash crops. In the past a large variety of crops was 
grown and the impression is confirmed that the number of crops has 
recently been reduced and that the cash crops are the most important 
ones. 
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Furthermore, there appears to be a clear change from family to hired 
labour, particularly in the cash crops. 

At the introduction of sugar cane, this cash crop was not very 
popular, mainly because of the fear of the farmers that they would 
be evicted from their lands without compensation. The fact that in 
general the living standard of those growing 
convinced fellow farmers of the benefit of the crop. 

cane improved, 

The change from subsistance to cash crop agriculture was abrupt and 
the money earned by growing cane was initially not wisely invested. 
This gradually changed and the income is now, at least partly, used 
for improvements in farming and the household. 

3.6.2.5. The economic institution. 

On the macro level, the economic ideology of Kenya can be summarized 
in the wish to be incorporated in the world-economy. Kenya thereby 
seeks affiliation with Western countries having a free market 
economy. This economic ideology is internally complemented by some 
aspects that can best be described as socialist. 

Kenya's position is weak as far as industrial production is 
concerned and critical when it comes to raw materials. For the time 
being, integration in the world-economy has to be achieved via the 
production of export crops or via food industries based on the 
growing of such crops. The introduction of sugar industries is part 
of the policy to build a structure that is thought to be necessary 
in this phase of the development of the Kenyan economy. 

Such a structure in the first place, calls for the establishment of 
import substituting industries and next for the establishment of 
export industries. 
The wish for such a structure is reflected in the aims mentioned for 
the project in the first part (macro aims) of table 3.15. 

The analysis of these intended impacts is done in great detail in 
paragraph 3.2.1.2. The conclusion was that Kenya has almost reached 
a situation where the sugar production meets the sugar consumption 
and that in the near future it is very well possible to reach the 
point of independence from sugar import, if new sugar producing 
technologies are introduced. These technologies should particularly 
be geared to make refined sugar. In view of the production costs of 
sugar, the export of this commodity is not always economically 
feasible and depends on the world prices paid for sugar. Only a very 
flexible production technology could result in a favourable export 
position. From the technology description and forecast it is clear 
that such a flexible technology is not available in view of the 
rigidity of the agricultural part of the sugar producing 
technologies. 

Apart from the Kenyan Government, two other parties have formulated 
aims on the macro level. 
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These aims conflict with those of the Kenyan Government on one 
point: integration in the world economy is by these parties 
connected with the wish to obtain economic interests in Kenya. This 
can be achieved by exports to Kenya and by investments in the 
country. 

In the literature available, no important unintended economic 
impacts at the macro level are mentioned. A possible unintended 
impact could be that the allocation of resources to the sugar cane 
industries results in shortages in other fields. This impact has not 
been further analyzed in this case study. 

The socialist aspects of the economic ideology are revealed on the 
meso level. The Kenyan Government activily participates in industry 
and has a majority share in the large scale sugar industries. The 
Government advocates the establishment of co-operatives and aims at 
a fair income distribution. 
The local communities are responsible for the support of local 
development projects and this system is institutionalized in 
so-called Harambee projects. In the case of the sugar industries, 
this ideology has led to the rejection of large scale, centrally 
controlled estates and the subsequent emphasis on small systems. 

Some of the aims at the meso level must be seen in this light, as 
e.g. the aim to get a fair return for the producers, the aim to make 
an optimal use of available labour, the wish to achieve a fair 
distribution of income and infrastructural facilities. Other aims 
are directed to obtain regional structures that can support the 
national economic ideology. 

In order to describe and forecast the socio-economic situation at 
the meso level, changes in the factors of production, the 
socio-economic structure of the environment and the physical 
structure of the environment will be looked at. These three areas 
can be considered as the units of analysis. From a preliminary 
review of the literature, keywords are identified for these units of 
analysis. The socio-economic situation at the micro level concerning 
the households and individuals will be discussed under the kinship 
institution. A review is given in figure 3.21. 

Figure 3. 21. 
Units of analysis and key words for the 
socio economic analysis on the meso level. 

UNITS OF ANALYSIS KEWORDS 

· CHANGES IN THE FACTORS - CAPITAL 
OF PRODUCTION • LABOUR 

• LAND 
• SKIU.S/KNOYLEDGE 

- CHANGES IN THE SOCIO- · EMPLOYMENT SITUATION 
ECONOMIC STRUCTURE OF - SPINN·OFFS 
THE ENVIRONMENT · CREDIT FACILITIES 

· MIGRATION 

- CHANGES IN THE PHYSICAL • INFRASTRUCTURAL FACILITIES 
STRUCTURE OF THE ENVIRONMENT · KEY PUBLIC INSTITUTIONS 
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Changes in the factors of production: capital and labour. 

The most traditional mode of production for the farmers is the 
subsistence production where the crops grown mainly serve the 
purpose of feeding the family. Some surplus is exchanged with others 
to provide for those necessities for the household that can not be 
produced by the household itself. In this stage, no market system 
exists. All over Kenya this stage has long passed and every farmer 
intentionally produces crops to be sold on the market, in order to 
provide cash income for the non-food needs of the household. The 
crops produced for this purpose were in the first instance the 
traditionally grown food crops. The intention was to first take care 
of the food needs of the family and secondly to try and grow a 
surplus of certain crops, often maize and beans, to sell them on the 
local markets. This phase can be characterized as an informal 
introduction of the subsistence farmers in the market system. The 
introduction of a cash crop to the subsistence farmers, a crop 
specifically grown to be sold and often not even suited to cover 
food needs directly, marks their formal integration into the market 
system. 

Theoretically, this process of integration consists of two phases. 
In the first phase the farmer starts with market production by means 
of cash crops, maintaining part of his subsistence production. In 
the second phase, the farmer specializes in the production of cash 
crops, through which he earns enough income to buy what he needs on 
the market. 

Tezlaff (Tezlaff, 1979, 326-327) analyzed this theory for the East 
African farmers and concludes that the first phase, in neo-classical 
and marxist economic theories described as a transition state, 
appears to be a stable one. 

Buch-Hansen (Buch-Hansen, 1982,a, 4-10) describes the two phases in 
terms of formal and real repression. The first phase is threatened 
if the cash crop market collapses. 
According to Buch-Hansen it is impossible for the farmers to 
intensify their production, unless the increase in production can be 
achieved by an increase in input of family labour. This leads to ·a 
devaluation of labour and inevitably to an increase in rural-urban 
migration. If the increased labour input cannot provide the 
necessary relieve, the worsening of market situation leads to 
selling the land to the few who, for one reason or another, 
succeeded to enter in the second phase. Thus squeezing the majority 
of farmers out of agriculture. 

The question is now put how these processes develop in case of the 
sugar technologies considered. 
In figures 3.22 A/D the plot sizes for the different farmers in the 
sample are given. 
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Figure 3.22 A/D 
Plot sizes for different farmer 
categories. 
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Figure 3.22 (continued) 
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It is clear that in the Mumias area, small farmers generally are not 
growing cane. Big farmers generally do. 

The average land holding for the non-cane growers in Mumias is 1.59 
hectares. For the sugar cane growers this is 4.00 hectares. In the 
Kabras area, the difference is less striking. For the non-cane 
growing and cane growing farmers the mean plot sizes here are 
respectively 2.35 and 2.74 hectares 

Figure 3.22.A shows that the sugar cane growing farmers can be 
divided into small farmers with a land holding of less than 5 
hectares and big farmers with over 5 hectares. Figure 3.22.C shows 
that this division can also be used for the sugar cane growers in 
the Kabras area. From the Mumias sugar cane farmers, 78% and from 
the Kabras farmers 85%, are classified as small farmers. 
Aparently in the medium and small scale sugar cane technologies more 
small farmers are involved. 

The degree to which the growing of food crops has been replaced by 
the growing of sugar cane, is an indication of the integration of 
the sugar cane growing farmers in the market system. The part of the 
land allocated to sugar is given in table 3.64. 

Table 3.64 
Percentage of land allocated to 
sugar cane (%) • 

IlKS MSC 
AU. SMAU. BIGGER AlJ.. SMAIJ.. BIGGER 

PERCENTAGE FARMERS FARMERS FARMERS FARMERS FARMERS FARMERS 

0-< CANE LAND <10% 15.6 0.7 12.2 2.7 17.9 
10-< CANE lJ\NO <20% 34.4 2.7 4.9 3.2 28.6 
20-< CANE lJ\NO <30% 18.8 11.6 26.8 15.1 21.4 
30-< CANE lJ\NO <40i 12.5 15.1 14.6 15.1 14.3 
40-< CANE LAND <50% 12.5 19.2 12.2 17.7 10.7 
50-< CANE LAND <60% 0.0 27.4 17.1 25.3 0.0 
60-< CANE lJ\NO <70% 3.1 9.6 4.9 8.6 3.6 
70-< CANE LAND <80\ 0.0 5.5 2.4 4.8 0.0 
80-< CANE LAND <90% 3.1 6.8 4.9 6.4 3.6 

CANE lJ\NO >-90% 0.0 1.4 o.o 1.1 0.0 -- -- -- -- -TOTAL 100 100 100 100 100 

NOTE: For two farmers in the case of MSC and for three farmers in the 
ease of IlKS it was not possible to calculate the % of land under 
cane because of missing data. 

20.0 
60.0 
0.0 
0.0 

20.0 
0.0 
0.0 
o.o 
0.0 
0.0 --
100 

The Mumias farmers are, with on average 45.9% of land under sugar 
cane, clearly more involved in cash crop growing than their fellow 
farmers in the Kabras area, where on average 24.9% of the land is 
under cane. The smaller farmers in both cases have all.ocated a 
relatively large part of their land to sugar cane. The mean 
percentages under cane for the small and big farmers in the Mumias 
area, are respectively 48.4% and 36.7% and in the Kabras area 28.2% 
and 19.9%. 
The percentage of land under food crops is given in figures 3.23A/D. 
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Figure 3.23 A/D 
Land used by the different farmer 
categories to grow food crops. 
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Figure 3.23 (continued) 
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A summary of the data of figures 3.23A/D is given in table 3.65. 

Table 3.65 
Comparison of the percentage land 
under foodcrops for different farmers. 

WKS WKS MSC 
CANE NON-CANE CANE 
GROYING GROiilNG GROYING 
FARMERS FARMERS FARMERS 

30% OF THE FARMERS 70 % 80 ' 50 ' 
HAVE MORE THAN 

60% OF THE FARMERS 50 ' 70 ' 30 ' HAVE MORE THAN 
90\ OF THE FARMERS 20 ' 30 ' 10 ' 

HAVE .MORE THAN 

MSC 
NON-CANE 
GROYING 
FARMERS 

60 ' OF THEIR LAND 
UNDER FOOD CROPS. 

50 ' OF THEIR LAND 
UNDER FOOD CROPS. 

20 ' OF THEIR LAND 
UNDER FOOD CROPS. 

It is obvious that the cane growing farmers, compared to their 
fellow farmers in the same area, have given up part of their food 
crop production. This can be interpreted as a move out of 
subsistence production into the market system. This shift is however 
small. Compared with the farmers from the Mumias area, the farmers 
from the Kabras area all rely more on their food crops and the sugar 
cane growing farmers from the Kabras area appear to be in the same 
position with respect to the market;system as the non-cane growing 
farmers in the Mumias area. 

A conclusion with respect to the shift from food crop production to 
cash crop production is not possible, because the relatively small 
number of bigger non-cane growing farmers serving as a reference. 
The hypothesis therefore is, that there is little difference between 
the big and small sugar cane growing farmers with respect to their 
involvement in the market system. 

It is difficult to confirm or deny the theoretical instability of 
the first development phase, mentioned earlier, where the farmers 
enter the market system without totally abandoning subsistence 
production. For a more definite assessment at least a second 
reference point in time would be necessary. The interviews (see the 
intermezzo) do not point to such a development in the Mumias area 
but in the Kabras area there are some indications that farmers 
withdraw from sugar cane production. 
The attitudes of the sugar cane growing farmers towards the cash 
crop is reflected in table 3.66 (next page), where their opinions 
about some statements regarding sugar cane as a cash crop are 
recorded. 

The Mumias farmers are more dissatisfied with the returns from sugar 
cane than the farmers iri the Kabras area. Here there is a general 
awareness of the mutual dependency of factory and farmers. This 
awareness is much less pronounced in the Mumias case. 
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Table 3.66 
Reactions of sugar cane growing farmers 
on different statements concerning the 
growing of sugar cane (%). 

MUMIAS SUGAR CANE GROWING FARMERS 

STATEMENTS: 

1. The sugar factory needs my cane. 
2. The sugar factory pays a high price 

for my sugar cane. 
3. Because I have a sugar factory nearby 

I can make enough money from farming. 
4. Only when the factory makes a good profit 

I can make a good profit on my sugar cane. 
5. I could make a higher profit on another 

cash crop than sugar cane. 

KABRAS SUGAR CANE GROWING FARMERS 

STATEMENTS: 

1. The sugar factory needs my cane. 
2. The sugar factory pays a high price 

for my sugar cane. 
3. Because I have a sugar factory nearby 

I can make enough money from farming. 
4. Only when the factory makes a good profit 

I can make a good profit on my sugar cane. 
5. I could make a higher profit on another 

cash crop than sugar cane. 

AGREE DISAGREE NO ANSWER 

97.9 0.5 1.6 
7.9 86.8 5.3 

42.6 52.1 5.3 

51.1 44.2 4, 7 

25.3 73.2 1.6 

AGREE DISAGREE NO ANSWER 

96.9 3.1 
34.4 56.3 9.4 

71.0 29.0 

65.6 31.3 3.1 

45.2 54.8 

The Mumias farmers do however recognize their dependency on sugar 
cane as the most profitable cash crop, where as almost half of the 
sugar cane growing farmers in the Kabras area see possibilities for 
other more profitable cash crops. The profitability of different 
cash crops, as indicated by the different farmers, is given in table 
3.67 (next page). 

Sugar cane farmers in the Mumias area indeed mention sugar cane as 
the most profitable crop. Coffee is the only crop that is in some 
competition with sugar cane. Maize and· beans are named as reasonable 
profitable crops, but only on a second place. 

in the Kabras area 
most profitable 
that they cannot 
profitable cash 

Also half of the sugar cane growing farmers 
indicated (table 3.66) that sugar cane is not the 
cash crop. The answers recorded in table 3.67, show 
really think of a competing cash crop. Maize as a 
crop comes clearly on the second place. 
Table 3.67 also provides information about the non-sugar cane 
growing farmers and specific cash crops. Both the farmers in the 
Mumias and Kabras areas consider maize to be the most profitable 
cash crop. In the Mumias area, sugar cane is however quite often 
mentioned as the most profitable cash crop. In the Kabras area this 
is certainly not the case. In the Mumias area part of the non-cane 
growing farmers would like to change their crop growing pattern in 
favour of the cash crop sugar cane. 
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Table 3.67 
Crops mentioned by the farmers as 
being most profitable (%). 

MSC CANE 
GROWING 
FARMERS 

MOST SECOND MOST 
PROFITABLE PROFITABLE 

SUGAR CANE 61.8 7.3 
COFFEE 12.0 3.1 
BEANS 7.9 13.6 
MAIZE 6.8 17.8 
GROUNDNUTS 6.3 4.2 
TOMATOES 1.6 0.5 
COTTON 1.0 4.2 
TEA 0.5 2.1 
CAS SAVE 0.0 0.5 
SORGHUM 0.0 0.0 
OTHERS/ 

NO ANSWER 2.1 46.6 
-- -

TOTAL 100.0 100.0 

WRS CANE 
GROWING 
FARMERS 

MOST SECOND MOST 
PROFITABLE PROFITABLE 

SUGAR CANE 71.4 5.7 
MAIZE 8.6 48.6 
GROUNDNUTS 5.7 2.9 
BEANS 2.9 5.7 
COFFEE 0.0 0.0 
TEA 0.0 0.0 
OTHERS/ 

NO ANSWER 11.4 37.1 - -
TOTAL 100.0 100.0 

MSC NON·CANE 
GROWING 
FARMERS 

MOST SECOND MOST 
PROFITABLE PROFITABLE 

19.8 3.6 
4.5 0.0 

19.8 22.5 
28.8 13.5 
7.2 6.3 
0.0 0.9 
0.0 0.0 
0.0 1.8 
1.8 1.8 
5.4 3.6 

12.6 45.9 
-- --
100.0 100.0 

WKS NON-CANE 
GROYING 
FARMERS 

MOST SECOND MOST 
PROFITABLE PROFITABLE 

2.1 2.1 
54.2 4.2 
4.2 2.1 
6.3 27.1 
2.1 8.3 

10.4 0.0 

20.8 56.3 -- --
100.0 100.0 

Sugar cane growing farmers in both areas have entered the first 
phase of integration into the market system. The Mumias farmers are 
more intensively involved in market production, but still rely 
heavily on subsistence production. For these farmers there is 
evidence that this phase is a stable one and that the farmers are 
not entering the next phase where a specialization in cash crop 
production allows them to rely on cash income for their food needs. 
In the Kabras area, the process of integration into the market 
system has not yet stabilized. Many farmers are dissatisfied with 
the factory. Of the 55% of farmers that stated to be dissatisfied 
with the factory, one third mentions bribery and/or exploitation as 
a reason. 
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Dissatisfaction with the sugar cane production and supposed or real 
exploitation and/or bribery could make the farmers in the Kabras 
area decide to abandon sugar cane cultivation. Because of the lack 
of alternative cash crops, this would lead to a return to 
subsistence production. 
As yet, there is no evidence that the economics of the market 
production system squeezes the majority of farmers out of 
agriculture, as described by Buch-Hansen. 

Although Mulaa· (Mulaa, 1980, 97) reports a sharp increase in land 
transactions in the early seventies, the number of transactions 
stabilizes towards the end of the seventies to about 150 per annum. 

Mwandihi (Mwandihi, 1985, 55) reports no significant change in size 
of land holdings for his sample of farmers from the Mumias area. 

With respect to their sources of income, Buch -Hansen (Buch-Hansen, 
1982b, 9-36) divides the farmers involved in sugar gane growing for 
a large scale industry into three groups. The farmers in the first 
group have small plots of land and most of their land is under cane. 
Their income alsmost entirely depends on the income from the cash 
crop and the income from subsistence farming is marginal. The 
expenditure of these farmers relates to food items mainly and for 
their labour they entirely rely on the family. The vast majority of 
farmers, according to Buch-Hansen, can be found in a second group. 
They have several sources of income: the cash crop, the subsistence 
production and marginal non-agricultural incomes. Their expenditure 
pattern includes school fees, house improvements and consumer goods. 
The labour input consists of a mix of family and wage labour. A 
third and small group of farmers, have considerable incomes from 
cash crops and often from additional wage labour, shops, taxi's etc. 
Their expenditure pattern is diverse and covers all sorts of items. 
The labour input consists entirely of wage employment. 

To include all the farmers in the area it is 
fourth group: farmers who do not grow sugar 
other cash crops or only on subsistence crops 
from wage labour. 

necessary to add a 
cane and rely either on 
and additional income 

Table 3,68 (next page) presents a review of the sources of income of 
the different farmer categories. 

The data in table 3.68 only indicate· whether or not the sources 
mentioned contribute to the income. 
They do not provide information on the magnitude of this 
contribution. It can again be concluded that the vast majority of 
farmers not growing cane, have no alternative income from a cash 
crop. Farmers in the Kabras area more often have an income from 
selling the surplus of food crops, including maize and beans that 
are partly grown as a cash crop. 
It is striking that in both areas this source of income is more 
often mentioned for the sugar growing farmers than for the non sugar 
cane growing farmers. In the Kabras area this difference is small, 
but in the Mumias area this difference is considerable. Wage labour 
from family members as sources of income is comparable for the four 
categories, but is slightly higher for the sugar cane growing 
families. 
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Table 3.68 
Sources of income for the different 
farmer categories (%). 

MSC MSC 
CANE NON-CANE 
GROWING GROWING 

SOURCE OF INCOME FARMERS FARMERS 

CASH CROP: SUGAR CANE 100.0 0.0 
COFFEE 1.1. 0.0 
TEA 0.0 0.0 
OTHERS (1) 1.1 0.0 

SURPLUS FOOD CROPS (2) 41.3 37.4 

WAGE LABOUR: MEN 47.6 32.4 
\liVES 9.4 4.5 
CHILDREN 41.9 36.0 

BUSINESS 34.0 22.5 

WKS WKS 
CANE NON-CANE. 
GROWING GROWING 
FARMERS FARMERS 

100.0 0.0 
2.9 12.5 
2.9 10.4 
0.0 0.0 

65.7 64.6 

37.1 37.5 
2.9 6.3 

40.0 35.4 

25.0 27.1 

(1) Others include other cash crops grown in the area like cotton, 
tobacco and rice. · 

(2) Maize and beans which partly are grown as cash crops are included 
in this category. 

Mumias cane farmers more often get additional incomes from business 
than the other farmers. 

Looking at the smaller and bigger sugar cane farmers, learns that 
for the latter the selling of food crops is just as often a source 
of income as for the former: 45% compared to 41%. 
For the smaller farmers, business is more often an additional source 
of income than for the bigger farmers: 37% compared to 12%. 
This means that a classification of the sugar cane farmers as 
suggested by Buch-Hansen is not possible, at least not with the size 
of land holdings as distinguishing criterion. 

The income level of a household is difficult to establish because of 
the various sources and because of the very practical reason that 
questions related to the income are considered to be indiscreet. 
Consequently, the resulting answers are unreliable. An alternative 
way of getting information on this subject is to ask for the 
expenditures. The assumption thereby is that the household spends 
all money that is coming in. In figures 3.24A/D (next pages) the 
expenditures on a weekly base are presented. A limitation lies in 
the fact that the figures only refer to the day-to-day expenditures 
and that the incidental larger expenditures on school fees and the 
like are not included. 
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Figure 3.24 
Expenditures for the different farmer 
categories on a weekly basis. 
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Figure 3.24 (continued) 
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The figures show that the expenditure patterns for the sugar cane 
growing farmers have shifted slightly to the higher expenditure 
categories. Table 3.69, presenting the expenditures on a quintiel 
scale, shows more clearly the small differences in daily 
expenditures between the different groups of farmers. 
The only marked difference is between the Mumias sugar cane and non
sugar cane farmers. The sugar cane farmers here spend more. 

Table 3.69 
Comparison of the expenditure of the 
different farmer group (KShs). 

MSC 
MSC SMALLER 
CANE CANE 
GROWING GROWING 
FARMERS FARMERS 

20% SPENDS MORE THAN 151 151 
40% SPENDS MORE THAN 126 101 
60% SPENDS MORE THAN 76 76 
80\ SPENDS MORE THAN 51 51 

100% SPENDS MORE THAN 0 0 

MSC 
BIGGER MSC 
CANE NON-CANE 
GROWING GROWING 
FARMERS FARMERS 

201 151 
151 101 
101 76 

51 26 
0 0 

WKS 
CANE 
GROWING 
FARMERS 

151 
126 

76 
26 
0 

WKS 
NON-CANE 
GROWING 
FARMERS 

151 
126 

76 
26 
0 

of the 
bigger 
of the 

In the " table also the smaller and bigger cane growing farmers 
Mumias area are included. The daily expenditures of the 
farmers are significantly higher. The daily expenditures 
smaller sugar cane farmers are very much the same as those 
non-sugar cane growing farmers. 

of the 

Of the sugar cane farmers in the Mumias area, 66.1% hired labour for 
agricultural practices, compared to 34.9% of the non-sugar cane 
growing farmers. In the Kabras area the figures are 52.9% and 47.9% 
for respectively the sugar cane growing and non-sugar cane growing 
farmers. The sugar cane growing farmers in the Mumias area make 
significantly more use of hired labour than the other farmers. 
For the bigger farmers, the percentage that uses hired labour is 
even 80.5%, compared to 62.4% for the smaller farmers. In the Kabras 
area a relatively high percentage of farmers uses wage labour. Here, 
the difference between the two groups is quite small. 
In table 3.70, the reasons are given why different farmers do not 
hire labour. 

Table 3.70 
Reasons mentioned by the farmers why 
no labour was hired(%). 

MSC 
CANE 

REASONS WHY NO GROWING 
lABOUR VAS HIRED. FARMERS 

1. There was no need to do so. 12.5 
2. Family labour was sufficient. 37.5 
3. There was no money to hire them. 46.9 
4. Labour is hard to get. 1.6 
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MSC WKS WKS 
NON-CANE CANE NON·CANE 
GROWING GROWING GROWING 
FARMERS FARMERS ,FARMERS 

7.4 12.5 4.0 
41.2 81.3 56.0 
50.0 6.3 36.0 
1.5 4.0 



In the Kumias area, the reason mentioned most often why no labour 
was hired is that there was no money to do so. In the Kabras area, 
satisfaction with the family labour available, is the major reason 
for not hiring any labour. This is particularly true for the cane 
growing farmers. The non-cane growing farmers would hire more labour 
if they could afford it. The availability of labour appears to be 
hardly a problem in all cases. 

The classification in three groups, as suggested by Buch-Hansen, is 
not valid in the area studied if the size of land holdings is taken 
as a criterion. A classification in four groups is, on basis of the 
data collected, more logical. For each of the two areas, with 
respectively the large and the smaller scale sugar technologies, two 
classes can be distinguished on basis of whether or not sugar cane 
is grown. In the Kumias area, a farmer from the class of sugar cane 
growing farmers can be characterized as a farmer in who's household 
the income is generated from different sources: cash crops, the sale 
of surplus food crops, wage labour from men and children and 
business. The use of wage labour is quite common, although in most 
cases family labour is still the most important source of 
agricultural labour 

Within this group some differences emerge between smaller and bigger 
farmers. The latter use more wage labour and their expenditures on 
day-to-day expenditures are slightly higher. These bigger farmers 
reinvest the money earned from agriculture more often in some sort 
of business, while the smaller farmers seem to rely more on the 
income from their land. A household from the non-cane growing group 
is still living very close to subsistence production. Incomes from 
surplus food production are occurring frequently, but are by means 
general. 

The same is true for income from wage labour. Farmers in this group 
rely mainly on family labour. For an unidentified reason the farmers 
from this group are less satisfied with the family labour available 
than the sugar cane growing farmers. The hypothesis, is that this 
group of non-cane growing farmers is marginalized in socio-economic 
terms and that the chances for these farmers to be squeezed out of 
agriculture are much larger than for the smaller cane growing 
farmers. 

In the Kabras area, the differences between the two groups of 
farmers with respect to the features looked at, are very small. 
The sugar cane growing farmers have still all the characteristics of 
the non-cane growing farmers. There is only a tendency to use more 
wage labour. 
Between the two areas there is a marked difference where the 
selling of surplus food crops is concerned. In the Kabras area, this 
is significantly more often a source of income, both for cane 
growing and non-cane growing farmers. With respect to the other 
features, the two farmer groups in the Kabras area are comparable 
with the non-cane growing farmers in the Kumias area, with one 
important difference. Cash crop growing for the sugar farmers, but 
also for the other farmers, is more often a source of income for the 
households. 
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Apart from the farmers, there are two other groups to be discussed 
with respect to the factors capital and labour: the evicted farmers 
and the labourers. The establishment of a sugar industry always 
results in some displacements, unless the land needed for the 
industry was not used before. In case of the smaller industries not 
directly concerned with agriculture, the necessity of land is 
limited to the small area of land needed for the factory. 

In the large scale industry, there is a considerable area of land 
involved in the nucleus estate. In Mumias, this area covers 3,300 
hectares and with an average plot size in this region of 3.13 
hectares, this could have meant the displacement of more than 1000 
farmers. Land for the nucleus estate was however found in the more 
swampy areas and only a minimal displacement of 56 farmer 
households, with 672 people, was necessary (Ochoro, 1985, 36). 

These farmers were financially compensated for the loss of their 
land, but this compensation was too small to enable them to acquire 
as much land in the Mumias area as they had given up for the 
establishment of the factory (Mwandihi, 1985, 57). Ochoro reports on 
a survey carried out among a sample of 40 of the evicted farmers 
(Ochoro, 1985). 
From the data of this 
households suffered a 
agricultural practices. 
phase of subsistence 
all together. 

survey, it appears that many evicted farmer 
serious fall back with respect to their 

Sometimes they even reverted to the first 
production or were squeezed out of agriculture 

In paragraph 1.3, it was already pointed out that the factory 
workers of the Mumias factory have many things in common with the 
farmers. Of the workers at the factory, only 7% is landless. The 
remaining 93% are either involved in farming themselves (58%) or are 
a member of a farmer's household (42%). More than 75% of all the 
employees come from the Kakamega district. Although no direct 
information could be collected from the workers in the other sugar 
factories, the key informants say that in those factories all 
workers are members of farmer households in the immediate vicinity. 

The average plot size for the land owning farmers is 1.9 hectares 
and the average plot size of the household of the workers with no 
land of their own, is 6.8 hectares. Of the workers 75.5% belong to a 
household that is characterized as a small farmer and 24.5% to a 
household of a bigger farmer. The percentages for smaller and bigger 
farmers in the Mumias area, are 85.3% and 14.7% and the workers from 
the bigger farmers are therefore somewhat over-represented. 

Of the permanent workers 
after finishing some form 
unemployed, 6% worked at home 
The casual workers in the 
per month in the factory. 

(52% of the sample), 46% entered the job 
of schooling or training, 16% was 
on the farm and 32% had another job. 

sample (48%) worked on average.22 hours 

The weekly expenditures of the workers are presented in figure 3.25. 
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Figure 3.25 
Weekly expenditures of the workers. 
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A comparison with the expenditures of the farmers, see figure 3.24, 
shows that the workers spend more on their day-to-day expenditures. 
In table 3.71, the reactions of the workers on some statements 
concerning the sugar cane factory and the sugar cane growing are 
recorded. 

Table 3.71 
Reactions of the workers of MSC on 
different statements concerning the 
sugar factory (%). 

STATEMENTS: 

1. If the sugar factory wasn't here I 
would be unemployed. 

2. Someone who loses his job at.the factory 
can always go back to work on hisfher land. 

3. With the experience gained at the factory 
I can get easily another job. 

4. Someone who works hard can get a better 
paid job in the factory. 

5. The sugar factory pays a high price 
for the cane. 

6. If necessary the factory could do. without 
the cane from the small holders. 
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AGREE DISAGREE NO ANSWER 

45.9 51.0 3.1 

73.5 26.5 0.0 

56.1 42.9 1.0 

55.1 44.9 0.0 

22.7 69.1 8.2 

13.3 85.7 1.0 



From .the table it can be concluded that about half of the workers 
are of the opinion that their job does not dependent so much on the 
presence of the sugar factory. Also about half does not expect to 
make a career in the sugar factory. As many as 75% think, that a 
return to agricultural production is possible. The reactions on the 
statements with relation to the factory and sugar cane growing 
farmers, show that the workers identify themselves much stronger 
with the farmers than with the factory. Of the workers, 33.7% has 
additional income from some sort of business. 

The conclusion must be that the factory workers are forming a new 
class in the local society, depending for their living in the first 
place on wage labour, but at the same time, having an income from 
agriculture and business. The ties of the workers with the 
agricultural household~ and their way of living is still very 
strong. Three quarters of the workers believe that a return to the 
former way of living is still possible. 

Changes in the factors of production: land. 

Before 1940 there were no personal land rights. Family groups 
claimed rights to the land they occupied, but the boundaries were 
not precisely defined. One of the major reasons for the communal 
land ownership was the necessity of joining hands in cultivating the 
land. Therefore the introduction of ox-ploughs could indeed, as 
suggested by Barclay (Barclay, 1977, 118), have been one of the 
major reasons for the individualizing of land tenure. Another 
important reason was the increasing pressure on the land. Land as 
such was not yet scarce but those parts that were fertile and easy 
to work were increasingly in demand. At first, claims on land and 
the inevitable disputes were dealt with and settled by the local 
authorities on a rather ad hoc basis. Formal adjudication and the 
issuing of title deeds started already in 1958 but was only making 
slow progress. The planning of a sugar factory in the Mumias area 
gave land a new economic value, either because of the possibility to 
use it for cash crop growing or because the emergence of a market 
for land. This speeded up the adjudication in this area and already 
before the factual appearance of the factory, the process was more 
or less completed. From that time onwards there was a market for 
land. Mulaa (Mulaa, 1981, 95) reports an five-fold increase of 
transactions between 1970 and 1975 in the early years of the 
introduction of the sugar cane cultivation. After 1975 the number of 
transactions decreased to an average of about 150 a year. The total 
number of 1503 transactions from 1970 until 1978, include only 3158 
hectares, which is 1.8% of the total area under sugar cane. When the 
sugar cane factory in Kabras was established in 1981, the process of 
land adjudication had already ended. Details on land transactions 
a~e not available, but the general idea is that also in Kabras, the 
trade in land has been relatively insignificant. 

Unless the land was fallow before, the use of land for sugar cane 
competes with other uses and in the first place with subsistence 
production. As was pointed out earlier, subsistence production in 
Kenya does not involved only the production of food, but also a 
surplus production that can be marketed in order to provide money to 
purchase non-food items necessary for the sustenance of the family. 
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If sugar cane replaces the food crop production, the question 
arises, as Kuhn (Kuhn, 1975, 11} formulated it, whether buying food 
on the market from the cash money earned, secures the nutrition of 
the family better than the subsistence production did. If a cash 
crop replaces the cash generating side of · the subsistence 
production, the question arises whether the gross margin from sugar 
cane exceeds the gross margin from the crops cultivated before or 
other crops that could be used for the same purpose. 

These issues are only part of the problems involved in land use. 
From Odhiambo (Odhiambo, 1978) some impression about the land use of 
outgrowers in case of MSC are gained. The degree of diversification 
on the sugar farm decreases when both the larger and smaller farmers 
tend to specialize in growing cane, but a significant part of the 
land is still allocated to subsistence crops. Land allocation for 
grazing is minimal and whatever cattle is held, particularly among 
the smaller farmers, is grazed on common pastures. Mwandihi 
(Mwandihi, 1985) looked at the different food crops grown and the 
cattle held and found that there was a significant decrease in 
maize, sorghum and cassave cultivation before and after the 
introduction of the sugar cane, with differences in average output 
of 30 to 40%. The livestock held decreased with an average of 30%. 
Mwandihi also looked into the land distribution patterns and found 
no significant differences in the average plot size before and after 
the introduction of sugar cane. His conclusion is, that the decline 
in the food crop production should be explained in terms of change 
in the crop mix at the farm level. Several authors (Odada, 1981; 
Buch Hansen, 1982b; Mulaa, 1981} have reported part of Mwandihi's 
findings before. The conclusion that a shortage of food crops in the 
Mumias area occurs because of the use of the land for sugar cane 
growing, is however attacked by Amunga (Amunga, 1985) who calculates 
that more than 50% of the land must be available for other use than 
the growing of cane. Even allowing for some omissions in Amunga's 
reasoning, particularly when he does not account for unsuitable 
land, there is evidence that the land is being under-utilized. 
Another explanation for the shortage of food crops could be the 
shortage of labour when most of the labour is used for cash 
cropping. Kongstad (Kongstad, 1980a, 31-160) mentions the shift in 
agricultural tasks of women when changing from food to cash crops as 
a major cause for the reduction of food crop productfon. 

cane and food 
tables 3. 64 and 

is given in 

Some indication of the land use with respect to sugar 
production is already given in figure 3.23 and the 
3.65. Additional information on the sugar cane grown 
figure 3.26 (next page) 

This information is compiled from the results of an aerial survey 
carried out by Ecosystems Ltd. as a part of an integrated land use 
survey in 1983 (further referred to as ILUS, 1983), commissioned by 
the Lake Basin Development Authority in Kisumu. 

The figure shows the areas of influence of the three major factories 
in the area. Jaggery factories are found everywhere and no special 
areas of influence can be allocated. For the Mumias area it is clear 
that the whole area within the B-circle should be considered as a 
specific cane area. The Northern part of the C-zone belongs to the 
area of influence of the Nzoia factory. 
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Figure 3.26 
Area under sugar cane (ha/~l-
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In the East, the border of the area under MSC influence can be drawn 
at 18.2 kilometer from the center. There the area of influence of 
WKSC starts . This area is not circular and is marked by the thicker 
lines . 

In table 3.72 the average percentage of land allocated to various 
agricultural purposes is given. 

Table 3. 72 
Land allocated to various agricultural 
purposes (%). 

MSC MSC MSC 
CANE NON CANE CANE 
GROWING GROWING GROWING 
FARMERS FARMERS FARMERS 

SUGAR CANE 45 . 9 0.0 24.9 
FOOD CROPS 41.6 56 . 7 61.0 
FALLOW LAND 7 . 8 13 . 2 6 . 4 
GRAZING LAND 10.3 12.4 19 . 5 

MSC 
NON CANE 
GROWING 
FARMERS 

0 . 0 
71.2 
14.2 
16 . 1 

Because in table 3.72 the averages are in each case calculated 
separately, only a horizontal comparison can be made. Sugar cane 
growing farmers have less fallow land than the non-cane growing 
farmers . Bad soils and rocky land are the reasons mentioned most 
often for leaving the land fallow, except for the WKSC sugar cane 
growing farmers, where the lack of money to cultivate the land is 
more often mentioned . 

- 228 -



For the other farmers lack of money is the second reason why land is 
left fallow. In the Mumias area for both groups of farmers a third 
important reason is a rest period for the land in order to recover 
its fertility. 
In figure 3. 27 
land in the 
Province. 

information from the ILUS 1983 is given on the fallow 
sugar cane areas and the surrounding areas in Western 

Figure 3.27 
Area of fallow land (ha/kmll. 
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The figure shows that large parts of the sugar zone have a lower 
percentage of fallow land than the surrounding areas but that 
comparable areas with low percentages of fallow land can be found 
also outside the cane areas . Growing of sugare cane is therefore 
only one of the reasons for the decrease of fallow land. In the 
North and North-West other cash crops, such as tobacco and cotton 
can be found. In the South , the very dense population probably 
causes a maximum use of land. In the South-West and East, 
respectively bad soils and forests and mountains increase the 
percentage of land that is fallow . 

Table 3.72 also shows that in comparison with the non-cane growing 
farmers from the same area, the Mumias sugar cane growing farmers 
have given up a bigger part of the food crop production . The Mumias 
sugar cane growing farmers have considerably less land under food 
crops than their fellow farmers in the Kabras area. The cane growing 
farmers in the Kabras area have more land allocated to grazing than 
the sugar cane growing farmers in Mumias , they even have more 
grazing land than the non- cane growing farmers in t h e Kabras a rea. 
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In the Mumias area, the non-cane growing farmers have more grazing 
land. From the cane growing and non-cane growing farmers in the 
Mumias area, respectively 20.3% and 18.8% practice zero grazing. For 
the farmers in the Kabras area these figures are 38.7 and 21.9%. The 
cane growing farmers in the Kabras area appear to be more involved 
in keeping cattle than the non-cane growing farmers. 

The crops that are most often grown by the different farmers are 
listed in table 3.73. 

Table 3.73 
Crops that are most often grown by 
the different farmers (%). 

MSC MSC 
CANE NON CANE 
GROWING GROWING 
FARMERS FARMERS 

SUGAR CANE 100.0 0.0 
MAIZE 87.4 97.2 
BEANS 57.4 67.0 
CASSAVA 44.7 52.3 
POTATOES 27.4 22.0 
MILLET 25.8 32.1 
GROUNDNUTS · 25.3 21.1 
VEGETABLES 20.0 22.9 
BANANAS 18.4 22.0 
SORGHUM 15.3 18.3 
FRUITS 11.1 3.7 
PEAS 9.5 0.9 

\IKSC \IKSC 
CANE NON CANE 
GROWING GROWING 
FARMERS FARMERS 

100.0 0.0 
97.1 100.0 
85.7 93.8 
54.3 43.8 
60.0 52.1 
11.4 20.8 
14.3 18.8 
65.7 68.8 
57.1 60.4 
14.3 14.6 
5.7 4.2 
2.9 2.1 

In the Mumias area all crops are more often grown by the non-cane 
growing farmers except potatoes, groundnuts, fruits, peas and of 
course sugar cane. The differences are of an order that allow no 
conclusions. In the Kabras area sugar cane growing farmers grow more 
often cassave, potatoes, fruits, peas and again sugar cane than the 
non-cane growing farmers. 
This means that sugar cane growing farmers in the Kabras area rely 
for their staple crops more often on cassave and potatoes, whereas 
the non-cane growing farmers rely more on such traditional food 
crops as millet and beans. Cassave as a staple crop seems to play a 
very imporant role for all the farmers in the area. In importance it 
is only passed by maize and beans which are most often grown 
together and in the case of the WKSC cane growing farmers by 
potatoes. Cassave has substituted traditional food crops like 
sorghum and millet. In the case of the sugar cane growing farmers 
this change is much more apparent. 
Cassave is easily multiplied, grows fast and requires much less 
attention and therefore less work than e.g. millet and sorghum. In 
addition it is tasty and filling. Unfortunately its nutritional 
value is very low. The ILUS data for cassave grown in the research 
area call for some caution in relating the intensity of cassave 
grown to sugar cane growing. See figure 3.28 
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Figure 3.28 
Distribution of cassave. 
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Cassave is grown to a moderate extend in what is defined as the WKSC 
sugar cane growing area. In the Mumias area much more cassave is 
grown. This appears not to be related to sugar cane growing, but to 
the fact whether the farmers live more to the West or the East . 

The benefits from the different crops depend in the first place on 
the extent to which this benefit serves its purpose : cash crops 
earning cash and food crops meeting the nutritional demands . By 
attaching the market value to the food crops, following the idea 
that food crops in the end prevent cash money expenditures, the 
benefits from the different crops are to some extent comparable . The 
gross margins for the different crops are calculated for e ach farmer 
growing the crop on basis of data collecte d in the field. Of ten p a rt 
of the data needed for calculating the gross margins were missing. 
This was particularly the case for the sugar cane growing farmers in 
Mumias, were 88% of the farmers did not know what was charged by the 
factory for the different services like ploughing, provision of 
fertilizers and seed cane. Therefore in this case the field data 
could not be used to calculate gross margins. 
The r esults of the gross margin calculations are p r esented in table 
3 . 74 (next page). 

The gross margin for sugar cane in the Kabras area is much lower 
than the 9187 KShs for small holders using casual labour and 12,632 
KShs for small holders using family labour, reported in the .B2 sugar 
processing report. The differences occur because the yields reported 
in the field work were lower and the net factory pric e r eported was 
signifi cantly lower. 
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Table 3. 74 
Mean gross margins per hectare for 
different crops grown in the Kakamega 
area (KShs) . 

CROP MEAN GROSS MARGIN 
PER HECTARE 

BANANAS 12496 
VEGETA!LES 4301. 
MAIZE/MILLET 3975 
SORGHUM 3400 
PATATOES 3373 
GROUNDNUTS 3114 
MAIZE/BEANS 2941 
MAIZE/CASSAVA 2835 
MAIZE/GROUNDNUTS 2583 
MAIZE 1630 
CAS SAVE 126!1 
MILLET 1151 
BEANS 686 

SUGAR CANE 
XABRAS AREA (1) 7516 
HUMIAS AREA (2) 470!1 

The figures found in the field study appear to be more realistic. 
The gross margin for the sugar cane farmers in Mumias can be 
compared with data from the Mumias factory, in 1984, the ex-factory 
payments were 135,270,399.00 KShs for 16,049.00 hectares of 
outgrowers land harvested, equivalent to 8429 KShs per hectare of 
sugar cane. To arrive at the gross margin, the costs made by the 
farmers have to be deducted. These are costs for hired labour for 
planting, gap filling and weeding. From survey data, these costs are 
calculated to be 3394 KShs per hectare (Odada, 1985, 22). The gross 
margin is therefore 5035 KShs per hectare which is comparable with 
the figure in table 3.74. 

Appart from bananas, sugar cane gives by far the best returns. 
Bananas are no alternative for sugar cane because of the lack of an 
extensive market able to absorb quantities of bananas equivalent to 
the quantities of cane grown. The returns for the farmers related to 
the smaller sugar technologies are higher than for the farmers 
related to large scale sugar factory. The difference is caused by 
the deductions made by the large scale factory for agricultural 
services rendered. The surplus in gross margin in the Kabras area 
goes at the cost of the cane quality or at the cost of the 
exploitation of labour. The cane quality could already be less than 
in Mumias or could become lower because of the deterioration of the 
soil due to the mono culture of cane. In this case the higher gross 
margin of the Kabras area goes at the cost of the West Kenya Sugar 
factory. Male casual labour in the Kabras area is paid an average of 
9.5 KShs per six hours of work. The average in the Mumias area is 
16.6 KShs. For female labour the average payment is 9.5 and 10.9 in 
respectively the Kabras and the Mumias area. If these differences 
are the reason for the higher gross margin in the Kabras area, this 
advantage goes at the expense of the labourers in this area. 
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The major reason for the difference in gross margin should however 
be found in the different inputs of casual labour and family labour 
by the Mumias and Kabras sugar growing farmers. From the Mumias 
sugar cane farmers 56% reported to have used casual labour. The 
average number of labour days hired per hectare under sugar cane in 
the previous year was 161.5. From the Kabras farmers only 17% 
reported to have used casual labour in the cane. The average number 
of labour days per hectare was, with 30.4 days, much lower. This in 
spite of the multitude of agricultural jobs that the Kabras farmers 
have to do themselves in the sugar cane. 
An in-depth analysis into the use of family labour in the sugar cane 
cultivation would be necessary to assess the economic appreciation 
of family labour before definite statements about the higher 
revenues in the Kabras area can be made. It is however clear that 
the use of more family labour gives the sugar cane growing farmers 
in the Kabras area a higher gross margin than the sugar cane growers 
in the Mumias area. 

Of course, all these gross margins are average figures and they do 
not exclude the possibility that part of the farmers have very low 
gross margins or even loose on the growing of sugar cane. The Mumias 
Sugar Company analysed this issue. From the sugar cane farmers 
related to this company, in the period from January, 1984, until 
September, 1985, 497 farmers or 2.5% had a negative balance after 
the factory deducted the costs from the revenues of the cane 
delivered by these farmers (Amunga, 1985, 24). On basis of one 
figure no conclusions can be drawn. Further monitoring, also in the 
Kabras area, would be necessary, but the figure indicates that the 
growing of cane does not frequently lead to losses. Maize 
inter-cropped with millet or beans and sorghum, seems to be the most 
competing traditional crop mix. Groundnuts could be an alternative 
if a market could be developed for large quantities. This is only 
possible if they are used for industrial production. Alternatives 
for sugar cane can therefore only be provided by a new cash crop. In 
figures 3.29 A/H, a review is given of the potential for a variety 
of obvious cash crops for the area. 
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Figure 3. 29 A 
Potential for Arabic coffee. 
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Figure 3.29 B 
Potential for Robusta coffee. 
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Figure 3. 29 C 
Potential for cotton. 

Figure 3 .29 D 
Potential for groundnuts. 
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Figure 3. 29 E 
Potential for pineapples . 

Figure 3 . 29 F 
Potential for sunflowers . 
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Figure 3.29 G 
Potential for tobacco. 

Figure 3.29 H 
Potential for tea. 
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The classification used was made by Ecosystems as a part of the 
Integrated Land Use Survey. The classificaton 'very good' is given 
if yields above 80% of the optimum are possible, 'good' for 60%-80%, 
'fair' for 40%-60% and 'marginal poor' for 20%-40% of the optimum 
yield. If no classification is given, the potential is not specified. 

Arabica coffee, groundnuts and tobacco are not very prom1s1ng as a 
substitute for sugar cane in both the Mumias and the Kabras area. 
Robusta coffee and tea have good potentials in the Mumias area. 
Cotton, pineapple and tea have good potentials in some parts of 
particularly the Kabras area. Sunflower is the only crop that can 
compete with sugar in the entire area. In figures 3.30 A/D (next 
pages), the areas are shown where selected cash crops can now be 
found (ILUS, 1983). 

The Mumias area is separated from the areas where coffee, tea and 
sunflower can be found. The WKSC area is separated from the areas 
where cotton and sunflower are frequently grown. 
Pineapple appears not to be concentrated in a certain area. The tea 
area extends into the Kabras area, but the center of the tea growing 
is more to the South. 
Gross margins under the prevailing conditions for all the possible 
cash crops for the research area are not known. Odada (Odada, 1985) 
presents gross margins for some of the crops, see table 3.75. 

Table 3. 75 
Gross margins per hactare for 
different crops (KShs). 

CROP GROSS MARGIN 
PER J{ECTARE 

SUGAR 4709 
SUNFLOWER 947 
TEA 55089 
MAIZE AND BEANS 3910 

source: Odada, 1985. 

From this table it is clear that tea is, in economic terms, an 
alternative for sugar cane. Sunflower is certainly not. But even if 
gross margins from these crops are higher than for sugar cane, a 
substitution is only theoretical. In practice, the introduction of 
another cash crop would make it necessary to either set up an 
infrastructure for these new crops, or to provide for a transport 
system able to bring the crops to the areas that have the necessary 
infrastructure. 
The purpose of earning cash appears therefore, at least for the time 
being, best served by growing sugar cane. 
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Figure 3.30 A 
Present cultivation of coffee. 
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Figure 3.30 B 
Present cultivation of sunflowers and tea. 
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Figure 3.30 C 
Present cultivation of cotton and pineapple. 

Figure 3.30 D 
Present cultivation of tobacco and groundnuts. 
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The question whether growing sugar cane serves the purpose of 
feeding the family better than the growing of food crops will be 
dealt with later. From table 3.72 it is clear that part of the food 
crop production is given up for the production of sugar cane. Table 
3.73 shows however that a variety of food crops is still grown 
besides sugar cane. This variety in cropping pattern is also 
confirmed by the data of the ILUS 1983, shown in figure 3.31. 

Figure 3.31 
Local crop diversity. 
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The local crop diversity index is calculated with the formula: 
D=l- ~(Pi), where Pi is the proportion of each individual crop in 
the area suveyed. 
The conclusion is that land is still used for growing food crops 
with the purpose of feeding the family. Table 3.70 showed that for 
the cane growing farmers in Kabras, labour is probably not a 
limiting factor in growing food crops. For the other three groups, 
labour could be a limiting factor because a considerable number of 
farmers could have used more labour if they had money to employ them . 
In the Mumias area 28.9% and in the Kabras area 22 . 8% of the answers 
indicate that women are respondible for the cash crops. That implies 
that indeed there could be a shift in the households of the cane 
growing farmers from the f ood to the cash crops . 

Changes in the factors of production: skills/knowledge 

The introduction of cash cropping in an area, should 
access of farmers to technological innovations in 
Bergmann (Bergmann, 1979, 110) mentions the 
characteristics for progress in agriculture: 
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in the biological-technical field: sowing-seed, breeding 
cattle, fertilizers, pesticides and monoculture; 
in the mechanical-technical field: mechanical and motorized 
traction power and other machinery and, in general, the use of 
fossil energy to cultivate the land; 
in the sociological field: extension services, co-operatives 
and other forms of organization and training institutes. Cukor 
(Cukor, 1974) describes the development that preceeds the one 
sketched by Bergmann. According to Cukor, the great 
agricultural revolution in Europe consisted mainly of the 
introduction of careful weeding and, in a later stage, a high 
level of fertilization. Still later, the improvement consisted 
of more intensive utilization of land and a better performance 
of traditional work as ploughing, sowing, havesting and 
trashing. 

In tabel 3.76, different indicators related to skills and knowledge 
in agriculture are given. 

Table 3.76 
Indicators for skills and knowledge 
in agriculture(%). 

MSC 
CANE 
GROWING 

INDICATORS FARMERS 

1. Using manure. 61.1 
2. Using fertilizer. 100.0 
3. Using certified seeds. 88.4 
4. Using pesticides. 12.6 
5. Owning an ox-plough. 26.8 
6. Hiring an ox-p1ough.(1) 52.1 
7. Owning a tractor. 2.1 
8. Hiring a tractor.(1) 19.5 
9. Practicing zero grazing .. 20.3 
10. Attending agricultural 8.6 

training progammes 
11. Member of an agricultural 2.1 

organisation. 

MSC 
NON-CANE 
GROWING 
FARMERS 

63.3 
20.2 
81.8 

8.2 
12.8 
50.5 
0.0 
5.5 

18.8 
3.6 

1.8 

(1) When not owning an ox-plough or tractor. 

'IIKSC 'IIKSC 
CANE NON-CANE 
GROWING GROWING 
FARMERS FARMERS 

88.6 77.1 
45.7 52.1 
88.2 91.7 
8.6 16.7 

54.3 43.8 
75.0 69.7 
2.9 0.0 

17.6 4.2 
38.7 22.0 
8.6 12.5 

5.7 6.3 

In the Mumias area the sugar cane growing farmers have a small lead 
in all three fields mentioned before. The 100% use of fertilizer 
gives some bias because the fertilizer is part of the deal with the 
sugar factory and is to be used for the sugar cane. This same bias 
is found with tractor hire. Most farmers do not recognize the use of 
a tractor in their cane fields as hiring. Correcting this figure by 
only counting the number of times a tractor is hired for other crops 
than sugar cane, gives a figure of 14.6%. This is still much higher 
than the use of tractors by the non-sugar cane growers. The use of 
oxploughs has not been affected by the more frequent use of 
tractors. The fact that sugar cane requires a better soil tillage, 
has apparently led to a more extensive use of oxploughs and tractors 
in the other crops as well. The small lead in the sociological field 
is not significant. In fact, the development in this field has not 
started yet for both farmer groups. 
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In the Kabras area it is striking that it are the non-sugar cane 
growing farmers that use fertilizers, certified seeds and pesticides 
more often. In the biological-technical field these farmers seem to 
have a small lead. This is somewhat unexpected, because it means 
that the cultivation of traditional crops leads to more skill than 
the involvement in sugar cane production connected to the medium and 
small scale sugar technologies. In the mechanical-technical field, 
the sugar cane growing farmers in turn have a small lead, probably 
for the same reason as mentioned for the Mumias cane farmers. The 
sugar cane growing farmers in Kabras do significantly more often 
practice zero grazing. This should be considered a more effective 
use of land and a better use of manure (see table 3.70) and thus a 
step forward in agricultural development. Also in this area, little 
appears to have been achieved in the sociological field for both 
farmer groups in the sociological field. A comparison between the 
sugar cane growing farmers of the two areas, works out slightly in 
favour of the farmers of Kabras. 

Changes in the socio-economic structure of the environment: 
employment situation 

The employment situation in the sugar cane growing areas is affected 
by the labour needed in the factories and the labour needed for crop 
production. The labour demand of the sugar industry can counteract 
the rural-urban migration. The impression is, that farmers involved 
in sugar cane growing increasingly use wage labour for the 
agricultural jobs. The salary for this wage labour is, according to 
Kongstad (Kongstad, 1980a, 78), very low and often even less than 
the minimum salary required for subsistence of a single male. This 
gives the impression that the farmers are exploiting the labour 
force, but one should bear in mind that this situation is created by 
the factory owners who are deliberately not entering into a direct 
capital wage relationship with the farmers (Buch-Hansen, 1982b). 
Although employment should be seen as a benefit, it may be bought at 
the cost of open unemployment. Open unemployed are defined as those 
people without a job that, for their income, are totally dependent 
on wage labour. 

All sugar cane factories directly and indirectly provide wage and 
casual labour jobs for the people in the area. The small scale 
jaggery factory is most labour intensive with 9.2 labourers per 1000 
tons of cane milled. The medium scale WKSC factory is second with 
5.7 labourers and the MSC factory has 0.3 labourers per 1000 ton of 
cane milled. When looking at the entire process of producing sugar, 
including the agricultural part for which the factory is reponsible, 
but excluding the part for which the farmers are responsible, the 
figures are 12.5, 7.0 and 6.1 labourers per 1000 tons of cane milled 
for respectively the small, the medium and the large scale industry. 
But these are only relative figures. In the absolute figures the 
number of labourers involved is 15, 173 and 8754 respectively. In 
the Mumias factory, 63% of the jobs require educated or skilled 
labour. In the jaggery factory 40% and in the West Kenya Sugar 
factory only 14% of the jobs require educated or skilled labour. The 
unskilled labour demand in the sugar factories is almost entirely 
covered by casual labourers. 
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In the area employment is particularly important for the increasing 
number of school leavers looking for wage labour jobs. The Mumias 
sugar factory offers a considerable number of jobs, matching this 
development. The quality of the jobs offered by the West Kenya Sugar 
Company cannot match this development. The impact of the jaggery 
factories in this field is small and relatively unimportant. 

Casual jobs offer no certainty and are no real solution for people 
that are, or want to become, dependent for their income on wage 
labour. The casual jobs in the sugar cane industries do provide 
chances for the farmers to add to the cash income of their family. 
This impact is enhanced by the casual jobs offered by the farmers 
who need the labour for the cultivation of their sugar cane crops. 
Or who, because of their income from sugar cane, can afford to hire 
labour for other crops. 
Of the Mumias sugar cane farmers, 66.1% hired labour, against 33.9% 
of the non-sugar cane farmers. In the Kabras area the percentages 
for the different groups of farmers are respectively 52.9 and 47.1%. 
The average salary paid for this casual labour is very low, see 
table 3.77. 

Table 3. 77 
Payments for 6 hours casual labour 
by the farmers (KShs). 

MSC MSC 
CANE NON CANE 

SEX GROWING GROWING 
PRACTICES LABOURERS FARMERS FARMERS 

GENERAL FEMALE 10.9 10.1 
MALE 16.6 10.6 

WEEDING FEMALE 11.1 10.0 
MALE 16.6 10.7 

PLOUGHING FEMALE . . 
MALE 19.8 . 

PLANTING FEMALE 10.2 9.0 
MALE 11.0 . 

WKSC WKSC 
CANE NON CANE 
GROYING GROWING 
FARMERS FARMERS 

9.5 7.2 
9.5 7.8 
9.8 7.0 
9.9 -. -. . 
8.0 7.3 
8.5 -

As agreed with the Kenyan Union of Sugar Plantation Workers 
(Memorandum of Agreement 1985) in 1985, the minimum payment for 
manual agricultural jobs at Mumias was 4.02 KShs per hour. In view 
of this it can be said that the farmers in the area exploit their 
workers. It should however be mentioned that sugar cane growing 
farmers pay their labourers considerably more than the non-cane 
growing farmers. In the Mumias area there is quite some open 
unemployment. Almost during the whole year, dozens of people can be 
found in front of the recruiting office trying to get a casual job. 
In the interviews, open unemployment is mentioned as a serious 
social problem, particularly during the close down of the factory 
when thousands of workers are laid off for weeks. The WKSC factory 
does not play an important role in open unemployment because the 
jobs offered are appealing only to those that have their farming 
practices to fall back on. The small number of people waiting at the 
factory gate to obtain casual work, is more an expression of the 
underemployment, too many people for too little work, than a sign of 
open unemployment. 
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Changes in the socio·economic structure of the environment: spin-offs 

The sugar industries contribute to the circulation of money and the 
generation of profits at various levels. The industries also are 
expected to attract different industries with backward, forward and 
sideward linkages with the sugar producing industries and business 
of all kind. 
The investor in the Mumias project, having the closest ties with the 
area, is the Kenyan Government. The standpoint of the Kenyan 
Government is (Barclay 1974, 2) that by participating with 6 million 
Kenyan pounds, it has invested enough in the area. In the light of 
other priorities, it has no intention to further invest in the area. 
Other investors are not really involved. Apart from some involvement 
of local workshops and transporters, there are few linkages with 
industries in the Kakamega area. 

In agreement with what Kongstad (Kongstad 1980a, 103·104) has 
pointed out for the medium and small scale industries in general, 
also the medium and small scale sugar industries have mainly emerged 
from the Asian commercial community. These inputs have to a certain 
extend been based on local inputs and materials and technological 
knowledge, and the profits from these industrial activities have 
been used to expand and diversify the industrial and business 
activities, although not in the immediate surroundings of these 
industries. 

Of the total turnover of the sugar industries, a considerable part 
remains in the area as an income for the farmers and wages for the 
permanent and casual labourers. Apart from the expenditures in the 
direct sphere, this money can lead to further development of the 
area. With respect to the possible spin·offs, the general 
expectation is, that the commercialization of agriculture leads to 
the estblishement of a rural petty bougeoisie from which in the end 
a class of industrial entrepreneurs emerges (Kongstad, l980b, 
103-104). In the area of the large scale sugar industry, the first 
steps in this direction can already be seen. Amunga (Amunga, 1985, 
28) mentions a considerable increase in matatus (taxi's), posho 
mills and local markets. According to Kongstad (Kongstad, 1980a, 
118-136) the sugar cane has led to an increase in woman traders from 
farms in the surrounding areas, marketing different food crops. The 
increasing money circulation in the area has led to larger stores, 
where commodities, like hand tools, fertilizer, seeds, lamps, 
charcoal burners, clothing, beer, pottery, etc., are sold. 
Only part of the increase of business activities originated from the 
local farmers. Many activities are attracted from outside the area 
and are linked to members of the Kenyan Asian community, or to 
members of the Kikuyu tribe, who are already more involved in 
business activities than the Abaluyias. 
Of the sugar cane farmers in the Mumias area, 34,0% is involved in 
some ·kind of business, 4.7% is involved in two businesses and 0.5% 
in three. Of the non-sugar cane farmers in this area, 22.5% is 
involved in one business and 0.9% in two. In the Kabras area, 34.4% 
of the cane growing farmers is. involved in one type of business and 
5.7% in two. For the non-sugar cane growing farmers in this area, 
these figures are 27.1% and 4.2% respectively. The types·of business 
activities are rec.orded in table 3. 78. 
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Table 3. 78 
Type of business activities performed 
by.the farmers and the workers at the 
Mumias factory. 

MSC MSC 
CANE NON CANE 
GROIJING GROYING 

TYPE OF BUSINESS FARMERS FARMERS 

-Retail shops 21 5 
-Market trading of food 17 12 
·Bar/hotel/canteen 6 0 
-Posho mill 6 0 
-Sewingjknitting 5 1 
·Market trading of clothes 5 1 
-Workshop 4 0 
·Matatu 3 1 
·Timber 1 2 
-Others (all mentioned once) 6 3 

WKSC WKSC YORKERS 
CANE NON CANE AT THE 
GROIJING GROIJING MUMIAS 
FARMERS FARMERS FACTORY 

1 1 10 
7 7 7 
1 1 2 
0 0 1 
2 4 3 
0 0 3 
0 0 2 
0 0 0 
0 0 0 
3 1 8 

It is clear, that indeed a so called middle class of rural petty 
bourgeoisie emerges from the sugar cane growing farmers in the 
Mumias area. Not only are they more involved in business and more 
often involved in a second business, but also the character of their 
business activities is changing from such a traditional thing as 
trading food, to trading cloth, running retail shops, bars/hotels, 
posho mills and even workshops. The emergence of a class of 
industrial entrepreneurs is not yet visible. 
In the Kabras area, this development is not yet manifest but for 
these long term developments the time since the establishment of the 
OPS factory is much too short. Besides, the commercialization of 
agriculture, which is tought to be the prerequisite for such a 
development, is only in its infancy. The fact that about 55% of the 
sugar cane farmers in the sample would like to invest in farming and 
27% in business, indicates that the sketched development could be at 
hand. 

Table 3.78 also presents the involvement of the workers in the 
Mumias factory in business activities. The pattern of involvement 
has a remarkable correspondence with that of the sugar cane farmers 
in the area. Partly this can be explained by the overlap of the two 
samples (see paragraph 2.2.2.). Also in the class of wage labourers 
there is however a class of rural petty bougeoisie emerging. In the 
group of workers, more often activities can be found that point to 
an emerging class of industrial entrepreneurs. These activities 
concern e.g. welding and forging. 
In figures 3.32 Al/D2, the results of an inventory of the business 
activities in the vicinity of the large and medium scale.factories 
are presented. For practical reasons the areas are restricted to ten 
square kilometers for the large scale industry and eight square 
kilometers for the medium scale industry. 
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Figure 3.32 Al 
Inventory of activities in the MSC area: shops. 
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Figure 3. 32 A2 
Inventory of activities in the WKSC area: shops. 
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Figure 3.32 Bl 
Inventory of activities in the MSC area: business. 
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Inventory of activities in the WKSC area: business. 
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Figure 3.32 Cl 
Inventory of activities in the MSC area: industries. 
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Figure 3.32 Dl 
Inventory of activities in the MSC area: catering. 
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There are a great number of retail shops ("duka's") in Mumias and 
scattered over a great part of the area. Meat is a luxury food item 
in these parts of Kenya and the occurence of many butchers is an 
indication of the relative prosperity of the area. There are three 
business concentrations. One of ,them is Mumias township, the second 
can be found North of Mumias at the junction of the road to the 
factory with the main road (Eshibale market) and a third East of 
Mumias town, on the road to Kakamega (Ekero market). In these 
centers there is a host of activities: wholesale, hardware and other 
specialized shops. Business activities, like bicycle and car repair. 
Posho mills can be found all over the area and small industries in 
the field of carpentry, tailoring and bread baking are situated 
along the major roads. There is a variety of bar and small hostel 
activities, with concentrations in the centers mentioned. The more 
common activities such as duka's, butchers, bars and local hostels, 
can also be found in the Kabras area. The large number of closed 
shops is however remarkable and indicates unwarranted optimism and 
decreasing prosperity. 

Changes in the socio-economic structure of the environment: credit 
facilities 

One of the major disadvantages of sugar cane as a cash crop, is the 
long interval between planting and harvesting. Farmers have to wait 
a long time before they receive a cash income. There are almost no 
possibilities for the farmers to bridge these long intervals by 
taking out a loan. If a farmer secures a loan, it is most often 
granted directly or indirectly by the factory to buy farm inputs. 
The cane harvest serves as security and the interest and loan are 
deducted from the payment on cane. This leaves the farmer with very 
few possibilities to invest in farm inputs for the other crops, or 
for non agricultural activities. There is always the possibility of 
a bank loan, but then the farmer has to offer his land for security. 
As Staudt(Staudt, 1984, 17) maintains, for women it is even more 
difficult to obtain loans, because they have no security at all to 
offer. 

Of the cane farmers in the Mumias area 60.2% reported to need a 
loan. Of the non-sugar cane growing farmers in that area, this was 
the case with 71.2%. In the Kabras area all respondends reported to 
need a loan. 
The items for which this loan is wanted are presented in table 3.79 
(next page). 

The items mentioned by the cane and non-cane growing farmers in the 
Mumias area are more or less the same. The non-cane farmers put some 
more emphasis on land and farm inputs, which shows their desire to 
further commercialize agriculture. The non-cane farmers put some 
more emphasis on business activities, which matches with their role 
of emerging middle class. 
The latter is much more striking in case of the cane growing farmers 
in the Kabras area. The frequently mentioned need for,loans for 
agricultural inputs, shows that the farmers want to invest in 
farming and are at the brink of the commercialization of agriculture. 
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Table 3. 79 
Items for which a loan is required(%). 

MSC MSC 
CANE NON CANE 
GROWING GROWING 

ITEM FARMERS FARMERS 

Business 39.3 34.7 
Farm inputs 22.4 32.1 
Land 15.3 .18.3 
School fees 9.8 8.7 
Cattle 6.6 3.5 
Car 2.2 0.0 
House improvements 1.6 0.9 
Household purchases 1.1 0.9 
Luxury items 1.1 0.0 
Tractor 0.6 0.9 - --

TOTAL 100.0 100.0 

In the Kabras area, the emphasis on 
pronounced. In the Mumias area 
business investments. 

WKSC WKSC 
CANE NON CANE 
GROWING GROWING 
FARMERS FARMERS 

26.6 8.3 
54.7 73.6 
6.3 9.7 
4.7 2.8 
4.7 0.0 
0.0 1.4 
0.0 1.4 
0.0 2.8 
0.0 0.0 
3.1 o.o -- --

100.0 100.0 

commercial agriculture is more 
this is the case with respect to 

The number of farmers that indeed received a loan is very small. 
Less than 6% of each farmer group reported to have received a loan. 
In total 13 loans. Seven of the loans were used to buy land, two to 
pay fees and one for investment in business. Three farmers did not 
want to give information on this item. One of the loans was issued 
by the Mumias sugar factory, five loans were arranged with a 
commercial bank and four loans with a farmer's co-operative (not a 
sugar co-operative). From the other farmers, only 6.6% ever tried to 
obtain a loan. The reasons often mentioned why one did not get a 
loan, were the lack of adequate security and the fear to loose the 
only security one had: land. 
Credit facilities are much needed, but the possibilities to indeed 
get them are small for the majority of farmers. The initiative of 
the OPS factory to provide advance payments on the cane to be 
delivered (Patel, 1986), can therefor stimulate the development of 
the farmers in the area. Whether this service of the medium scale 
factory, extended to commit farmers from the A-zone to the factory 
and to establish some kind of contractual relation with these 
farmers, will be sufficient, is questionable. Also the large scale 
factory considers to initiate some sort of credit system where the 
farmers can get an advance on their revenues from the sugar cane 
(Glasford, 1986). These 'loans' should be issued as a 'payment' for 
the weeding by the farmer in his own cane field. For the factory 
this is advantageous with respect to cane yields. 

Of the Mumias farmers, 16.3% stated to have a loan. Seven of the 16 
loans were used for acquiring land, three for paying school fees and 
one for investment in business (5 gave no answer on this question). 
Twelve of the loans were issued by the co-operation for workers in 
the sugar cane industry and three by the factory (1 no answer). From 
the workers that did not have a loan, only 9.6% ever tried to get 
one. 
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As a reason for not trying to get one, 39.7% mentioned that they had 
no security or that they feared to loose the security they had. A 
total of 32.8% mentioned not to need a loan. The situation for the 
workers at the Mumias factory is similar as for the farmers. Workers 
however appear to have slightly more access to a loan. The 
possibilities for women to .get a loan are almost negligible. 

Changes in the socio-economic structure of the environment: migration 

Three different forms of migration are considered: migration within 
the area, migration into the area and migration out of the area. 
Clearing of factory sites and agricultural land, e.g. for a nucleus 
estate, can cause migration within and out of the area. Such a 
migration should be considered as one of the prices to pay for the 
establishment of a sugar industry. 
Migration into the sugar areas can be caused by the demand for 
labour. Labour that is not available in the area itself. A second 
reason for migration, is the pull that virtually every technology 
requiring a large labour force, will have on job-seekers from 
practically everywhere. 
Cukor (Cukor, 1974, 42) points out that a growth in agricultural 
productivity, whilst leaving the traditional technologies unchanged, 
can only be achieved by a growing agricultural labour force. In case 
of the sugar cultivation in the Mumias area, only part of the 
practices are kept unchanged, but these are the most labour 
consuming ones, like weeding and cane-cutting. The labour necessary 
for these operations could be provided by influx from elsewhere. 
Such an influx can be considered as a process that slows down the 
migration towards the urban areas (Buch-Hansen, 1982b) and is as 
such a positive impact. Odada (Odada, 1981) holds a different view 
and states that every demographic change of this kind should be seen 
as a cost for the area. 
In spite of the increased productivity of the farms and the wage 
employment in the sugar cane growing areas, the process of migration 
did not totally stop. Particularly the farmers that could not meet 
all their needs by growing sugar-cane, had to look for additional 
wage-employment outside the area. 

As mentioned before, the establishment of the Mumias factory and its 
nucleus estate, caused a displacement of some 56 farmer households. 
In the Kabras area, the displacement was almost negligible. Most 
displacements only caused migration within the areas. Barclay 
(Barclay, 1974) found that only 5% of the displaced farmers migrated 
to other areas. Although the personal problems for the displaced 
farmers must be considered as a cost related to the introduction of 
sugar technologies, the impact on the socio-economic structure has 
been minimal. 
Part of the labour influx is not from Kenya. This, usually 
specialized, labour is mainly needed during the installation of the 
factories, workshops, laboratories and the like and for the 
management and training during the initial years. Gradually these 
so-called ex patriates, can be replaced by Kenyans. In table 3.80, 
the process of Kenyanization of the large and medium scale factories 
is given. 
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Table 3.80 
Process of Kenyanization in the large and 
medium scale factories. 

MIJMIAS SUGAR COMPANY WEST KENYA SUGAR COMPANY 

NUMBER NUMBER 
OF OF 

YEAR EX-PATS YEAR EX-PATS 

1 50 1 12 
2 34 2 8 
3 32 3 6 
4 27 4 5 
5 32 (1} 5 4 
6 25 
7 24 
8 19 
9 18 

14 4 

(1) In the fifth year there was an expansion 
of the factory. 

Also in the jaggery factory ex patriates can be found to train the 
sugar boilers, but this training is only for a very short period. 

In both factories it appears that the remaing ex patriates are very 
difficult to replace. The positions they occupy are all in the field 
of management. The shortage of local management in Kenya is a well 
known problem that can only be solved over a long period of time. It 
however shows that the technologies considered are not adapted to 
the local conditions in the field of management. Odada (Odada, 1985, 
46-49) carried out a survey using a representative sample of non 
managerial employees of the Mumias factory. He reports that 83% of 
them come from Western Province and 75% even from the Kakamega 
district. It can be concluded that the influx in the area has been 
limited, and that the people of the Kakamega district have 
benefitted most from the jobs offered by the factory. The number of 
people from outside the area is however large enough to cause the 
social problems, reported in some of the interviews. In the Kabras 
area, the origin of the factory workers could not be properly 
traced, but according to the factory manager (Patel, 1986), apart 
from a few ex patriates, all workers originate from the immediate 
vicinity of the factory. The permanent jobs offered by the factories 
have counter acted the migration from the area. The same is true for 
casual work offered by the factories. The number of permanent jobs 
and the amount of casual work is too small, particularly in the 
Kabras area, to stop the migration. 
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CHANGES IN THE PHYSICAL STRUCTURE OF THE ENVIRONMENT: 
INFRASTRUCTURAL FACILITIES AND KEY PUBLIC INSTITUTIONS. 

The introduction of a 
construction of new 

new technology almost always includes the 
infrastructural facilities or the extension and 

improvement of the existing ones. 
The large scale sugar industry has definitely contributed to the 
improvement of the infrastructure and the key public institutions in 
Mumias. In table 3.81, the improvements as recorded by the Mumias 
Sugar Company (Amunga, 1985, 28) are given. 

Table 3.81 
Development projects before and after 
the introduction of Mumias sugar scheme. 

ITEM BEFORE QUANTITATIVE 
YEAR INDICATION 

ROADS MAIN ROADS 1968 117.1 KM 
ACCESS ROADS 1968 83.3 KM 

BRIDGES CULVERT 1968 . 
OTHER 1968 6 

MATATUS 1972 5 
LOCAL MARKETS 1972 95 
PERMANENT HOUSES 1972 20 
HEALTH -CENTRES 1972 12 
EDUCATION/TRAINING CENTRES .1972 141 
ELECTRICITY 1968 . 
DRINKING WATER·MSC PUMP 1968 . 

ArtER QUANTITATIVE 
YEAR INDICATION 

1984 518.1 KM 
1984 216.9 KM 
1984 410 
1984 7 
1984 79 
1984 126 
1984 6759 
1984 19 
1984 270 
1984 37070 MIIII/YR 
1984 21000 LTR/HR 

Most improvements are primarily geared to the needs of the industry 
and are not necessarily the improvements the people in the area 
want. Obiero (Obiero, 1980, 229) recorded from a sample of 370 
outgrower farmers, that 94.6% was satisfied with the roads in the 
area and 81.1% with the schools. There is however also a general 
dissatisfaction with respect to such facilities as piped water 
(84.3%), electricity (97.0%) and medical services (76.2%). 
The influence of a relatively small factory as the medium scale 
sugar factory on the infrastructure and the key public institutions, 
cannot be compared with the influence of the large scale industry. 
The medium scale industry simply tries to fit in the existing 
infrastructure as well as possible. In table 3.82 ( next page) a 
review is given of the existing infrastructure and the accessibility 
of some key public institutions by recording the average distance to 
these institutions. For comparison the average distances for the 
Mumias area are also given. 

Compared with the Mumias area, the infrastructure in the Kabras area 
is not bad. Only the accessibility of health institutions is less. 
This however can hardly be influenced by such a small industry. In 
the interviews, the improvement of roads is emphasized. These 
improvements were brought about by the people themselves in the 
first place, but they were boosted by the arrival of the medium 
scale sugar factory. The same is true for the large number of 
schools built in the area, see figures 3.33 A and B. 

- 255 -



Table 3.82 
Mean distances to some key public 
institutions (km.). 

FARMERS IN THE 
MEAN DISTANCE TO: MSC SUGAR CANE AREA 

A MARKET PLACE 2.2 
AN IMPROVED WATER SOURCE 2.2 
A POST OFFICE 6.4 
CREDIT FACILLITIES 9.1 
A TELEPHONE 8.1 
A BUS/MATATU STAND 1.9 
A FAMILLY PLANNING INSTITUTION 5.7 
A HEALTH CENTRE 4.7 
A HOSPITAL 9.1 
A PRIMARY SCHOOL 2.1 
A SECONDARY SCHOOL 4.3 

Figure 3.33 A 
Inventory of activities in the MSC area: schools. 
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Figure 3.33 .B 
Inventory of activities in the WKSC area: schools. 
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The construction of these schools, both in Mumias and in the Kabras 
area, was mainly supported by so-called Harambee funds. The income 
from sugar cane has considerably contributed to these funds. 

3.6.2.6. The political institution 

The political changes in the Abaluyia society, as fas as the Wanga 
locations are concerned, are elaborately described by Mulaa (Mulaa, 
1980 and Mulaa, 1981). The following is therefore based on his 
findings, but structured according to the system presented in figure 
3.20. 

At the macro level, the ideology of a national based Kenyan 
political system, as opposed to the enforced political system of the 
colonial power, became stronger in the nineteen fifties. The 
increasing nationalist political activities at first did not affect 
the Kakamega area, the meso level, very much. Only in the Southern 
part of Kakamega, South-East of the research area, people 
sympathized e.g. with the revolting peasants in Central Kenya in 
1954. 

A political system based on political parties emerged in 1960, at 
the time when independence negotiations with the British Government 
started. The first general election was in 1963. In the research 
area the most important local political movements merged into the 
two major national parties: the Kenyan African Democratic Union 
(KADU) and the Kenyan African National Union (KANU). Politics in the 
area were however not based on the political ideologies of the 
parties, but on mere clanism. 
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In the Mumias area e.g. John O'Washika was the first Wanga candidate 
who took interest in district politics. He was affiliated with the 
KANU party but was not a member of the royal clan: the Abashitsetse. 
The members of the royal family feared that their political 
dominance within the district would wane. Within the Wanga area they 
still constituted the chiefly clan and any leadership position was 
considered theirs by birthright. The clan leaders of the 
Abashitsetse therefore decided, that there should be an opposing 
candidate to O'Washika. They requested Ibrahim Mulama, the son of 
the ex-chief Mulama and nephew of Mumia, to stand for elections. 
Mulama had few ambitions in this direction, but was finally 
persuaded by a donation of land and money. Since O'Washika was 
affiliated with KANU, Mulama had simply to affiliate himself with 
KADU. He won the elections with a very small margin, mainly due to 
the support from his clan. The sizable support that O'Washika 
received, was from the non-royal clans who had, for a long time, 
resented the Abashitsetse dominance. 

The next elections were six years later, in 1969, and in those years 
very little changed within the Wanga society. Whereas in the Rift 
Valley and Central Province the introduction of cash crops like tea, 
coffee and pyrethrum had brought some prosperity, the Wanga peasants 
were still completely relying on subsistence production. Attempts to 
introduce cotton and coffee had failed, due to several factors of 
which the failure of the inefficient co-operative societies was 
considered as one of the most important. An increasing awareness of 
the national political power made the Wanga peasants to expect their 
member of parliament, Mulama, to provide a solution. Mulama however 
had a different view of his parliamentary duties. He had grown 
arrogant and within the parliamentary circles he was known as the 
'Prince'. His performance even stayed below the expectations of his 
clan, that for the 1969 elections tried, but failed, to find another 
more suitable candidate. Therefore again in 1969, Mulama and 
O'Washika faced each other in the election campaign. Mulama 
campaigned intensively and in order to canvass votes, he claimed 
that he was about to bring a factory to the area. 
O'Washika allied himself with a leading businessman in Wanga, Wazir 
Omolo, who was also not a member of the royal clan. Omolo was 
increasingly dominating the Wanga politics. In 1963, he had 
financially supported O'Washika, but now he openly supported him. 
O'Washika profitted from this support and decided to make use of the 
growing anti-royalist sentiments of the people in the Wanga 
locations. These were all ruled by royal clan chiefs, who had not 
been able to do anything about the unfavourable economic situation. 
O'Washika won comfortably. 

In the period leading to the next general elections in 1974, the 
Mumias sugar factory was established. To some people it was clear 
from the start that sugar cane would become an important factor in 
the political arena. Joseph Lutta, a prominent farmer and business 
man, was hoping to obtain the parliamentary seat in 1974 and thought 
that involvement in the Mumias Outgrowers Company, the body that was 
established as an intermediate between the Mumias Sugar Company and 
the farmers, would be a perfect stepping stone to national politics. 
He was chosen to represent the farmers as a director in the board of 
the Mumias Sugar Company. 
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Lutta had however wrongly assessed the perception of the farmers 
with respect to his position. His electorate soon started to accuse 
him of doing nothing for them and when the Outgrowers Companyy 
started to collect subscription fees from the farmers, they saw him 
as one of the exploiters, trying to get rich from their cane. Lutta 
had to forget about his ambitions in national politics, at least for 
the time being. Although some people like Lutta connected sugar cane 
and politics, the majority did not yet. 

The 1973 by-elections and the 1974 general elections were more or 
less a continuation of the political battle in 1969, O'Washika, who 
died in 1973, was succeeded by Francis Obongita and Mulama was 
replaced by the royal clan, now supporting Elon Wameyo. Mulama stood 
as an independent candidate. Obongita defeated Wameyo with a 
majority of 7%. Mulama had received only 1.4% of the votes. 
Between 1974 and the general elections of 1979, the attention of the 
Wanga farmers was turning more and more to the problems of cane 
cultivation. The farmers had various complaints with respect to the 
Sugar Company, ranging from delays in harvesting, to the financial 
settlement of the cane payments. Joseph Lutta acted more and more as 
the defender of the interests of the farmers, not in the last place 
to ensure a better position for the next elections. 

In the 1979 General Elections, there were three candidates. Dr. 
Wameyo was again appointed candidate by the royal clan. Obongita was 
running for a second term, this time without Omolo's support. Omolo 
was supporting the new man: Joseph Lutta. Lutta presented himself as 
a candidate without ties with the two major clans: the Abashitsetse 
and the Omukolwe. According to him, the slow development of the area 
was largely due to the rivalry between these two clans. 
The problems confronting the farmers overshadowed all other issues 
in the campaign, although not every candidate dealt with these 
problems in the same way. Wameyo concentrated on them and promised 
to solve them. Lutta was still held responsible for some of the 
major problems and was not able to capitalize on his involvement in 
the sugar cane industry. 

Omolo, who supported Lutta, did not expect him to win, but hoped 
that he could hold Obongita from victory. In the end, the votes 
Lutta obtained kept Obongita from victory and Wameyo became the next 
member of parliament. The Royal clan, at last, was again in 
political power. Not only because of the support of their clan, but 
because they had succeeded to integrate the emerging political power 
of the sugar cane farmers in their political ideology. 

In the 1979 election, the problems of the sugar cane farmers for the 
first time overshadowed the issues concerning clanism and from then 
on, the cash crop and the farmers involved in its cultivation, 
became an important factor in the political field. 
Of course the above analysis is only valid for the Wanga locations. 
There is however no evidence that.the developments elsewhere in the 
research area, have not followed the same trend from clan influence 
to influence of the economical powers in the area. The interviews 
with the chiefs from the Kabras area, show that they are well aware 
of the situation of the sugar cane growing farmers and the problems 
and benefits that originate from the medium scale sugar factory. 
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Politics and small scale jaggery industry are also closely related. 
In fact, the government policy is abolish the illegal alcohol 
production that is solely based on jaggery as a raw material. The 
easiest way to effectively stop this "changaa" brewing, would be a 
ban on jaggery production. Dr Wameyo, in 1986 still a member of 
parliament for the Mumias constituency, insinuates that pleading for 
a ban on jaggery factories, could be political suicide (Wameyo, 
1986). "Changaa" brewing is one of the most important sources of 
cash income for a great number of cane and non-cane growing farmers 
in the area and the farmers would not support attempts to eliminate 
this source. 

An analysis of the political institution on the micro level is very 
difficult. Direct questions related to memberships of or support of 
a political party are not well possible. On a general question about 
the membership of organisations, not one single respondent mentioned 
a membership of a political party. From the sugar cane farmers in 
the Mumias area, only 2.0% mentioned a membership of the Mumias 
Outgrower Company, whereas every sugar cane farmer is automatically 
a member. From the non-sugar cane growing farmers of the Mumias 
area, 29.7% mentioned to be a member of an organisation. Of the 
sugar cane growing farmers in this area, 32.6% stated to be 
organized. The corresponding figures for the Kabras area are 54.2% 
and 57.1%. The great majority of organisations mentioned are clan 
groups. Other organisations mentioned are related to the church, or 
to women groups. Public meetings of the governing chiefs, so called 
'barazas' and certainly public meetings of political parties, are 
reasonably well attended. The conclusion must be that people are 
personally concerned with politics, but do not yet organize 
themselves to form political powers. The opportunity in the Mumias 
area to get organized as sugar cane growing farmers, is not always 
used and possibilities to do so in the Kabras area are lacking. 
Political influence is still exerted via individual complaints 
towards the political leaders. 

3.6.2.7. The kinship institution. 

When describing land as a production factor, an indication was 
already given of the changes that occurred in one of the basic units 
of society: the family. Developments in agriculture and pressure on 
the land, put an end to the communal possession and cultivation of 
land. The scarcity of fertile soils and the possibility of 
cultivating the land with less hands, e.g. by using an oxplough, 
changed the ideology of kinship from a community spirit to a more 
individualistic spirit, in which the nuclear family or household 
became the basis of society. 
The process of individualization was speeded up by the introduction 
of the cash crop. Particularly because of the fact that the 
introduction of the cash crop led to the adjudication of land, which 
defenitely ended the use of common land for crop cultivation. In the 
Mumias area, even common grazing is more and more disappearing. 
Production takes place on the farms of the individual families, 
although often more families connected through lines of 
patrilinearily, live in one place: the extended family. 
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Such an extended family lives on an individual farm surrounded by 
shamba's, the land where the food crops are cultivated, and most 
often adjacent to the fields where the cash crops or the staple 
crops, like maize and beans are grown. 

The individualization of agriculture in Western Kenya, has not led 
to a village pattern of settlement as known in the rural areas of 
Europe, but is characterized by scattered dwellings. The local 
people however mostly referred to them as villages. Kongstad 
(Kongstad, 1980b, 20-24) predicted a change in the economic 'raison 
d'etre' of the family, due to the introduction of the cash crop. The 
family production would no longer be directed at satisfying the 
subsistence needs of the family, but at satisfying the needs of 
capital for surplus value. When analysing the economic institution, 
it became clear that this process did not yet make too much of a 
progress and that few farmers have really entered the capitalist way 
of production. 
Nevertheless, some of the developments described by Kongstad are 
certainly there. Communal work as a general practice has almost 
completely vanished. The family is relying on their own members and 
hiring of labour is becoming more and more common. Women seem to 
have found a way to continue the tradition of communal work on their 
land by forming women groups, that work in turn on the land of each 
member. Sometimes a very low payment of one or two shilling for half 
a day of work, is involved in this exchange of labour. 

Table 3.83A 
Decision taking and responsibilities in 
the MSC farming households (%). 

MSC SUGAR CANE GROWING FARMERS 

HOUSEHOLD- WOMEN HOUSEHOLD-
HEAD HEAD&WOMEN 

Decisions about: 
1. Food crops grown. 28.2 23.9 (27.5) 45.2 
2. Cash crops grown 49.2 9.0 (11' 1) 37.6 
3. Land allocated to 42.2 17.1 (18.8) 38.5 

food crops. 
4. Food crops sold 37.1 21.9 (25.4) 37.1 
5. Hire of labourers 42.6 17.9 (14.5) 35.2 

Who is responsible for: 
1. The food crops 25.7 36.9 {36.7) 35.8 
2. The cash crops 54.3 10.1 ( 8.8) 31.9 

MSC NON-SUGAR CANE GROWING FARMERS 

HOUSEHOLD- WOMEN HOUSEHOLD-
HEAD · HEAD&WoMEN 

Decisions about: 
1. Food crops grown. 41.8 32.7 (34.6) 24.5 
2. Cash crops grown 47.3 24.2 (19.0) 27.5 
3. Land allocated to 54.2 25.2 (21.6) 19.6 

food crops 
4. Food crops sold 43.3 30.0 (23.1) 24.4 
5. Hire of labourers 46.2 24.4 (22.2) 20.5 

Who is responsible for: 
1. The food crops 36.1 46.3 (43.1) 17.6 
2. The cash crops 49.5 28.9 (29.5) 20.6 
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WITH OTHERS/ 
RELATIVES NO ANSIIER 

1.6 1.1 
2.1 2.1 
0.5 0.5 

0.7 3.3 
1.9 2.4 

1.6 0.0 
2.7 1.1 

WITH OTHERS/ 
RELATIVES NO ANSWER 

0.9 0.0 
0.0 1.1 
p.o 0.9 

1.1 1.1 
7.7 1.3 

0.0 0.0 
1.0 0.0 



Table 3.83 B 
Decision taking and responsibilities 
in the WKSC farmin~ households (%) 

WKSC SUGAR CANE GROWING FARMERS 

HOUSEHOLD- WOMEN HOUSEHOLD-
HEAD HEAD&IIOMEN 

Decisions about:: 
1. Food crops grown. 45.7 11.4 (19.0) 37.1 
2. Cash crops grown 48.6 11.4 (19.0) 34.3 
3. Land allocated to 51.4 8.6 (14.3} 37.1 

food crops. 
4. Food crops sold 45.7 11.4 (19.0) 37.1 
5. Hire of labourers 40.6 25.0 (36.8) 18.8 

Who is responsible for: 
1. The food crops 42.9 28.6 (33.3) 25.7 
2. The cash crops 48.6 22.9 (23.8) 25.7 

WKSC NON-SUGAR CANE GROWING FARMERS 

HOUSEHOLD- WOMEN HOUSEHOLD-
HEAD · HEAD&WOMEN 

Decisions about:: 
1. Food crops grown. 33.3 11.1 ( 8.3) 51.1 
2. Cash crops grown 35.6 8.9 ( 8.3) 51.1 
3. Land allocated to 33.3 8.9 ( 8.3) 53.3 

food crops 
4. Food crops sold 37.2 9.3 (18.2) 51.2 
5. Hire of labourers 34.2 28.9 (44.4) 13.2 

Who is responsible for: 
1. The food crops 28.9 26.7 (20.8) 40.0 
2. The cash crops 33.3 22.2 (16.7) 40.0 

WITH OTHERS/ 
RELATIVES NO ANSWER 

5.7 0.0 
5.7 0.0 
2.9 0.0 

5.7 0.0 
3.1 12.5 

2.9 0.0 
2.9 0.0 

WITH OTHERS/ 
RELATIVES NO ANSI<ER 

2.2 2.2 
2.2 2.2 
2.2 2.2 

0.0 2.3 
2.6 21.1 

2.2 2.2 
2.2 2.2 

The process of individualization is developing parallel to an 
on-going process of differentiation between the different families. 
An often formulated hypothesis is that also within the household 
such a process of differentiation can be found, where cash crop 
production is considered men's business and food crop production is 
left to women. 

Staudt (Staudt, 1984, 16) and Pala (Pala, 1975) mention a more or 
less strict division between the fields of decision for men and 
women. Men decide about the allocation of land and labour. They are 
responsible for the cash crop production. The women are responsible 
for the agricultural subsistence production and selling the surplus 
of products on the market. There is also a differentiation in 
responsibility for expenditures. The women are responsible for the 
food expenditures and the men for the investment expenditures such 
as school-fees, house improvements and agricultural inputs. In 
tables 3.83 A and B (see before), the answers are recorded of the 
respondents in the sample on questions about decision taking and 
responsibilities within the household. 
The figures between brackets indicate the answers given by the 
female respondents on the questions related to the say of women. In 
case of the cane growing farmers of the Mumias area, one cannot 
speak of a strict division in decision taking and responsibilities. 
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In about one third of the households the decisions are taken by both 
the household head and the wife and they together are responsible 
both for the food and cash crops. In the other households it is 
clear that the men are responsible for the cash crops. They are 
however also quite frequently, even according to the answers of the 
female respondents, responsible for the food crops. Certainly where 
it comes to allocating land to the food crops, men have more say 
than women. 
For the non-cane farmers in the Mumias area, there is a more strict 
division between the responsibilities of men and women according to 
the description of Staudt and Pala. But also here, both according to 
the male and female respondents, responsibilities lie more often 
with the household head but can be shifting, also in the case of 
cash crops, to the women. 
In the Kabras area, the shared responsibilities for both cash and 
food crops can be found too, particularly with the non-cane growers, 
of which about 50% claims mutual responsibility. Only for the hire 
of labourers, there is a marked deviation, where the women claim 
that they are responsible. Also in the Kabras area women can be 
responsible for the cash crops and men have responsibilities for the 
food crops. In both areas women also indicate that the decision 
about which part of the food crops is to be sold, is not only to 
them. 

Table 3.84 A 
Responsibilities for expenditures 
as indicated by the women in the MSC sample (%) 

MSC SUGAR CANE GROWING FARMERS. 

HOUSEHOLD· WIVES HOUSEHOLD- OTiiERS/ 
ITEMS HEAJ) HEAD&WIVES NO ANSWER 

Food 55.5 20.0 21.8 2.7 
Clothes 62.7 16.4 18.2 2.7 
Schoo1fees 64.4 13.9 17.8 4.0 
Furniture 69.4 17.6 8.3 4.6 
House repair 73.4 17.4 5.5 3.6 
Doctor 57.9 19.6 18.7 3.8 
Seeds 51.9 34.9 10.4 2.8 
Tractor 63.6 18.2 6.1 12.1 
Ox-plough 66.7 17.5 11.1 4.8 
Radio 75.0 14.7 1.5 8.9 
Bicycle 84.7 11.9 1.7 1.7 
Labourers 54.8 22.6 19.0 3.6 

MSC NON-SUGAR CANE GROWING FARMERS. 

HOUSEHOLD· WIVES HOUSEHOLD- OTHERS/ 
HEAJ) HEAJ)&WIVES NO ANSWER 

Food 45.3 40.6 12.5 1.6 
Clothes 49.2 25.4 12.7 12.7 
Schoolfees 66.7 16.7 5.6 11.1 
Furniture 66.7 19.0 4.8 9.5 
House repair 68.3 19.0 1.6 11.1 
Doctor 50.0 30.0 11.7 8.3 
Seeds 36.7 48.3 11.7 3.4 
Tractor 38.5 34.6 11.5 15.3 
Ox-plough 61.0 26.8 7.3 4.8 
Radio 57.5 32.5 2.5 7.5 
Bicycle 60.0 25.0 2.5 12.5 
Labourers 57.5 22.5 12.5 7.5 
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Table 3.84 B 
Responsibilities for expenditures as 
indicated by the women in the WKSC sample (%). 

WKSC SUGAR CANE GROWING FARMERS . 

HOUSEHOLD· WIVES HOUSEHOLD· OTHERS/ 
ITEMS HEAD HEAD&WIVES NO ANSWER 

Food 56.3 25.0 18.7 0.0 
Clothes 68.8 18.8 12.4 0.0 
Schoolfees 75.0 18.8 6.2 0.0 
Furniture 75.0 18.8 6.2 0.0 
House repair 75.0 18.8 6.2 0.0 
Doctor 50.0 31.3 18.7 0.0 
Seeds 56.3 37.5 6.2 0.0 
Tractor 40.0 10.0 0.0 50.0 
Ox-plough 41.7 33.3 8.3 16.7 
Radio 69.2 7.7 0.0 23.1 
Bicycle 76.9 7.7 0.0 15.4 
Labourers 60.0 26.7 6.6 6.7 

WKSC NON-SUGAR CANE GROWING FARMERS.' 

HOUSEHOLD· WIVES HOUSEHOLD· OTHERS/ 
HEAD HEAD&WIVES NO ANSIJER 

Food 40.0 28.0 28.0 4.0 
Clothes 48.0 20.0 28.0 4.0 
Schoolfees 68.0 16.0 4.0 12.0 
Furniture 76.0 16.0 4.0 4.0 
House repair 76.0 20.0 4.0 0.0 
Doctor 60.0 24.0 12.0 4.0 
Seeds 64.0 24.0 8.0 4.0 
Tractor 22.2 11.1 5.6 61.1 
Ox-plough 68.2 18.2 4.5 9.1 
Radio 56.5 13.0 8.7 21.8 
Bicycle 52.4 9.5 9.5 28.6 
Labourers 60.9 17.4 13.0 8.7 

if the general idea is accepted that traditionally the 
responsibilities between men and women were strictly separated, the 
conclusion must be that the decision taking and responsibility 
patterns seem to shift from an individual to a mutual concern. This 
shift can be observed in all farmer groups, but is stronger with the 
Mumias cane growers and the Kabras non-cane growers. 
In tables 3.84 A/B (see before), the responsibilities for the 
expenditures are given. Only women were questioned on this item 
because of possible bias of the men. 

The table shows, that in the Mumias area the responsibilities for 
all items mentioned shifted towards the men. It is the man who 
receives the income from the sugar cane and apparently he has 
resumed responsibility for most expenditures. This shift cannot 
(yet) be noticed in the Kabras area. The emphasis with respect to 
the expenditure of women, is on food, and emphasis with respect to 
the expenditures of the men, on school-fees, house repairs and the 
luxury items. 
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The responsibility for agricultural inputs is still very much with 
the women, particularly for the Mumias non cane growing and the 
Kabras cane growing households. Again there is this remarkable 
difference, indicating that the mere fact of growing cane is not 
responsible for the observed shift in decision taking and 
responsibilities. The hypothesis is that the shifts are more 
dependent on the income level of the household. An in-depth analysis 
would be necessary to reach a more definite conclusion. 
The change in the kinship relations to a more or less self 
supporting unit, together with changes in the economic field as a 
result of the introduction of sugare cane, caused changes at the 
behavioural level of the households, such as material changes, 
changes in the family size and changes in educational background. 

The possible change in the nutritional status of the household as a 
result of the shift from food crop to cash crop production, has 
already been mentioned. This negative effect could be offset by the 
increased buying power as a result of cash income from growing cane 
or from wage labour related to the sugar industry. 
In the Third Rural Child Nutrition Survey, conducted by the UNICEF 
in 1982, Siaya, Kisii, Kakamega, South Nyanza and Busia are 
mentioned as the districts that have a high incidence of 
malnutrition. The growing of sugar cane is suspected to be one of 
the reasons for this malnutrition (Hitchings, 1982; IFPRI, 1983). 
There are no systematic data on the nutritional situation in the 
Mumias and Kabras areas. At the Public Health Department of the 
Kakamega District Office, the following (sub) locations are 
mentioned as problem areas with respect to the nutritional 
situation: in the Mumias area the sub locations Mumias, Khalaba and 
Mayoni in North Wanga and Indangalasia in South Wanga and in the 
Kabras area the locations Isukha, Butsotso and North- and South 
Kabras. An official of this department does not connect these 
nutritional problems with the growing of sugar cane, the 
malnutrition in these areas was already there before sugar cane was 
introduced (Washika, 1986), but with the small plots and the large 
families in these locations. Lack of knowledge about the food crops 
that contribute to a sustaining diet, is mentioned as another reason 
for the bad nutritional situation. 

- 265 -



Ample attention is already given to the mix of food crops and cash 
crops for the farmers in the two areas. It is shown in table 3.65 
that in both areas the cane growing farmers, compared to the non 
cane growing farmers in the same area, have given up a relatively 
small part (10 to 20%) of their land originally allocated to food 
crops, for sugar cane. In the Kabras area, cane growing farmers tend 
to grow less millet and beans and more cassava and potatoes, which 
may further worsen the nutritional situation of their households. 
Table 3.85 gives the impression that cane growing farmers do not 
significantly more rely on bought food than the non-cane growing 
farmers in the same area. 

Table 3.85 
Food bought by the farmers(%). 

MSC MSC YKSC YKSC 
CANE NON-CANE CANE NON-CANE 
GROiliNG GROWING GROWING GROWING 

PART OF FOOD BOUGHT: FARMERS FARMERS FARMERS FARMERS 

All of the food bought. 0.5 0.0 2.9 0.0 
Most of the food bought. 12.0 17.1 28.6 37.5 
Half of the food bought. 12.0 10.8 8.6 2.1 
Some of the food bought. 18.9 16.2 25.7 2.9.2 
No food bought. 56.5 55.9 34.3 31.3 

- - -- -
TOTAL 100.0 100.0 100.0 100.0 

There is however a marked difference in the fact that the farmers of 
the MSC area have to buy less food, probably because they generally 
own more land. 
Consequently there is no firm evidence that the nutritional status 
of the cane growing households is worse or better than that of the 
non-cane growing households. 
Apart from the expenditure on food items, the cash earned from sugar 
cane can be used for several other items improving the general 
well-being of the farmers. 
General well-being is a broad conception that calls for a detailed 
analysis before definite judgments can be made. In developing 
countries, housing conditions are often considered to provide a 
first and very general idea of the status of well-being. The crudest 
indicator used is the number of permanent (iron) roofs. This was 
e.g. done in the Intregrated Land Use Survey. The results are 
presented in figure 3.34 (next page). 

The number of mabati-roofs (corrugated iron) in the sugar cane areas 
is neither high nor low, compared to the surrounding areas, 
excluding the urbanized area of Kakamega township. 
In table 3.86 the distribution of permanent roofs among the 
different farmer groups is given. Because this single indicator is 
not very reliable, some other indicators are added. 
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Figure 3.34 
Occurrence of corrugated iron roofs 
in the area. 

Table 3.86 
Indicators for general well being(%). 

MSC MSC 
CANE NON-CANE 
GROWING GROWING 

INDICATORS FARMERS FARMERS 

Presence of: 
permanent walls 22 . 0 10 . 8 
permanent roof 63.9 42.3 
one room 18.8 27.9 
two rooms 34.6 30.6 
more than two rooms 46.6 41.5 
table(s) 86.3 88.3 
chairs 90 . 1 92 . 8 
bicycle 50.3 31.5 
radio 55.5 36.9 
watch/clock 32.5 11.7 

MABA. TI · ROOFS: 

Percoeo t otge 

0 ~ 0 
5 ~ 0 
" ' ill 

1'111! < 10 

• ~ !>0 

..... MSC ... WKSC 

JAGGERV 

loiKSC loiKSC 
CANE NON-CANE 
GROWING GROWING 
FARMERS FARMERS 

5.7 20 . 8 
17 . 1 35.4 
28.6 27.1 
40 . 0 31.3 
31.4 41 .6 

100 . 0 100.0 
100 . 0 100.0 
48.6 35.4 
37.1 58.3 
28.6 43.8 

The data from the table, give the impression that in the Mumias area 
the housing conditions of the cane growing farmers are significantly 
better and also with respect to the luxury items these farmers 
appear to be better of. In the Kabras area the situation is just the 
opposite. 
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This is the third time that the non-cane growing farmers in the 
Kabras area resemble the cane growers in the Mumias area. This 
resemblance was noticed in the decision taking and responsibility 
pattern, the decreasing involvement of the women in the food crops 
and now in the general well-being. Tentatively the following complex 
of hypotheses can be formulated: (1) the general well-being of the 
household depends both on the incomeof the family and on the degree 
of shared responsibility within the family, (2) in the early phase 
of the introduction of a cash crop, the differentiation between the 
responsibilities of the household head and the woman is reenforced, 
but later these responsibilities are shared between them. 

Economic development and technological innovations have an input on 
the family size, depending on the stage of these developments. In 
the first stage, the birth rate slowly increases and the child 
mortality shows a sharp drop. As a result, the family size 
increases. Later, when the birth rate decreases and mortality 
reaches a minimum level, the family gets smaller. Apparently Kenya 
with its high birth rate, is not yet in the stage of a decreasing 
family size. 
The average number of children for the cane growing farmers in the 
Mumias area is 6.4, whereas the average number for the non-cane 
growing households is 5.4. The average number for the cane and 
non-cane growing households in the Kabras area is 5.9 and 5.0 
respectively. 
This means that either the birth rate in the cane growing families 
is higher, or the child mortality lower. Although the survey 
provided no conclusive evidence on this matter, there is reason to 
believe that the difference has to be attributed to a higher birth 
rate. 

Changes in the educational background of the members of the family, 
will be discussed later when the socialization institution is dealt 
with. The sugar industry does further stimulate the wish of the 
families to educate their children in order to ensure a better 
future, but an orientation towards non agricultural jobs, together 
with a shortage of non agricultural wage earning jobs, does not 
capitalize these investments of the households in education. 

3.6.2.8. The religious institution. 

The religious institution has seen changes at all three sub-levels. 
The great world religions have succeeded in transferring their 
ideology to people in even the most remote parts of the rural areas. 
On the behavioural level the changes were not confined to the 
religious aspects but had their effects on different other areas, 
e.g. on the educational infrastructure as described in chapter 2. 
The new religions were assimilated by the Kenyans and adapted to the 
local demands and at all sub-levels they were Africanised. 
The changes and impacts in relation to the religious institutions, 
appear to be of little importance for this case study and will 
therefore not be dealt with in this first cycle of the technology 
assessment. 
In figures 3.35 A/B the different churches observed in both areas 
are shown. 
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Figure 3.35 A 
Occurrence of churches in the MSC area. 
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Figure 3.35 B 
Occurrence of the churches in the WKSC area. 
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The hypothesis that could be tested in a new cycle is that the sugar 
technologies, because of their effect on the cash income in the 
area, have speeded up the Africanization of the introduced world 
religions and have resulted in a stronger diversification of the 
religious groups in the area. 

The socialization institution. 

The cultural and behavioural patterns and structures of this 
institution are directed towards preparing the members of the 
society for their place in that society. From the description of the 
other institutions, particularly the economic one, and also from the 
interviews, it is clear that the Abaluyia society changed 
drastically. The traditional socialization of children in their role 
as farmers, with specific tasks for the men and women, is not longer 
adequate. In most families the aims of improving the income and 
status of the family, but even the aim of mere survival, is thought 
to be best achieved by having members of the family with well-paid 
wage earning jobs. In the ideology of socialization, the emphasis 
has therefore shifted to formal education. Relatively important 
parts of the incomes of the farmers in the area, are spend on the 
provision of the needed infrastructure for this education. Usually 
through Harambee funds. Besides, the farmers have to invest a fair 
part of their income in school-fees and other expenditures related 
to the education of their children. 

The impact of the sugar industries on education can be direct and 
indirect. The direct impact consists of education of the people that 
are needed in the sugar industry. In the large scale industry this 
training can be done both external or internal and consists of some 
form of general education or training or an 'on the job' training. 
In the medium and small scale industry, only the last form of 
training can be found, oriented towards a specific job. The indirect 
impact is that more children can take part in formal education 
because parents have more cash income. 
Of the 8754 jobs provided by the factory, 10.3% require educated 
labour and 52.7% require skilled labour. The skills are learned on 
the job and the greater part of these skills is only relevant in the 
context of sugar factories. The other 37% of the jobs consist of 
monotonous and simple manual work. In the OPS factory 14% of the 
jobs require educated labour, 7% skilled labour and 79% of the jobs 
just concern simple manual work. In absolute figures, the 
educational impact of the large scale factory is a manifold of that 
of the medium and small scale industries. The overall impact of the 
large scale industries is still better, although the medium scale 
factory provides more jobs that require educated labour. 

The indirect impact of the sugar technologies should result in a 
higher school enrollment. The data in table 3.87 (next page) show 
that this certainly true for the large scale industry. 

The difference in school enrollment is getting smaller for the 
younger members of the family. There is also a marked difference in 
the number of children that did recieve secondary education. 
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Table 3.87 
Educational level of the children(%). 

CHILDREN OLDER THAN 20 YEARS 

MSC MSC WKSC WKSC 
CANE NON-CANE CANE NON-CANE 
GROYING GROWING GROYING GROWING 

EDUCATION FARMERS FARMERS FARMERS FARMERS 

NONE 11.5 14.6 12.5 12.2 
STANDARD 1· 3 5.3 4.7 8.8 2.2 
STANDARD 4-5 6.6 6.4 13.8 5.6 
STANDARD 6-7 18.5 21.1 28.8 28.9 
FORM I·II 8.8 11.1 11.3 11.1 
FORM III-IV 33.8 28.1 25.0 36.7 
FORM V-VI 10.8 5.3 0.0 2.2 
HIGHER THAN FORM VI 4.0 1.8 0.0 0.0 
NO ANSYER 0.7 7.0 0.0 1.1 - - -- -

TOTAL 100.0 100.1 100.0 100.0 

SCHOOL ENROUIENT 87.8 78.5 87.5 86.7 
SECUNDARY EDUCATION 57.4 46.3 36.3 50.0 

CHILDREN BETWEEN 15 AND 20 YEARS 

MSC MSC WI<SC WKSC 
CANE NON-CANE CANE NON-CANE 
GROWING GROYING GROWING GROWING 
FARMERS FARMERS FARMERS FARMERS 

NONE 1.5 10.1 0.0 2.1 
STANDARD 1· 3 3.1 8.7 3.2 2.1 
STANDARD 4-5 12.8 11.6 22.6 6.3 
STANDARD 6-7 32.1 42.0 61.3 54.2 
FORM I·II 10.7 14.5 12.!1 16.7 
FORM III-IV 35.7 11.6 0.0 18.8 
FORM V-VI 4.1 1.5 0.0 0.0 
HIGHER THAN FORM VI 0.0 0.0 0.0 0.0 
NO ANSWER 0.0 0.0 0.0 0.0 - - -- -

100.0 100.0 100.0 100.0 

SCHOOL ENROUIENT 98.5 89.9 100.0 97.9 
SECUNDARY EDUCATION 50.5 27.6 12.9 35.4 
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Table 3.87 (continued) 

CHILDREN BETWEEN 10 AND 15 YEARS 

MSC MSC WKSC WKSC 
CANE NON-CANE CANE NON-CANE 
GROWING GROWING GROWING GROWING 
FARMERS FARMERS FARMERS FARMERS 

NONE 2.0 18.1 3.1 6.0 
STANDARD 1-3 20.5 30.1 50.0 26.0 
STANDARD 4-5 36.6 28.9 40.6 32.0 
STANDARD 6- 7 33.2 20.5 6.3 36.0 
FORM I-II 6.3 0.0 0.0 0.0 
FORM 111-lV 1.5 2.4 0.0 0.0 
FORM V-VI 0.0 0.0 0.0 0.0 
HIGHER THAN FORM VI 0.0 0.0 0.0 0.0 
NO ANSWER 0.0 0.0 0.0 0.0 

- -- -- --
100.1 100.0 100.0 100.0 

SCHOOL ENROLMENT 98.1 81.9 96.9 94.0 
SECONDARY EDUCATION 7.8 2.4 0.0 0.0 

For the Kabras area, the data show that the general school 
enrollment is also very high, but is not much higher for the 
children from sugar cane growing households. The data further give 
the impression that more children of the non-cane growing farmers 
are attending secondary school. On basis of these figures however, 
no conclusions can be drawn and further research will be necessary. 
The education of the children is not oriented towards agricultural 
jobs. The parental expectations with respect to children are not in 
that direction either, as can be seen from table 3.88. 

Table 3.88 
Most mentioned jobs wanted for the 
children (%). 

KIND OF JOB MSC MSC WKSC 
CANE NON CANE CANE 
GROWING GROWING GROWING 
FARMERS FARMERS FARMERS 

Teacher 21 21 25 
Doctor 13 12 6 
Mechanic 13 13 10 
Nurse 9 5 6 
Clerk 7 5 4 
Farmer 5 4 4 
Carpenter 3 5 1 

3.6.2.10. The communication institution. 

WKSC 
NON CANE 
GROII'ING 
FARMERS 

5 
11 

3 
7 
7 
5 
0 

All relevant information about this institution is recorded when 
discussing the economic institution. This information is confined to 
the structural level. No information is collected on the cultural 
and behavioural level in this first cycle of the technology 
assessment. It could be relevant to do so later because 
communication is one of the major factors influencing the pace of 
development. 
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3.6.3. ADJUSTMENTS OF THE METHODS IN VIEW OF THE PRACTICAL 
APPLICATION. 

For the case study a hypothetical project of introducing new sugar 
producing technologies in the Kakamega district is suggested. As 
part of the technology assessment that has to precede the decision 
taking about the project, a social description and forecast is 
necessary. This social description and forcast is based on existing 
sugar cane technologies in the area and for this part of the 
technology assessment the technique of retrospective technology 
assessment is used. 
The non-cane growing farmers in the area are chosen as reference 
level. A description of their social system is considered to be the 
social description for the TA study. A description of the sugar cane 
growing farmers in the area, with some extrapolations in future, 
serves as the social forecasting of the hypothetical project. 

This strategy worked out quite satisfactorily. In order to structure 
the social description and forecasting, several methodologies are 
used. First there is the subdivision of the social system in 
institutions. This subdivision has proved to be very useful, 
particularly since it provides a systematic coverage of the most 
important features of a social system. This, together with the aims 
as a background for the description and forecasting, gives enough 
certainty that no important impact areas are left out. An impact 
always has several aspects and the economic aspect is almost always 
present. After describing the economic institution, reference has 
always to be;made to the economic institutions when describing the 
other institutions. Although this appears to erode a complete and 
coherent description of the other institutions, it has the advantage 
of providing one of the dimensions of the dynamic consideration of 
the social system. The dimension time was satisfactorily build in by 
comparing cane growing and non-cane growing farmers. The 
communication institution, classified as important in the 
interviews, deserved, in retrospect, no special attention. The same 
however can be said about the religious institution. Omitting these 
principal parts of the social system on the forehand, excludes the 
possibility of tracing important unintended impacts. 
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3.7. IMPACT ANALYSIS AND EVALUATION. 

3.7.1. REVIEW OF THE METHOD. 

In the impact analysis each single impact is assessed and weighed 
against similar impacts from other technological options. It is 
therefore necessary to define the technological options. The three 
technlogies reviewed in the preceding paragraphs, the vacuum pan, 
the open pan sulphitation and the jaggery technology, or 
combinations of these, appear to be the obvious options. See the 
paragraph on policy description. 
Consequently, the following technological options were chosen for 
analysis: 
1. the introduction of one vacuum pan factory with a capacity to 

produce 120.000 tons of sugar in 1990; 
2. the introduction of one open pan sulphitation factory; 
3. the introduction of 70 open pan sulphitation factories, 

together producing the same amount of sugar as one vacuum pan 
factory; 

4. the introduction of a jaggery factory; 
5. the introduction of one vacuum pan factory and four open pan 

sulphitation factories as a feasible alternative combining the 
two technologies able to produce crystal sugar; 

6. the introduction of one vacuum pan factory and ten open pan 
sulphitation factories as a medium scale feasible alternative. 

The two last.options are a result of the feed back from the policy 
analysis to be described later. 

The impacts identified in the preceding paragraph will be analyzed 
with respect to these 6 technological options. Where possible, 
formal methods will be used to give quantitative data concerning the 
impacts. If quantitative data are not available or quantification is 
less desirable, qualitative judgments shall be given. 
After the separate assessment of each impact in the impact analysis, 
the next step is to weigh the different impacts, thereby determining 
their relative value in the TA system. This is done in the impact 
evaluation and there are several methods to do this. All methods 
have more or less the same basic principles, in that they try to 
select the optimal course of action from the available alternatives, 
using a multitude of criteria, here translated in impacts, for 
assessing the alternatives. If there are n decision variables 
forming together the n dimensional decision variable ~· k objective 
functions f, and m constraint functions g, which the decision 
variables have to obey, the problem can mathematically be presented 
as: 

subject to g.(x) ' 0 , i 
1 -

1, ..... m 

Many evaluation methods are in fact more sophisticated variations on 
this basic principle. 
See for a review of these methods e.g. Hwang, Ching-Lai, 1979. 
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The first problem of these methods is that it is difficult to 
exactly define the necessary objective functions fi and constraint 
functions gi, particularly if the case under consideration is not 
straight forward and complex relations between the different 
objectives and constraints occur. A second problem is, that it is 
hard to incorporate data that cannot be easily quantified. Even if 
these two problems can be satisfactorily solved, there is a third 
problem in the fact that both for the assessor and decision taker, 
the relation between the mathematical process and reality is 
difficult, if not impossible to assess. 
In chapter 1, paragraph 1.5.4, the analytic hierarchy approach was 
suggested as a promising alternative for the impact evaluation. 
Because of the necessity to compare each impact with every other 
impact, the application of this method posed unsurmountable 
difficulties. For 6 different impacts, it would require 15 
(5+4+3+2+1) questions, with in some cases hardly relevant 
differences for those interviewed. 
The method of multi criteria analysis with criteria, criteria scores 
and weighed analyses of the different criteria with respect to 
different options, as described by Voogd (Voogd, 1983), promised to 
solve most of the above mentioned problems and is therefore used in 
this case study. One of the advantages is, that a mixed data multi 
criteria evaluation technique, accounting for both quantitative and 
qualitative data, can be employed. 
Another very important advantage of this method is, that the 
relation between mathematical manipulations and the practical aims, 
impacts and technological options is very direct. Disadvantages of 
the method wil be discussed later. 

In order to apply the multi criteria evaluation technique, an 
evaluation matrix has to be drafted first. In such a matrix, the 
choice possibilities are compared with the different criteria that 
can be formulated, see figure 3.36. 

Figure 3.36 
Example of an evaluation matrix. 

ALTERNATIVEITECHNOLOGY OPTIONS. 
l. 2., 3., . I m; 

IMPACTS l. $18,608,590 $322,779 $22,594,530 
2. 0.15 0.25 0.25 
3. ++ + + 

n-l. 100 2.5 174 
n. +++++++ + +++++ 

The choice possibilities were defined above. In principle the aims 
could be used as criteria but, as indicated earlier, it is better to 
compare the impacts. Aims can be translated in intended impacts and 
unintended impacts can be added. The impacts that should be 
accounted for in the evaluation matrix, are defined in the preceding 
paragraph. In the evaluation matrix the scores for the different 
alternative options with respect to the different impacts, can be 
indicated. 
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In the evaluation matrix both quantitative and qualitative data can 
be included. 
In order to obtain an optimum insight in the analysis process, 
different evaluation matrices will be compiled. Starting from the 
idea that each party will have its own assessment of the relative 
importance of each impact, it is logical to construct an evaluation 
matrix for each party. In the end, the results for the individual 
parties can be compared in order to come to a final judgment. For 
each party the impacts will be judged first according to their angle 
of incidence. When formulating the aims for the intended impacts, 
three angles of incidence were distinguished: an economic, a 
political and a social one. It is again logical that the impacts are 
arranged according to this classification, whereby the further 
subvision in macro, meso and micro level is adopted. For the 
unintended impacts, it can be necessary to add at least a fourth 
angle of incidence: the unintended one. Each angle of incidence 
contains several impacts. Table 3.89 (next page) gives an example of 
one of the evaluation matrices compiled. 

The weights in the matrix are filled in, in accordance with the 
judgment of the party concerned, in this example the Kenyan 
Governmental bodies. The direction indicates whether a higher score 
should be considered as positive (+) or negative (·). The indicator 
gives the dimension of the cells in that particular row in the 
matrix. 
For the small scale jaggery factory the scores are filled in, but 
this option is not included in the analysis because of its totally 
different end product. 
A direct comparison with other options is meaningless. An assessment 
of this option will be done at the end. 

- 276 -



KENYAN GOVERNMENT. 
Fore·seeable impacts. 
lst cycle. 

Class of impacts Description of impacts \!eights Di-: I Indicator LARGE SCALE 
rec· TECHNOLOGY 
tion' (VP) 

lntendsd Economic Macro 1. Import substitution 25 + US dollar/year 18,608,590 
2: Export promotion 25 + KShs/year 8,177,180 
3. Increased industrial 10 - 1. capita.1/tsa (1) 4,364 

efficiency . 2. land/tsa (ha) 0.15 . 3. 1abour/1000 tsa 82 
4. Increased domestic savings 5 + qualitative ++ 
5. Facilitate donor country 0 + proportional investing 100 

investments possibility (VP-100) 
6. Promote donor country 0 + US dollar/year 18,608,590 

exports 
7 . Promote world treds 0 + US dollar/year 26,785,770 
8. Positive influenee on 25 + qualitative +++++++ 

Governmental income 
9. Foreward and backward 10 + qualitative +++ 

linkages with other 
industries. --

TOTAL 100 

MEDIUM SCALE -170 OPS 1 VP + 4 OPS 
TECHNOLOGY FACTORIES FACTORIES 
(OPS) 

322,779 22,594,530 19,899,705 
0 8,617,620 10,329,044 

7, 516 7. 516 4,536 
0.25 0.25 0.15 

151 151 85 
+ + ++ 

2.5 174 110 

215,186 15,063,048 19,469,335 

215,186 23,680,668 29,798,379 
+ +++++ ++++++++ 

++++ ++++ ++++ 

1 7? + 10 OPS 
FA :::TORIES 

21,836,380 
13,556,840 

4, 762 
0.16 

90 
++ 

125 

20,760,454 

34,317,294 
++++++++ 

++++ 

SMAU. SCALE 
TECHNOLOGY 
(JAG) 

p.m. 
p.m. 

4,526 
0.18 

160 
0 

0 

p.m. 

. 
-

++++ 

t>ll-3 
~ ~ i:;-
t-' 
( ..., 
c 
t 

co 
H)\0 

lb ! 
( 

t-' 
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rt 
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In order to arrive at a judgment concerning the most attractive 
option, the impacts should be compared. Because of the presence of 
both quantitative and qualitative data, a mixed data multi criteria 
evaluation technique is called for (Voogd, 1983, 166-184). A brief 
flow chart of the techniques to be used, is given in figure 3.37. 

Figure 3.37 
A brief flow chart of an analytical 
mixed data multi criteria evaluation 
technique. 

make a distinction between 
quantitative and qualitative data 

calculate dominance 
scores aii' for all 
qualitative impacts 

calculate standardized 
dominance scores oii' for 
all qualitative impacts 

calculate dominance 
scores a11 , for all 

quantitative impacts 

calculate standardized 
dominance scores d11 , for 
all quantitative impacts 

calculate overall dominance scores mii' 

calculate appraisal scores s1 
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The qualitative and quantitative data are treated separately. First 
the initial data in the quantitative part of the matrix have to be 
standarized in order to make them comparable. This is done by 
transferring the data to a value between 1 and 0 with the formula: 

(1) 

for impacts with a positive direction, and the formula 

(2) 1 
nji - n. 

] 

for impacts with a negative direction. 

where: standarized score of choice-possibility i and impact j. 
actual score of choice possibility i and impact j. 
lowest nj-score of the impact j under consideration. 
highest nj-score of the impact j under consideration. 

All impacts now have a standarized value between 0 and 1, with 1 
being the best score possible. 

The dominance scores, indicating to what an extend choice 
possibility i is better or worse than choice possibility i', for the 
impacts expressed in quantitative data are calculated with the 
formula: 

(3) 

where: wj -
y 
qt -

y lfy 
{w.(ej.- ej.,)} ] J 1 1 

weight for the jth impact. 
scaling parameter. 
impact expressed in quantitative data. 

The dominance score is thus a weighed summation of the difference in 
scores on the different impacts for two choice possibilities. The 
scaling parameter y can only have an uneven value in order not to 
get even roots from negative numbers. The larger y is, the less 
effect the impacts will have on the dominance score. If the weights 
are very reliable, it is logical to take y - 1. Higher values for y 
can counteract a too great influence of small but insignificant 
differences, caused by a less reliable set of weights. 
For the impacts that are expressed in qualitative data, a 
standarization is not necessary. The dominance scores are calculated 
with the formula: 

(4) 
{w .• sgn (n .. 

J Jl 

where: Wj -weight of the jth impa~t. 
y scaling parameter. 
qw - impacts expressed in qualitative data. 
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where in case of a positive direction: 

+ 
- 0 

if nji has 
if n .. has 
"f 11 h ~ nji as 

more + 's as n j i 1 

the same number of + 
less+ 's as n .. ,. 

J~ 

and in case of a negative direction: 

, 
s as nji 1 • 

if n j i has more + ' s as n j i ' . 
0 if nji has the same number of+ 's as nji 1 • 

- + if nji has less + 's as nji r. 

Next, the dominance scores of the quantitative and qualitative data 
have to be made comparable. Therefore an overall dominance measure 
mii' is calculated with the formula: 

(5) mii' wqtdii' + wqwoii I 

where: wqt E w. w E wj 
je:qt J qw je:qw 

dii' = h(a11 1 )being the standardized dominance 

oiil h(aii 1 )being the standardizea dominance 

There are three different methods to define 
dominance scores: 
1. the subtractive summation technique; 
2. the subtractive shifted interval technique; 
3. the additive interval technique. 

ad 1. The subtractive summaton technique. 
The dominance scores are defined as: 

(6a) dii 1 aiil I ( E E jaii 11 
i i' 

o.ii, I ( E E 1a11 , I 
i i' 

the 

) 

score of aiil 

score of aii, 

standarized 

These definitions coincide with the assumption that the 
relation between the overall dominance measure m1 ., and 
the final appraisal scores for the different

1
choice 

possibilities si and si, has the form: 

(7) m .. 
1~ 

= si si, 

Adding the left and right part of formula (7) over i' 
gives 

(8) E mii, = E (si - si,) I.s. l: 
i' i' 1 

i' 
sil 
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ad 2. 

ad 3. 

which leads to the next expression for the appraisal 
score: 

(9) 1 
~ + 1 

~ s. 
I mii, ! si, ~ i' i' 

The mean of all appraisal scores is a constant 
therefore the appraisal scores can be expressed as: 

(10) 
1 
I 

~ 

i' 

The subtracted shifted interval technique. 
The dominance scores are now defined as: 

where: a lowest quantitative discrepancy score 
between two alternatives (i,i'). 

a+ - highest quantitative discrepancy score 
between two alternatives (i, i'). 

a· = lowest qualitative discrepancy score 
between two alternatives (i,i'). 

a+ = highest qualitative discrepancy score 
between two alternatives (i,i'). 

and 

Other calculations are identical to the ones made in 
the subtractive summation technique. 

The additive interval technique. 
The dominance scores are here defined as: 

(12a) dii, 

(12b) , oii, = 

where: a· = lowest quantitative discrepancy score 
between two alternatives (i,i'). 

a+ = highest quantitative discrepancy score 
between two alternatives (i, i'). 

- = lowest qualitative discrepancy score. 
between two alternatives (i,i'). 

+ - highest qualitative discrepancy score 
between two alternatives (i,i'). 
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The relation between m11 , and the appraisal scores si 
and s

1
, that coincides with these definitions of the 

dominance scores is given by: 

(13) 
si + si' 

Provided that the weights ,wj are defined in such a way 
that ~wj = 1 

J 
Which implies that: 

Formula (13) can be rearranged to: 

(15) 

s. 
1 

si, 1-mii, 

Adding the left and the right part of the formula (15) 
over i gives: 

(16) 

or 

A . E 
ssum1ng i 

expression 
obtained: 

(17) 

_1_ 
si' ~ si 
8 1 = 1 and using 
from which the 

1 I E 
i 

mii' 
~ 
i 1 - mii' 

of formula (14) gives 
appraisal scores can 

the 
be 

The difference in technique is based on a different 
interpretation of the relation between the overall dominance 
score mi. 1 and the appraisal scores s 1 and s i, . According to 
Voogd \Voogd, 1983, 183), these three techniques are 
mathematically the most obvious. On the forehand it is not 
predictable which of these techniques in practice is most 
satisfying. A test, based on the case at hand will therefore 
be implemented. 

From the mathematical background some drawbacks of the 
techniques can already be predicted. Both in the subtracted 
shifted interval technique and the additive interval 
technique, the dominance scores are not defined if the lowest 
and highest discrepancy scores are equal, see formula's 
(lla), (llb), (12a) and (l2b). This happens for instance if 
the weights attributed to all quantitatively or qualitatively 
expressed impacts are zero. 
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In the additive interval technique the 
defined if the overall dominance score 
(17). This happens if in the same time 
the formulas (12a), (12b) and (5). 

appraisal score is not 
m is zero, see formula 

and see 

A drawback of all three techniques is, that for the qualitative data 
no use can be made of information about the magnitude of the scores 
of the different choice possibilities for a certain impact. Formula 
(4), in which the sign is defined by having more, less or an equal 
number of +'s (or -'s), does not take into account in the final 
weighing the actual number of +'s containing qualitative 
information. This informaton can be used when the number of +'s of 
the qualitative data are used as quantitative idications. If this is 
done, the mixed data analysis is reduced to an analysis of 
quantitative data only and appraisal scores can be determined 
directly from the formula: 

(18) 

This last technique will be referred to as the cardinal evaluation 
technique. 

The four techniques are applied to the data matrix of figure 3.37. A 
sensitivity analysis with respect to a change in weights and a 
change in the scaling parameter is implemented. The results are 
presented in table 3.90 (next page). 

In the table the weights according to table 3.89 are given first. 
Subsequently the whole range, from 0 to 100, is scanned with steps 
of 5 points at every run. Thereby f w j is kept at 100, which means 
that the points that are not appointed to the impact in question are 
divided among the other impacts, proportional to their share in the 
original set of weights in table 3.89. The weights 0 and 100 
indicate respectively what happens if the impact concerned is not 
included in the judgment and what if it is the only impact the 
judgment is based upon. In between weights are only indicated when 
they cause a change in the ranking of the choice possibilities. The 
latter also holds for the B part of the table where the sensitivity 
for y is looked at. A y larger than 201 is not possible because of 
computer limitations. In principle, it is possible to make the 
calculations fory~m (Voogd, 1983, 166-177). Some checks proved that 
this did not change the results f~r y- 201. 

The conclusion from table 3.90 is, that for the original weights, 
the results from all methods are the same. As was already predicted, 
in some cases problems occur with the subtracted shifted interval 
technique (s.s.i.t.) and the additive interval technique (a.i.t.). 
In some places, and every time the weight becomes 100, the ranks 
cannot be given because they are based on undefined calculations. 
The points where a change in ranking occurs are comparable for all 
four techniques used. Generally, changes for the s.s.i.t. and the 
a.i.t. occur later, which could mean that they are less sensitive 
for changes in weight. The cardinal data analysis (c.d.a.) appears 
to be a little more sensitive than the subtracted summation 
technique (s.s.t.). The c.d.a. and the s.s.t. are also the most 
sensitive with respect to the scaling parameter y. 
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Table 3.90 
Sensitivity analysis for four multi criteria 
evaluation techniques. 

A. Sensitivity for the ebange in weights: 

MlXEil DATA ANALYSIS 

Slliii!ATION SUBTRACTED SHIFTED ADDITIVE INTERVAL 
TECHNIQUE INTERVAL TECHNIQUE TECHNIQUE 

RANKS FOil RANKS FOil llANKS FOil 
llll'ACT OPTIONS OPTIONS OPTIONS 

VIEIIED AT WEIGHT 1.2.3.4.5. WEIGHT 1.2.3.4.5. !lEIGHT 1.2.3.4.5. 
1. 25 3 5 4 2 1 25 3 5 4 2 1 25. 3 54 2 1 

0 3 5 4 2 1 0 3 5 4 2 1 0 3 5 4 2 1 
50 4 5 3 2 1 55 4 5 3 2 1 50 4 5 3 2 1 
95 4 5 2 3 1 85 4 5 2 3 1 85 4 5 2 3 1 
100 4 5 1 3 2 100 * * * * * 100 * * * * * 

2. 25 3 54 2 1 25 3 5 4 2 l 25 3 54 2 l 
0 3 5 4 2 1 0 3 5 4 2 l 0 3 5 4 2 1 
80 4 5 3 2 1 85 4 5 3 2 1 80 4 5 3 2 1 
100 4 5 3 2 1 100 * * * * * 100 * * * * * 

3A. 3.33 3 54 2 1 3. 33 3 5 4 2 1 3.33 3 5 4 2 1 
0 3 5 4 2 1 0 3 5 4 2 1 0 3 5 4 2 1 
55 3 54 1 2 55 3 5 4 1 2 55 3 5 4 1 2 
75 2 54 1 3 80 2 5 4 1 3 80 2 5 4 1 3 
85 1 5 4 2 3 90 1 54 2 3 90 1 5 4 2 3 
100 1 4 4 2 3 100 * * * * * 100 * * * * * 

311. 3.33 3 5 4 2 1 3.33 3 5 4 2 1 3. 33 3 54 2 1 
0 3 5 4 2 1 0 3 5 4 2 1 0 3 5 4 2 1 
45 3 5 4 1 2 50 3 5 4 1 2 45 3 5 4 1 2 
80 2 5 4 1 3 85 2 5 4 1 3 85 2 5 4 l 3 
100 1 3 3 1 2 100 * * * * * 100 * * * * * 

3C. 3.33 3 5 4 2 1 3. 33 3 5 4 2 1 3. 33 3 5 4 2 1 
0 3 5 4 2 1 0 3 5 4 2 1 0 3 5 4 2 1 
ss 3 5 4 1 2 55 3 5 4 1 2 55 3 5 4 1 2 
80 2 5 4 1 3 80 2 5 4 1 3 85 2 5 4 1 3 
90 1 5 4 2 3 90 l 5 4 2 3 95 l 5 4 2 3 
100 1 4 4 2 3 100 * * * * * 100 * * * * * 

4. 5 3 5 4 2 1 5 3 5 4 2 1 5 3 5 4 2 1 
0 3 5 4 2 1 0 3 5 4 2 1 0 3 5 4 2 1 
100 1 2 2 1 1 100 * * * * * 10 3 * 4 2 1 

100 * * * * * 
5. 0 3 5 4 2 1 0 3. 5 4 2 1 0 3 5 4 2 1 

20 4 5 3 2 1 20 4 5 3 2 1 15 4 5 3 2 1 
45 4 5 2 3 1 ; 50 4 5 2 3 1 55 4 5 2 3 1 
60 4 5 1 3 2 65 4 5 1 3 2 65 4 5 l 3 2 
100 4 5 1 3 2 100 * * * * * 100 * * * * * 

6. 0 3 54 2 1 0 3 54 2 1 0 3 5 4 2 1 
100 3 5 4 2 1 100 * * * * * 100 * * * * * 

7. 0 3 5 4 2 1 0 3 5 4 2 1 0 3 5 4 2 1 
100 3 5 4 2 1 100 * * * * * 100 ***** 

8. 25 3 5 4 2 1 25 3 5 4 2 1 25 3 5 4 2 1 
0 4 5 3 2 1 0 4 5 3 2 1 0 4 5 3 2 l 
5 3 5 4 2 1 15 3 5 4 2 l 10 3 5 4 2 1 
100 2 4 3 1 1 100 * * • * * 100 * * * * "'f 

9. 10 3 5 4 2 1 10 3 5 4 2 1 10 3 5 4 2 1 
0 ) ~ 4 2 l 0 ) ~ 4 2 1 0 ) • 4 2 l 
20 4 5 3 2 1 20 4 5 3 2 1 15 4 5 3 2 1 
45 5 4 3 2 1 45 5 4 3 2 1 40 54 3 2 l 
100 2 l 1 1 1 100 * * * * * 100 * * * * * 
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CARDINAL DATA 
ANALYSIS 

RANKS FOil 
OPTIONS 

IIEIGIIT 1.2.3.4.5 
25 3 54 2 1 
0 3 5 4 2 1 
50 4 5 3 2 1 
80 4 5 2 3 1 
95 4 5 1 3 2 
100 4 5 1 3 2 

25 3 5 4 2 1 
0 3 5 4 2 1 
80 4 5 3 2 1 
100 4 5 3 2 1 

3.33 3 5 4 2 1 
0 3 5 4 2 1 
55 3 5 4 1 2 
70 2 5 4 1 3 
80 1 5 4 2 3 
100 1 4 4 2 3 

3,33 3 5 4 2 1 
0 3 5 4 2 1 
45 3 5 4 1 2 
75 2 5 4 l 3 
100 1 3 3 1 2 

3.33 3 5 4 2 1 
0 3 5 4 2 l 
55 3 5 4 1 2 
75 2 5 4 1 3 
85 1 5 4 2 3 
100 l 4 4 2 3 

5· 3 5 4 2 1 
0 3 5 4 2 1 
100 1 2 2 1 1 

0 3 5 4 2 1 
u 4 5 3 2 1 
45 4 5 2 3 1 
55 4 5 1 3 2 
100 4 5 1 3 2 

0 35421! 
100 3 5 4 2 l 

0 3 5 4 2 1 
100 3 5 4 2 1 

25 3 5 4 2 1 
0 4 5 3 2 1 
5 3 5 4 2 l 
100 2 4 3 1 1 

10 3 5 " 2 1 
0 J ~ 4 2 1 
20 4 5 l 2 1 
45 5 4 3 2 1 
100 2 1 1 1 1 



Table 3.90 (continued) 

R. Sensitivity for the change in y. 

MIXED DATA ANALYSIS I CARDINAL DATA 
I ANALYSIS 

SUBTRACTED SUMMATION SUBTRACTED SHIFTED AllDITlVE INTERVAL 
TECHNIQUE INTERVAL TECHNIQUE TECHNIQUE 

RANKS FOR RANKS FOR RANKS FOR RANKS FOR 
OPTIONS OPTIONS OPTIONS OPTIONS 
1.2.3.4.5. 1.2.3.4.5. 1.2.3.4.5 1.2.3.4.5 

1 3 5 4 2 1 1 3 5 4 2 1 1 3 5 4 2 1 1 3 5 4 2 1 
5 4 5 3 2 1 201 3 5 4 2 1 41 3 * 4 2 l 3 4 5 3 2 l 
23 4 5 2 3 1 109 * * * * * 201 4 5 3 2 1 
201 4 5 2 3 l 

On basis of this analysis of the different techniques, it is decided 
to analyze all data matrices with the cardinal data analysis and the 
subtracted summation technique. Conclusions can be drawn on basis of 
the results for the original weight sets, the values of the weights 
that give a change in ranking and the changes due to a change in y. 
The results of the different data matrices can be analyzed with the 
same techniques, by constructing new data matrices where the 
different angles of incidence, and later the different parties, are 
compared. In the end this should lead to some final conclusions. 

3.7.2. PRACTICAL APPLICATION. 

In the preceding paragraph, it was explained that for each of the 
four angles of incidence a data matrix can be constructed. The data 
matrix can be further sub divided according to the macro, meso and 
micro levels where impacts are occurring. This last sub-division 
proved only to be useful for the economic angle of incidence. The 
data matrices for the different parties only differ with respect to 
the weights and occasionally with respect to the assessment whether 
a higher score of an impact should be considered positive or 
negative. The latter difference reveals itself in a change in the 
sign under the head 'direction' (see tables below). In tables 3.91 
3.96 (next pages), the data matrices are given for the Kenyan 
Government. 

The intended impacts are derived from the aims formulated for the 
project. The unintended impacts showed when applying the technology 
and social description and forecast. 
The entries for the cells in the matrices, the magttitudes of the 
indicators, are also traced during the application of the 
technological and social analyses. 
The major assumptions made when filling in the data in the matrices 
are: 

whenever rational, the impact 
proportional to the impact of 
factories; 

of combinations of factories is 
the individual factory or 

whenever a relative judgment should be past, e.g .. 
impact "higher agricultural production" (see table 
comparison is made with the non-cane growing farmers 
area where the technology described occurs. 
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KENYAII GOVERNMI!NT. 
Foresettable impacts. 
lst cycle. 

Class of impacts ~scription of i~~~pacts 

Intended EcollODtic Macro 1. Import substitution 
2. £:<port promotion 
:! . Inerea.sed industrial 

efficiency 

4. Increased domestic savings 
5. Facilitate: donor country 

investments 
E. Promote donor country 

exports 
i. Promote world trade 
S. Positive infl1,1ence on 

Governmental 1neot:ae 
9. Foreward and backward 

linkages wit;h other 
industries:. 

TOTAL 

(1) tsa - ton sugar per annum. 

~ 
co 
0'1 

1/eights I Di. Indicator LARGE SCALE 
ret· TECHNOLOGY 
'tion (VP} 

20 + US dollar/year 18,608 '590 
20 .. KShs/year 8,177,180 
10 l. capital/tsa (1) 4,364 . 2. land/tsa (ha) 0.15 

. 3. labour/1000 tsa 82 
5 .. qualitative .... 
0 .. proportional investing 100 

possibility (VP-100) 
0 .. US dollar/year 18,608,590 

0 + US dollar/year 26,785.770 
25 + qualitative ++H+++ 

10 + qualitative +++ 

--
90 

MEDIUM SCALE 70 OPS 1VP+40PS 
TECHNOLOGY FACTORIES FACTORIES 
(OPS} 

322,779 22' 594,530 19,899' 706 
0 8,617,620 10,329,044 

7,516 7,516 4,536 
0.25 0.25 0.15 

151 151 . 85 
+ + ++ 

2.5 174 110 

215,1B6 15,063,048 19,469,335 

215,186 23,680,668 29,798,379 
+ .......... ++++++++ - ++++ ++++ 

1 VP + 10 OPS SMAU. SCALE 
FACTORIES TECHNOLOGY 

(JAG) 

21,836,380 p.m. 
13,556,840 p.m. 

4,762 4,526 
0.16 0.18 

90 160 
++ 0 

125 0 

20,760,454 p.m. 

34,317,294 .• 
++++++++ . 
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KENYAN GOVEilNMENT. 
Foreseeable impacts. 
lst cycle. 

Class of impacts De•cription of impacts 

Intended. Economic Meso 1. Higher agricultural 
production 

2. OptiDJal use of labour 

3. Optimal land use 
4. Optimal use of water 

resources 
5. Fair return for the 

producers. 
6. Improved education 

facilities 
7. Improved relevance of 

education 
8. Distribution of income 

opportunities 
9. Distribution of facilities 
10. Improved health facilities 

11. Attain infrastructura1 
improvements 

12. Enhance eDlJ>loyment of local 
staff and management. 

13. Enhance participation of 
local capital. 

14. Attain rural and industrial 
development 

15 ~ Avert and counters.et de to~ 
riation natural environment 

16. Improve credit facilities 

TOTAL 

(1) Compared to non•sugar c.ane growing farmers. 

lleights Di· 
rec. 
tion 

20 + 
10 
10 + 
20 + 

5 + 
0 + 

10 + 

5 + 

5 + 

10 + 

5 + 
5 + 

10 + 

10 + 

10 + 

20 + 

5 + 

0 + --
160 

!;;II-(! 
II> Ill 
rtC" 
II> .... 

(I) 

Indicator 1..1\RGE SCALE MEDIUM SCALE 70 OPS 1 VP + 4 OPS 1 VP + 10 OPS SMALL SCALE 
TECHNOLOGY TECHNOLOGY FACTORIES FACTORll!S FACTORIES TECHNOLOGY 

~ w 
rt 
1"1\0 

(VP) (OPS) (JAG) 1-"'N 
~ 

1. ' cash crops more (1) 45.9 24.9 24.9 44.0 41.7 24.9 
2. ' food crops less (1) 10.8 10.2 10.2 10.7 10.7 10.2 
1. labour 8754 173 12110 9446 10484 15 

S' 
1"1 

2. educated labour 5515 24 1680 5611 5755 6 
\ fallow land less(l) 5.4 7.8 7.8 5.6 5.9 7 .s 
qualitative + + + + + + 

g. 
(I) 

~ 
gross ma.rgin/ha 4709 7516 7516 4966 5274 3758· 7516 

in KSbs 
qualitative ++ + + ++ ++ 0 

(I) 

~ 
§ 

qualitative .. . . . 0 

number of persons 36778 739 51730 39734 44168 57 
getting a direct income 
quaUtative + + +++++ +++ ++++ 
qualitative + 0 0 + + " 

G') 

~ 
(I) 

i :; 
rt 

qualitative ++++ + + ++++ ++++ 0 ..... 
qualitative +++ + + ++ ++ +++++ 

:; 
" (I) 

% of local capital 55 96 96 70 80 100 & 
invested (I) 

qualitative +++++ ++ +++<+++ ++++++ ++++++ + 
Q. 

tz:l 
qualitative ... . ---- ... ~----- ---. - • w• 0 0 

0 

qualitative 0 0 0 0 0 ·o 
:; 
0 s 
!-"' 
0 

-- .......__ 
:3:; 
(I) 

"' 0 
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l<ENYAN GOVI!Il.NMENT. 
Foreseeable impacts. 
1st cycle. 

Class of i111paets 

Intended Economic Miera 

Description of impacts 

1. Increased level of income 
for the farmers 

2. Short term profit 
"""ioization for the fit'DI 

3. Securing of the 01arl<et 
position for the bank. 

4. Economic viability 
5. Control over tbe firm 
6. Acquirement of qualified 

personal 
7. Growth of the firm 
8. Independence of the firm 
9. Optimization of investlllant 

10. Optimization of financing 

11. Maxl.mi:tation of divident 
for the shareholders 

12. Fulfilment of aios of 
commissionar or contractor 

13. Improve farming 
14. Reinvestment of revenues 

(by farmers) 

TOTAL 

\leightsiDi· I Indicator 
ree·l 
it ion' 

15 + 1. Kshs/year earned by 
all the farmers 

5 + 2. Mean income from 
cane in KShs/year 

5 Years for NPV(10t)•O 

0 + qualitatbre 

30 ... qualitative 
0 + qualitative 
5 ... qualitative 

0 + qualitative 
0 ... qualitative 

30 + Internal rate of 
return (t) 

30 + qualitative 

5 + qualitative 

NOT COMPARAI!ILE 

10 + qualitative 
5 + qualitative 

--
140 

o-3 
~ 

01-' 
!10 CD 

LARGE SCALE MEDIUM SCALE 70 OPS 1 VP + 4 OPS 1 VP + 10 C?S SMALL SCALE 
rt 
!10 ..., 

TECHNOLOGY TECHNOLOGY FACTORIES FACTORIES FACTORIES TECHNOLOGY 
(VP) (OPS) (JAG) = ~ rt 
91825500. 4321700 302519000 109112300 135042500 93950-187900 1"'1 

J-'o 
~ 

7534 4Sl0 4510 5733 6203 2255-4510 

I 
25 11 11 24 21 4 

S> 
1"'1 

rt 
+++ 0 0 +++ +++ 0 t:J" 

CD 

. 0 0 . + 

. ... ... . -1+ 

. . + 
~ 
~ 
!10 

0 + + + + + ::l 
. + + -1+ 0 

8. 7 13.5 13.5 9.1 9.8 49 ~ ... + + .. .. -1+ 

~ 
+ -1+ -1+ + + +++ CD 

::l 
rt 

..... 
+ 0 0 + + 0 

+ 0 0 + + 0 

::l 
rt 
(1) 

~ 
c:4 
i:'l 
() 

i 
'"" () 

3: 

'"" () 
1"1 
0 



KENYA!! GOVI!R.NI!I!NT. 
Foreseeable tmpae ts . 
lst cycle. 

Class of impacts Description of impacts 

Intended Social Macro l. Concentrate on nlief of 
MGSO poverty t:ather than on 
Micro stimulation of growth 

2. Improved education 
facilities 

3. Increased relevance of 
&ducat Lori 

4. Fair return to the 

5. 
producers. 
Increased mutwa.l social 
responsibility 

6. Increued level of income 
for the farmers 

7. Distribution of income 
oppereunitiu 

8. Distribution of facilities 
9. Concentrate aid on 

agriculture 
10. Birth control 

11. Improve rural development 

12. Concentrate on target 
groups such as: 
- small peasants 
• landless rural labourers 
- urban un(der)employed 

13. Increase productivity of 
agriculture and related 
enterprises. 

14. Minimize the displacement 
of labour 

15. Improve soc:ial security 
of the farmers 

16. Fulfil socl.o economic 
obligations (of farmers) 

I TOTAL 

(1) Compared to non-sugar cane growing farmars, 

"' ro 
(!) 

Weights 01.- Indicator 
rec-
tion 

5 + qualitative 

10 + qualitative 

15 + qualitative 

5 + gross margl.n/ha 
in KSbs 

5 + qualitative 

5 + l. KShsfyear earned by 
all tha farmers 

10 + 2. Mean income from 
cane in KShs/year 

10 + number of persons 
getting a direct income 

10 + qualitative 
5 + qualitati va 

15 + decrease in mean number 
of children (l) 

10 + qualitative 

20 + number of farmers 
5 + number of casual jobs 

10 + number of permanent jobs 
5 + qualitative 

15 + qualitative 

0 + qualitative (l) 

0 + quslitative (1) 

--
I 160 

u.R.GE SCALE Kl!DIU!! SCALE 70 OPS 
TEC!!NOLOCY TECHNOLOGY FACTORIES 
(VP) 

: 
(OPS) 

+ ++ ++++ 

++ + + 

- -. -. 
4709 7516 7516 

- 0 0 

91825500 4321700 3.0E+08 

7534 4510 4510 

36778 739 51730 

+ ... +++++ 
+ + +++ 

·1.0 -1.0 ·1.0 

+++ + ++ 

26016 500 35000 
5537 56 3920 
5225 183 12810 

++ + + 

-- 0 0 

+ 0 0 

++ + + 

1VP+40PS l VP + 10 OPS 
FACTORIES FACTORIES 

++ +++ 

++ ++ 

- . 

4966 5274 

-
l.lE+08 1.4£+08 

5733 6203 

39734 44168 

+++ ++++ 
++ ++ 

-1.0 -1.0 

+++ +++ 

28016 31016 
5761 6097 
5957 7055 

++ ++ 

--
+ + 

++ ++ 

SMALL SCALE 
TECIINOLOCY 
(JAG) 

0 

0 

+ 

3758-7516 

0 

93950-187900 

2255-4510 

57 

0 

0 

42 
6 
9 
0 

0 

0 

0 

l::'t; 

~~ 
1)1 1-' 

Iii 11> 
1)1 1-o> 
rt· 
1'"1 \0 

l<"' 
~ 
1'"1 

~ 
f: 
~ 
~ 
C") 

~ 

I 
.... 
:::! 
rt 

i 
(:l. 

C'll 
0 
(l .... 
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t<ENYAN GOVERN!miT. 
Foreseeable impacts~ 
lst cycle. 

Class of impacts 

Intended Political Macro 
Meso 
Micro 

Description of impacts 

1. Improved education 
facilities 

2. Improved relevance of 
education 

3. ~ Increased mutual social 
responsibility 

4. Preserving the fundamentals 
of Kenyan ideology 

5. Support the democratisation 
process 

6. Support the develop...,nt of 
a management and planning 
that is adapted to tha 
local situations and habits 

1. Increase the power of the 
national govet'nllents with 
respect to dotnestic 
economic affairs 

8. Guide and control blg 
profit seeking private 
entrepreneurship 

9. To reinforce the production 
ability 

TOTAL 

Weights Di- Indicator LARG.E SCALE 
rec~ TECHNOLOGY 
tion (VP) 

20 + qualitative ++ 

5 + qualitative -
10 + qualitative 

HARD TO ASSESS 

20 + qualitative ++ 

5 + qualitative -

10 + qualitative +++ 

5 + qual! tati ve + 

15 + qualitative +++ 

-
90 

01-i 

~~ 
Ill .... 

(!) 

MEDIUM SCALE 70 OPS 1VP+40PS 1 VII' + 10 Oil'S SMALL SCALE i w 
TECHNOLOGY FACTORIES li"ACTORUS FACTORIES TECHNOLOGY 
(OPS) (JAG) 

rt 
11\0 
._., VI 
>< 

+ + ++ .... 0 

'"" 0 -- -- 0 11 

0 0 - - 0 
g. 
(!) 

~ 
0 0 ++ ++ 0 ~ 
- - - + ~ 

en 

~ 
+ +++ ++++ ++++ 0 11 a 

(!) 
::l 
rt 

0 0 + + 0 

I 
+ +++ ++++ ++++ 0 

I 
H 
::l 
rt 
(I) 

~ 
~ 
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KENYAN GOVERNHE!IT. 
Foreseeable impacts. 
lsr: cycle. 

C·lass of· impacts Descripr:ion of impacts 

Unintended Political !Macro 1. Shortage in agricultural 
Economic& Meso products on the nat:.ional 
Social !Micro level 

2. Decrease in rural .. urban 
migration 

3. Farmers squeezed out: of 
agricu.l ture. 

a. on the short term 
b .. on the long term 

4. Discrimination b<>tveen 
saaller and bigger farmers 

s. Emergence of classes of 
farprs 

6. J!mergence of rural petty 
bourgeoisie 

7. Displacement of farmers 
8. Increase of open 

unemployment 
9, Exploitation of labour by 

the farmers 

10. Unilateral dependence on 
sugar cane as a cash crop 

11. Increased workload for 
women 

12. Deficit in foodcrops grown 

13 ~ Decrease in sugar Cane 
yielde 

14. Decrease in importance 
of tribal ties 

TOTAL 

(l) Compared to non•sugar cane growing farmers. 

Weights 01· Indicator 
rec~ 

tion 

10 . Land occupied by cane 
(ba) 

25 + qualitative 

15 . qualitative 
5 . qualitative 
5 ... ' small farmers 

involved 
5 + qualitative 

10 + Surplus ' farprs (l) 
involved in business 

10 . Number of farprs 
10 . qualitative 

5 . difference wage paid 
wieh official minillWDl 
in KShs 

0 . qualitative 

s . ' women responsible 
for cash crops 

10 - ' less land under 
food crops (l) 

10 qualitative 

s + qualitative 

-130 

t:11-i 

~~ 
Ill 1-' 
s (D 

LAI!Gll SCALE IIIIDIUM SCALE 70 O!'S lVP+40PS l '<? + 10 OPS SMALL SCALE 
TECH!IOLOGY TECHNOLOGY FACTORIES FACTORIES FAC:OR!ES TECHNOLOGY 
(VP) (OPS) (JAC) 

II> c..> 
rt· 
li \0 

~"" ~ 

22800 575 40250 25100 28550 25 :::' 
li 

+ 0 0 ... + 0 g. 
(D 

~ 
0 0 0 0 0 0 

++ ... + ++ ++ 0 

78 85 85 78.5 19 95 
~ 
~ 

+ 0 0 + + 0 

ll.S 7.3 7.3 11.2 10.8 2 ~ 
li 

I 
56 0 0 56 56 0 

+ 0 0 + + 0 
~ 
::l 
rt 

7.4 14.5 14.5 7.4 7.4 14.5 

~ 
++ + + ++ 

~ 
++ 0 ::l 

rt 
28.9 22.8 22.8 28.5 27.9 7 

(D 

::l 

15.1 10.2 10.2 14,8 14.3 1 ~ 
?-

+ ++ ++ ... + + 

+++ + + +++ +++ 0 



For each of the nine parties identified in the technology delivery 
system, six similar data matrices can be presented. Some of the 
parties however will have almost the same interest. Therefore, the 
impact analysis is only carried out for the four parties that are 
considered to have significantly different interests: the Kenyan 
Governmental bodies, the donor government, the combined groups of 
investors/entrepreneurs and the farmers and workers. If the 
assumption of common interests proves wrong, an analysis for 
individual parties is of course always ,possible. 
Because no difference in direction of impacts is observed, the 
weight these parties are expected to give for the different impacts, 
defines their specific data matrices. These weights are given in 
table 3.97 (next page). 

For each data matrix, with its own angle of incidence, the 
preference for the different technological options can be calculated 
with the help of the formula's given. This is done according to two 
of the specified methods: the Subtractive Summation Technique (SST) 
and the Cardinal Data Analysis (GDA). In order to make the weighing 
for the different data matrices comparable, the total of the weights 
is each time considered to be 10 times the number of impacts 
included in that specific matrix. The results are presented in table 
3.98 (next pages). 

By combining these results for the different angles of incidence in 
new data matrices for each party, a final judgment can be made. This 
is done in tables 3.99 • 3.102 (next pages). 
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Intended Economic Macro Keyan Governmental Bodies 
Donor Government 
Investors/Entrepeneurs 
Farmers and worker& 

Meso Keyan Goverrunenta1 Bodies 
Donor Govert\IHint 
Investors/Entrepeneurs 
Farmers and workers 

MicrO Keyan Goverrunenta1 Bodies 
Donor Government 
Investors/Entrepeneurs 
Farmers and workers 

Political Macro Keyan Governmental Bodies 
Meso Donor Government 
Micro Inve.stors/Entrepeneurs 

Farmers and workers 

Social Maero lteyan Governmental Bodies 
Meso Donor Government 
Micro Investors/Entrepeneurs 

Farmers and workers 

Unintended Economic Macro Keyao Governmental Bodies 
Political Me .so Donor Government 
Soc1a1 Micro lnvestors/Entrepeneurs 

Farmers and workers 

(1) Figures refer to impacts in data ~~&trices 

Impacts (1) 
1. 2. 3a. lb. 3c. 4. 5. 
20 20 3.3 3.3 3.3 5 0 

0 0 1.6 1.6 1.6 10 25 
10 15 6.6 6.6 6.6 0 5 
25 0 0 0 0 15 0 

la. lb. 2a. 2b. 3. 4. 5. 
20 10 10 20 5 0 10 
20 0 10 20 lS 10 5 
35 0 10 10 0 0 5 
15 10 5 15 5 0 35 

la. lb. 2. 3. 4. 5. 6. 
15 5 5 0 30 0 5 
15 0 5 10 30 0 5 

' 5 5 30 0 30 10 10 
0 65 0 0 0 0 0 

1. 2. 3. 5. 6, 7. 8. 
20 5 5 20 5 10 5 
30 5 0 25 0 10 0 
10 5 5 10 20 10 0 
30 15 10 20 0 0 5 

1. 2. 3. 4. 5. 6a. 6b. 
5 10 15 5 5 5 10 

15 10 10 15 5 10 5 
10 10 10 lS 5 5 5 
10 10 10 20 5 0 15 

l. 2. 3a, 3b. 4. 5. 6. 
10 25 15 5 5 5 10 

5 30 5 0 0 20 25 
0 20 0 0 0 70 25 
0 30 25 10 15 0 0 

'-- -

6. 7. 
0 0 

25 15 
5 20 
0 0 

6. 7. 
5 5 

10 10 
10 5 
10 20 

7. 8. 
0 0 
0 0 

10 10 
0 0 

9. 
10 
10 
20 
0 

7. 8. 
10 10 
15 5 

0 0 
15 5 

7. 8. 
10 15 

5 15 
10 0 
15 5 

a. 9. 
25 10 

5 5 
0 15 

50 0 

a. 9. 10. 11. 12. ll. 14. 15. 16. 
10 5 5 10 10 10 20 5 0 

5 0 10 15 5 5 5 10 5 
0 0 10 30 10 25 5 0 5 
5 10 10 5 0 0 0 0 15 

9. 10, ll. 13. 14, 
25 25 5 10 5 
30 25 0 5 5 

5 5 10 0 0 
0 0 0 25 40 

9. 10. 11. 12a.12b 12c.l3. 14. 15. 16. 
5 15 10 20 5 10 5 15 0 0 
s 15 5 15 10 10 0 s 5 0 
0 10 5 5 5 5 20 30 10 10 
5 0 5 20 10 0 5 0 15 10 

9. 10. 11. 12. 13. 14. 
5 0 5 15 10 5 
0 0 15 5 15 0 
0 0 0 0 5 10 
0 10 10 10 5 5 

90 
90 
90 
90 

160 
160 
160 
160 

130 
130 
130 
130 

80 
80 
80 
so 

160 
160 
160 
160 

140 
140 
140 
140 

~Pi 
1-"'tT 
)<II-' 
t:T'(I) 
rt 
Ill "" 
l"fl\0 
0--.J 
1'1 

i 
p. .... 
'"" ~ 
1'1 
(I) 
::s 
rt 

~ 
rt 

""' (I) 
Ill 



Table 3.98 
Preferences for the technological options 
for the different angles of incidence for 
each party. 

Subtractive 
Summation 
Technique 

Angle of Incidence 
Options 

Party 1. 2. 3. 4. 

Intended Economic Macro Kenyan goverrunent 3 5 4 2 
Donor government 3 5 4 2 
Investors/Entrepeneu.rs 3 5 4 2 
Farmers/Workers 3 5 4 2 

Meso Kenyan government 4 5 3 2 
Donor government 2 5 4 3 
Investors/Entrepeneurs 3 5 4 2 
Farmers,lw:orkers 4 5 1 3 

Micro Kenyan govert'UIIent 5 2 1 4 
Donor goverment 5 2 1 4 
Investors/Entrepeneurs 5 2 1 4 
Farmers /Yorkers l 4 4 3 

Intended Political Macro Kenyan government 2 4 3 1 
Meso Donor government 2 4 3 l 
Micro Investors /Entrepeneurs 2 4 3 1 

Famers,lllorkers 1 2 2 1 

Intended Social Macro l<enyan govert'UIIent 4 5 2 3 
Meso Donor government 4 5 1 3 
Micro Investors/Entrepeneurs 4 5 3 2 

Farmers/Workers 4 5 3 2 

Unintended Economic Macro Kenyan government 3 4 5 2 
Political Meso Donor govert'llllent l 4 5 2 
Social Micro Inves:tors/Entrepeneurs 1 4 4 2 

Farmers,lllorkers 3 4 4 2 

Options: 1. - Large scale technology (VP) 
2. - Medium scale technology (OPS) 
3. - 70 OPS factories 
4. • 1 VP + 4 OPS factories 
5. - 1 VP + 10 OPS factories 

- 294 -

Cardinal 
Data 
Analysis 

Options 
5. 1. 2. 3. 4. 5. 

1 3 5 4 2 1 
1 3 5 4 2 1 
1 3 5 4 2 1 
1 3 5 4 2 1 

1 3 5 4 2 1 
1 1 5 4 3 2 
1 2 5 4 3 1 
2 2 5 4 3 1 

3 5 2 1 4 3 
3 5 2 1 4 3 
3 5 2 1 4 3 
2 1 4 4 3 2 

1 2 4 3 l 1 
1 2 4 3 1 1 
1 2 4 3 1 1 
1 1 2 2 1 l 

l 4 5 2 3 1 
2 4 5 1 3 2 
1 3 5 4 2 1 
1 3 5 4 2 1 

. l 4 2 5 3 1 
3 1 4 5 2 3 
3 1 4 4 2 3 
1 4 1 1 3 2 
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OVerall judgment. 
1st cycle. 
Subtractive summation technique. 

IMPACTS IIEIGIITS 

Intended Economic Macro 45 
Intended Economic Meso 20 
Intended Economic Micro 10 
Intended Political 5 
Intended Social 10 
Unintended 10 --

TOTAL 100 

L .... --~-·--··· ~-·· --

OVerall judgment. 
lot cycle. 
Cardinal evaluation technique. 

IMPACTS IIEIGHTS 

Intended Economic Macro 45 
Intended Economic: Meso 20 
Intended Economic Micro 10 
Intended Political 5 
Intended Social 10 
Unintended 10 --

TOTAL 100 

L._ 

DIRECTION 

-
-

. 

1\ANKS 

DIRECTION 

. 

. 

. 

. 
-

1\ANKS 

lARGE SCALE MEDIUM SCALE 70 OPS 1 111' + 4 OPS 1 111' + 10 OPS 
T£CilNOLOOY (VI') TECHNOLOGY (OPS) FACTORIES FACTORIES FA<;TORlllS 

3 5 4 2 1 
4 5 3 2 1 
5 2 1 4 3 
2 4 3 l l 
4 5 2 3 l 
3 4 5 2 1 

4 5 3 2 l 
- ~ ..... ~-·-··---····- -···---

LARGE SCALE MEDIUM SCALE 70 OPS 1 VP + 4 OPS l VP + 10 OPS 
TECHNOLOGY (VP) TECHNOLOGY (OPS) FACTORIES FACTORIES FACTORIES 

3 5 4 2 1 
3 5 4 2 1 
5 2 1 4 3 
2 4 3 1 1 
4 5 2 3 1 
4 2 5 3 1 

3 5 4 2 l 

' 

~ 
til 

t1 
(1) 
1-' 
Ill 

~ 
•C.. 
rt 
0 

g. 
(1) 
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Overall judgment. 
1st cycle. 
Subtractive SUIIIIDAtion technique. 

l!ll!'ACTS lll!lGHTS 

Intended Economic Macro 50 
Intended Economic Meso 10 
Intended Economic Micro 15 
Intended Political 5 
Intended Social 10 
Unintended 10 --

TOTAL 100 

Overall judgment. 
lst cycle. 
Cardinal evaluation technique. 

l!ll!'ACTS lll!IGHTS 

Intended Economic Macro 50 
Intended Economic Meso 10 
Intended Econonaic Micro 15 
Intended Political 5 
Intended Social 10 
Unintended 10 --

TOTAL 100 

DIRECTION 

. 

. 

. 

. 

RANKS 

DIRECTION 

. 

. 

. 

RANKS 

LARGE SCALE MEI)lUM SCALE 70 Ol?S 1 VP + 4 OPS 1 VP + 10 OPS 
TECHNOLOGY (VP) TECHNOLOGY (OPS) FACTORIES FACTORIES FACTORIES 

3 5 4 2 1 
2 5 4 3 1 
5 2 1 4 3 
2 4 3 1 1 
4 5 1 3 2 
1 4 5 2 3 

3 5 4 2 1 

LAR.GE SCALE MEI)!UM SCALE 70 OPS 1 VP + 4 OPS 1 VP + 10 OPS 
TECHNOLOGY (VP) TECHNOLOOY (OPS) FACTORIES FACTORIES FACTORIES 

3 5 4 2 1 
1 5 4 3 2 
5 2 1 4 3 
2 4 3 1 1 
4 5 1 3 2 
1 4 5 2 3 

3 5 4 2 1 

~Otoi 

g ~ ~ 
0111-' 
11 Ill (1) 

1-' 
G':ll-''-" 0 . 
<H>I-' 
!1>1-'oO 
11 :t 0 
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Overall judgment. 
1st cycle. 
Subtractive SUDIJilation technique. 

IMPACTS WEIGHTS 

Intended Economic Macro 5 
Intended Economic Meso 20 
Intended EconMic Micro 50 
Intended Political 5 
Intended Social 10 
Unintended 10 --

TOTAL 100 

Overall judgment. 
1st cycle. 
Cardinal evaluat:ion technique. 

IMPACTS WEIGHTS 

Intended Econo111ic Macro 5 
Intended Economic Meso 20 
Intended Economic Micro 50 
Intended Political 5 
Intended Social 10 
Unintended 10 --

TOTAL 100 

DIRECTION 

. 

. 

. 

. 

. 

. 

RANKS 

DIRECTION 

. 

. 

. 

. 

. 

RANKS 

LARGE SCALE MEDIUM SCALE 10 OPS l VP + 4 OPS l VP + 10 OPS 
TECHNOLOGY (VP) TECHNOLOGY (OPS) FACTORIES FACTORIES FACTORIES 

3 5 4 2 l 
3 5 4 2 1 
5 2 1 4 3 
2 4 3 l 1 
4 5 3 2 1 
l 4 4 2 3 

5 4 2 3 1 

LARGE SCALE MEDIUM SCALE 10 OPS 1 VP + 4 OPS 1 VP + 10 OPS 
TECHNOLOGY (VP) TECHNOLOGY (OPS) FACTORIES FACTORIES FACTORIES 

3 5 4 2 1 
2 5 4 3 1 
5 2 1 4 3 
2 4 3 1 1 
3 5 4 2 l 
l 4 4 2 3 

5 4 2 3 1 
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Overall judgment. 
1st eyele. 
Subtractive summation technique. 

IMPACTS 1/EIGMTS 

Intended Economic Macro 5 
Intended Econo~~tic Meso 10 
Intended Economic Micro 50 
Intended Political 5 
Intended Social 10 
Unintended . 20 

TOTAL lOo 

--····-

Overall judgment. 
lst cyele. 
Cardinal evaluation technique. 

IHPACTS 11EIGHTS 

Intended Economic Macro 5 
Intended Economic Meso 10 
Intended Economic Micro 50 
Intended Political 5 
Intended Soc ia1 10 
Unintended 20 

TOTAL ToO 
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LARGE SCALE MEDIUM SCALE 70 OPS l VP + 4 OPS l VP + 10 OPS 
TECHNOLOGY (VP) TECHNOLOGY (OPS) FACTORIES FACTORIES FACTORIES 

3 5 4 2 1 
4 5 1 3 2 
l 4 4 3 2 
1 2 2 1 1 
4 5 3 2 1 
3 4 4 2 1 

2 5 4 3 1 
-~~- -- --

LARGE SCALE MEDlllll SCALE 70 OPS 1 VP + 4 OPS 1 VP + 10 OPS 
TECHNOLOGY (VP) TECHNOLOGY (OPS) FACTORIES FACTORIES FACTORIES 

3 5 4 2 1 
2 5 4 3 1 
l 4 4 3 2 
1 2 2 1 1 
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In principle these overall judgments of the different parties are 
the starting point of consultation and negotiation. It is however 
also possible to combine the judgments in a new data matrix, to get 
a first tentative idea of the final judgment of the first cycle in 
the Technology Assessment. 
The result is presented in .table 3.103 (next page). 

The strenght of the analytical method used, does not so much lie in 
its possibility to confront parties and policy makers with final 
judgments, but more in the possibility to present the final 
judgments. with a sensitivity analysis of the underlying decisions. 
This sensitivity analysis is done next, using the cardinal 
evaluation technique. This technique is preferred because it 
accounts for quantitative indications included in the qualitative 
judgments. Assuming that the parties did agree on the qualitative 
data used in the data matrices, the cardinal evaluation technique is 
the best to proceed with. In case of conflicts related to given 
values, a similar evaluation of the results of the subtractive 
summation technique can be done. 
In table 3.104 (next pages), the results of the sensitivity analyses 
for the weights attached to the angles of incidence are given. 

The weights are scanned for values between 0 and 100. Changes in 
ranking are recorded. As will be further discussed in the policy 
analysis, the options for 1 OPS factory and 70 OPS factories are, 
though very relevant for the assessment, not very likely to be 
chosen in practice. Anticipating on this feedback from the policy 
analysis, the ranking of the most relevant options, 1 vacuum plant, 
1 vacuum plant combined with 4 open pan sulphitation plants and 1 
vacuum plant combined with 10 open pan sulphitation plants, is 
presented separately. 
The changes in weights that cause a change in the final judgment of 
a party, are summarized in table 3.105 (next pages). 

Quite reliable conclusions can now be drawn with respect to the 
stands the different parties will take in the negotiations for a 
final decision. The Kenyan Government strongly favours option 5: the 
combination of one vacuum pan sugar factory with ten small open pan 
sulphitation factories. 
The Donor government also favours option 5. A strong emphasis on the 
impacts on the meso level could change this preference to option 1: 
one single vacuum pan sugar factory. A slight emphasis on the 
unintended impacts also results in a shift to option 1. 
The investors/entrepreneurs will also prefer option 5. But with 
slightly more emphasis on the unintended impacts, this party will 
also prefer the single vacuum pan factory. 
For the farmers/workers, option 5 is also the first choice, but here 
only small changes in the weights given, could change that 
preference. A reduction of the weight of the unintended impacts is 
not likely, but a small increase in the weight of the impacts on the 
micro economic level is. The preference of the farmers/workers will 
then change to the single vacuum pan factory. 

In the policy analysis, the policy that can best be chosen in the 
light of these findings will be analyzed. In a similar way, the 
individual angles of incidence can be analyzed with respect to their 
sensitivity for the changes in weight. 
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lot cycle. 
Subtractive SUJI!mation technique. 

PARTIES IIEIGHTS 

Kenyan Goverrunent l 
Donor Government 1 
Investors/Entrepreneurs 1 
Fart:~tersfllorkers 1 

lst cycle. 
Cardinal evaluation technique 
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Anglo of incidence 

Intended l!conoooie 

Intended political 

Intende<! oocial 

Unintended. economic 

w 
0 

politica 
social 

Macro 

Meso 

Micro 

Macro 
Meso 
Micro 

Macro 
Meso 
Micro 

Macro 
Meso 
Micro 

Kenyan govert~~~~ent 

Ranks 
Weights 1. 2. 3. 4. 5. 

0 4 5 3 2 1 
30 3 5 4 2 1 

0 3 5 4 2 1 

0 3 5 4 2 1 
15 4 5 3 '2 1 
35 5 4 3 2 1 
40 5 4 2 3 I 
_60 5 3 1 4 2 
80 5 2 1 4 3 

0 3 5 4 2 l 
100 2 4 3 1 1 

0 3 5 4 2 1 
20 4 5 3 2 1 
60 4 5 2 3 1 

0 3 5 4 2 1 
30 3 4 5 2 1 
45 4 3 5 2 l 
75 4 2 5 3 1 

1....--

Donor government 

Ranks 
1. 4. 5. Weights 1. 2. 3. 4. 5. 

3 2 1 0 4 5 2 3 I 
3 2 1 15 4 5 3 2 I 

25 3 5 4 2 1 

3 2 1 0 3 5 4 2 1 
30 2 5 4 3 1 
65 1 5 4 3 2 

3 2 1 0 3 5 4 2 1 
3 2 1 25 4 5 3 2 1 
3 2 l 35 4 5 2 3 1 
3 2 1 45 5 4 2 3 1 
3 2 I 55 5 4 1 3 2 
3 2 1 60 5 3 l 4 2 

80 5 2 l 4 3 

3 2 1 0 3 5 4 2 1 
2 1 1 100 2 4 3 l 1 

3 2 1 0 3 5 4 2 1 
3 2 l 20 4 5 3 2 1 
3 2 1 40 4 5 2 3 1 

70 4 5 1 3 2 

3 2 1 0 4 5 3 2 1 
3 2 1 5 3 5 4 2 1 
3 2 1 45 1 5 4 3 2 

3 2 1 50 1 5 4 3 2 
60 1 4 5 2 3 

InvestorsfEntrepeneut.'.s 

Ranks 
l. 4, 5. Weights l. 2. 3. 4. 5. 

3 2 l 0 5 4 2 3 1 
3 2 l 10 4 5 2 3 .1 
3 2 l 30 4 5 3 2 1 

35 3 5 4 2 1 

3 2 l 0 5 3 1 4 2 
2 3 1 5 5 4 I 3 2 
1 3 2 15 5 4 2 3 1 

25 4 5 2 3 1 
45 3 5 2 4 1 
50 2 4 3 3 l 
55 2 5 4 3 1 

3 2 1 0 2 5 4 3 I 
3 2 1 20 3 5 4 2 1 
3 2 l 35 4 5 3 2 I 
3 2 1 40 4 5 2 3 1 
3 2 1 50 5 4 2 3 1 
3 2 1 60 5 3 1 4 2 
3 2 1 80 5 2 1 4 3 

3 2 1 0 5 4 2 3 1 
2 1 1 10 4 5 2 3 1 

25 4 5 3 2 1 
50 3 5 4 2 1 

100 2 4 3 l 1 

3 2 1 0 5 4 2 3 1 
3 2 1 15 4 5 2 3 1 
3 2 1 35 4 5 3 2 1 
3 2 1 55 3 5 4 2 1 

3 2 1 0 5 4 2 3 l 
3 2 1 15 4 5 2 3 1 
1 3 2 30 3 5 4 2 1 
1 3 2 35 2 5 4 3 1 
1 2 3 40 1 5 4 3 2 

100 1 4 4 2 3 

1. 4. 5. Weights 

3 2 1 0 
3 2 1 15 
3 2 1 
3 2 l 

3 2 1 0 
3 2 1 
3 2 l 
3 2 l 
2 3 l 
2 3 I 
2 3 1 

2 3 1 0 
3 2 1 5 
3 2 1 15 
3 2 I 20 
3 2 1 60 
3 2 1 100 
3 2 1 

3 2 1 0 
3 2 l 100 
3 2 1 
3 2 1 
2 1 1 

3 2 1 0 
3 2 1 60 
3 2 1 
3 2 1 

3 2 1 0 
3 2 l 15 
3 2 1 40 
2 3 1 45 
1 3 2 50 
l 2 3 55 

10 
75 

100 

Fanners/Workers 

Ranks 
l. 2. 3. 4. 5. 

2 5 4 3 1 
3 5 4 2 1 

2 5 4 3 1 

4 4 3 2 I 
4 5 3 2 1 
3 5 4 2 I 
2 5 4 3 I 
1 5 4 3 2 
l 4 4 3 2 

2 5 4 3 1 
1 2 2 1 1 

2 5 4 3 1 
3 5 4 2 1 

1 5 4 3 2 
2 5 4 3 l 
2 5 3 4 1 
3 4 2 5 1 
4 3 2 5 1 
5 3 2 4 l 
5 3 1 4 2 
s 2 1 4 3 
4 1 1 3 2 

l. 4. 5. 

2 3 1 
3 2 1 

2 3 1 

3 2 1 
3 2 1 
3 2 1 
2 3 1 
1 3 2 
l 3 2 

2 3 1 
1 1 1 

2 3 1 
3 2 1 

1 3 2 
2 3 1 
2 3 1 
2 3 1 
2 3 1 
3 2 1 
3 2 1 
3 2 1 
3 2 1 
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Table 3.105 
Overall judgments, sensitivity for 
the changes in weights. 

WEIGHTS 

Kenya CoverrutJent Intended Economic Macro . 
Meso 
Micro . 

Intended Political +95 
Intended Social . 
Unintended . 

Donor Government Intended EconOllic Macro . 
Meso +20 

+55 
Micro . 

Intended Political +95 
Intended Social . 
Unintended +35 

+50 

Investors/ Intended Economic Macro . 
Entrepreneurs Meso +25 

Mtcro ·50 
Intended Politi.,al +95 
Intended Social . 
Unintended +25 

+30 
+90 

Farmers/ Intended Economic Kaero +10 
Workers Meso 

Micro -35 
+10 

Intended PoUtical +95 
Intended Social +50 
Unintended ·10 

+35 

1. - Large scale vacuum pan technology (VP). 

RANKS 

1.4.5. 

. . 

. . . . . . 
3 2 1 . . . 

. 
. . 

3 2 l 

. 
3 2 1 

3 2 1 

. . . 
3 2 1 
3 2 1 
3 2 1 . . -
3 2 1 

2 3 1 

2 3 1 
2 3 1 
2 3 1 
2 3 1 
2 3 l 
2 3 l 

4. - 1 VP + 4 Open pan sulphitation technologies (OPS). 
5. - 1 VP + 10 OPS technologies. 
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-> . . 
-'> - . . 
-> . . . 
-> 2 1 l 
-> . . . 
-> . .. 
-'> . . . 
-'> 2 3 l 
-> 1 3 2 
-> . . 
-> 2 l l 
-> . . . 
-> 1 3 2 
-> 1 2 3 

-> . . . 
-> 2 3 1 
-> 2 3 l 
-> 2 1 1 
-> . . 
-> 2 3 1 
-> 1 3 2 
-> 1 2 3 

-> 3 2 1 
-> . . 
-> 3 2 1 
-> 1 3 2 
-> 1 1 1 
-> 3 2 1 
-> l 3 2 
-> 3 2 l 



Such an analysis can provide an insight in the impacts are crucial 
for the resulting ranking in that specific group of impacts. 
The unintended impacts are not a priori comparable with the intended 
ones and it is questionable whether it is correct to group them in 
one angle of incidence. One very negative impact only, could be 
enough to consider alternative options and could lead to a choice 
for the zero option. 
Of course, such an impact can be strongly emphasized by choosing the 
right weights, but the method applied could easily hide important 
unintended impacts. Therefore, the group of unintended impacts is 
chosen for a sensitivity analysis. Other groups of impacts can be 
analyzed in the same way. 
In table 3.106 (next page), the results of this analysis are 
presented. 

The crucial impacts are therefore: 
the shortage of agricultural products on the national level; 
the discrimination between smaller and bigger farmers; 
the emergence of a rural middle class; 
the increase in workload for the women; 
a shortage in the production of food crops. 

The parties have to decide whether the weights given for these 
impacts are correct and if not, the desired changes should lead to 
new calculations of the overall judgment. For each of the unintended 
impacts, the question should be answered whether they could lead to 
rejection of all options, thus leading to the zero option. 
Here it is assumed that no changes are necessary. 
The option that is finally chosen should be reviewed for all the 
impacts, because insignificant positive impacts, particularly in the 
economic sphere, could also lead to an ultimate choice for the zero 
option. 

In the case of the sugar industries, a choice for the zero option 
cannot be justified. 
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Jlcenyan Government Donor Govi!lrnment 

1. Shortage in agricultural +5 3 2 1 •> 2 3 1 . . . •> . . . 
products on the national +10 •> 1 2 3 
level 

2. Decr:ease in rural·urban . . . -> . . . . .. -> . . . 
migra.t:ion 

3. Farmers squeezed _out of 
agriculture. 

a. on the short tenn . . . . -> . - - . - - - -> .. -
b. on the long term . - - . -> . . - - - .. -> . .. 

4. Discrimination between ·S 3 2 1 -> 2 3 1 +15 1 2 3 -> 3 2 1 
smaller and bigger fartaers 

5. Emergence of classes of . - - . -> . . . - - .. -> . .. 
farmers 

6. Emergence of rural petty +5 3 2 1 -> 1 3 2 ·10 1 2 3 •> 3 2 1 
bourgeos1e +10 -> l 2 3 

7. Displacement of famers . . . -> . . . ... -> . .. 
8. Increase of open . . .. -> . . . . . .. -> . .. 

unemployment 
9. Exlploitation of labour . . . -> . . . . ... -> . .. 

VJ 

g 
by the farmers 

10. Unilateral dependence on . . . -> . .. . .. -> . .. 
sugar cane u a cash crop 

11. Inereese workload for ·5 3 2 l -> 2 3 l +10 l 2 3 -> l 2 l 
women 

12.Deficit in foodcrops grown -5 3 2 l -> 1 3 2 +lO l 2 3 -> 2 3 1 
-10 -> 1 2 3 +15 •> 3 2 1 

13. Decrease in sugar cane . . .. -> - . . . . .. •> . .. 
yields 

14. Decrease in importance . ... -> . . . . . .. -> . .. 
of tribal ties 

Investors/entrepreneurs Farmers/Workers 

. . . . •> . . . +30 3 2 1 
+35 

. . . -> ... . . . . 

.. - -> - . . - . - . ... -> - . . - . .. 
+25 1 2 3 -> 3 l 2 . . . . 
+30 -> 3 2 1 

. . - -> . . . - . 
-25 1 2 3 -> 1 1 1 +30 3 2 1 

. - . -> . . . . . . 
. . . . -> - . . . - . -

. . . -> . . . . . .. 

. . . . -> . . . .. 
+25 l 2 3 -> 3 2 l . . . -

+20 1 2 3 -> 1 2 2 . . . . 
+'25 -> 3 2 1 
. . . . -> . . . . . . . 

. . . -> ... . . . . 

-> 
-> 

-> 

-> 
•> 
-> 

-> 

-> 

-> 
-> 

-> 

-> 

-> 

-> 

-> 

-> 

2 1 3 
1 2 3 

. . 

- . 
- - . 
. - . 

1 2 3 

. . 

. . . 

. . . 
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3.7.3. ADJUSTMENTS OF THE METHODS IN VIEW OF THE PRACTICAL 
APPLICATION. 

A major adjustment with respect to the method proposed in chapter 1, 
is the substitution of the analytic hierarchy approach by the multi 
criteria analysis method. 
A shortcoming of this method is that its value is only optimal when 
the weights are filled in by the parties concerned. In this study 
this was not possible. In practice, a technology assessment will be 
done in commission of one of the parties concerned, e.g. the Kenyan 
Government. It is then questionable whether the other parties can 
all be involved in the study give their comments and participate in 
the process of weighing and re-weighing. The sensitivity analysis 
introduced for the different steps in the process, provides a good 
possibility to assess the position in the decision taking process. 
If critical impacts or weighing decisions are found, these can 
always be checked with the parties concerned. If the method is used 
in this way, it is however necessary to conduct a sensitivity 
analysis for all steps that are taken during the process. 
Technically this is very well possible. 
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3.8. POLICY ANALYSIS. 

As was previously pointed out, only projects directed 
production of sugar in the Kakamega district, Western Province, 

at the 

Kenya, are considered in this study. 
In fact, the projects are even limited to the 
technologies (vacuum pan factories), the medium scale 
(open pan sulphitation factories) and the small scale 
(jaggery), or a combination of them. This limitation of 
its consequences for the policy analysis. 

large scale 
technologies 
technologies 
course has 

On the forehand it is obvious that the three technology scales 
cannot be compared with respect to the primary aim of producing 
120.000 tons of high quality sugar in 1990. 
The quality of the sugar produced by the jaggery factories does not 
meet the requirements and the quantity produced is too low. The 
quality of sugar produced by the open pan sulphitation factories 
meets the requirements, but the indiviual quantities produced are 
such, that not less than 70 of these factories are necessary to 
produce the required 120.000 tons in 1990. 
Analysing the option of constructing 70 of these factories, yields 
valuable information on the technologies as such and makes it 
possible to compare the identified impacts with those of the vacuum 
pan factories. 
A total of 70 open pan factories cannot possibly be constructed by 
one 'entrepreneur', not even if this would be the Kenyan Government. 
A policy based on the expectation that enough entrepreneurs can be 
interested in such a construction, is highly speculative and 
therefore unwise. 

A combination of a vacuum pan factory with a number of open pan 
factories is however well possible 
The following 3 scenario's could provide relevant information on the 
policy to be followed with respect to the different scales: 

construction of 1 vacuum pan factory; 
construction of 1 vacuum pan factory and 4 open pan factories; 
construction of 1 vacuum pan factory and 10 open pan factories. 

These 3 options were therefore included in the impact analysis and 
evaluation in the preceding paragraphs. They are considered the 
three alternatives on which the policies should be based. 

The policy at the macro level will be formulated by both the Kenyan 
and the donor governments. From the impact analysis, it is clear 
that the Kenyan Government prefers a combination of one vacuum pan 
factory with 4, or even better, 10 open pan factories. 
This choice has to be re-assessed with respect to the following 
critical elements from the technology and social description and 
forecast (Porter, 1980, 392): 
1. effectiveness; 
2. technological efficiency; 
3. economical efficiency; 
4. distribution of costs, risks and returns; 
5. flexibility; 
6. implementability. 
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ad 1. 

ad 2. 

Effectiveness. 
The vacuum pan option scored best in the impact evaluation 
and the effectiveness with respect to the entire aims scala 
is guaranteed. This is only true if the exersize is limited 
to the scales of sugar producing technologies mentioned. 
The socio-economic analysis showed that projects involving 
tea, coffee and tobacco as a cash crop, could possibly be 
more effective, provided that a suitable infrastructure can 
be introduced simultaneously . 

. Technological efficiency. 
The technological efficiency was dealt with in the 
technology description and forecast and resulted in a 
suitability classification. 
The agricultural part of the vacuum pan technology scores 
'not suited' on account of the fact that it doesnot link up 
with the activities of the small farmers and the fact that 
the foreign currency component is too high. Both the large 
and medium scale technologies are not flexible with respect 
to the production of cane. Although the agricultural part 
of the medium scale technology has common ground with the 
practices of the small farmers, it scores 'not suited' on 
account of the fact that it provides little stimulaton for 
the development of the small farmers' practices. 
The biggest problem of the medium scale technology however 
is that it is not backed by an infrastructure of applied 
research in fields like fertiliser application, weed 
control, cane varieties, cane propagation, etc. Its 
efficiency over longer periods can therefore not be 
guaranteed. Since the Kenyan Government propagates that the 
agricultural technology should be in the hands of farmers' 
co-operatives, it should stimulate a development in which 
it is possible for the farmers to acquire adequate 
agricultural imputs and services from the co-operatives. 
Not only for sugar cane, but also for other crops. In the 
sugar cane areas, agricultural extension services provided 
by the Government should be intensified rather than 
reduced. The policy to reduce these services in cash crop 
areas, appears to be the wrong one. Certainly in the medium 
scale sugar technology, more attention with respect to 
extension services is crucial to attain and maintain an 
efficient agricultural productivity over a longer period. 

The transport system of both the large and medium scale 
technologies requires too great a component of foreign 
exchange. Decentralization of the system could result in 
better economic results and lead to the use of more adapted 
equipment that is easier to manufacture locally. From a 
management point of view, decentralization is however not 
attractive. 

The processing part of the large scale technology is very 
efficient, although the suitability score is somewhat 
negatively affected by the sizeable foreign exchange 
component and the fact the technology is too advanced to 
link with present other technological developments in 
Kenya. 
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ad 3. 

ad 4. 

The medium scale technology also requires a considerable 
amount of foreign exchange. This technology is however far 
from efficient, as is shown in the technology description. 
Improvements in this respect are however possible and more 
effort should be put in adapting this technology to Kenyan 
conditions. 

Economical efficiency. 
From the net present value and internal rate of return 
calculations it is clear that, although both scales of 
technologies are viable, neither of them is economically 
attractive. The government can however still be satisfied 
with their economical performance because of the additional 
income through excise, duties, etc. In view of the high 
capital risks in Kenya, both the large and medium scale 
technologies are not very attractive for private investors. 
Since the medium scale technologies largely depend for 
their implementation on private capital, the economic 
margin should be extended. Either by extending the margin 
between the price of sugar and cane, or e.g. by reducing 
the tax on sugar produced by medium scale producers. When 
looking at the economical efficiency, it should be born in 
mind that in relation to the world prices for sugar, Kenya 
is far from competitive. 
The economic efficiency therefore largely depends on 
protective measures. 
In order to become really competitive, the processing costs 
of sugar will have to be lowered drastically. This is only 
possible by changing the outgrower system into a central 
estate system (plantation cropping). However in this 
process a considerable number of valuable aims will have to 
be sacrificed. 

Distribution of costs, risks and returns. 
The impact analysis shows to what extend costs, risks and 
returns are divided among the parties. 
Dissatisfaction with this division is mainly due to impacts 
on the micro economic level. Or in other words, originates 
from the disappointing economic development of the farmers. 
When this item is raised up, the·solution is always sought 
in increasing the cane prices or reducing the deductions on 
cane payments. \ 
The analysis shows that there is little margin in setting 
cane and sugar prices. In addition, the returns from cane 
are far better than the returns from any other crop if no 
new infrastructure is introduced. 
The conclusion is that sugar cane, in the light of the 
shortage of available land, can only improve the income of 
the farmers to a limited extend. 
If the income level is considered too low, the solution is 
certainly not connected to sugar cane. In this case it is 
then more logical to find improvements through 
diversification of cash crops at the farmers level and 
through upgrading the cultivation of traditional food 
crops. Diversification should concentrate on the production 
of labour intensive food crops for the market such as 
tomatoes and bananas. 
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These crops can be grown on small plots. 
Sunflowers and coffee require too much land. 

ad 5 Flexibility 

ad 6. 

With a crop cycle of five years for sugar cane, there is 
hardly any flexibility in the agricultural technology 
itself. 
The vacuum pan technology cannot afford an underutilization 
of the factory capacity and therefore the agricultural part 
has to be geared to a continuous form of overproduction. 
Surplus cane however has to be bought in order not to 
affect the income of the farmers negatively. 
The medium scale technologies can play an important role in 
this aspect. 
Since the Kenyan Government doesnot discourage jaggery 
production, these factories with their high flexibility, 
could take further care of the fluctuations in supply and 
demand. 
From tables 3.91-3.96, it can be seen that jaggery 
factories as such have relatively positive impacts, except 
for their low payments to the farmers. The problem lies in 
the fact that jaggery is the raw material for brewing 
'changaa' (alcohol), which has severe negative social and 
economic impacts for the farmer households. In this respect 
jaggery production should be discouraged. Only if the 
alcohol production could be centrally regulated, jaggery 
production would be acceptable. 

Implementability 
Technically all technologies described can 
The measures necessary to implement 
combination of a large and several medium 
primarily depend on political decisions. 

be implemented. 
a system of a 

scale factories, 

Although the case studied was hypothetical, the data used in the 
analyses were real and conclusions therefore have a more than 
hypothetical character. 
The policy of the Kenyan Government is based on the Sugar 
Development Policy Guidelines, 1981-1990. These guidelines indicate 
that the level of efficiency of the existing industries should be 
improved first by rehabilitating the production resources and 
facilities. In addition, there is room for the establishment of a 
few new sugar factories. Until now, the policy of the Kenyan 
Government towards medium scale technologies was one of neglect, 
probably based on the conclusion that open pan sugar plants are 
ineffecient (Kenyan Sugar Authority, July 1981, 2). Our study 
confirms some of this inefficiency in the medium scale technologies, 
but also exposes the postive role these industries can play, both in 
sugar industry and in rural development. It is made clear that the 
efficiency of the medium scale technology can be improved and as 
long as entrepreneurs and investors can be found that are willing to 
take the risks, this technology should not be rejected. On basis of 
the findings in the impact analysis and evaluation . and the 
considerations mentioned earlier, the Kenyan Government, in its 
effort to rehabilitate the production of sugar cane, should consider 
a stimulating policy towards the medium scale technologies. 
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In addition, a policy could be followed of building one vacuum pan 
and several open pan sulphitation factories. The tolerant attitude 
towards jaggery industries could be continued if, in one way or 
another, a policy of controlled alcohol production and distribution 
could be achieved. 

The Donor Government has only a marginal influence on the policy of 
the Kenyan Government. Since the Donor Government also favours the 
option of 1 vacuum pan factory with 10 open pan sulphitation 
factories, support of the outlined policy is obvious. 
At the meso level, policies are made by local governments and by the 
companies, investors and entrepreneurs. Since all parties prefer the 
same option, a general support of the policy of the Kenyan 
Government could be expected. The interests of the different parties 
are however not the same. The large scale company and the medium 
scale companies are competitors for the same raw material: sugar 
cane. A mutual interest in a continuous but flexible production of 
cane, should bring the parties together to work out policies from 
which they all could benefit. 
At the micro level, the farmer has to determine his own policy. In 
view of the limited contribution of sugar cane to his development, 
he should diversify, using sugar cane as a prime mover. Such a 
policy should be firmly supported by the government but also by the 
companies. 
If they want to ensure a continuous supply of cane in the long run, 
they should put aside their fear for competing crops and stimulate 
the further development of the farmers. E.q. by making available 
agricultural inputs and credit facilities, not only for sugar cane 
but also for other crops. 
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CHAPTER 4 
ADJUSTMENTS OF THE TECHNOLOGY ASSESSMENT METHOD IN 
VIEW OF THE CASE STUDY RESULTS, 

4.1. INTRODUCTION. 

The Technology Assessment (TA) instrument introduced in chapter 1, 
was applied in the case study and it is now possible to assess the 
practical applicability of the instrument. 
Changes in the instrument will be proposed and suggestions on the 
use of technology assessment in the specific context of developing 
economics made. 
Subsequently, the instrument will be evaluated in the light of the 
prospects formulated in chapter 1. 

4.2. ADJUSTMENT OF THE TECHNOLOGY ASSESSMENT MODEL. 

The first ~tep in the technology assessment was to design a 
technology delivery system (TDS). The TDS was to provide a logical 
and coherent view of the system in- and outputs and the system 
actors. Since mainly known technologies are involved in TA for 
developing economies, the TDS is best seen as a detailed skeleton of 
a production system. 
In this context, the definition of a production system should not be 
too narrow. 
In the case study, the TDS led to the structuring of a complex 
technology in separate constituent systems and this proved to be so 
important in the TA process, that it deserved a distinct place in 
theTA-model. See figure 4.1 (next page). 

When formulating the aims, it proved to be useful to distinguish two 
steps: 

the formulation of the aims of the different 
involved; 
the formulation of the aims of the project. 

parties 

The formulation of aims based on a policy analysis was satisfactory. 
The social description, based on a field survey of samples of the 
parties concerned, yielded a good inventory of possible aims. 
However to better distinguish between major and minor aims, an 
indepth analysis would have been necessary. 
The sub-division in higher and lower level aims, provided an added 
value with respect to the understanding of the role of aims in the 
TA process. 
The higher level aims corresponded with the general goals of the 
individual parties, whereas the lower level aims were far more 
specific and therefore project oriented. 
Aims at the higher level that had little in common, turned out to 
share certain aspects at the lower level. Still, even the lower 
level aims are more or less abstract and are not linked to concrete 
project activities. 
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Aims have therefore to be linked with a choice of possible tools, 
leading to criteria for choosing these tools. 
The range of tools to be chosen from is infinite and for all 
practical purposes has to be restricted. These restrictions can 
originate from the involved parties, the assessor or the turn of 
events that simply excludes certain choice possibilities. 
In the case study, the major restriction lies in the fact that sugar 
producing technologies were chosen, excluding all other technologies. 

After the first draft of the aims of the project, it is necessary to 
consult the parties concerned. This consultation can provide an idea 
of the approprlatness of the final aims to be used in the following 
cycle of the TA. 
In this way it is prevented that irrelevant alms are carried through 
in the further study. 
The consultation point should be incorporated in the TA model 
(figure 4.1.). 
The sequence of the social description and forecast and the 
technology description and forecast was switched in the case study, 
due to the coice of sugar producing technologies before hand. 
In case of a free choice of tools, the social description and 
forecasting have to take place first. 

The methodology of the technology description and forecast, based on 
a system of suitability classification, was found to be 
satisfactory. In retrospect however, the economic analysis drowned 
in the abundance of other data and a separate economic analysis 
would be necessary. 
To stress the importance of such an analysis, the TA model is 
extended with an economic description and forecasting (figure 4.1.). 
For the economic description and forecasting a similar method can be 
used as for the suitability classification in case of the t~chnology 
description and forecasting (figure 1.7.). 
When the available technologies are specified in the light of the 
described aims, conflicting aims of the parties come to light. 
Choices then have to be made and a second consultation has been 
added to the TA model (see fig. 4.1.). 
The methodology suggested in chapter 1 for the social analysis, was 
developed further and the social system was described by means of 
institutions. For each institution, three basic levels were 
distinguished and described (see figure 3.20): 

the ideological level; 
the structural level; 
the behavioural level. 

The description of the basic levels was again done at 
different levels: 

the macro or national level; 
the meso or regional level; 
the micro level describing the households. 

three 

In a technology assessment process it is usually impossible to deal 
at length and in depth with the institutions as e.g. sociologists 
would have done. Only those units of analysis that are relevant for 
the specific case, can be taken into account. 
Irrespective of whether they are traced by literature reviews, as 
was done in the case study, or by other methods such as e.g. 
extensive checklists, it is of vital importance to check the units 
chosen with the parties involved. 
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Therefore a third consultation point is included in the TA model 
(see figure 4.1.). 

The multi criteria analysis, combined with a sensitivity analysis to 
trace critical impacts, or to weigh decisions, proved adequate for 
the impact analysis and evaluation. 
A further theoretical analysis of the methods used, particularly 
with respect to the entries in the cells of the matrices, is however 
necessary. 
Crucial in this phase of the TA is again the close 
the parties involved. Preferably, the impact 
carried out by the parties concerned with the 
assessor. 

consultation with 
analysis should be 
assistance of the 

To stress the importance of the involvement of the parties in the 
impact analysis and evaluation, a fourth consultation point has been 
added to the TA model (see figure 4.1.) 

4.3. EVALUATION OF THE TECHNOLOGY ASSESSMENT INSTRUMENT. 

The technology assessment instrument provides a good opportunity to 
weigh negative and positive impacts and therefore makes it possible 
to contribute to a better choice of potentially valuable 
technologies. The problems that might occur because of the possible 
effects of the values of the assessor, are set off by the 
involvement of the parties concerned on those points where 
evaluation plays an important role. 
A comprehensive account of considerations and decisions, makes it 
possible for all concerned to judge the effects of the decisions 
taken on the final result of the technology assessment. 
The goals formulated for technology assessment in the developing 
context (see chapter 1, paragraph 1.4): 

satisfaction of human needs: 
maximum employment; 
wise use of resources and the environment; 
more opportunities to employ appropriate technologies; 
an own development strategy out of dissatisfaction with the 
existing situation and the aid given, 

can be met. 
The aim's formulation chosen, however requires that these aims are 
adopted by at least one of the parties involved. 

The case study showed that a technology assessment provides a 
surplus value compared to other evaluation techniques. 
It does not just assess the feasibility of one technology in one 
specific project, but puts several available technologies and 
possible projects in a broader context and formulates conditions 
favouring particular technologies or particular projects. In 
.addition, measures are suggested that could effect both the positive 
and the negative impacts in such a way that the different parties 
can benefit from the project as much as possible. In the end, this 
will improve the feasibility of the projects. 
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Although the method provides ample opportunities for the involvement 
of the parties, such an involvement cannot be enforced by the 
assessor. Therefore, the most important next step in the propagation 
of the technology assessment instrument, is to interest policy 
making agencies, such as receptor and donor governments and 
international agencies, but also investors and entrepeneurs, in the 
use of technology assessment in the planning of new projects. 
They can enforce an active participation of the parties concerned. 
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SAMENVATTING 

In het licht van de vaak teleurstellende resultaten van de 
introduktie van moderne technologieen in ontwikkelingslanden wordt 
de vraag gesteld of de technieken die gebruikt worden om industriele 
projekten te beoordelen, wel voldoen. 
In vergelijking met conventionele technieken als kosten/baten
analyses en haalbaarheidsstudies lijkt de techniek van technologisch 
aspektenonderzoek een belofte voor de toekomst in te houden. 

Het is echter nog niet duidelijk of en zo ja op welke wijze, 
technologisch aspektenonderzoek een rol kan spelen bij het opzetten 
van industriele projekten in ontwikkelingslanden. 
Enerzijds komt dit door de specifieke problemen die de uitvoering 
van een technologisch aspektenonderzoek in ontwikkelingslanden met 
zich meebrengt, anderzijds ontbreekt elke ervaring met de werkelijke 
uitvoering in ontwikkelingslanden. 

In het proefschrift wordt een model voor technologisch 
aspektenonderzoek ontwikkeld dat zoveel mogelijk tegemoet komt aan 
de specifieke eisen van beleidsvorming op het gebied van technologie 
en industria in ontwikkelingslanden. 
Daarbij staan twee zaken centraal: 
- het van bet begin af aan betrekken van de doelen van alle 

betrokken partijen bij de besluitvorrningsprocessen en bet 
terugkoppelen van de effekten van de ingevoerde technologieen naar 
de doelen; 

- bet in bet proces rneenernen van alle beschikbare en op korte 
termijn beschikbaar komende (•emerging•) technologieen. 

Teneinde niet alleen een theoretische maar ook een praktische 
bijdrage te kunnen leveren aan de ontwikkeling van een technologisch 
aspektenonderzoeksinstrument voor ontwikkelingslanden, wordt het 
ontwikkelde instrument getoetst in een veldsituatie. Hierbij is bet 
hypothetische uitgangspunt dat er in Western Province, Kenya, plaats 
is voor nieuwe - rietsuiker producerende - industrieen. 
Het technologisch aspektenonderzoek is bedoeld om de verschillende 
beleidsopties te inventariseren en om het uiteindelijke keuzeproces 
te begeleiden. 

De studie maakt gebruik van bestaande suikerindustrieen in western 
Province van verschillende omvang: 
- een grootschalige vacuum pan-industria; 
- een middelgrote open pan sulfitatie-industrie; 
- een kleinschalige "jaggery"-industrie. 
Dit maakt bet rnogelijk werkelijke gegevens te verzamelen en te 
gebruiken en de werkbaarheid van het instrument in de praktijk te 
toetsen. Daarnaast komen er gegevens ter beschikking die relevant 
zijn voor het beleid van Kenya ten aanzien van bestaande, maar 
eventueel ook nieuwe, suikerindustrieen. 

In hoofdstuk 1. wordt stap voor stap een model van een instrument 
ontwikkeld en beschreven dat leidt tot een •aims-tools-impacts• 
cyclus. De verschillende stappen krijgen in deze cyclus een vaste 
plaats, evenals de terugkoppelingspunten die bet noodzakelijk 
geachte dynamische en cyclische element aanbrengen. 
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Hoofdstuk 2. geeft de verantwoording van de keuze van de 
veldstudie en schetst de omgeving van deze case in termen van o.m. 
de geografie, het klimaat en de maatschappij. Daarnaast wordt een 
gedetailleerde beschrijving gegeven van de aanwezige 
suikertechnologieen van verschillende schaalgrootte. 

De praktische toepassing van bet ontwikkelde instrument komt aan bod 
in hoofdstuk 3. De methodiek voor het verzamelen van de benodigde 
gegevens wordt getoetst en verantwoording wordt afgelegd voor de 
gebruikte gegevens en de gemaakte keuzes die in een afwegingsproces 
moeten leiden tot de voorkeur voor een bepaald te volgen beleid. 
Bij de praktische toepassing van het instrument kunnen vele stappen 
worden onderscheiden, waarvan de belangrijkste hier worden genoemd. 

De eerste stap bestaat uit bet bepalen van de doelen van de 
verschillende betrokken partijen en hierdoor worden ook de grenzen 
van de studie bepaald. 
In de technologische omschrijving en voorspelling worden de 
verschillende bestaande technologische opties geinventariseerd en 
gewaardeerd en worden mogelijke relevante toekomstige technische 
ontwikkelingen vetkend. 
voor dit doel is een onderscheid gemaakt tussen: 
- landbouwkundige technologieen voor de produktie van suikerriet; 
- transporttechnologieen voor het vervoer van de suikerrietoogst; 
- procestechnologieen voor de produktie van bet eindprodukt 

rietsuiker. 

De beschrijving van de socio-economische omgeving is gebaseerd op 
het begrip institutie en onderscheidt een politieke, een 
verwantschaps-, een religieuze, een socialisatie- en een 
communicatie-institutie. 
De mogelijke effekten van de introduktie van nieuwe 
suikertechnologieen worden geinventariseerd door de bestaande 
technologieen te evalueren. Deze socio-economische effekten zijn 
zeer divers en kunnen pas goed worden beoordeeld na weging in een 
effekt-analyse en -evaluatie. 

In deze effekt-analyse en -evaluatie wordt gebruik gemaakt van de 
•multi-criteria mixed data analysis•. Deze methode maakt het 
mogelijk om door een gevoeligheidsanalyse de beoordeling van de 
verschillende betrokken partijen te toetsen en kritische 
beoordelingspunten op te sporen. Aangegeven wordt met welke 
uitgangspunten de betrokken partijen de onderhandelingen, leidend 
tot een eindoordeel, zouden kunnen beginnen en welke invloed 
verschuivingen in de waardering van de verschillende effekten op het 
eindoordeel zouden hebben. 

Met de gevolgde methode, en in het geval van deze hypothetische 
studie, blijkt bet goed mogelijk beleidslijnen te formuleren. 
In de beleidsanalyse, aan het eind van hoofdstuk 3, worden drie 
technologische opties: 1 vacuUm pan-fabriek, 1 vacuUm pan-fabriek en 
4 open pan-fabrieken en 1 vacuUm pan-fabriek en 10 open 
pan-fabrieken met elkaar vergeleken. 
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Dit gebeurt op basis van de volgende kritische elementen: 
- effektiviteit; 

technologische efficientie; 
economische efficientie; 
spreiding van kosten, risico•s en baten; 
flexibiliteit; 
haalbaarheid, 

oe keuze valt, op basis van deze vergelijking, op de konstruktie van 
1 vacuUm pan-fabriek gekombineerd met 10 open pan-fabrieken. 

De toepassing van het technologisch aspektenonderzoeksinstrument, 
ontwikkeld in hoofdstuk 1, in de veldstudie, leidt in hoofdstuk 4, 
tot aanpassingen van dit instrument, 
De belangrijkste hiervan hebben betrekking op het inbouwen in de 
•aims-tools-impacts•-cyclus van vaste consultatiepunten voor de 
betrokken partijen. 
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1. 

2. 

3. 

4. 

Stellingen 

Het voorstel van Linstone om de grote kloof tussen analyse 
en besluitvorming op bet gebied van socio-technische 
systemen op te lossen door het instellen van een 
inter-paradigmatisch, in plaats van een interdisciplinair 
assessment team lijkt zowel vanuit wetenschappelijk, als 
vanuit maatschappelijk oogpunt weinig kans van slagen te 
hebben. 

Linstone, H.A., Multiple perspectives for decision 
making, North Holland, New York, 1984 

Door bet gebruik van Multicriteria-evaluatiemethoden met 
gemengde data-analyse wordt bet probleem van bet niet 
kunnen incorporeren van niet-kwantificeerbare effekten 
- door Wad en Radnor gekenmerkt als een hoofdprobleem 
voor technology assessment in ontwikkelingseconomieen -
niet opgelost, maar verlegd naar bet veel herkenbaardere 
en algemenere probleem van bet vinden van een 
maatschappelijk betrouwbare weging van alle effekten. 

Voogd, H., Multicriteria evaluation for urban and 
regional planning, Pion, London, 1983 
Wad, A., Radnor, M., Technology Assessment: review and 
implications for developing countries, UNESCO, Paris, 1984 

Door in haar beleid ten aanzien van bet uitvoeren van 
Technology Assessment stelselmatig de nul-optie (= het 
niet introduceren van een technologie) uit te sluiten, 
doet de Nederlandse regering ernstig afbreuk aan de 
objectiviteit die impliciet wel wordt geclaimed. 

Beleidsnota: Integratie van wetenschap en technologie in 
de samenleving, Tweede Kamer, vergaderjaar 1983-1984, nr. 

Een algemene acceptatie van de herdefiniering van bet 
begrip "aangepaste technologie", zodat bet in elk stadium 
van economische ontwikkeling toepasbaar is, zou bijdragen 
aan een juistere waardering van onderzoek dat op dit 
gebied uitgevoerd wordt. 

Dunn, P.D., Appropriate technology, The McMillan Press, 
London, 1978, p. 40 
Jequier, N. (ed), Appropriate technology, problems and 
promises, OECD, 1976, p. 16 
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Technology assessment-onderzoek ten behoeve van 
ontwikkelingseconomieen zou gebaseerd moeten zijn op de "human 
needs" in de betreffende gebieden en niet, zoals o.a. het 
geval is bij de onderzoekskeuze van het door de UNITED NATIONS 
CENTRE FOR SCIENCE AND DEVELOPMENT (UNCSTD) opgerichte ADVANCE 
TECHNOLOGY ALERT SYSTEM (ATAS) netwerk, op prioriteiten die 
worden opgesteld in een geheel andere culturele context. 

The ATAS Network, transforming objectives into services, 
ATAS/UNCSTD, New York, August, 1986 

Nog te vaak wordt vergeten dat een economische kosten-baten 
analyse voor het toepassen van een technologie slechts 
relatieve waarde heeft, immers economische haalbaarheid is 
meestal wel de belangrijkste voorwaarde, maar slechts zelden 
de belangrijkste reden voor het toepassen van een technologie. 

Manual for the preparation of industrial feasibility studies, 
United Nations, New York, 1978 

Gezien de relatief hoge detectiegrens en de slechte 
reproduceerbaarheid bij het meten van zware metalen in bodem
en gewasmonsters met behulp van de Atomaire Adsorptie 
Spectrofotometer moet voor dit soort bepalingen gezocht worden 
naar andere meetmethoden; de methode met behulp van 
Differential Pulse Anodic Stripping Voltametry lijkt 
vooralsnog een goed alternatief. 

De juiste analyse van de gevolgen van de cadmiumvervuiling in 
de Brabantse Kempen door de Chemiewinkel van de Technische 
Universiteit Eindhoven en de pas jaren daarna gecorrigeerde 
misinterpretatie van de Inspectie belast met het Toezicht op 
de Levensmiddelen zou een verandering van waardering voor 
beide instituten met zich mee moeten brengen. 

Lemmens, A., Roos, R., De Kempen zeer ernstig vergiftigd, 
Natuur en Milieu, september 1983 

Het achterblijven van vooruitgang op het gebied van educatieve 
technieken en vaardigheden bij computer- en 
informatica-deskundigen·, nog versterkt door een scala van 
brabbeldialecten gebruikt door de leden van deze subculturen, 
zal een einde maken aan de gunstige positie op de arbeidsmarkt 
voor dit soort deskundigen en de vraag naar onderwijskundigen 
snel doen toenemen. 



10. 

11. 
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Grove's statement that "A player may be perfect in technique 
and yet have neither soul nor intelligence" holds also for 
technology assessors, scientists, mechanics, artists and 
lovers. 

Grove, citated in: The shorter Oxford English dictionary on 
historical principles, 3th ed., The Clarendon Press, Oxford, 
1984, 5253. 

Het niet opnemen van dankbetuigingen in een proefschrift 
versterkt de misvatting dat bet schrijven van een proefschrift 
de verdienste van slechts een persoon zou kunnen zijn en doet 
ve1en die belangrijke (ook niet-zakelijke) bijdragen hebben 
ge1everd, onrecht. 

Promotie reglement Technische Universiteit Eindhoven (nadere 
regelingen, ju1i 1986). 
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