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Preface 

This study deals with technology changes at Kilombero Sugar Company in 
Tanzania in the period 1962-1992. It is part of the requirements to obtain a M.Sc. 
degree in International Technological Development Sciences (ITDS) at the 
Eindhoven University of Technology, the Netherlands. Contrary to most students -
who conduct their M.Sc. research in Tanzania - I carried out this study in the 
Netherlands. 

The study fits into the programme of the research and teaching group International 
Technological Development Sciences of the faculty of Technology Management. 
This group presently is in the process of compiling a publication on the role of 
industrialisation in the development process of Tanzania. To understand the role 
of industrialisation in this development process - among many other aspects - it is 
important to know why technology changes occur. The report at hand should be 
seen as a first contribution - a lot of work still has to be done - to throw light on 
this question. 

The research concentrated on the Kilombero Sugar Company (KSC) in Tanzania. 
KSC comprises two factories: Kilombero I and Kilombero 11. The history of KSC 
is characterized by its relation to various Dutch companies and the Dutch 
Government. The relation with Dutch firms such as Van Eeghen International, 
Stork and the Handels Vereniging Amsterdam (HV A) dates back to the early 
1960s. Van Eeghen was the driving power bebind the initiation of KSC, Stork 
constructed Kilombero I and 11 as turn-key contractor and HV A managed KSC 
until a few years ago. The Dutch Government supported KSC since the early 
1970s. 

Customary, a preface requires a word of thanks. Very many people were involved 
in the research and mentioning them all would make this preface far too 
extensive. In stead, I thank all the people of Van Eeghen International, Stork, 
HVA International and the Eindhoven University of Technology who, in one 
capacity or another, were involved in the research. There are, however, three 
individuals I would like to express my specific thanks to. To mr. F. Speekenbrink 
and mr. R.J .M. Goos, both from Stork, I am indebted for their continuous efforts 
to help me and for the hospitality they extended to me during my visits to 
Hengelo. To mr P.E.Lapperre I am indebted most. His never failing support 
during the last two years inspired me to 'complete' this research. I particularly 
appreciate his flexibility ·to be helpful at unusual working hours. In the light of the 
full time job I have, completion of the work would otherwise have been difficult. 
Our meetings many times led to lively discussions and exchanges of ideas which 
enhanced my view on the subject. 
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Preface 

The report consists of four parts. Part I, contains the objectives and the approach 
of the research (Chapter I) and the methodologies used (Chapter 2). Part 11, 
provides the back ground information with respect to the sugar industry, polities, 
economics and the social situation (Chapter 3). lt also gives a detailed overview 
of the sugar manufacturing process (Chapter 4). Part 111, deals with the technology 
changes at KSC (Chapter 5) and the description and analysis of these technology 
changes (Chapter 6). In Part IV, the main conclusions with respect to, 
respectively, the research approach (Chapter 7), the research results (Chapter 8) 
and the recommendations for further research (Chapter 9) are formulated. 

Last, but not least, I am aware that I have not been able to come up with a 'full 
proof methodology of how to describe and analyse technology changes. I would 
have needed more time and more brain storming sessions with experts in many 
different fields. This time and this opportunity was not available. As yet, 
therefore, it is doubtful whether the methodologies developed are applicable to 
other industries and other countries. They need to be refined and improved and 
applied to different situations first. Hopefully this will happen one day. 
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Summary 

This research focuses on the reasons with respect to technology changes in two 
large scale sugar factones in Tanzania: Kilombero I and Kilombero II. Kilombero 
I was taken into operation in 1962 and Kilombero II in 1976. Both factones are 
owned by the Kilombero Sugar Company. The research with respect to technology 
changes is restricted to the period 1962-1992. A technology change is defined as 
the initiation of a new technology, a technology extension or a technology 
modification. 

The main research question, why technology changes took place in the sugar 
manufacturing process in Kilombero Sugar Company in the period 1962-1992, is 
answered with the help of various models. The models are used to: 
- describe and analyse the environment in which Kilombero Sugar Company 

operates (dynamics of technology); 
- describe and analyse the sugar manufacturing process based on hierarchical 

divisions (object oriented process description); 
- identify, describe and analyse technology changes (technology change analysis); 
- identify, describe and analyse actors involved in technology changes (actor 

analysis); 
- match actors with technology changes; 
- provide a consistent description of each technology change (technology change 

descri pti on). 

In addition, two data bases were compiled: 
- technology data base (based on the principle of object oriented process 

description); 
- actor data base (based on the principle of actor analysis). 

The question why technology changes took place is answered by presenting the 
technology changes in flow charts for each of the changes identified. In total 16 
technology changes were identified and analysed (Chapter 6). Each flow chart 
presents information about the causes, variables and actors which are involved in 
a specific technology change. Each cause is linked to a variabie group so that, in 
retrospect, an overview can be presented of the different variables acting with 
respe~t to technology changes. 

Summarizing, the research leads to the following main conclusions: 
the models and data bases used in this research have served their purpose in 
the sense that coherent flow charts could be compiled for each of the 16 
technology changes identified; 
the eight most involved actors in technology changes were the Tanzanian 
Government, KSC management, outgrowers KSC, Handelsvereeniging 
Amsterdam, Vereenigde Klattensche Cultuur Maatschappij, Stork, De Danske 
Sukkerfabrikker and the Tanzanian population; 
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Summary 

the seven most involved variabie groups were politica), micro economical, 
management, macro economical, geographical/climatological, progress in 
technology and repair and maintenance. 

- different variabie groups (micro, meso and macro) had different influences at 
the various technology levels. This aspect, however, needs more study to 
explain the results obtained. 
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PART I 
THEORETICAL FRAMEWORK 



Chapter 1 
Objectives and approach of the research 

1.1 Problem definition 

The research group International Technological Development Sciences of the 
faculty Philosophy and Social Sciences of the Eindhoven University of 
Technology has a long relationship with Tanzania. One of the studies of the 
research group is to get a better insight in the role of industrialization in the 
development of Tanzania with respect to technology changes. 

This research focuses on the reasons of technology changes in two large scale 
sugar factoTies in Tanzania, named Kilombero I and Kilombero IT. These factoTies 
are owned by the Kilombero Sugar Company since 1962. A superficial 
technological comparison of the capita} assets ("machines") in time shows us 
important technological changes. The capita! assets studied in this research are all 
the sugar manufacturing equipment except the auxiliary equipment (boilers, steam 
turbines, diesel engines, the water treatment plant and the condensing plant). 
Change, for example, are the various extensions to expand the production capacity 
of Kilombero I and the installation of a DOS-diffuser. The technological changes 
in these examples are so significant that they affect the working of the entire 
production process. At first sight it is not always clear why different technologies 
are chosen in the first place and - even more important - why specific changes are 
made. This research focuses on what, from now on, we will call "technological 
changes". Technological changes not only affect the production process but may 
also affect the management system, the personnel, the designs, the productivity, 
etc. In turn, the management system, the personnel, the designs and the 
productivity, etc. may bring about changes in the production process. 

1.2 Aim of the research 

To gain insight in the process of a technology change m relation to a modem 
technology complex. 

1.3 Research questions 

The main research question is: 
Why did technology changes take place in the sugar manufacturing process in 
Kilombero Sugar Company in the period 1962 - 1992? 



Chapter I Objectives and approach of the research 3 

In order to answer the main question, several sub-questions must be answered. 
Preliminary, these sub-questions are: 
- What does the sugar manufacturing process look like? 
- What technologies are used in the process? 
- What technology changes did take place in the process and when? 
- Which actors were involved in the various technology changes in time? 
- How did these actors eventually arrive at technology change decisions? 

1.4 Research approach 

The research is carried out in seven main steps. The models referred to in these 
steps are described in Chapter 2. 

I Checking feasibility of research 
To check the overall feasibility of the research, all available literature, documents, 
reports and technica! drawings are reviewed. 

2 Description of sugar manufacturing process 
A consistent description of the sugar manufacturing process is made on basis of 
the model of object oriented process description. 

3 Technology inventory 
Starting from the description of the sugar manufacturing process on the basis of 
the model, all additionally ordered equipment, re-ordered equipment and spare 
parts supplied by Stork in the period 1962-1992 are identified. In addition, from 
various other sources, non-Stork supplied technology in the same period is 
identified. All technology, Stork and non-Stork supplied, is brought together in a 
database structured on the basis of the model used. 

4 Identification of technology changes 
Analysis of all technologies in the database, on the basis of the criteria that a 
technology change is a technology extension or a technology modification of the 
capita! assets of the sugar manufacturing process, in order to identify technology 
changes. 

5 ldentification of technology system and change actors 
The model of a firm is used for identification, on basis of literature study, of all 
possible actors involved in the technology system as a whole (Kilombero I and 
ll). Identification of specific actors and causes involved in specific technology 
changes is done according to the model of technology change analysis. 
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6 Explanation and description of technology changes 
For each of the main technology changes in the period 1962-1992, the actors and 
their causes are identified. On the basis of primary and secondary sourees those 
causes and actors that are involved in the introduetion of a technology change are 
found and their motives analyzed and described according to the model of 
technology change description. 

7 Identification of variables effecting technology changes 
In the model of technology change description each cause is linked to a variabie 
group, of which the environment is described in the model of dynamics of the 
technology, so that in re trospeet an overview can be presented of the different 
variables acting on technology changes. 

1.5 Methods of data collection 

The methods of data collection involved: 
I. a review of relevant literature, documents, reports, statistics and technica] 

drawings; 
2. a desk study of policy documents, project files, progress reports, and evaluation 

studies; 
3. interviews with personnel of Dutch companies which were involved in the 

foundation, design, erection and management of Kilombero I and II; 
4. visits to several sugar factories. 

1.6 Structure of the report 

This report is divided into the next parts. 

Part I. Theoretica] framework 
This part deals with the problem definition, the aim of the research, the research 
approach, methods of data collection and the structure of the report. 

Part II. Context 
This part describes the environment in which Kilombero Sugar Company operates. 
This includes information about Tanzania's geography, politics and economics. In 
addition a detailed description of the sugar production process of Kilombero I is 
presented. 

Part ill. Kilombero Sugar Company 
This part provides an overview of the history and the technological changes of the 
Kilombero Sugar Company. 

Part IV. Conclusions 
This part of the report presents the conclusions of the research. 



Chapter 2 
Methodology 

2.1 Model of a firm 1 

Since our study focuses on technology and technology changes in the firm 
Kilombero Sugar Company, it is important to know the place of technology in this 
firm and the place of the firm in its relevant environments. It is also important to 
know where to look for actors with respect to technology changes. The model 
presented in figure I can serve all these purposes. 

SOPTWARE 

PRODUCT! ON 
USULTS 

1.::::-l~~ 
c:>~L....J/jSYSTEM 

TRANSP'ORMATIOII 
TECIINOLOOY 
COMPONE:IITS 

NATIONAL & INTERNATIONAL 
CLIMATE 

Figure 1 Model of a firm 

This model of a firm is built up by a series of transformation units. The core of 
the transformation activity is the firm. The firm transfers inputs (capita], Iabour 
and raw materials) into outputs (products). A firm uses technology to preform this 
function. In this context, technology is defined as a combination of hardware, 
software, humanware and orgaware to transfarm inputs (capita!, Iabour and raw 
materials) into outputs (products). The four components of technology are 
described as: 
I Hardware, or the object-embodied transformation technology, which can also 

be called facilities. Facilities refer to items as tools, equipment, machines, 
vehicles, and physical infrastructure. 

2 Software, or the document-embodied transformation technology, also called 
facts. Facts relate to aspects of technology such as licences, patents, processes, 
procedures, techniques, publications, documents and blueprints. Software thus 
also includes designs and prototypes. 

1 The model of a firm is based on the report of UNIESCAP, Technology Atlas Project 
(Bangalore: APCIT, 1988, volumes I and 11) 
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3 Humanware, or the human-embodied transformation technology, in short 
abilities. Abilities include knowledge, skills, wisdom, creativity and experience 
of individual human beings or groups of people. 

4 Oriaware, or the institution-embodied transformation technology, also caJJed 
frameworks. Frameworks are required to facilitate the effective integration of 
facilities, abilities and facts, and consists of management practices, 
management policies and planning, linkages and other organizational 
arrangements. 

The technology in a firm is influenced by the transformation technology 
components. The firm buys technology, in the form of hardware, software, 
humanware and orgaware, from the supply system. The supply system contains 
the actors which deliver the technology to the firm. For example, a firm buys 
hardware, in the form of machines, to expand their production capacity. 
The firm delivers technology, in the form of hardware, software, humaoware and 
orgaware, to the demand system. The demand system contains the actors which 
bought technology from the firm. For example, a firm seJJs software, in the form 
of technica] drawings, of a new innovation in their production process. 

2.2 Model of dynamics of the technology 

From a technological point of view, the dynamics of Kilombero Sugar Company 
can best be described in the changes of the capita] assets ("machines") during the 
lifetime of the company. In the model of dynamics of the technology (figure 2) 
the changes of the capita! assets are represented by the hardware of the firm KSC. 

TRANSFORMATION lCSC TRANSFORMATION 
TECHNOLOGY TECHNOLOGY 
COMPONENTS COMPONENTS 

• HARDWARE 
• SOI"'''WARE 

• HARDWARE ~ HARDWARE ~ 
• SOI"'''WARE ~~--------~~ 
• HUMANWARE • HUMANWARE 
• ORGAWARE • ORGAWARE 

NATIONAL & INTERNATIONAL 
CLIMATE 

Figure 2 Model of the dynamics of the technology 
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The model is indispensable for the study of technology changes. According to the 
model a technology change can be caused at three levels: 
I. at micro level, the firm itself; 
2. at meso level, the direct firm environment, consisting of the transformation 

technology components (hardware, software, humanware and orgaware) of the 
supply and demand system; 

3. at (supra) macro level, the national and international climate. 

Por each of these levels - micro, meso and macro - variables effecting technology 
changes can be distinguished. Since actors also act on these levels, these variables 
can, in turn, be tied to certain actors. 

2.3 Model of object oriented process description 

The model of object oriented process description (figure 3 and figure 4) is used to 
find out the main technology changes during the life span of the production 
process. Technology changes can be analyzed by a comparison of two or more 
object oriented process descriptions in time. The model of object oriented process 
description divides the process in objects whereby each object has its own 
qualities and functions. The objects are classified in such a hierarchical way that it 
is possible that an object inherits some function from an other object. The model 
defines a hierarchical split up so that several control levels can be classified. 

PLANT 

AREA 

!sECTION: 

• • device 

Figure 3 Model of object oriented process description. 
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'Device' level 
A device is the smallest possible element that can be controlled. Examples are 
pumps, motors, measuring equipment, valves. 

'Unit' level 
A unit is a group of devices which perferm together one or more basic functions. 
An example is a melt receiving tank with a drain valve and a pump which has the 
basic functions melt buffering and run-off. 

'Section' level 
A sectien is a group of units which perferm one or more process functions. For 
example, the sectien melting consist of the units continuous sugar melter, 
vibrating screen and melt receiving tank. The process functions of the sectien 
melting is to melt the A-, B- and C-molasses and to clear them of impurities. 

'Area' level 
An area is a group of 
sections which 
perferm one or more 
main functions. For 
example, the area 
melt-sulphitation 
consist of the sections 
melting, sulphitating 
and filtering. The main 
function of the area 
melt-sulphitation is to 
treat the raw melt with 
milk of lime and 
sulphurdioxide to 
achieve white sugar. 

'Plant' level 
A plant is a group of 
areas which produce 
one or more end 
products or semi end
products. 
Kilombero I was 
designed to produce a 
high-grade white sugar 
as end-product for the 
consumer market or as 
semi end-product for 
the beverage and 

PLANT 

AREA 

SECTION 

AREA 

SECTION 

SECTION ' 

: IE 
"' 

11 

SECTION 

• • DEVICE 

cannery industry. Figure 4 Model of object oriented process 
description. 
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2.4 Model of technology change analysis 

On the basis of the object oriented process description model, all additionally 
ordered equipment, re-ordered equipment and spare parts supplied by Stork Sugar, 
in the period 1962-1992, are identified. In addition, from various other sources, 
non-Stork supplied technology in the same period is identified. All technology, 
Stork and non-Stork supplied, is brought together in a database structured on basis 
of the model used (appendix 5 and 6). The database is schematically represented 
in the extreme left column of figure 5. Manual ordering of the database gives a 
selection of main technology changes in time. 
A main technology change in time can consist of one or more consecutive 
technology changes. Each of these technology changes is selected in the database 
when it fuifiJs the criterion that a technology change is a technology extension or 
a technology modification of the capita} assets (hardware). 
The causes of a technology change in time with the matched actors and their 
goals are recovered by means of a literature study and interviews. A technology 
change can be caused by several causalities whereby each cause has its own 
influence on the event. An actor is a thing, person, organisation, company or 
institution from where the cause results. 
A decision taker is a person, organisation, company or institution with a dominant 
goal and who or which took the final decision or was responsible for a technology 
change. By knowing the decision takers and their dominant goals, it is possible to 
reeover the reason(s) for a technology change. 

IIAIN ~ 1'IIICHNO..OCIY DBliiiON COlliWIT 
1»-TAIIAIIE C»W«:lE IN TIME CAUIE(S) ACTOfl(8) OtW.C8) TN<ER(ll) OtW.C8) C»W«:lE 

'lqD~ 
c:> c:> 
c:> c::> c::> c::> c::> 

I c:> c::> c::> 
1 c::> I I c:> c::> c::> q c::> c::> 
i I c::> c::> c:> 

lJqD~ê~ c::> 
c:> 
c::> c:> 

Figure 5 Model of technology change analysis 



1 0 Part I. Theoretica) Framework 

2.5 Model of technology change description 

The actors, causes and reasons for technology changes are identified in the model 
of technology change analysis and applied in the model of technology change 
description (figure 6). This model is started with an initia! technology whereby a 
technica! problem leads to a technology change. The technica! problem is 
described by mentioning the origin, the cause and the actors which are involved. 
Each cause is linked to a variabie group so that in retrospect an overview can be 
presented from the different variables acting on technology changes. The variables 
affecting technology changes can be distinguished at micro, meso or macro level. 
Figure 6 is an example of three fictitious main technology changes. The origins, 
causes and actors are extracted from the model of technology change analyse. 

Figure 6 Model of technology change description 
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Chapter 3 
Tanzania background 

3.1 Country profile 

The United Republic of Tanzania lies immediately south of the equator and covers 
an area of some 950,000 km2

• It consists of mainland Tanzania and the island of 
Zanzibar. Mainland Tanzania is a vast and complex country in terms of climate, 
soils, topography and peoples and the country includes the highest and lowest 
parts of Africa - the summit of Mt Kilimanjaro (5,895 m above sea-level) and the 
floor of Lake Tanganyika (358 m below sea level). 
With the exception of the high mountain areas, temperatures in Tanzania are not a 
major limiting factor for erop growth, although the range of altitudes produces a 
corresponding range of temperature regimes from tropical to temperate. Rainfall is 
variable, both from place to place and time to time, and is generally ]ower than 
might be expected for the latitude. About 21% of the country can expect, with 
90% probability, more than 750 mm of rainfall, and only about 3% can expect 
more than 1250 mm. The central third of the country is rather dry (less than 500 
mm), with evaporation exceeding rainfall in nine months of the year. Apart from 
the problem of the long dry season over most parts of the country, there is also a 
marked fluctuation in annual rainfall from one year to the next, and this may be 
reflected in the erop production and livestock figures. Of the total land surface 
only some 5% is more or less permanently cultivated. Most of the land is used for 
grazing (50%) or is classified as forest and woodland ( 43% ). 
Administratively, Tanzania is sub-divided into regions and districts, the number of 
which increased with the growing population. In 1991, there were 25 regions 
consisting of 94 districts. Mainland Tanzania consists of 20 regions (see map 1 ). 

Graph 1 Population and annual growth rate of Tanzania, 1955-1990 
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In mid-1993, Tanzania's population was estimated to be 26 million. The average 
population growth rate is quite high at 2.8% between 1955 and 1990 (graph 1 ). 
Popuiatien density amounts to 26 persons per km2 but the distribution over the 
country is very uneven. Areas with high population density are concentrated in the 
more peripheral parts of the country where agro-ecological conditions are 
favourable. These islands of high density are separated by vast tracts of land 
which are sparsely populated. Tanzania's population is also predominantly rural. 
The urban population is only 2.6 million, or some I 0% of the total, with 50% 
living in the capital Dar es Salaam. 

3.2 Politics 

Before European colonialism, the area which later became Tanganyika was a 
collection of tribal entities. During the colonial scramble for Africa, Tanganyika 
became part of Oerman East Africa in 1895 when Germany joined the quest for 
influence over African territories. It was mandated to the British by the League of 
Nations in 1920 after World War I and the British established their own 
administrative system. Little attention was given to economie development until 
World War 11. High commodity prices during the world war 11 raised Britaio's 
interest in strengthening a settler-type economy. After the war, in 1946, 
Tanganyika became a UN trust territory, which formally obliged Britain toprepare 
it for independence. The Tanganyika African National Union (TANU), launched 
in 1954, became the main political party and acquired the support of the 
cooperative movement and the trade unions. The co-operative movement in 
particular was a politica} force with a strong representation in rural areas, 
especially those with a high incidence of export crops. This helped T ANU to 
mobilise millions of people and to foil British attempts to create an alternative in 
the form of tribal chiefs and other 'moderate' leaders. In 1961, Tanganyika 
achieved its independenee with strong support from all sections of the African 
population. T ANU's leader, Julius Nyerere, became the first president of the 
country. 
The broad support for T ANU, a high· degree of politica} consciousness and a 
common language (Swahili) were important factors that contributed to national 
unity and politica] stability in the post-independenee period. They also facilitated 
the acceptance of measures which gave the party increasing power over the organs 
of the state and the country became, de facto, a one-party state. 
The United Republic of Tanzania was created in 1964, when an Act of Union was 
signed between Tanganyika and the island of Zanzibar. Subsequently, in 1965, the 
arrangements inherited at independenee were replaced by an interim constitution 
which provided for an executive uni on presidency. The president was head of 
state, head of govemment, and commander-in-chief of the armed forces. The 
union president is elected directly to serve a maximum of two successive five-year 
terms. There are two vice-presidents: one is the prime minister, the other the 
president of Zanzibar. 
TANU's adoption of the Arusha Deelaratien in 1967 enhanced the grip of party 
and state on the country's economy. It was foliowed by a decentralisation exercise 
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which repealed elected district and town councils, replacing them with a centrally
controlled administrative apparatus. This deconcentration in government 
administration led to an expansion of the bureaucracy and to increased 
government expenditure. Attempts to strengthen the administration at regional and 
district levels were further supported by the Village and Ujamaa Act of 1975 
which made the village the basic unit of administration and established village 
governments with executive powers. Dispersed populations were brought together 
in so-called ujamaa villages, preferably with collective forms of agricultural 
production. The village councils also took over the responsibilities of co-operative 
societies in procuring and storing crops. This was foliowed by the establishment 
of erop authorities, which brought agricultural marketing entirely under 
government controL 
In 1975, with the government and party firmly in control of all main sectors of 
the economy, the constitution was amended. The principles of socialism and self
reliance were officially included, and the ruling party's supremacy was formally 
established. Parallel to the National Assembly and the cabinet was the party 
structure with the National Executive Committee at the apex. In 1977, a new 
constitution, which confirmed the principles of socialism and self-reliance, was 
officially approved. This foliowed the merger of T ANU and Zanzibar's Afro 
Shirazi Party into Chama cha Mapinduzi (CCM), the revolutionary party. 
A deepening socio-economie crisis during the second half of the 1970s and early 
1980s led to crucial politica] changes, entailing a return to a market-oriented 
economy. President Nyerere strongly opposed these changes and, when they 
became inevitable, stepped down as president in 1985, to be succeeded by Hassan 
Mwinyi. In a 1992 amendment to the constitution, the ruling party was stripped of 
its monopoly of power. A return to multi-party politics was provided for, but pro 
forma references to African socialism were retained. In 1993, several politica] 
parties were officially approved and registered. Despite the multiplicity of 
opposition groups, there is still little evidence of any credible threat to CCM 
hegemony. Multi-party elections have been announced for 1995. 

3.3 Economy 

Tanzania is one of the world's 25 least developed countries. Between 
independenee in 1961 and the mid-1980s, the main preoccupation of the national 
policy makers was to lift the majority of the population out of illiteracy, poverty 
and disease. The Arusha Declaration of 1967 put even greater emphasis on the 
elimination of those ills, along the path of socialism and self-reliance. With the 
aim of achieving economie independence, the government pursued a policy of 
nationalizing important economie sectors, particularly major industries, distribution 
and marketing. However, several years of severe economie decline, from the late 
1970s onwards, brought the country to a condition of economie collapse, and, in 
order to obtain continuing aid from international donors, from the mid-1980s the 
government adopted measures to redress the economy which were of a more 
pragmatic, less idealistic, nature. 
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Graph 2 Annual growth rate 1970-1990: GNP, GNP per capita and 
population 
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Source: J .Carroll, Africa south of the Sahara 1991, 20th edition (London: Europa publications Limited, 1991, pg 588-591) 

Tanzania experienced a high rate of economie growth in the immediate post
independenee years, averaging 6% per annum during the period 1961-1967. This 
slowed down markedly after the Arusha Declaration. During the initia] phase 
(1967-1973) GDP growth reached an average of slightly more than 4.0% per 
annum. From 1973 to 1978 it slowed down to about 2.3% per year, just under the 
population growth rate. Further stagnation started in the late 1970s: between 1976 
and 1985 GDP growth averaged around 1.2% which meant a considerable 
economie decline in per capita terms (graph 2). Economie growth increased again 
after the introduetion of Economie Recovery Programme. Official statistics 
indicate a growth rate of around 4.0% for the period 1986-1992. The GNP per 
capita in 1990 was USD 110, this is USD 10 more than in 1970. 

The sectoral composition of GDP indicates that the agricultural sector dominates 
the Tanzanian economy, contributing 60% (in 1988) to GDP and accounting for 
about two-thirds of Tanzania's exports. 
Since the mid-1980s, food erop production has shown considerable improvement. 
The growth in agricultural output resulted largely from liberalisation of the 
economy and increased producer prices, together with favourable weather 
conditions. Cash crops which are chiefly grown on large-scale estates, are sugar, 
sisal and tea. Most of these estates have been nationalised under Tanzania's 
socialist policy and are operated by parastatal companies. Today, most export 
crops are still marketed through state controlled bodies but competition with the 
private sector is gradually being introduced. Since implementation of ERP there 
have been few signs of improvement in value terms. 
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The industrial sector is based on the processing of local commodities and on 
import substitution, and is oriented primarily towards producing consumer goods 
for the dornestic market After food processing, the principal industries are 
textiles, brewing and cigarettes. Following nationalisation in the late 1960s and 
state investments under the Basic Industry Strategy in the early 1970s, the public 
sector is widely represented throughout industry. A bout one-third of all firms with 
ten or more employees are at least partly state-owned. The public sector accounts 
for about one-half of manufacturing production and for almost two-thirds of the 
net fixed capita} and Iabour employed. 
Many factoTies closed down or suspended operations for long periods during the 
1980s. Industries suffered especially from the severe shortage of foreign exchange 
with which to pay for raw materials, machinery, equipment and spare parts. There 
have been a few signs of improvement since 1986, mainly as result of more 
foreign exchange become available through donors for the import of essential 
inputs. In the early 1990s most factoTies operated at around 40% of their capacity. 
Manufacturing output is still far behind the 1976 level, however, and Tanzania has 
become one of the least industrialised countries in Africa. 

The weak performance of the various economie sectors since the mid-1970s, 
mirrored in the stagnation of exports and GDP growth, has had important 
consequences for Tanzania's balance of payments position and debt situation. The 
trade deficit, first manifested in 1970, increased sharply after the oil prices rises of 
1974 and still more after 1978 when the second oil price shock was foliowed by a 
decline in prices for Tanzania's main exports. In 1985 only 30% of imports were 
covered by export revenues. The latter recovered slowly after the introduetion of 
economie reforms, but imports rose more rapidly: in 1992 the cover rate fell to 
almost one-quarter of export eamings. The increasing gab between exports and 
imports has largely been financed by foreign aid. 
At the end of 1991, total extern al debt stood at USD 6500 million. At 1991 rates, 
total debt was equivalent of two-and-a-half times national income. 

The importance of the sugar industry for the Tanzanian economy is represented in 
graphs 3 to 6. In graphs 3 and 4 the GDP at factory costs for all economie and 
industrial activities respectively 298,040 and 32,346 million TZS. In graphs 5 and 
6 the GDP is calculated in market prices (the GDP at factory costs plus indirect 
taxes and less subsidies). The GDP for all manufacturing and food manufacturing 
activities is respectively 11,325 and 1,404 million TZS. 
The manufacturing industry in 1988 had a share of 5.1% in the national GDP and 
the share of the sugar industry in the manufacturing industry was 4.2%. 
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Graph 3 Percentual division of GDP at factory costs 
by kind of economie activity, 1988 
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Graph 5 Percentual dlvlslon of GDP at market prices 
by kind of manufacturin~ activity, 1988 
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Graph 4 Percentual dlvision of GDP at factory costs 
by kind of lndustrlal activlty, 1988 
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Graph 6 Percentual dlvlslon of GDP at market prlces 
by kind of food manufacturlng actlvlty, 1988 
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3.4 Social situation 

Tanzania is one of the world's poorest nations, whether measured in terms of the 
GNP per capita, or in terms of purchasing power. In 1988 an estimated 60% of 
the rural population lived below the poverty line. 
As result of Tanzania's health policy there has been a major impravement in 
average life expectancy at birth from 41 years in 1960 to 54 years in 1990 and a 
drop in the mortality rate among children up to the age of five from 248 per 1000 
in 1960 to 170 in 1990. A new problem the health sector is facing is the rapid 
spread of Aids. The proportion of seropositive cases among young people aged 15 
to 29 was estimated at 7-8% in 1990. 
In 1990 the adult literacy rate was estimated at 65% and the proportion of 
children attending school at just below 50%. 
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Sugar manufacturing 

4.1 The chemical composition of sugar 

Sugar is the common name for sucrose, a disaccharide found in the juice of 
several species of plants. Sucrose is found throughout the plant kingdom, but is 
most abundant in sugar cane, sugar heets and maple syrup. Sucrose production 
probably accounts for the largest volume and highest purity production of any 
organic compound being manufactured today .1 Th is is not very surprising, since 
the products of commercial refined sugar contain about 99.9% sucrose.2 

By hydrolysis, sucrose can be converted to glucose (dextrose) and fructose 
(laevulose), see figure 7. The mixture of glucose and fructose is called invert 
sugar. 

+ HzO -

WA7El'l 

Figure 7 Chemical equation of sucrose hydrolysis 

4.2 The history of sugar manufacturing3 

In ancient times, sugar cane was used for chewing, and its juice for drinking. 
Sugar was extracted from the cane by primitive methods in early times in China, 
Japan, India, Persia, Syria, Sicily, Cyprus, Egypt, Spain and in various other parts 
of the Mediterranean region. The basic principles of sugar making from the cane 
are the extraction of the juice and its concentration to a dense syrup in which 
sugar separates by crystallization. The extraction of juice was accomplished by 
various methods after the adhering leaves, the tops and any roots at the base had 
been removed. The clean stalk was chopped into short pieces, and as much juice 
as possible obtained from it by grinding it between circular stones, by use of an 
edge runner, pressing in primitive presses, pounding with a pestle and mortar, or 
soaking in water, depending on the local custom and the period. The juice was 
concentrated by heating in one or more stages, the surface scum being removed 
and the resulting viscous liquid allowed to cool. Variations of these methods are 
recorded, such as the draining of the solid concentrate to remove some of the 
liquid portion and a simple refining process in which milk was used. 

2 

Margot Schumm, Understanding organic chemistry (New York: Macmillan Publishing 
Company, 1987, pg 336) 

Pi eter Honig, Principles of sugar technology (New York: Elsevier, 1953, pg 3) 

A. C. Barnes, The sugar cane (London: Grampian Press, 1964, pg 3-7) 
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Sugar making in solid form started in India between the fourth and sixth centuries 
A.D. The production process was divided into several stages. The cane was cut 
into pieces, crushed by heavy weights, and the juice hoiled until solids formed on 
cooling. The product looked like gravel, and was known by a Sanskrit term for 
that material, shankara, srakara or shrakkara. Commercial manufacture and 
refining of sugar were developed in Egypt in the nine and tenth centuries. 

In the fifteenth century a refined sugar industry began to appear in Venice, 
consisting of a process of draining, re-melting and re-crystallization of the original 
solid concentrate obtained from raw juice. 

The original forms of roller-mills are wooden rollers which were set vertically in 
a frame and rotated by various forms of drive and simple wooden gearing by 
means of manual Iabour, animals, wind or water. Two or three rollers were 
employed, contiguous ones tumed in opposite directions. Sticks of cane were fed 
in at one side and grasped by a man or woman as the crushed material passed out 
at the other, the juice being collect beneath to be run in a gutter to the next stage 
of the extraction process, or removed in containers. With the three-roller mills, the 
cane was passed from front to rear through one aperture and retumed through the 
other by the labourer at the back, thus receiving two squeezings. The use of iron 
dates from the middle of the seventeenth century, when cylindrical shells were 
fitted over the wooden rollers. The modem type of horizontal three-roller mill, 
with iron rollers, did appear near the end of the eighteenth century. 
The juice was passed to open hemispherical copper or iron pans set over fumaces 
fired by the trash, that is, the crushed cane from which the juice had been 
extracted and firewood. Several such pans were used, the first one or two being 
the defecators, set at a higher level than the others, which were employed for 
concentrating the clear juice. Defecation, a simple form of clarification, was 
effected by adding lime to the heated juice and removing the scum by a ladle with 
a long handle. The scums from this and subsequent stages were treated separately 
for the production of an inferior quality of sugar, almost black in colour. The 
clear juice was drawn off below the surface and run into the first of the 
concentrating pans, where it was boiled, skimmed and transferred in the same 
manner to the second and after further heating to the third and sometimes to a 
fourth, where the final concentration took place. The pans were set in masonry 
over a flue with a fireplace undemeath the first and were often graduated in sizes, 
the last one being the smallest The whole arrangement was known as a 'copper 
wall' or 'battery'. 
The final evaporation was continued to strike-point, at with the sugar crystallized, 
whereupon, the magma was transferred to an oblong wooden box or similar 
container, where it was rapidly stirred by means of paddies until it was cool. The 
resulting product was a brown, impure, crystalline sugar mixed with the molasses 
and any non-sugars not separated by defecation. The mixture was placed in a 
vessel with a perforated bottorn so that the molasses could be drained off. This 
portion was hoiled again and a second erop of impure sugar obtained in similar 
manner. A simple form of purification of sugar from the first boiling was carried 
out with wet clay, using porous earthenware cones. 
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The sugar was put into the inverted cones and covered with a layer of clay. The 
water from the clay passed slowly downwards, displacing the molasses, some of 
which was removed at the bottom. When the process was completed, the clay was 
removed and the cone of sugar divided transversely, the top portion being white 
sugar and the lower one a mixture of sugar with some molasses·. The separated 
molasses was re-boiled, yielding an inferior sugar. 

4.3 Modern sugar manufacturing 

Some preliminary insight in the 
sugar production process is necessary 
to understand the research and to 
appreciate the complex character of 
the dynamics of producing sugar. 
The sugar production process, which 
is described in the next paragraphs, 
is focused on Kilombero I at the 
second campaign in 1963/1964. This 
process is focused on 
defecationlmelt-sulphitation 
purification principle. 

A schematic overview of the 
defecationlmelt-sulphitation principle 
is presented in figure 8 and 
described below. 

Cane is cut manually in the cane 
fields and transported to the factory. 
In the factory cane stalks are cut 
mechanically into small pieces (cane 
preparation). Prepared cane is led 
through a milling train to extract the 
juice. The squeezed-out cane is 
called bagasse. Raw juice is heated 
in vertical tube heaters and clarified 
by precipitating the contaminations 
of the juice, called "muds". Most of 
the water is evaporated in the 
evaporators. The syrup is 
concentrated further in the 
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Figure 8 Schematic representation 
refined sugar manufacturing 

vacuumpans, the resulting massequite is centrifuged and separated in molasses and 
raw sugar. The molasses is fed back to the vacuumpans to repeat the boiling and 
curing process several times. 
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The melt-sulphitation process in combination with the refining produces a high 
grade white sugar by removing the non-sugars from the remelted raw sugar. 
Sulphur dioxide is added to the melt for bleaching. The refinery process is similar 
to the boiling and curing process. The last step in the production process is drying 
and packing of the sugar. 

The division in processes presented in the following paragraphs will - where 
applicable - also be used later and, of course, elaborated when descrihing and 
analysing technological changes. 

4.3.1 Cane harvesting 

The duration of the milling season is related to the period of the rainy season. 
When rains start, the fields become too wet for mechanica) cane loading and 
transport by tractors.4 The high rainfall intensity in the Kilombero Valley restricts 
the harvesting period from June to December.5 

Cutting, loading and transport of the cane are included under the general term 
harvesting.6 Cutting is done manually by cane cutters when the cane is ripe. From 
each sugar cane the adhering leaves are removed plus the tops and any roots at 
the base. The clean stalks are loaded on trailers and transported by tractors to the 
factory. The harvested sugar cane must be milled within 48 hours after being cut 
or it quickly loses its sucrose content. The required short "kill-to-mill" time puts a 
high demand on an efficient organisation of harvesting and transport schedules.7 

4 

5 

6 

7 

P. G. Laernoes, Kilombero lnvestigating Committee (Amsterdam: HVA report, 1963, pg 
17) 

ILACO N.V. I NEDECO, Report on the regionat development of the Msolwa and lower 

Ruembe valleys, volume /, part 2 : supporting studies (Arnhem I The Hague: ILACO 
N.V. I NEDECO, 1967, pg 90) 

A. C. Barnes, The sugar cane (London: Grampian Press, 1964, pg 291) 

IOV, Evaluation of the Netherlands development programme with Tanzania, 1970-1992 
(Ridderkerk: Ridderkerk BV, 1994, pg 302) 



24 Part Il. Context 

2 2 

Figure 9 The cane preparation process 

4.3.2 Cane preparation 

The numerical references mentioned below refer to figure 9, whereby the numbers 
I and 2 are drawn from the top view and the numbers 3, 4 and 5 are drawn from 
the front view. 
Cane arriving at the factory is stored systematically in the cane yard after 
weighing. In the yard the cane is grabbed by eranes (1) and loaded on endJess-belt 
feeder tables (2), that feed the horizontal feed cane carrier (3). On the horizontal 
feed cane carrier a pair of cane cutters ( 4) is mounted. The cane stalks are cut 
into small pieces by rotating knives of the cane cutter. After cutting, the cane is 
transported to the mills by the elevated cane carrier (5). 

4.3.3 Extraction 

The numerical references mentioned below refer to figure I 0. The mills (I) 

consist of three cast iron, horizontally positioned, rollers, one on top of the other 
two. The rollers are grooved to facilitate the run-off of the juice and to increase 
extraction. All the work is done by the top roller. This roller is powered by a 
steam-turbine. The milling pressure is maintained by a hydraulic system. To give 
the process a high efficiency, the cane passes at least four 3-roller mills. The 
efficiency is increased by spraying the cane in counter-current with juice from the 
next mill (2), to facilitate the extraction. Cane from the penultimate mill is 
sprayed with water. This process is called imbibition (3). The raw juice and 
imbibition juices are collected in the receiving bins (4) between the mills and the 
cyclone tanks (5). The raw juice from the first two mills passes through a metal 
vibrating screen (6) with slits of wire mesh that remove suspended particles of 
bagasse ('cush-cush'). 
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Figure 10 The extraction process 

The squeezed-out cane is called bagasse. This by-product is used to feed the 
boilers which supply the factory with steam, making the factory (almost) energy 
self sufficient. 

4.3.4 Claritication 

The numerical references mentioned below refer to figure 11. After extraction the 
raw juice is weighed in a weighing scale (1 ). In the raw juice, with a pH lower 
than 7, inversion will occur. Inversion is the hydrolysis of saccharose into glucose 
and fructose. To stop inversion, the pH of the juice is increased to 7.5 and the 
juice is preheated to 102-104°C (2). The increase in pH is achieved by the 
addition of fresh preparated milk of lime (3), a suspension of calcium hydroxide 
in water, CaO + H20 ~ Ca(OH)2. 

-- - - - ... "' ... 

3 

To__, -------1 

Figure 11 The claritication process 
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This treatment has several effects: 
- inversion stops because the enzyme is inactivated through heat and because the 

pH is raised; 
- bacteria are killed; 

it stops the biochemica} reaction whereby the fungus Leuconostoc 
mesenteroides causes unwanted sugar losses caused by dextran fermentation;8 

- organic acids are eliminated by neutralisation, 
- calcium salts having a great active surface, absorb many of the impurities in 

the juice. 
The last step in the clarifying process, is settling and filtering of the muds. The 
Rapidorr clanfier (4) is divided into five compartments. In each compartment the 
juice impurities settie down. The slowly rotating central shaft carries serapers of 
sheet metal which slowly brush the bottorn of each compartment. The 
compartments communicate with each other; the mud which deposits in each is 
moved slowly towards the centre where it falls by annular passage to the bottorn 
of the vessel. Clear juice is drawn off from the top of the clarifier, the muds from 
the bottom. The clarified juice goes directly to the evaporators. The filter mud is 
fittered by a Oliver Campheli continuous vacuum filter (5). The filter is composed 
of a hollow drum which partly rotates in the mud (figure 12). 9 

The surface of the drum is divided into 24 independent sections and extends along 
the full length of the drum. Each of these sections is connected individually to a 
vacuum system. As the filter rotates, the section which enters the mud is 
immediately connected to 
vacuum. During the rotation 
in the mud the surface of 
the drum is coated with 
pieces of fine bagasse and 
suspended matter which 
forms the filter cake. Hot 
water is sprayed on the filter 
cake to extract the 
remaining sugars. Just 
before the section re-enters 
the liquid in the tank, it 
arrives at a scraper. The 
filter section is filled with 
air and the filter cake drops 
off the drum. The collected 
filter cake is spread over the 
fields to improve the soil 
quality. Figure 12 

weuurn 

Diagramrnatic operation of an 
Oliver Campheli filter 

8 Pieter Honig, Principles of sugar technology (New York: Elsevier, 1953, pg 13) 

9 E. Hugot, Handhook of cane sugar engineering (Amsterdam: Elsevier, 1960, pg 338-
347) 
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4.3.5 Evaporation 

The ciarifled juice is pumped to the 
evaporators. The evaparators serve to 
concentrate the juice to such an 
extent, that the sugar crystallises 
quite easily during the boiling stage. 
An evaparator consists of a vertical, 
cylindrically shaped tank, equipped 
with a heating device, the calandria 
(figure 13 ). The calandria is made of 
perforated top and bottorn plates, 
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that have tubes welded between 
them, connecting top and bottorn 
holes. The plates divide the vessel in 
three compartments. The juice is led 
into the bottorn compartment, and 
steam is let into the middle 
compartment, flowing around the 
tubes. The heating of the juice 

calandria 

ateam -- ' 11 

causes it to rise to the vapeur J~=.uloe:=..:i::.:.:nlet.:::.:..., ====~ 
compartment, where vapeur and \ 

condensate 
Iiquid are separated in a "save all", 
at the top. 
Figure 14 shows a quadrupJe effect Figure 13 Operation of an evaporator 
evaporation. The juice in the first 
vessel is heated by steam. The vapeur arising from the juice in the first vessel is 
used to heat the juice in the secend vessel, the vapeur produced by the secend to 
heat the third and the vapeur produced by the third heat the fourth. 

Figure 14 The evaporation process 
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The vessels are placed under vacuum to overcome the temperature drop of the 
vapour and preventing decomposition of sugar. The product leaving the 
evaporators is called syrup. 

4.3.6 Boiling and curing 

The numerical references mentioned below refer to figure 15. The syrup from the 
evaporators is pumped to the storage tanks (1) which feed the vacuum pans. A 
vacuumpan concentrates the syrup so far that crystals, mainly of equal size, begin 
to appear and the nature of the material changes: it passes progressively from the 
liquid state to a part-solid, part-liquid condition. lt is then called "massecuite". 
The conception of the vacuumpan is entirely analogous to that of an evaporator 
body. However, two modes of heating are employed, coils (2) and calandria (3). 
The latter being broadly similar to that used in multiple effect evaporators (figure 
13). In the coil vacuumpan (figure 16) the coil consists of a tube commencing at 
the outer wall of the pan, bent in the form of a spiral around a truncated cone and 
terminating near the 
centre of the pan in a 
drain for the conden
sate. The coil vacuum
pan gives better results 
than the calandria pan, 
particularly with low 
grade massecuites. 10 

This is due to the 
improvement of the 
balance of crystallized 
sugar and the evapo
ration of water. 
The boiling stage is a 
batch process which 
starts with filling up a 
vacuumpan with syrup. 
The pan is then heated 
by steam and the pres
sure in the vessel is 
reduced. Most of the 
remaining water in the 
syrup is evaporated 
he re. 

Figure 15 

To_.,._ 

The boiling and curing process 

10 E. Hugot, Handhook of sugar cane engineering (Amsterdam: Elsevier, 1960, pg 474) 
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The result is a certain degree of 
supersaturation in the liquid. When this 
supersaturation has been reached, 
crystallisation is initiated by two 
different routines: addition of nuclei in 
the fonn of small pre-grown crystals 
(seed) and spontaneous nucleation. 
After a certain boiling time the masse-
cuite is dropped at high supersaturation 
into the crystalliser (5). The crystalliser ~ 
(figure 17) is a simple steel vessel, of 
U-shaped cross-section, fitted with an 
agitator to maintain the massecuite in 
slow and continuous motion. The 
agitator is a helix which is mounted on 
an axis. Crystallising is a process which 
consists of mixing the massecuite for a 
certain time and which aims at 
completing the fonnation of crystals 
and forcing further the exhaustion of 
the mother liquor. After crystallising 
the massecuite is separated in sugar and 
molasses by centrifuging (6). The Figure 16 
massecuite is fed into a cylindrical 
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coil 

Operation of a coilpan 

basket which is open at the top (figure 18). An electric motor spins the basket 
around at fast speed. The basket is piereed with numerous holes to allow the 
molasses to escape; the basket is lined with metal gauze, which serves to retain 
the sugar while allowing the molasses to pass through. During centrifugation, the 
sugar is washed as well; the addition of water and steam helps the removal of the 
molasses layer from the crystals. After a certain centrifuge time the sugar can be 
discharged by removing the cone. 
The molasses still contains quite some sugar and, therefore, the boiling process is 
repeated to reeover this sugar. To reeover a maximum amount of sugar from the 
syrup the boiling and curing process is repeated four times. This is called the 
ABCD boiling system (figure 19). This system produces four different qualities of 
raw sugar, called A-, B-, C- and D-sugar respectively and four different qualities 
of molasses, called A-, B-, C- and D-molasses respectively. 

helix 

Figure 17 

lmassecutte 
trom vacuumpan 

.J......._L 

l masseculte 
to separator 

Operation of a crystalliser 

The A-, B- and C-
sugar is dissolved in 
water (7), and pumped 
to the melt-sulphi
tation. The dissolved 
sugar is called raw 
me lt. 
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Seed is nuclei in the form of small pre-grown 
crystals, which are added to the vacuumpans to 
initiate the crystallisation. Seed is prepared in 
two process cycles. In the first cycle the D
massecuite is centrifuged (7), which results in 
D-sugar and D-molasses. The sugar content in 
the D-molasses is too low for further economie 
treatment. This by-product, final molasses, is 
used as fertilizer and spread over the fields. 11 

In the magma mixer (8), which is a trough 
with a rotating screw inside, the D-sugar is 
mixed with saturated C-syrup to make a 
centrifugable mass, whereby the sugar crystals 
are not dissolved, with the purpose to remove 
the non-sugars which are situated on the 

Figure 19 The ABCD boiling system 

4.3.7 Melt-sulphitation 

balket 

Figure 18 
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molasae 

aug ar 

Operation of a 
centrifuge 

surface of the sugar crystals. In 
the second cycle this mass is 
centrifuged again whereby the 
molasses is pumped to the D
syrup storage tank and the 
resulting sugar crystals are 
mixed with A-syrup, in the 
magma mixer. The magma is 
pumped to the seed-crystalliser 
(9), which serves the vacuum 
pans with seed. 

The numerical references mentioned below refer to figure 20. 
The melt-sulphitation process, in combination with the refinery, produces a high 
grade white sugar by removing the non-sugars of the remelted raw sugar. 
Milk of lime is prepared in the milk of lime tank (1) by adding quick lime to 
water. In the lime milk proportioning apparatus (2) milk of lime is added to the 
raw melt in predetermined proportions. Below the lime milk proportioning 
apparatus there is a stirring tank (3 ), in which the melt and the lime milk are 
thoroughly mixed under simultaneous addition of a certain quantity of sulphitated 
melt. The pH increases rapidly when milk of lime is added to the melt. 

11 In general the final molasses is used, after fermentation, to produce alcohol. 
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Figure 20 The melt-sulphitation process 

A high pH is favourable for the precipitation of the non-sugars, the filterability of 
the muds in the melt and the reduction of lime salts. 
The actual sulphitation section12 consist of two continuons sulphitation vessels in 
series (4), each consisting of a cylindrical vessel with a circulation pump, a 
system of perforated tubes for the sulphur dioxide gas distribution and an 
overflow tank with ad justab Ie overflow. 
The limed raw melt is introduced into the suction line of the first vessel. Down in 
the vessel, sulphur dioxide gas is finely dispersed into the limed melt and reacts 
immediately with the down streaming high alkaline limed melt (circulation flow), 
whereby the pH peak reduces considerably. The principle of this method is 
producing a floc of calciumsulphite. This floc is very voluminous so that it 
absorbs much of the impurities present. 
The melt from the first overflow tank flows into the suction line of the second 
vessel. After having passed through the second sulphitation vessel the sulphitated 
melt flows from the second overflow tank into a receiving tank (5). The melt is 
pumped from the receiving tank to the Kroog type filter presses (6). A filter press 
consists of a series of plates separated by frames, and movable, which slide on 
two supporting bars and can be held firmly against each other by means of a 
screw device. 

12 Ir. H.J. Spoelstra and R.J.M. Goos, The manufacture of refined sugar by means of the 

defecation I melt-sulphitation process (Hengelo: V.M.F. review Voi.III No.24, pg 159-
161) 
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When pressure has 
been applied and the 
filter is "closed up", 
the openings in the 
lugs of the plates and 
frames, forrn a conti
nuous passage for the 
unfiltered melt (figure 
21 ). Between each 
plate and the adjacent 
frame is interposed a 
filter cloth. The melt 
passes into the frame, 
traverses the cloth and 
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Jeaves the plate after Figure 21 Operation of a Kroog filter press 

leaving behind the 
cloth, in the interlor of the frame, the suspended matter which it contained. The 
solid mass forrned by this suspended matter, when all the available space has been 
filled, is called filter cake. 
The sulphur dioxide is generated13

, by buming sulphur in a continuous working 
sulphur fumace (7), with a considerable excess of air, S + 0 2 -? S02• The gas 
scrubber (8) is filled with stones which removes sulphur and other solid impurities 
in the gas. The outside of the gas scrubber is cooled with cooling water in order 
to reduce the temperature of the sulphur dioxide gas. 

4.3.8 Refinery 

The numerical references mentioned below refer to figure 23. 
The vacuum pans, crystal-
lisers and centrifuges of the 
refinery are the same equip
ment as used in the boiling 
and curing process. Melt is 
collected in the melt storage 
tanks (1 ). From here the 
melt is fed in the vacuum 
pans (2) which concentrate 
the melt into high super
saturated R 1-massecuite. 

melt 

• . R1-massecuite. 

Figure 22 The Rl-R2-R3-refining system 

13 Stork archives, Description of the Stork Werkspoor Sugar continuous mixed juice 
sulphitation system (Hengelo: SWS, ?, ?) 
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The massecuite is dropped 
down in the crystaBiser (3) 
which keeps the massecuite 
in motion. After a certain 
time the massecuite is led 
into the centrifugals ( 4) and 
is separated in R 1-sugar and 
Rl-molasses. The Rl
molasses is pumped to the 
storage tanks and treated in 
a similar way as in the first 
refining cycle Rl. A 
schematic presentation of 
the three refining cycles, 
Rl, R2 and R3, is given in 
figure 22. 
R 1- and R2-molasses are 
pumped back to the storage 
tanks to undergo next 
refining. R3-molasses is fed 
back to the syrup storage 
tanks of the boiling and 
curing process. 
The refinery process 
produces three different 
qualities of high grade white ro...-~~~~gg~rç 

sugar, respectively, RI, R2- Figure 23 
and R3-sugar. A part of the 
R3-sugar is mixed with melt 

2 2 

7 

The refinery process 

in the magma mixer (5) and used for seed. The vacuumpans are provided with 
seed by the seed crystaBiser (6). 
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The R 1-, R2- and the rest of the R3-sugar is dried and cooled in the grasshopper 
sugar dryer-cooler (7). During the drying and cooling process the sugar is 
transported by a grasshopper conveyor, the trough of which is constructed with a 
double bottom. Through this double bottorn heating, respectively, cooling air is 
forced. The sugar passes on the top side of the double bottom, which is provided 
with louvres aBowing the air to pass through the sugar. The double bottorn is 
divided into a number of compartments, each connected to a blower which 
supplies the required filtered drying air respectively filtered cooling air. The 
drying unit receives the hot air from a heater. After drying and cooling the sugar 
is transported with a bucket elevator (8) to the storage bins (9) and the bagging 
machine. 
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4.3.9 Auxiliary equipment 

Boilers 
Final bagasse, or simply bagasse, is the solid fibrous material which Jeaves the 
delivery opening of the Jast miJl of the tandem, after extraction of the juice. The 
bagasse is utilised as fuel in two boiler fumaces to make steam necessary for 
power production and sugar manufacturing. 

Steam turbines 
Two steam turbines with each a turbogenerator of 3000kW supply the factory 
with electricity. 

Diesel en~ines 
Two diesel engines with each a generator of 500kW supply the factory with 
electricity during start-up or a break down. 

Water treatment plant 
River water is treated and clarified to make potable water and boiler make-up 
water. 

Condensinfi plant 
Condensate from exhaust steam is collected in the condensing plant and used 
again as boiler make-up water. 
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Chapter 5 
Technology changes 

5.1 Main technology changes in time 

On basis of the object oriented 
process description model, all 
additionally ordered equipment, 
re-ordered equipment and spare 
parts supplied by Stork, in the 
period 1962-1992, are identified. 
In addition, from various other 
sources, non-Stork supplied 
technology in the same period is 
identified. All technology, Stork 
and non-Stork supplied, is brought 
together in a data base structured 
on basis of the model used, 
appendix 5 and 6. Manual 
classification of the database gives 
an identification of main 
technology changes in time, in the 
period 1962 - 1992. These are 
presented in a schematic overview 
in figure 24. 
A main technology change can 
consist of one or more 
consecutive technology changes. 
Each of these technology changes 
is selected in the database when it 
fulfils the criterion that a 
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technology change is the initiation Figure 24 Main technology changes in 
of a new technology, a technology time 
extension or a technology 
modification affecting the core material part of the sugar manufacturing process. 
Core material parts means that auxiliary equipment, like for example, diesel 
generators and water treatment, has not been taken into consideration. 



Chapter 6 
Dynamics of Kilombero Sugar Company 

6.1 Initiation of Kilombero I, 1955-19621 

In the mid 1950s, Tanganyika had to import almost all its sugar from abroad 
(graph 7), notably from South Africa. It is, therefore, not surprising that the South 
Africans took a keen interest in developing a cane sugar industry in Tanzania 
themselves. Trial plots were initiated by them in the Kilombero valley as early as 
1955. The govemment of Tanganyika, at that time still a mandate territory of 
Britain, found itself at loss what to do. The medium term politica} future of the 
territory was by no means certain (looming independence) and the colonial 
govemment was, therefore, not really enthusiastic to invest huge sums in an 
uncertain future. In addition, the African representatives in the colonial 
govemment displayed an understandable aversion with respect to South African 
investors who were tied to racist policies at home. 

Graph 7 Sugar production and consumption in Tanzania, 1953 - 1962 
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Sources: Boakers Agriculture and Technica! Service, Guidelines for the future development of the sugar industry (Dar es 
Salaam: United Republic of Tanzania, Ministry of Agriculture and Co-operatives, 1969, pg 9) 
J.P. Mukherji & Associates Private Limited, Proposals for a survey of the sugar industry in Tanzania 
(Bombay, India: ?, April 1976, appendix I, page 27) 

This information was obtained during an interview with Mr. E.H. van Eeghen (Van 
Eeghen International B.V.) on 2"d September 1994 and various newspaper cuttings. 
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Far away from Tanganyika, and also in the mid 1950s, it became clear that the 
long involvement of Dutch enterprises in the Indonesian sugar industry was 
drawing to an end. Enterprises were nationalised and the Dutch made an effort to 
invest in other potential sugar countries and to make further use of their expertise 
in the field of sugar growing and manufacturing. Among the enterprises losing 
their Indonesian interests, was the Verenigde Klattense Cultuur Maatschappij 
(VKCM). 

At that time Mr. E.H. van Eeghen, well acquainted with the Indonesian 
archipelago, was Consul of the Netherlands in Tanganyika. He brought the 
possibilities of Dutch assistance and the expertise of VKCM in the field of cane 
sugar under the attention of the British officials and launched a plan to develop a 
sugar industry in the Kilombero valley. At the time, his ideas we re rather 
revolutionary since they involved shareholding by Africans in the company to be 
established and cane growing by African small holders. As was to be expected, in 
1957 a fierce debate developed in the Tanganyikan newspapers and Government 
with respect to the pros and cons of establishing a sugar industry along the lines 
of Van Eeghen's ideas. The adversaries were particularly concerned about the idea 
of African small holders ( outgrowers) since they feared that such an idea - to the 
detriment of the enterprises involved - would also take hold in the important sisal 
industry. In addition, they doubted whether Africans could be given the 
responsibility to play an important role in the venture. 

When the South Africans lost their interest - mainly due to the fact that the 
Tanganyika Government was unwilling and unable to provide rail infrastructure to 
the Kilombero valley2 

- they relinquished their claims on the land and the way 
was open for negotiations with new interested parties. Van Eeghen - with 
excellent contacts with African nationalists, the VKCM, the Dutch and 
Tanganyikan Governments and International Financing Agencies - managed to 
bring the parties together. As a consequence, on 19th February 1958 was decided 
to contract Tiedeman & Van Kerchem in Amsterdam, the Netherlands, to carry 
out a soil and land capability survey for sugar cane in the Kilombero valley. 
When this survey revealed that growing sugar cane could be a profitable and 
feasible exercise, financial negotiations started in earnest in 1959, involving a 
variety of partners among which the International Finance Corporation (IFC) (later 
World Bank), the Colonial Development Corporation (CDC) (later Commonwealth 
Development Corporation) and VKCM were the most important. 

In 1959, initia} approval for the financing was given, but shortly afterwards -
under pressure of the US government- the IFC withdrew. The US did not wish to 
jeopardize its interests in the Cuban sugar industry and did not wish to anger the 
newly established regime of Fidel Castro. A period of intense lobbying began in 
which Van Eeghen again played a key role. 

2 Daily, The great survey holds a promise of fat lands (Dar es Salaam: Tanganyika 
Standard, November 24, 1957) 
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Lobbying and the fact that Fidel Castro increasingly exhibited a strong anti 
American sentiment, eventually swayed the balance and the US govemment 
withdrew its objections. 

In 1960, IFC and CDC came forward with initia) investments of respectively 
1,000,000 and 800,000 pounds sterling. The Netherlands Overseas Finance 
Company (NOFC) contributed 500,000 pounds sterling. The Standard Bank of 
South Africa and CDC underwrote an issue of convertible preferred shares of 
700,000 pounds sterling. 

A land concession of 7000 acres was obtained from the Tanganyika govemment 
and a development project was initiated involving the annual production of 20,000 
tonnes of sugar per annum, 4000 workers, housing, medica] care, etc. With the aid 
of the English govemment a railroad was built from Kilosa on the central railway 
of Tanganyika, to Mikumi, with a conneetion to KSC. 3 

In 1960, a management contract was extended to VKCM and Stork in Hengelo, 
the Netherlands, received machinery orders totalling approximately 8,000,000 
Dutch guilders. Julius Nyere - leader of the African nationalists - called on his 
country men to buy shares in the new enterprise. Kilombero I was finally on its 
way to production. The layout of Kilombero I is presented in figure 25. 

The initiation of Kilombero I is schematically described in flow-chart 1. 

3 Africa Institute, The Kilombero sugar project in Tanzania (The Netherlands: 
Communications of the Africa lnstitute, July 1960) 
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Figure 25 Layout Kilombero I, refined sugar production 
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6.2 Technology changes in the first and second campaign of Kilombero I, 
1962-1964 

The events that resulted in technology changes in the first and second campaign 
are described in the following paragraphs. 

6.2.1 Relocation of the defecation vessel on top of the Rapidorr clarifier 

In the first milling season (1962/1963) serious problems were experienced with 
the clarification process. The Oliver eampbell filter was regularly blocked as 
result of cloudy juice and the after-heater tubes were silting up. The clarification 
process was designed on the basis of the processes which were used in lndonesia. 
In these processes the weighed juice was pre-heated to 102-104 oe, then limed in 
the defecation vessel and warmed up in the after-heaters to 102-104 oe before it 
entered the Rapidorr clarifier. The juice from the Rapidorr clanfier was cloudy 
because the deposit, which was formed in the defecation vessel, to coagulate the 
impurities, was smashed in small particles by a centrifugal pump. eonsequently 
not all deposits could settie 
down in the Rapidorr clarifier.4 

The centrifugal pump was ='*' 
mounted just under the 
defecation vessel with the 
purpose to lift up the defecated 
juice via the after heater to the 
Rapidorr clarifier. The centri
fugal pump is unnecessary 
when the process sequence is 
changed in: heating -7liming -7 
clarifying. In the mainte-nance 
period between the first and 
second milling season the 
defecation vessel was mounted ~ 
on top of the Rapidorr clarifier, 
so that the after-heater and the 
centrifugal pump are by-passed 
and the defecated juice dropped 
directly into the Rapidorr 
clarifier (figure 26). 5 1·,.,........ 

2-...,.~ 

a.apn..., 
4 • Dlllolllon-
l·~cllrtlllr 

Before technology change 

After technology change 

Figure 26 Relocation of the defecation vessel 

4 H.F. van Soest, Orienterend onderzoek betreffende de oorzaken van het opaliseren van 

het dunsap (internal report Kilombero estate, november 1962) 

Stork private communication, Hand written report at the end of the second campaign (?: 
?, 1963, pg 4-8) 
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Flow-chart 2 Relocation of the defecation vessel 

The excess silting up of the after-heater was caused by a combination of the use 
of slaked Iimë, the inexperience of the operators with seraping the heater tubes 
and a high content of inorganic substances in the raw juice.7 

A deposition is formed on the heater tubes when the milk of lime is supplied 
before the raw juice enters the after-heater. In the first campaign, Kilombero I 
switched from freshly preparated milk of lime to the use of slaked lime. The 
reason for using slaked lime is that slaked Iime is much cheaper than imported 
quick lime and can easily be made from shells and coral which are found in 
plenty along the coast of Tanzania. A disadvantage of the use of slaked lime is 
that more lime is needed because of the less physical and chemica} reactive 
working, which caused an excessive deposit of calcium compounds on the heater 
tubes. This involved extra stops to remove this deposit. Operators removed the 
deposit by seraping the heater tubes with special tools. Inexperience of the 
operators caused insufficient seraping of the heater tubes and excess wear and tear 
of the heater tube walls. 

Seraping of the heater tubes was also hampered by the deposition of mica on the 
tube walls. Mica is a form of silicate which is present in large quantities in 
Tanzanian soils8

, and caused a very hard, difficult to remove, deposit. The mixed 
juice is polluted with mica because the cane stalks contain soil from the fields 
(especially under wet conditions or in swampy soils), or soil is simply blowing 
into the process by the wind. The amounts of mica in mixed juices are related to 
the cane variety and depend to a very great extent on the agricultural and elirnatic 
conditions (geographical conditions).9 

6 

7 

8 

9 

Stork private communication, Bezoekrapport van HH. Goos en Weber aan Sf Kilombero 
van 16 augustus tot 19 september 1962, (Hengelo: ? , 1962, pg7) 

This information was obtained during an interview with Mr. Goos (Stork) in May 1994. 

International Bank for Reconstruction and Developrnent, Appraisal of Kilombero sugar 
project Tanzania (?: ?, June 1974, pg 6) 

Pieter Honig, Principlesof sugar technology (New York: Elsevier, 1953, pg 337) 
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The clarification area was designed according to the Indonesian model. 
Differences in the milk of lime quality, inexperience of seraping operators and 
soil conditions caused the relecation of the defecation vessel. 

The relocation of the defecation vessel is schematically described in flow-chart 2. 

6.2.2 Placing new cane Ieveiiers and equalizer 

The numerical references 
below refer to figure 27. Cane 
arriving in the factory is stored 
systematicaliy in the cane yard. 
In contradietien to the 
experience in Java (lndonesia) 
the cane is not bundled. In the 
yard, the cane is grabbed by 
eranes (1) and from about one 
meter height the cane is 
dropped on the feed tables (2). 
This results in heap of tangled 
stalks (especialiy with bumed 
cane, which is somewhat sticky 
and curved) which is 
transported to the cane carrier 
(3). 10 The overloaded carrier 
caused an overlead on the first 
and secend cane cutter (4). 

Before technology change 

3 

Alter technology change 

~ 
• t! I ! 11 !.! ! ! ! ! t · 

~ 
1 

1 

I I 
11211 2' 

3 

,......_ , __ 
·--·----4-Cino-··--I·Cino-
7·Cino.,.._ 

Current surges far above Figure 27 
nomina] values were the result, 
so that the cane piled up in 

Placing new cane levelers and 
equalizer 

front of the first cane cutter 
due to a break down of the motor. 11 

This problem was solved by mounting two cane Ieveliers at the end of the feed 
tables (6) and a cane equalizer (7) on the horizontal cane carrier. 

The placing of new cane Ieveliers and equalizer are schematicaliy described in 
flow-chart 3. 

JO 

IJ 

H.F. van Soest, Kilombero Sugar Factory, campagneverslag 15-8-1962 tlm 24-3-1963 
(internal report Kilombero Estate, May 1963, pg 2) 

Stork private communication, Bezoekrapport van HH. Goos en Weber aan Sf Kilombero 

van 16 augustus tot 19 september 1962 (]' campagnemaand) (Hengelo: ?, 1962, pg 2) 
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6.2.3 Switching from refined to mill-white sugar manufacturing 

In September 1963, Kilombero I modified its 
production process to mill-white sugar. This 
modification was done during a four days factory 
stop in the campaign and involved the following 
changes (the numeric indications refer to 
figure 29): 
I the sulphitation process was connected to the 

heaters; 
2 the defecation vessel was by-passed; 
3 the refinery was used as boiling and curing; 
4 the Kroogse filter presses were by-passed; 
5 the sugar dryer/cooler was connected to the 

existing boiling and curing area. 

The principle of mill-white sugar manufacturing is 
presented in figure 28. 

Kilombero I changed to mill-white sugar manu
facturing because the govemment gave a premium 
for mill-white sugar but not for refined sugar. 12 The 
ex-factory prices for mill-white and refined sugar 
were the same, while the production costs were 
different with the same sales, the profit margin for Figure 28 

bagasse 

muds 

water 

water 

molasse 

water 

Mill-white 
mill-white was, therefore, higher. 13 sugar manufacturing 
The switch over from refined to mill-white sugar 
manufacturing is schematically described in flow-chart 4. 

12 

13 

Stork private communication, Hand written report at the end of the second campaign (?: 
?, 1963, pg 31) 

All the information mentioned in this paragraph, except otherwise referred information, 
was obtained from: P.O. Learnoes, Analyses of the course of the events that resulted in 
the low sugar output of milling season 1963/64 (Amsterdam: United HVA-companies, 
1963) 
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Figure 29 Switching from refined to mill-white sugar manufacturing 
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Flow-chart 4 Switching from refined to mill-white sugar manufacturing 

6.2.4 Switching from mill-white to refined sugar manufacturing 14 

47 

In the maintenance period after the second campaign, Kilombero I switched back 
from mill-white to refined sugar manufacturing. This modification involved the 
following changes: (the numeric indications refer to figure 30): 
1 the defecation vessel was connected with the heaters; 
2 the sulphitation area was connected with the sugar melter; 
3 the refinery was connected with the sulphitation area; 
4 the Kroogse filter presses were connected with the sulphitation area; 
5 the sugar dryer/cooler was connected with the refinery. 

At the moment KSC came into operation, three other sugar factones of 
importance were active in Tanzania. These were Tanganyika Planting Company 
(TPC), Mtibwa and Kagera. Mtibwa and Kagera had only a small market share 
because of low sugar production and inferior sugar quality. TPC is the oldest and 
largest sugar producer of mill-white sugar in Tanzania and was established in 
1930. The company is owned and operated by the Danish. 

Before KSC came into operation, the govemment deliberately kept refined sugar 
away from the more distant areas to give TPC a chance to sell its mill-white 
sugar. Kilombero I entered the market at the moment when normally no refined 
sugar was sold up-country. Kilombero I refined sugar was sold without any 
difficulty and was very well received in all the areas in which Kilombero I sugar 
was sold. The result was that TPC, in the first months of 1963, got stuck with 
several tons of unsalable sugar, even with a national consumption higher than 
production. The preferenee of the Africans for sugar of a very white colour was 
very strong. The African consumer compared the whiteness of the sugar and not 
the quality. When KSC started production and all Africans showed a definite 
preferenee for their super white sugar, TPC immediately took steps to improve 
their quality of refined sugar. 
It was accepted that it was necessary for Kilombero I and TPC to avoid 
competition for markets. Such a competition would be disastrous for both. 

14 All the information mentioned in this paragraph, except otherwise referred information, 
was obtained from: P.G. Learnoes, Analyses of the course of the events that resulted in 
the low sugar output of milling season 1963/64 (Amsterdam: United HVA-companies, 
1963) 
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Figure 30 Switching from mill-white to refined sugar manufacturing 
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Therefore, a Gentiemen's Agreement was made to divide the markets and give 
each of the two producers fixed outlets. 

In August 1963, TPC switched its process to refined sugar to hold its market 
position. The refined sugar of TPC had the same quality as the KSC refined 
sugar. 

In September 1963, Kilombero I modified its production process and switched to 
produce milJ-white sugar. From the moment Kilombero I modified to milJ-white 
sugar manufacturing onwards, the Kilombero I sales decreased considerably 
because market leader TPC was producing refined sugar of a definitely better 
quality than the miiJ-white sugar of KSC for almost the same price. 

By producing milJ white, Kilombero I lost market potential because the other 
sugar factorles sold the same (bad) quality of sugar for a lower price. Mainly 
because the distance to the market area for the other sugar factorles was much 
shorter. 

In November 1963, the Govemment decided to assist Kilombero I with a premium 
of TZS 177 per metric ton until mid-1968 15

, enabling the company to evereome 
the difficult years before the production was on a level which would make it 
possible to meet the heavy financial charges and to pay some dividend in the 
future. 

The switching from milJ-white to refined sugar manufacturing is schematically 
described in flow-chart 5. 
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Flow-chart 5 Switching from mill-white to refined sugar manufacturing 

15 United Republic of Tanzania, Ministry of Agriculture and Cooperatives, Guidelines for 

the future development of the sugar industry, volume I (London: Bookers Agricultural 
and Technica) Services Ltd, july 1969, pg 105) 
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6.3 Expansion of Kilombero I to 1750 tcd, 1964 · 1966 

In the seasons 1964/65 and 1965/66, the capacity of Kilombero I was expanded in 
stages to 1750 tcd by actding the following technology to the existing installation 16 

(the numeric indications refer to figure 31 ): 

1 one extra crane; 
2 extension of the feeder tables; 
3 one extra mill; 
4 one extra juice heater; 
5 one extra Oliver Campbel filter; 
6 one extra storage tank; 
7 one extra refinery pan; 
8 one extra centrifuge A-massequite; 
9 one extra centrifuge D-massequite; 
10 one extra centrifuge R-massequite; 
11 one new rotary sugar dryer; 
12 one extra Kroogse filter press; 

one extra boiler (not drawn in figure 31 ); 
one extra dieselmotor (not drawn in figure 31 ). 

Actdition of the above mentioned technology was necessary to increase the 
installed production capacity to 1750 tcd. It should be noted that all new items 
(except for the rotary sugar dryer) are re-orders basedon existing technology. 

The rotary sugar dryer consists of a rotating drum wherein the sugar is picked up 
by small internal plates which are mounted perpendicular to the drum. On top of 
the drum the sugar falls down and is dried by an air stream. The reason to install 
a rotary sugar dryer is that the existing grasshopper sugar cooler-dryer had not 
enough capacity for the expansion. 17 

• 

16 

17 

J.T. Stegers, Re-capacity Kilombero Sugar Factory, 1750 tcd refined sugar (Amsterdam: 
United HV A-companies, November 1963, pg 1-5) 

Stork private communication, Hand written report at the end of the second campaign (?: 
?, 1963, pg 26-30) 
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Figure 31 Layout expansion Kilombero I up to 1750 tcd 
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The reasons for expansion were: 18 

1 Guaranteed sales markets. 
Beside the shortage of sugar on the intemal market Kilombero I was the only 
sugar producer in East Africa which could provide the canning and sweets 
industries with the high quality required by this industry in Kenya and Tanzania. 

2 Increase of wages. 
The govemment kept the sugar price low. The sugar price dropped further in 
1961/62. In the years before and after 1963 there was a drive for higher wages. 
There is no relation between the sugar price and the increase in wages. Wages for 
unskilled Iabour had already been more than doubled which never had any 
reflection on the sugar price 

3 Subsidy by the Govemment. 
All existing factoTies received from the State Trading Corporation a guaranteed 
net ex-factory price of TZS 905 per ton for all sugar produced, regardless of 
quality .19 In the season 1963/64, the net cost price for Kilombero I was TZS 811 
per ton sugar. The margin between ex-factory price and cost price was too low to 
fulfil all the interest, debt and dividend payments. To proteet KSC against a 
financial disaster, the Tanzanian Govemment subsidized KSC with a premium of 
TZS 177 per ton produced sugar between July 1964 and September 1968. With 
this guarantee the ex-factory price of TZS 1080 per ton was enough to pay all the 
creditors and to invest in the extension to 1750 tcd. 

4 Financing. 
An additional 1 ,500,000 Pounds Sterling was made available by the three 
principal investors (IFC, NOFC and CDC) in the KSC for the recapitalization and 
expansion of the project.20 

5 Lowering the cost price. 
In comparison to international standards, Kilombero I was just a small scale sugar 
factory. The cost structure of the sugar industry was such that the variabie costs 
of production were relatively low in relation to the fixed costs. This is because a 
sugar estate and factory produce their own principal raw material (sugar cane) and 
their own fuel (bagasse). It follows that the economics of scale are important. 

18 

19 

20 

All the information in this summation, except otherwise referred information, is obtained 
from: P.G. Learnoes, Analyses of the course of the events that resulted in the low sugar 
output of milling season 1963/64 (Amsterdam: United HV A-companies, 1963) 

Bookers Agriculture and Technica! Service, Guidelines for the future development of the 

sugar industry (Dar es Salaam: United Republic of Tanzania, Ministry of Agriculture 
and Co-operatives, 1969, volume I, pg 105) 

Stork private communication, Dossier 14 - H.31 1, betreft SJ Kilombero - Tanzania 
(Hengelo: ?, March 1964) 
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The relatively large fixed costs and overheads will be spread over an increased 
production. 

The sugar production in Tanzania was conducted under conditions of near 
monopoly as far as prices and markets were concemed. Consequently, a major 
area of risk was eliminated and the acceptable level of return was correspondingly 
reduced. The profitability of KSC was improved by increasing the scale of the 
opera ti on and, thereby, reducing the incidence of fixed costs per unit. 

Table 1 The effect of marginal changes in output on total costs of sugar 
production 

production 32000 36000 40000 
(metric tons) (metric tons) (metric tons) 

costs total per ton total per ton total per ton 
TZS '000 TZS TZS '000 TZS TZS '000 TZS 

variabie 10250 320 11500 320 12750 320 

fixed 15000 469 15000 417 15000 376 

total 25250 789 26500 737 27750 696 

Source: United Republic of Tanzania, Ministry of Agriculture and Co-operatives, Guidelines for the future developmenr of 
the sugar industry. volume I (Londen: Bockers Agricultural and Technica) Services Ltd, july 1969, pg 32) 

Table 1, presents a calculation of the effect of marginal changes in output on total 
costs of sugar production. This table is based on true calculations made on basis 
of information obtained from TPC and shows that an increase of the production 
leads to a decrease of the cost price per ton sugar. 

6 Large losses in the first campaign. 
The first campaign started on 15th August 1962 and stopped, after 222 days 
milling, on 25th March 1963. This exceptionally large number of milling days was 
due to the difficulties that were encountered soon after milling had started. The 
cane cutters did not reach their expected output, considerably more cane was 
available than had been anticipated in the original scheme and difficulties with the 
transport of cane occurred. 
The cane cutters did not reach their expected output, because: 
a. They were not able to cut the calculated quantity of cane because their physical 

condition was too bad due to under-nourishment. To improve the physical 
condition of the cane cutters, additional "power-food" was provided, in the 
form of hot midday meals, on top of the normal food; 21 

21 This information was obtained during an interview with Mr. van Eeghen (Van Eeghen 
International B. V) on 2"d September 1994. 
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b. With the help of Dutch money a Protestant church was built in the Iabour 
camp. The Protestant priest forbade the cane cutters to work on Sunday, which 
caused factory stops due to shortage of cane. After consultatien with the KSC 
board, the priest ceased to preach a Sunday rest to the cane cutters;22 

c. Soon after milling had started several groups of cane cutters created unrest in 
the Iabour camp with strikes and protests against the difference in payment 
between the several divisions of cane cutters.23 The payment system was 
restructured by the abolition of task wages, respectively by introducing a visual 
task (a fixed number of furrows to be cut for daily wages, a premium for 
higher production). 

In December 1962, the state of affairs with regard to the cutters was aggravated 
because a large number of them retumed to their homes in order to cultivate their 
own patches of land. 

Considerably more cane was available for the first milling season than had been 
anticipated in the original scheme. The reasons for this were that: 
a. A larger acreage was planted than was foreseen; 
b. Twenty percent higher yields were obtained than estimated; 
c. The purchase of 20,000 tons outgrowers cane was not included in the original 

scheme. 

The transport system was developed for areas where cane land is dry and flat. It 
was, to some extent, unsuitable for the heavier, highly ridged soils. Both tractors 
and infield trailers had insufficient flotation for operatien in rainy conditions at 
each end of the harvest period. The fact that the tractors were incapable of pulling 
trailers with a guaranteed load of 5 tons cut cane, caused many stop hours due to 
Jack of cane. 

The decision to continue the milling season until all cane available for croshing 
had been utilized, was taken personally by the chairman of the Board of Directers 
of KSC. The reasens for this decision were on the one hand psychological (the 
estate management was in a defeated mood by the difficulties with the cane 
cutters) and on the other hand financial (prevention of financial entanglement 
because Jack of income). The decision was not received very favourably by the 
estate management but a protest against it was not made. If the estate 
management had fully realized the consequences of the decision, not only in its 
short time effects but also and particularly in its long term results (cane position 
in future milling seasons), a forma] protest or even a refusal to bear responsibility 
for it would have been a more logica] step. 

22 

23 

This information was obtained from a telephonic interview with Mr. Goos (Stork) on 25 
November 1994. 

Stork private communication, Letter from Mr. G. Prins to Mr. H.l. Spoelstra 
(Kilombero: ?, 23-9-1962, pg 1) 
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The first milling season was considered as an experimental milling season because 
the operators as well as the cane cutters were inexperienced and the equipment 
had to be adjusted and run-in. 

7 Large losses in the second campaign. 
The second campaign started 17th June 1963, and stopped, after 140 days milling, 
on 4th November 1963. This exceptionally small number of milling days was due 
to the lack of cane available for harvesting. The problems in the first campaign 
caused planting arrears for the second campaign which had the consequence that 
the cane available for the second campaign was "over-young" cane with a low 
sucrose content and yield per acre. This was not only due to the late planting of 
cane but also exceptionally cool weather (lack of sunshine) and the disease 
"Yellow Wilt" made the situation much worse. Yellow Wilt affects both the 
tonnage and quality of cane. The cause is related to unfavourable soiVmoisture 
conditions which affect the root of a sugar cane plant. Pathological studies have 
been undertaken, but no organism or virus has been conclusively proved to be the 
primary cause of the disease. 24 In later years, Yellow Wilt was eradicated after 
drainage improvements were effected and new cane varieties introduced.25 

Not with standing the favourable basic conditions and the original good set up of 
the project, the estate suffered big losses in the first two milling seasons. This was 
due to the Jack of income by disappointing sugar production results (table 2). 

Table 2 Sugar production in the first and second campaign 

harvested cane per sugar per total sugar planned sugar 
cane acre acre production production 
(acres) (tons) (tons) (tons) (tons) 

campaign 62/63 1,799 58.5 5.32 11, I 05 13.894 

campaign 63/64 2,826 40.6 3.90 12,816 22.555 
ource: P.G. Leamoes, Analyses of the course of the events that resu/ted in the low su ar out ut o mil/in g p 1 g season 1963164 

(Amsterdam: United HV A-companies, 1963, appendix A and B) 

The expansion to 1750 tons cane per day is schematically described in flow
chart 6. 

24 

25 

Bookers Agriculture and Technica! Service, Guidelines for the future development of the 

sugar industry (Dar es Salaam: United Republic of Tanzania, Ministry of Agriculture 
and Co-operatives, 1969, pg 42) 

International Bank for Reconstruction and Development, Appraisal of Kilombero sugar 
project Tanzania(?: ?, June 1974, pg 3) 
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6.4 Nationalization of KSC, 196926 

During the years immediately after independence, i.e. in the period 1961-1967, 
Tanzania retained the free market economy it had inherited from the colonial 
period. The agricultural production was oriented towards export promotion. A 
fundamental re-orientation of Tanzania's development policy was announced in the 
Arusha Deelara ti on of 1967. In that year, the Tanzanian leadership officially set 
the country on a course of socialism and self-reliance. Self-reliance implied that 
the country would rely on its own resources to develop the economy and that the 
role and significanee of foreign aid would be reduced. It also meant state control 
over the main sectors of the economy.27 The govemments socialistic philosophy 
was that private estates and individual farming are being discouraged in favour of 
production by subsidiary companies of parastatal organizations, by state farms, 
through local District Development Corporations and at the smallholder level, 
through ujamaa villages.28 

In 1969, the principal investors sold out to the Govemment after years of financial 
losses. Since July 1964, KSC had an arrangement with the Govemment that 
guaranteed an ex-factory price of TZS 1100 per ton. After P 1 September 1968, the 
Govemment would not continue an ex-factory price of TZS 1100 per ton. The 
investors answered that they would not be willing to continue production, but 
subsequently indicated that they would be willing to sell to the Govemment their 
entire interest in the company. The principal investors in the Company were 
(March 1969) the IFC (an affiliate of the World Bank), the CDC and the NOFC. 
Their interests in the company consisted of debenture stock, income notes and 
ordinary shares. The Govemment had also reached agreement with the Standard 
Bank and NV Rubber Cultuur Maatschapij Amsterdam (formerly VKCM) on the 
purebase of the ordinary shares of the company at present held by them. 

The take over of the project by the Govemment, provided the opportunity to 
simplify KSC's capita] structure and to eliminate financial obligations with respect 
to loans, debentures and income notes. 

A major objective of the Govemment policy was to ensure that the dornestic sugar 
industry was in a position to meet the intemal demand for sugar in Tanzania. In 
the event of a deficiency, scarce foreign exchange would have to be diverted from 
other use. At the same time, by expanding, the industry would bring other 
benefits, particularly in terms of employment. 

26 

27 

28 

All the information in this paragraph, except otherwise referred information, is obtained 
from: Bookers Agriculture and Technical Service, Guidelines for the future development 
of the sugar industry (Dar es Salaam: United Republic of Tanzania, Ministry of 
Agriculture and Co-operatives, 1969, volume I and 11) 

IOV, Sector aid and structural adjustment; the case of sugar in Tanzania (DenHaag: ?, 
1992, pg 2) 

International Bank for Reconstruction and Development, Appraisal of Kilombero sugar 
project Tanzania (?: ?, June 1974, pg 1) 
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6.5 Expansion of Kilombero I to 2150 tcd, 1972173 

In the 1972173 season the capacity of Kilombero I was expanded to 2150 tcd, by 
actding the following technology to the existing installation29 (the numeric 
indications refer to figure 32): 

1 capacity impravement cane cutters; 
2 one diffuser; 
3 one vertical juice heater; 
4 one first evaporating vessel; 
5 extension storage tanks; 
6 one boiling pan; 
7 one crystallizer; 
8 one centrifuge A; 
9 three centrifuges D; 
1 0 one gas scru bber; 
11 one sulphur fumace; 
12 one centrifuge R; 
13 one Kroogse filter press. 

Additionally to the above mentioned technology, it was necessary to imprave the 
installed production capacity to 2150 tcd. It should be noted that all new items 
(except the diffuser) are re-orders based on the existing technology. 

The existing five roller mill process was changed into a milling-diffusion process 
by substituting the third mill by a diffuser. This milling-diffusion process is a 
technique for the extraction of cane sugar normally comprising three steps: (1) 
prepressing and preparation of the cane by two conventional mills, (2) extraction 
of the prepared cane by a continuous diffuser, and (3) dewatering of the bagasse 
teaving the diffuser by means of two subsequent mills.30 

Cane prepared for diffusion is a heterogeneaus material, consisting of particles of 
a wide range of complex shapes and sizes. In these particles, two types of cells 
can be distinguished, namely ruptured and intact cells. Juice associated with 
ruptured cells on the surfaces of particles can be expected to be extracted 
relatively easily by a displacement process. Extraction of sucrose from intact cells 
in the interior of particles would, however, entail the steps of osmotic diffusion 
and molecular diffusion along an intricate network of small capillary passages, to 
reach the partiele surfaces, before it can be removed by the displacing liquid. 

29 

30 

Stork private communication, Technica/ drawing number 5.180330, S.F. Kilombero 1, 

Tanzania, arrangement sugar Jactory (Hengelo: Stork, August 1979) 

The International Sugar Journal, Calculations on the combined milling diJfusion of sugar 
cane (?: ?, 1967, pg 99-101) 
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Figure 32 Layout expansion Kilombero I to 2150 tcd 
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Clearly, part of the juice is readily available for extraction by the percolating 
liquid while another part which, may be considered as bound or tightly-held juice, 
is extracted only with difficulty. The former fraction may be considered "easy 
juice", and the latter "difficult juice".31 The extraction of the difficult juice gives a 
surplus value to the milling-diffusion process because more juice is extracted 
than by straight milling. 
Summarizing, the difference between milling-diffusion and straight milling is that 
in diffusion the sucrose is leached from cells that remain intact, while in straight 
milling the cells are crushed to spill the juice. Juice from diffusion consequently 
contains much less suspended solids, but is also much more diluted. 

4 

Figure 33 DDS-cane diffuser 

The installed diffuser was delivered by 'De Danske Sukkerfabrikker' from 
Denmark. The numerical references mentioned below refer to figure 33. The 
DDS-cane diffuser consists of a double-cylindrical tilted vessel fitting closely 
around two partly intermeshed scroll conveyors (1) with perforated flights. The 
prepared cane is introduced at the lowest end of the diffuser (2) and conveyed 
upwards by two main scrolls. Rotating at approximately 2 r.p.m., the perforated 
flights are given an oscillating movement relative to each other, ensuring a 
desirabie and constant permeability of the diffuser bagasse. The bagasse is gently 
rotated by the two scrolls, thus avoiding any juice channelling during the 
extraction process. For each rotation, the bagasse is also subjected to a light 
squeezing between the shafts (3). At the top end of the diffusor, the spend bagasse 
is discharged by two vertical, intermeshed scrolls (4). These are surrounded by a 
perforated casing facilitating a good draining back into the diffusor of adherent 
water. Fresh imbibition water is added at the top end of the diffusor (5), and 
"press water" from the dewatering mills is untreated and unscreened retumed to 
the diffusor (6). lmbibition water as well as press water then flow downwarcts by 
gravity in countercurrent to the bagasse. The diffuser juice leaves the vessel 
through a strainer at the lower end gable (7). 

31 Proceedings of The South African Sugar Technologists' Association, Diffuser 
performance a new approach (?: ?, June 1972, pg 54-63) 
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Required heat is supplied by means of steam jackets (8). All functions are 
automatically controlled through a control panel, an integral part of the DDS
diffusion unit. 

The selection of the DOS-diffuser was based on the financial evaluation of the 
alternative proposals submitted by tenderers and was finalized in the factory 
turnkey contract, executed by Stork.32 Stork was Jicensed by DDS to use DDS
diffusers in their projects.33 

Examples of successful cane diffusion factorles in Africa were found in Egypt, 
South-Africa and by TPC in Tanzania. Especially the positive experiences of TPC 
with cane diffusion, won Kilombero I over to install this new technology. 
TPC is the oldest sugar producer in Tanzania and was founded in 1930. The first 
sugar erop was harvested and processed in 1936. The company is owned and 
operated by Danish interests. In terms of costs and efficiency, TPC is the pace
setter for the Tanzanian sugar industry and it must, therefore, have had an 
important role in the country. When the DOS-diffuser was instaBed in 1962 at 
TPC, the two main objectives were to improve miJl extraction and to increase 
throughput. In 1957 a 5th miJl was added to the then instaBed 12 roBer miJl train, 
but this plant was thought to have reached its maximum capacity in the early 
sixties. In consultation with DDS, it was then decided to replace the third miJl by 
a cane diffuser, which at that time was a novelty in the miJiing of sugar cane. 
This would bring the daily capacity up from approximately I250 tons to I500 
tons, at the same time significantly improving extraction. TPC made three 
conclusions after I 0 years experience with the DDS diffuser and four miJis in 
stead of a five miJiing train.34 

I less down time caused by the diffuser than by a miJl; 
2 the diffuser has less maintenance costs in comparison with one miJl; 
3 due to increased extraction and throughput the diffuser increased the sugar 

production more than could have been expected from emshing with five miJis. 

Table 3, shows a numeric comparison between conventional milling and DDS
milling-diffusion. The extraction process of diffusion is better than miJiing only, 
which implicates a better sugar/cane ratio. 

32 

33 

34 

International Bank for Reconstruction and Development, Appraisal of Kilombero sugar 
project Tanzania (?: ?, June 1974, pg 3) 

Stork private communication, Letter to TPC (Dar es Salaam: 5th September 1963) 

G. v.d. Wolf, Review of JO years experience with the DDS-cane diffuser at TPC (Moshi, 
Tanzania: ?, March 1972) 
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Table 3 Comparison between conventional milling and DDS-milling
diffusion 

MILLING ONLY MILLING DIFFUSION 
average 4 weeks average 4 weeks 
Jul. - Aug. 1967 Aug. - Sep. 1967 

Cane (tons) 8251 8497 

Extraction (%) 92.49 96.87 

White sugar (tons) 827 914 

Ratio (sugar/cane) 0.10023 0.10757 

Source: De Danske Sukkerfabrikker, DDS cane ditJusers (Copenhagen: DOS, 1968) 

It will be appreciated that the potential production of the factory is govemed in 
the first instanee by the capacity of the milling plant. In comparison with 
increasing the capacity and improving the extraction of the existing mills, 
diffusion was the cheapest way to expand Kilombero's milling capacity to 2150 
tcd. 

The expansion to 2150 tcd was undertaken in the 1972 season. Many start-up 
probieros arose and over 20% down time was recorded. As a result, the season 
was extended to a record 256 days, with unavoidable stoppages in the latter part 
due to the difficulties of hauling cane in wet conditions. Further engineering work 
was carried out in the off erop and into the 1973 season, which started one month 
late. The required capacity rating was now achieved, but milling efficiency, at 
84%, was still low. The extra costs of putting the new diffuser in working order, 
which included the salaries of several expatriate tec{mical experts for many 
months, were reflected in a 50% increase of per ton mill costs in 1972. 

The instalment of a diffuser influenced the sugar production process negatively on 
the next points: 
- Higher operating costs. 

The diffusion process involved a higher content of water in the juice which 
caused extra fuel (oil or wood) to evaporate more water, especially at the start
up of the factory. 
Leuconostoc Mesenteroides. 
During a long stop time of the diffuser, the bacterium Leuconostoc 
Mesenteroides formed the polysaccharide dextran from the sucrose. The 
dextran formed jelly-like masses which blocked the filters and tubes. One per 
cent dextran more than doubled the viscosity of sucrose solutions.35 

35 Pieter Honig, Principlesof sugar technology (New York: Elsevier, 1953, pg 14) 
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- Non-sugars. 
In general one part of non-sugar combines with 0.4 parts of sucrose. Higher 
sugar extractions with the diffuser system resulted in higher non-sugar 
extraction, like inorganic salts and organic components and, therefore, greater 
final molasses production. The inorganic salts gave an extra deposition on the 
heater tubes and the other components reduced a part of the extra surplus sugar 
by decomposition. 

- BagaciJJo. 
BagaciUo is extracted from the cane fibre and is produced in large number by 
the diffuser. The bagacillo blocked up the pumps and tore out the tubes. 

- Bagasse. 
The fibre in the bagasse contained still much water. It was, therefore, more 
difficult to burn it in the boilers. 

Summarizing, the diffuser had negative effects on the process with relation to fuel 
consumption, Leuconostoc growth, forming of non-sugars, excessive wear of 
pumps and tubes and bumabie bagasse. 

The reasons for the factozy expansion to 2150 tcd were: 36 

1 Sugar was used as a politica] mean. 
The Government preferred expansion instead of increasing the price. It was 
thought to be more in the national interest to maintain the existing price structure 
for the time being and to aUow Kilombero's profitability to improve by 
rationalization and expansion over a period of years. This rather than to raise the 
general level of prices in order to achieve an immediately more profitable 
operation at Kilombero I, because sugar was a politicaUy sensitive product. The 
policy was based primarily on the principle of protecting the consumer from too 
high a price.37 

2 Guaranteed salesmarkets. 
Estimates of total sugar consumption were also based on the anticipated rates of 
growth of population and per capita consumption. The prediction was that the 
sugar consumption would increase in the years 1968 - 1976. 

3 Foreign exchange savings. 
With the sugar consumption growth predictions used there was a sugar deficit 
projected in the early 1970s. This sugar deficit had to be bought on the 
international market which would have affected the foreign exchange position of 
the Government negatively. 

36 

37 

All the information in this summation, except otherwise referred information, is obtained 
from: Bookers Agriculture and Technica! Service, Guidelines for the future development 
of the sugar industry (Dar es Salaam: Uniled Republic of Tanzania, Ministry of 
Agriculture and Co-operatives, 1969, volume I and 11) 

IOV, Sector aid and structural adjustment; the case of sugar in Tanzania (DenHaag: ?, 
1992, pg 4) 
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4 High cost price. 
KSC's relatively heavy management costs emphasise the vita! importance of 
expanding production in order to spread these overheads over a larger erop. In 
1968/69, when output feil by 10%, overhead costs per ton of sugar increased by 
20%. On the smaller estates, overhead costs were low in spite of the limited scale 
of operation. This was the result of the lower costs of the salaried staff, their more 
flexible attitude to employment and the fact that expenditure on social services 
was minimaL 
Depreciation is a major fixed cost and provides a further incentive to increase 
output. With KSC, finance and other charges increased the proportion of 
overheads to the point where they constituted more than 40% of total costs (in 
1968/69 finance charges were reduced by the change in the capita! structure of the 
company). 

The expansion to 2150 tons cane per day is schematically described in flow
chart 7. 
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6.6 Institutionalization of KSC, 1972-7438 

In 1972, the govemment shares in KSC, Mtibwa and Kagera were entrusted to 
NAFCO (National Agricultural and Food Corporation), and later to Sudeco, when 
it was formed in 1974. The Sugar Development Corporatien is a parastatal which 
resorts under the Ministry of Agriculture. The establishment in 1974 was a result 
of the country's goal of self-sufficiency whereby production must be effected by 
subsidiary companies of parastatal organizations. 

The establishment of Sudeco represented an attempt to rationalise the sugar sector 
by amalgamating the various bodies charged with different aspects of the sugar 
industry in production, marketing, distribution and research. The functions of the 
National Sugar Board (NSB) and GEMCO (Genera] Foods Company) were taken 
over by Sudeco to fulfil the marketing task. The NSB was responsible for 
cantrolling and regulating the production and marketing of sugar on the Tanzania 
mainland, and for handling imports. NSB employed GEMCO, a parastatal agency 
as its marketing agent. 

The main tasks of Sudeco are been described as follows. Firstly, to promote the 
development of the sugar industry to achieve and sustaio national self-sufficiency 
in sugar as soon as possible in conformity with govemment policy on food self
sufficiency. Secondly, to manage and safeguard govemment investments in the 
sector. Thirdly to carry out the task of sugar distribution in the country and to 
arrange for the necessary imports. 

Sudeco has always been strongly dominated by the Tanzanian govemment. To 
perform its tasks Sudeco is organised into five departments, namely planning and 
development, operations, distribution and marketing, personnel and administration, 
and financial and management reporting. Sudeco holds 100 percent of the shares 
in Mtibwa, TPC and Kilombero I, majority shares in Kagera and 20 percent of the 
shares from the Tanzania Liquid Storage Company, which specialises in the 
export of molasses. 

Prices were set by govemment at factory, wholesale and retail level. 

38 International Bank for Reconstruction and Development, Appraisal of Kilombero sugar 

project, Tanzania(?: ?, June 1974) 
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6.7 Initiation of Kilombero 11, 1972 - 74 

During the Board meeting of the Kilombero Sugar Company held on the 9m of 
September 1972, the chairman of the Board of Directars and Minister for 
Agriculture, the Hon. J.J. Mungai, requested the KSC to undertake a preliminary 
field survey, with the aim to facilitate the possible selection of the location for a 
new sugar factory. 39 The development of the new sugar estate, named 
Kilombero ll, was undertaken for the following reasons:40 

1 high world market price for sugar; 
2 the rapid increase of dornestic sugar consumption; 
3 substantial savings on foreign exchange for sugar imports; 
4 HV A reflected on optimistic future world sugar prices; 
5 foreign investors; 
6 employment and a souree of income for thousands of people; 
7 politica) goal of self-sufficiency; 
8 local facilities; 
9 favourable agro-ecological conditions. 

High world market price for sugar. 
Since 1966, the sugar price had risen from an annual average USD 40 per ton to 
an all time high level of USD 654 per ton in 1974. This was due to the following 
reasons41

: 

a During these years the world sugar consumption had growing faster than the 
world sugar production. The sugar industry could not follow the same trend as 
the consumption because of two factors: 
1 In the beet sugar sector most of the countries concemed are either highly 

developed or centrally planned and land in these countries is generally at a 
premium. Sugar is only one of the several cammodities in high demand and 
is, therefore, competing for existing areas cultivated. 

2 In the cane sugar producing countries, land is also relatively scarce but in 
actdition the high and increasing cost of establishing new factones and the 
difficulty of securing financing, pose major obstacles to rapid expansion. 

b The sugar production in the USSR (1972173) and Cuba (1972) dropped 
dramatically because of drought. The USSR became a large importer of sugar 
from the free market 

c Since October 1973, the transport and sugar manufacturing costs had increased 
considerably through the oil crisis. In this period the oil price was multiplied 
by a factor five. 42 

39 

40 

41 

42 

Kilombero Sugar Company Limited, A preliminary survey of the lower Ruembe and 

Msolwa valleys (KSC Estate: KSC, September-December 1972, pg 2) 

IOV, Sector aid and structural adjustment; the case of sugar in Tanzania 
(Amsterdam: IOV, 1992, pg 65) 

International Bank for Reconstruction and Development, Appraisal of Kilombero 

sugar project, Tanzania (?: ?, June 1974, annex 17, pg 1-5) 

D.Kalf, Inflatie en olieprijs (Utrecht: Hogeschool Utrecht, July 1988, pg 11) 
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2 The rapid increase of dornestic sugar consumption. 
Graph 8 shows the sugar production and consumption in Tanzania, 1962-1974. 
The dornestic sugar consumption increased rapidly through: 
a Sugar losses on the internat market because of sugar smuggling to 

neighbouring territories where the price was higher.43 

b lncreasing population growth.44 

c Increasing sugar consumption per capita.45 

Graph 8 Sugar production and consumption in Tanzania, 1962 · 1974 

150 I Cl Produáion • Consumption I 

1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 

Year 

Sources: Bookers Agriculture and Technica] Service, Guidelines for the future development of the sugar industry (Dar es 
Salaam: United Republic of Tanzania, Mi nistry of Agriculture and Co-operatives, 1969, pg 9) 
J.P. Mukhetji & Associates Private Limited, Proposals for a survey of the sugar industry in Tanzania 
(Bombay, April 1976, appendix I, page 27) 

3 Substantial savings on foreign exchange for sugar imports.46 

At a production level of 45,000 tons per annum the major benefit of the project 
would be a substantial saving on foreign exchange for sugar imports. 

43 

44 

45 

46 

International Bank for Reconstruction and Development, Appraisal of Kilombero 
sugar project, Tanzania(?: ?, June 1974, pg 4) 

HVA International b.v. The sugar situation in Tanzania (Amsterdam, HVA 
International b.v., June 1973, pg 2) 

HVA International b.v. The sugar situation in Tanzania (Amsterdam, HV A 
International b.v., June 1973, pg 3) 

HVA International b.v. Preliminary feasibility study Kilombero 11 sugar project, 
Tanzania (Amsterdam, HVA International b.v., April 1973, pg 3) 
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4 HV A predicted optimistic future world sugar prices in their feasibility study 
of the Kilombero II project.47 

HV A assumed that in the period 1974 until 1985, the world sugar prices would be 
continuously high or even higher than in 1974. See following quotation. 

It is known that leading sugar economists expect a continuation of high sugar prices for the years 
up to and including the year 1985 which does not imply, of course, that price fluctuations on the 
world market for sugar will be a phenomenon of the past. 

On the basis of our own analysis we would agree with their views and would even not be 
disinclined in the light of most recent information available to share the opinion of a well known 
FAO expert that considerably higher prices than prevailing in recent years are there to stay for the 
next 10-12 years and possibly even longer. 
Source: HVA International b.v., Feasibility study on Kilombero 11 sugar project Tanzania (Amsterdam: HVA, August 1973, 

pg JO) 

5 Foreign investors. 
The project costs for the estate (factory and plantation) were USD 55 million and 
the financing was shared between Tanzania (USD 9 million), the Netherlands 
(USD 11 million), Denmark (USD 17 million) and the World Bank 
(USD 18 million). Total capita} investment for new outgrowers were TZS 
4,730,000. The development costs for new outgrowers were financed by the 
Tanganyika Rural Development Bank. 
The Dutch and Danish financial contributions were tied to the condition that 75% 
of the expenditure must be used for goods and services originating from the 
respective countries.48 This was reflected in a project organization whereby most 
of the suppliers were Dutch or Danish (figure 34). The involved Dutch companies 
were HV A as factory consultants, WESCON for the mechanica} and electrical 
installation and Stork as turnkey contractor and general factory designer. The 
Danish part was filled by Bruun and Sorensen for electric supplies and erection, 
C.G. Jensen for construction and civil works, and DDS/Moller & Jochurnsen for 
the diffuser and process equipment. 
The bias towards the installed technology was stimulated by the financial 
conditions imposed by donors who tied supplies to their own manufacturing 
industries. 49 

6 Employment and a souree of income for thousands of people.50 

The project would provide employment for some 2,200 workers and would be a 
souree of income for several thousands of outgrower farmers and their families. 

47 

48 

49 

50 

Paul Hoebink, Geven is nemen, de Nederlanse ontwikkelingshulp aan Tanzania en Sri 

Lanka (Nijmegen: Stichting Derde Wereld Publikaties, 1988, pg 94) 

International Bank for Reconstruction and Development, Appraisal of Kilombero sugar 
project, Tanzania(?: ?, June 1974, pg 15) 

IOV, Evaluation of the Netherlands development programme with Tanzania, 1970-1992 
(Ridderkerk: Ridderprint BV, 1994, pg 302) 

HVA International b.v. Preliminary feasibility study Kilombero 11 sugar project, 
Tanzania (Amsterdam, HVA International b.v., April 1973, pg 3) 
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7 Politica] goal of self-sufficiency .51 

Increased agricultural production and development of the rural areas were given 
great emphasis in the Second Five-Year Plan, 1969-1974. Crop priorities were set, 
based on production possibilities, market prospects and a goal of country self
sufficiency. One of the crops set for self-sufficiency was sugar. 

8 Local facilities. 52 

a The know-how on sugar cultivation and sugar processing at the nearby 
Kilombero I estate (see map 2) and amongst the local people (outgrowers) and 
the availability of Kilombero I resources were important considerations in 
selecting the project area.53 

b The actvaneed infrastructure in the area. 
The Kilombero area has a favourable infrastructure, the TAZARA railway, the 
East African railway branchline, the Kidatu power station and the KatTin 
agricultural research station. 
With the East African and T AZARA railway structure, KSC could distribute their 
sugar to al most the farthest corners of the country. The East African railway 
branch line leads to Dar es Salaam, Kigoma, Mwanza and Arusha. The T AZARA 
railway, which was built with help of the People's Republic of China and was 
finished in 1974,54 leads to Dar es Salaam and Tundume (Zambian border). The 
Chinese were allowed to sell consumer goods on the Tanzanian market to finance 
their contribution to the TAZARA railway.55 

9 Favourable agro-ecological conditions.56 

The agricultural conditions in the Kilombero valley are rather good for extension 
and have been investigated in several field studies by ILACO B.V. (Arnhem), 
Bish & Partners (The Hague) and Delft Hydraulics Laboratory (Delft). 

The initiation of Kilombero II is schematically described in flow-charts SA and 
8B. 

51 

52 

53 

54 

55 

56 

Ministry of Economie Affairs and Development Planning, Second Five-Year Plan 

1969-1974, programme for industrial development (Dar es Salaam: The United 
Republic of Tanzania, july 1969) 

HVA International b.v. Preliminary feasibility study Kilombero 11 sugar project, 

Tanzania (Amsterdam, HVA International b.v., April 1973, pg 2) 

Bookers Agricultural and Technica) Services, Comments on HVA 's Feasibility Study for 

Kilombero 11 Sugar Project, Tanzania (London: Tanzania Investment Bank, November 
1973, pg 4) 

Koninklijk Instituut voor de Tropen, Tanzania (Amsterdam: KIT -uitgeverij, 1991, 
pg 32,33) 

International Bank for Reconstruction and Development, The economie development and 

prospects of Tanzania, volume 1, the main report (?: International Development 
Association, Eastern Africa Department, May 1972, pg 14) 

HVA International b.v. Preliminary feasibility study Kilombero Jl sugar project, 
Tanzania (Amsterdam, HVA International b.v., April 1973, pg 2) 



72 

lnitial 
technology 

tplanto 
ck~lopl 

tceood 111.11&1 

... \eltlcbe 

k.ilomhero 
vaJiey 

Flow-chart SA 

lnitiation 
problem 

Originating 
from 

Caused 
by 

Initiation of Kilombero 11 

Part lil. Kilombero Sugar Company 

Variabie 
group 

Technology 
change 

Actors 
involved 



Chapter 6 Dynamics of Kilombero Sugar Company 

Initia! 
technology 

• plan"' 
develor • 

~CCCmd sug11 
CUlt In lhe 
K.lkxnbcro 

valk) 

lnitiation 
problem 

Flow-chart SB 

Originating 
from 

Caused 
by 

Initiation of Kilombero 11 

6.8 Construction of Kilombero 11, 1974 · 76 

Variabie 
group 

Technology 
change 

Actorli 
involved 

73 

In 1974 a second sugar estate, named Kilombero II, was developed in the Ruembe 
valley. The execution of the project started in 1974 and the factory was completed 
in 1976. A nucleus estate was erected of 1,400 ha of irrigated cane and 2,040 ha 
of rain-fed cane, while outgrowers were expected to cultivate 1,840 ha. This 
would lead to an annual output of 45,000 tons of sugar. 

The newly constructed Kilombero II factory 57 had not the same lay-out as the 
ex i sting 2150 tcd Kilombero I factory 58

• A comparison indicates the following 
technology changes applied in Kilombero II (the numeric indications refer to 
figure 35): 

1 quintuple effect evaporating; 
2 ABC-boiling and curing process; 
3 Werkspoor rapid crystallizer; 
4 continuous centrifugals A and B massequite; 
5 fluid bed sugar dryer/cooler. 

The mentioned technology changes are clarified in the following paragraphs. 

57 

58 

Stork private communication, Equipment specification S.F. Kilombero JJ, Tanzania 

(Hengelo: Stork, 1974) 

Stork private communication, Technica[ drawing number S.J80330, S.F. Kilombero J, 
Tanzania, arrangement sugar Jactory (Hengelo: Stork, August 1979) 
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6.8.1 Quintuple effect evaporating 

The evaporating system used in Kilombero IJ was based on the same principle as 
in Kilombero I. Quintuple evaporating instead of quadrupJe evaporation, was 
applied to achieve the capacity of 2400 tcd. 

6.8.2 ABC-boiling and curing process 

The molasses after each boiling cycle 
still contain quite some sugar and, 
therefore, the boiling process is 
repeated to reeover this sugar. To 
reeover a maximum amount of sugar 
from the syrup, the molasses are hoiled 
and cured several times. The ABCD
boiling process used in Kilombero I 
originated from Indonesia and was 
applied by VKCM to obtain a high 
efficiency of reecvered sugar. The 
experience in later years was that the Figure 36 The ABC boiling system 

extra investment, needed for D-boiling 
and curing equipment, is in disproportion compared to the extra reecvered sugar. 
After each strike the molasses become more viscous so that more steam is needed 
to handle the molasses. The high viscosity of D-molasses consumed a large part 
of the available steam.59 

Efficient handling of the high viscous D-massequite required well trained 
panboilers. The panboilers at Kilombero I did not have enough skill to boil an 
efficient D-strike because the 13 expensive panboilers from Mauritius, who were 
supposed had to train systematically Kilombero's·labourers during the start-up of 
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Flow-chart 9 Introduetion ABC-boiling and curing process 

59 This information was obtained from an interview with Mr. Goos (Stork) on the 5'h of 
January 1994. 
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Kilombero I, were replaced too early.60 

Summarizing, Kilombero ll used the ABC-boiling process (figure 36) because of 
disputable economics of the D-boiling, high investment costs in D-boiling 
equipment and insufficient skill of the panboilers. 

The technology change to the ABC-boiling and curing process is schematically 
described in flow-chart 9. 

6.8.3 Werkspoor rapid crystallizer 

The Werkspoor rapid crystallizer 
has an exterior similar to that of 
the ordinary crystallizer. However, 
the shaft, instead of carrying a 
helix, is fitted with discs (figure 
37) with a gap in the form of a 
45° sector. Both shaft and discs 
are hollow and designed to permit 
circulation of water (figure 38). 

oold water 

hot 
Water 

massequlte 

The massequite is introduced Figure 37 The Werkspoor crystallizer 
continuously at the end from 
which the shaft is driven and 
flows along the crystallizer by 
gravity, passing from one space 
between discs to the next by 
means of the open sector of the ....,out~~~ 

disk and overflows the opposite 
end of the crystallizer. The 
cooling water enters at the other 
end, which is the outlet end for 
the massequite, passes in 
succession through all the discs, 
and returns through the hollow Figure 38 Disc of Werkspoor crystallizer 
shaft of the crystallizer to leave at 
the end at which it entered. There wiJl be a counter current flow of water and 
massequite through the crystallizer.61 

The Werkspoor rapid crystallizer has the following advantages in comparison with 
the ordinary other used crystallizers: 
I a continuously working machine which has a higher capacity; 

60 

61 

P.G. Learnoes, Analyses of the course of the events that resulted in the low sugar output 

of milling season 1963164 (Amsterdam: United HVA-companies, 1963, pg 46) 

E. Hugot Handhook of cane sugar engineering (Amsterdam, Elseviers Publishing 
Company., 1960, pg 536-546) 
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2 designed to extract extra sugar crystals from the C-massequite by intensive 
mixing and reheating. 
The Jast discs are used for reheating the massequite in order to reduce its 
viscosity and extract extra sugar because the sugar has no time to dissolve in 
the massequite. In order to decrease the viscosity of the mother syrup the 
cooled massequite is heated up at high speed. At this short heating period there 
is no time for dissolving sugar crystals.62 

The temperature of the cooling water must be about 20 degrees Celsius. The water 
temperature in tropical countries (Tanzania) was too high to use it as cooling 
water in the rapid crysta11izer. A steam cooler was instaBed to cool the water 
before it entered the rapid crysta11izer. The steam cooler was a complicated piece 
of equipment which asks a of lot know-how and which is susceptible to 
breakdowns. 

The reasons to introduce the Werkspoor rapid crysta11izer are schematically 
described in flow-chart 10. 
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6.8.4 Continuous centrifuges A and B massequite 

Ac tors 
involved 

The continuous centrifuge was introduced in the years between the erection of 
Kilombero I and Kilombero II. Kilombero I is running with semi-automatic 
centrifuges because the continuous centrifuge was not available at the moment 
Kilombero I was built. This technology change was caused by progress in 
technology. The main advantage of the continuous centrifuge is the time profit 
through continuous processing. This technology change was possible through the 
introduetion of a new technology. 

The introduetion of the continuous centrifuges is schematica11y described in flow
chart 11. 

62 Telephonic interview Mr. Goos (Stork) on 6'h of July 1995. 
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6.8.5 Fluid bed sugar dryer/cooler 
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The refined sugar is dried and cooled in the fluid bed sugar dryer-cooler. During 
the drying and cooling process the sugar is transported by a grasshopper conveyor 
which is constructed with a double bottom. Through this double bottorn heating 
respectively cooling air is forced. The sugar passes on the top side of the double 
bottom, which is provided with louvres allowing the air to pass through the sugar. 
The double bottorn is divided into a number of compartments, each connected to a 
blower which supplies the required filtered drying air respectively filtered cooling 
air. The drying unit receives the hot air from a heater. 
Preconditions for a well operating machine were: 
- the entire conveyor must be covered with sugar; 
- the sugar layer must be smoothly divided; 
- the drying air must be filtered; 
- the humidity of the air must be low (rainy season). 

The refined sugar of Kilombero I was tamished because the rotating sugar dryer 
damages the surface of the sugar crystals. Kilombero II used a fluid bed sugar 
dryer to produce refined sugar with undamaged polished surface. 

The introduetion of the continuous centrifuges is schematically described in flow
chart 12. 
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6.9 Construction of storage tanks for molasses, Kilombero I and 11, 1976 

Before 1973, Kilombero I and IJ discarded their molasses because the world 
market prices were too low for economical distribution. In the years after 1973, 
the world sugar prices rose to a level where molasses export was profitable. Both, 
Kilombero I and 11, built new storage tanks to collect their molasses. The stored 
molasses were sold to the Tanzania Tank Storage Company (TTS) which exported 
molasses. 
The TTS company was formed in 1974 jointly by NAFCO, TPC (Copenhagen) 
and UMTC. TTS financed the construction of a terminal in the harbour of Dar es 
Salaam. 

The reasoos for constructing the storage tanks are schematically described in flow
chart 13. 
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Flow-chart 13 Construction of storage tanks for molasses 

6.10 Switch from refined to miJl white sugar manufacturing, 1983 

Ac tors 
involved 

Until 1975, policy conditions were quite favourable for Kilombero. Prices were 
relatively stabie and high enough to allow for sufficient reinvestment in capital 
equipment. Field transport and factory equipment could be kept in good condition 
and production was not seriously hampered by breakdowns and Jack of equipment. 
Moreover, the Tanzanian foreign exchange position was such that capital 
equipment and spare parts could be obtained from abroad within a short period. 
There were also many well-stocked local dealers and items temporarily not 
available were supplied by Kenian trading firms. Consequently, the estate did not 
have to keep large stocks of goods. 
From 1976 onwards, i.e. in the very period of planned expansion, production costs 
began to rise and ex-factory price increases were too low and too late to cover the 
costs. In addition, the estates received a relatively small share of the price 
increases compared to the organisations involved in distribution. 
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Moreover, the Tanzanian foreign exchange position seriously deteriorated, 
especially from 1977 onwards. The imports required by the sugar industry were 
tied to opening a confirmed letter of credit, a process that took six to nine months 
in the early 1980s. Consequently, the estate faced an acute shortage of spare parts, 
which affected maintenance unfavourably and which caused increasingly frequent 
breakdowns. In this period the factory was kept running by pulling out all the 
stops. Parts necessary to continue production were cannibalized from the refinery. 
In 1983, the production of refined sugar was abandoned and Kilombero I and 11 
switched to mill-white sugar production.63

• 
64 This modification involved the 

following changes (the numeric indications refer to figures 39 and 40): 
1 the sulphitation process was connected to the heaters; 
2 the defecation vessel was by-passed; 
3 the refinery was used for boiling and curing; 
4 the Kroogse filter presses were by-passed; 
5 the sugar dryer/cooler was connected to the existing boiling and curing area. 

The reasons to switch to mill-white sugar production were:65 

1 heavy import dependence; 
2 Jack of spare parts; 
3 deficiencies in management; 
4 market requirements; 
5 the unfavourable pricing policy; 
6 high production costs. 

1 Heavy import dependence. 
The choice of modern technology was instromental in the realisation of Tanzania's 
policy objectives (i.e. a rapid expansion of dornestic sugar production through 
large scale production units). The preferenee for modern. sugar technology and the 
support for this preferenee through the programme, complicated its sustainability. 
The heavy import dependenee of this technology and the high demand on 
management capacities are crucial factors in this respect. 

63 

64 

65 

B.S. Gurunathan, Draft proposals for rehabilitation of Kilombero Sugar Company, 
Msolwa (Kidatu, Tanzania: KSC, 1989, section AS, pg 1) 

B.S. Gurunathan, Draft proposals for rehabilitation of Kilombero Sugar Company, 
Ruembe (Kidatu, Tanzania: KSC, 1989, section A6, pg 1) 

Most of the information is extracted from the following literature (unless referred to 
other literature): 
P. Hoebink, Geven is nemen; De Nederlandse ontwikkelingshulp aan Tanzania en Sri 
Lanka (Nijmegen: Stichting Derde Wereld Publikaties, 1988, pg 78-97) 
IOV, Sector aid and structural adjustment; the case of sugar in Tanzania (Amsterdam: 
IOV, 1992) 



Chapter 6 Dynamics of Kilombero Sugar Company 

Figure 39 Layout Kilombero I, mill-white sugar production 
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Figure 40 Layout Kilombero 11, mill-white sugar production 
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2 Lack of spare parts. 
The shortage of spare parts affected maintenance unfavourably and caused 
increasingly frequent breakdowns. The lack of spare parts was caused by the 
following reasons: 

a The shortage of foreign exchange. 
The shortage of foreign exchange was closely related to Tanzania's general 
economie decline after the mid-1970s. This decline was partly caused by the 
deterioration of the country's terms of trade but was also the result of poor general 
development policies. To overcome the economie decline, the govemment 
tightened import Iicensing to reduce the drain on foreign exchange.66 

In the 1970s, considerable setbacks foliowed each other: the energy crisis, 
declining prices of resources exported (special sisal) and long droughts. 67 

The invasion in U ganda, in 1979, to chase away ldi Amin, had cost lots of 
money. Farmers, discouraged by the low prices, abandoned or neglected their 
export erop plantations or switched to dornestic food crops, thus aggravating the 
balance of payments situation. 
These were the main causes for the economie crisis in Tanzania in the 1970s, but 
not the only ones. The ruling classes in Tanzania had Jess experience with 
industrialization and no experience with large agriculture companies. A surplus 
was withdrawn from agriculture to start the economie development, build the 
necessary infrastructure and to settie import substitution or agriculture processing 
industries. This implied that agriculture was neglected and that the financial and 
erop returns declined. An excessive appeal had been done on foreign aid to 
finance new industries. 

b Closing of the border with Kenya. 
The 1967 treaty for East African Cooperation (EAC) made provisions for far
reaching and comprehensive economie cooperation arrangements between Kenya, 
Tanzania and U ganda. The EAC collapsed in 1977, after a period of tension and 
mutual suspicion conceming the distribution of net benefits derived from the 
Community. One of the problems was that the infrastructural services between the 
countries had been hampered by restrictive tariff policies.68 This resulted in 
closing the border with Kenya in 1977. 
Kilombero's shortage of spare parts was aggravated because several spare parts 
were obtained from Kenya. 

66 

67 

68 

World Bank, Report and recommendation of the president of the International Bank for 
Reconstruction and Development to the executive directions on proposed loans to the 
Unired Republic ofTanz.aniafor the Morogoro industrial complex(?: World Bank, 1977, 
pg 5) 

International Bank for Reconstruction and Development, Appraisal of Kilombero sugar 
project, Tanzania (?: ?, June 1974, pg 1) 

World Bank, Report and recommendation of the president of the International Bank for 

Reconstruction and Development to the executive directions on proposed loans to the 
Unired Republic of Tanzania for the Morogoro industrial complex (?: World Bank, 1977, 
pg 14) 
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c Retained spare parts at the harbour. 69 

The tight financial position of KSC interrupted the ordering of spare parts. Due to 
the inefficiency of the Purchasing Department, the Engineering Department was 
not kept infonned as to the orders placed and spares supplied. Shortage of funds 
also prevented clearance of goods from Dar es Salaam and it was reported that in 
some cases spare parts and goods destined for KSC were retained at the port for 
more than two years. 

3 Deficiencies in management. 
Since the Arusha Declaration in 1967, 
the govemments policy was to Africa
nize top positions as fast as reasonably 
pos si bie. 70 In 1977, most of the 
management positions were handed 
over to Tanzanians and the number of 
expatriates was reduced (table 4). The 
original expatriate general manager and 
the agricultural manager, provided by 
HV A, left and their posts were filled by 
Tanzanian deputies. This was not a 
success and as local top management 
failed, it was again replaced by 
expatriates. From 1982 onwards, KSC 
was again run by a large expatriate 
staff from HV A. 

Management shortcomings caused the 
non-timely execution of operations and 
the low standard of operations. In 

Table 4 Expatriate 
management assitance to 
Kilombero 1975-1986 

Period 

1975-1977 

1977-1979 

1979-1980 

1980-1981 

1982-1984 

1984-1986 

Source: 

man years 

5 

3 

2 

7 

7 

IOV, Sector aid and structural adjustment; 
the case of sugar in Tanzania (Amsterdam: 
IOV, 1992, pg 101) 

addition there was a relaxed attitude of the management leading to low 
productivity levels and delays in planting. Lack of Iabour discipline caused a low 
quality of field operations and maintenance. The parastatal personnels' policy, with 
its Jack of incentives and the generally decreasing real salary levels, was a crucial 
factor behind these shortcomings in management.71 Another factor was Jack of 
qualified personnel. 72 

69 

70 

71 

72 

HVA International bv, Masterplan for the rehabilitation of Kilombero Sugar Company 
Ltd (Amsterdam: HV A International bv, 1981, pg 62) 

International Bank for Reconstruction and Development, The economie development and 

prospects of Tanzania, volume /, the main report (?: International Development 
Association, Eastern Africa Department, May 1972, pg 2) 

HVA International bv, Masterplan for the rehabilitation of Kilombero Sugar Company 
Ltd (Amsterdam: HVA International bv, 1981, pg 12) 

Ir. P. Witteveen, Extension of sugar cane cultivarion in the Kilombero Valley (Arnhem: 
ILACO b.v., 1973, annex 1, pg 11) 
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The Tanzanian management was not qualified to run the estate because the HV A
management did almost nothing to train the counterparts and institutional changes 
were introduced too rapidly, without careful planning or sufficient recognition that 
this would not compensate a shortage of skilied man power and a Jack of 
incentives.73 

4 Market requirements.74 

In 1977, industrial consumers were reported to account for 8% of the sugar 
consumption. Industrial consumers (principally breweries, soft drink manufacturers 
and bakeries) generally required a good quality sugar having a reasonably low 
extraneous matter content. Refined sugar is usually preferred because of its tight 
quality control and low extraneous matter content. In the drink industries, the 
product is always filtered and small quantities of extraneous matter can be 
tolerated. Coloured soft drinks (typically more than 95% of the total) can utilise 
lower qualities of sugar or even non-sucrose sweeteners. 
The majority of the sugar sold in Tanzania is probably used simply as a sweetener 
for tea or coffee, or in cooking. For such dornestic purposes it is sufficient that 
the sugar should be hygienic and clean and the colour is of little relevance. 

5 The unfavourable pricing policy. 
The Tanzanian sugar industry was characterised by a high degree of govemment 
intervention in price setting and distribution. Prices were established by the 
govemment for each stage of the marketing chain. Annual fixing of the ex-factory 
and consumer prices of sugar was a cumhersome procedure, chiefly because sugar 
was a politically sensitive product. The policy was based primarily on the 
principle of protecting the consumer from too high a price. In the price setting 
procedure the factones usually had to give in most. This resulted in consumer 
prices below cost levels or implicity in a consumer subsidy by the govemment. In 
1982, the average cost price was 771 TZS per ton more than the ex-factory price. 
In this period Kilombero could financially survive mainly through donor 
assistance. 

73 

74 

World Bank, Economie memorandum on Tanzania(?: World Bank, January 1981, pg i) 

TA TE+L YLE Technica! Services and Bookers Agriculture International Ltd., Tanzania 
Sugar Study Stage 111; Kilombero expansion, volume 111 (Dar es Salaam: Sugar 
Development Corporation, May 1979, pg 187-188) 
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6 High production costs.75 

The major causes of the predominantly high production costs were: 

Actors 
involved 

high overhead costs, including high management/administrative costs; 
high costs of drugs used in the hospita] at the estate for serving non-staff; 
over employment; 
high salary costs for expatriates; 
failure to produce sufficient cane to meet factory capacities; 
inflation. 

87 

The reasons for the modification to mill-white sugar manufacturing are 
schematically described in flow-charts 14A and 14B. 

75 E.N. Matemu, Report of the sugar production casts (Dar es Salaam: ?, November 1976, 
pg 3, 17, 25, 26) 
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6.11 Diffusers out of operation, 1988 

The diffusers of Kilombero I and IJ were finally taken out of operation in 1988.76 

Both diffusers were taken out of operation because of the following reasons: 

1 Lack of imported spare parts for the diffuser. 
The condition of the diffusers had deteriorated and major spares like central 
hearings, shaft and scroll needed replacement. The diffusers were of an obsolete 
model so that the necessary spare parts were not available.77 

2 Inefficient operation because of regular stops. 
Due to a long stop time of the diffuser, the bacterium Leuconostoc Mesenteroides 
formed the polysaccharide dextran from the sucrose. The dextran formed jelly-like 
masses which blocked the filters and tubes. One per cent dextran more than 
doubled the viscosity of sucrose solutions. 78 For efficient operation the diffuser 
neects continuous operation without process stops. In the 1980s, regular stops were 
caused by: 
a Having available better combustable bagasse from straight milling to bring the 

boilers again on full load after long stops.79 

Leakage of the boiler sicte-wall tubes hampered the boiler performance consider
ably. At the bencts the side wall tubes are held together with welded-on strips, 
being of other quality steel than the tubes. Undue dilatation and contraction will 
occur during too fast cooling and reheating of the boilers, especially when using 
too wet bagasse from milling cum diffusion after long stops for out of cane, 
causing leaks in the tubes at the weids. 
To reduce Jeakage to a minimum, the diffuser is by-passed after long stops for out 
of cane and put in operation again when a steady operation of the boilers is 
achieved. 
b Problems with cane supply.80 

The reasons behind the irregular supply of cane may have been mechanica} 
problems with transport equipment, poor weather conditions and inadequate 
planning of cane deliveries. 

76 

77 

78 

79 

80 

P. Kersten, Report on a visit to Kilombero Sugar Company Tanzania (Diemen: HVA 
International, October 1990, pg 1-16) 

B.S. Gurunathan, Draft proposals for rehabilitation of Kilombero Sugar Company, 

M solwa (Kidatu, Tanzania: KSC, 1989, sec ti on A4, pg 1) 

Pieter Honig, Principlesof sugar technology (New York: Elsevier, 1953, pg 14) 

M.E.M. van den Berg, Report of visit to Msolwa and Ruembe sugar factories in 

Tanzania, from 12 u/i 20 May 1986 (Amsterdam: HVA International, 1986, pg 28) 

IOV, Sector aid and structural adjustment; the case of sugar in Tanzania (Amsterdam: 
IOV, 1992, pg 112) 
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3 Questionable overall factory recovery by cane diffusion. 81 

The diffuser has two disadvantages which make the positive effect on overall 
factory recovery of cane diffusion questionable. 
a The extra extracted non-sugars eliminate surcrose. 
In general, one part of non-sugar combines with 0.4 parts of sucrose. Higher sugar 
extractions with the diffuser system would result in higher non-sugar extraction, 
like inorganic salts and organic components and, therefore, greater final molasses 
production. The organic components reduced a part of the extra surplus sugar. 
"What is gained by the mills is lost in the molasses." 
b Extra fuel consumption. 
In comparison with straight milling, the diffusion process needs more imbibition 
water. Evaporation of this extra water requires extra steam. Especially during 
start-up, the boilers were burned with oil or wood to deliver the demanded steam 
quantity. 
c Fine bagasse dust. 
Compared with straight milling, the fibre of the bagasse leaving the diffuser is of 
a fine nature. In general the burning of this kind of bagasse is quite difficult. 
More over the factory air will be contaminated by very fine bagasse dust, giving 
problems to the crystal sugar quality. 

The reasons to take the diffusers out of production are schematically described in 
flow-chart 15. 
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Flow-chart 15 Diffusers out of operation Kilombero I and IJ 

81 B.S. Gurunathan, Draft proposals for rehabilitation of Ki/ombero Sugar Company, 

M solwa (Kidatu, Tanzania: KSC, 1989, section A4, pg 1) 
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6.12 Switch from mill-white to raw sugar manufacturing, 1990 

After many years of production, both sugar factorles gradually changed to raw 
sugar manufacturing (figures 41 and 42).82 The refinery, sulphitation area and the 
Kroogse filter presses were taken out of operation by the switch from mi11-white 
to raw sugar manufacturing. 
Especially in the 1980s, the equipment deteriorated visibly because of bad 
maintenance and no replacement investments. The reasons for bad maintenance 
and no replacement investments are described in the following items.83 

1 deficiencies in management; 
2 Jack of spare parts; 
3 the unfavourable pricing policy; 
4 sub-optima] use of available processing capacity. 

I Deficiencies in management. 
These are the same reasons as by the technology change to miJl white sugar 
manufacturing (1983). Management shortcomings caused the non-timely execution 
of operations and the Jow standard of operations. A relaxed attitude on part of the 
management, Jeading to low productivity levels and delays in planting. In 
addition, Jack of Iabour discipline caused a drop in quality drop of field operations 
and maintenance. The parastatal personnels' policy, with its Jack of incentives and 
the genera11y decreasing real salary levels, was a crucial factor behind these 
shortcomings in management. Another factor was Jack of qualified personnel. The 
Tanzanian management was not qualified to run the estate because the HV A
management did almost nothing to train the counterparts and institutional changes 
were introduced too rapidly, without careful planning or sufficient recognition that 
this would not compensate for a shortage of ski11ed manpower and a Jack of 
incentives. 84 

2 Lack of spare parts. 
The shortage of spare parts affected maintenance unfavourably and caused 
increasingly frequent breakdowns. The Jack of spare parts was mainly caused by 
the shortage of foreign exchange. The shortage of foreign exchange was closely 
related to Tanzania's general economie decline after the mid-1970s. This decline 
was partly caused by the deterioration of the country terms of trade but was also 
the result of poor general development policies. 

82 

83 

84 

P. Kersten, Report on a visit to Kilombero Sugar Company Tanzania (Diemen: HVA 
International, October 1990, pg 1) 

Most of the information is extracted from the following literature (unless referred to 
other Iiterature): 
P. Hoebink, Geven is nemen; De Nederlandse ontwikkelingshulp aan Tanzania en Sri 
Lanka (Nijmegen: Stichting Derde Wereld Publikaties, 1988, pg 78-97) 
IOV, Sector aid and structural adjustment; the case of sugar in Tanzania (Amsterdam: 
IOV, 1992) 

World Bank, Economie memorandum on Tanzania(?: World Bank, January 1981, pg i) 
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Figure 41 Layout Kilombero I, raw sugar production 
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Figure 42 Layout Kilombero 11, raw sugar production 
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In the 1970s, considerable setbacks foliowed each other: the energy cns1s, 
declining prices of resources exported (specially sisal) and long droughts. The 
invasion in U ganda, in 1979, to chase away I di Am in, had co st lots of money. 
Farmers discouraged by the low prices abandoned or neglected their export erop 
plantations or switched to dornestic food crops, thus aggravating the balance of 
payments situation. 
In 1980, the Netherlands began to specify policy conditions for its development 
assistance to Tanzania. These conditions corresponded to those of the World Bank 
and other donors and to Tanzania's development needs and to solve its economie 
decline. The conditions soon became an issue for discussion, as in 1981 the three 
main donors for the Tanzanian sugar sector (the World Bank, Denmark and the 
Netherlands) produced a joint aide-mémoire addressed to Sudeco. The aide
mémoire mentioned the issues on which all parties should agree before appraisal 
of individual components brought up for financing. The issues dealt with were the 
pricing policy, the availability of foreign exchange, the financial restructuring of 
the sugar companies, the management of the estates and the role of future Sudeco 
investments. The aide-mémoire emphasized the need for secure access to foreign 
exchange to be provided by the Bank of Tanzania. 
The aide-mémoire led to an intensive policy discussion between Tanzania and the 
donors. Tanzania accepted a price increase for the companies but rejected the idea 
of linking its price to world market prices. It also accepted financial restructuring 
and a forex contribution to the rehabilitation. It further agreed to a substantial 
expatriate in-line management role but did not accept autonomy in Iabour policy. 
Netherlands assistance to the sugar sector became an issue of discussion again 
during the bilateral talks of 1984. Denmark and the World Bank withdrew their 
support to the sugar sector out of disappointment with the implementation of the 
measures agreed upon in 1981 and more in genera!, the pace of economie policy 
changes in the country .85 Additional arguments for the World Bank were the low 
rate of return on investments in sugar compared with other crops and for the 
Danish, the nationalisation of the TPC estate without adequate compensation. The 
Netherlands had now become the only donor for the sugar industry. The rationale 
of Netherlands support was primarily based on the argument that it was 
economically and financially more viabie for Tanzania to produce sugar locally 
than to import it. 
In 1986, the economie decline stagnated when an agreement was signed between 
Tanzania and the IMF to support a three-year Economie Recovery Programme 
(ERP) intended to restore the basis for a market-oriented economy. This 
successful programme resulted in an average annual economie growth of four 
percent between 1986 and 1990. The overvaluation of the Tanzania Shilling is 
considered to be the main contributing factor to the deterioration of the 
economy.86 

85 

86 

Ir. P. Witteveen, Project audit; secondment agreements, Tanzania (Amsterdam: HV A 
International bv, November 1982, pg 3) 

Netherlands Economie Institute, Feasibility study of a development plan for the sugar 
industry in Tanzania, Volume I executive summary (?: NEl, 1986, pg 25) 
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3 The unfavourable pricing policy. 
These are the same reasoos as by the change to mill white sugar manufacturing 
(1983). The Tanzanian sugar industry was characterised by a high degree of 
govemment intervention in price setting and distribution. Prices were established 
by the govemment for each stage of the marketing chain. Annual fixing of the ex
factory and consumer prices of sugar was a cumhersome procedure, chiefly 
because sugar was a politically sensitive product. The policy was based primarily 
on the principle of protecting the consumer from too high a price. In the price 
setting procedure the factories usually had to give in most. This resulted in the 
first part of the 1980s in consumer prices below cost levels (table 5). 

Table 5 Average cost price and ex-factory price, 1981-1990 (in Tshs 
per ton) 

Year Average recurrent Ex-factory Gains/losses 
costs price 

1981 4,123 4,731 + 608 

1982 5,521 4,750 771 

1983 5,351 5,360 + 9 

1984 7,674 7,154 500 

1985 8,264 7,531 733 

1986 13,125 12,235 890 

Source: IOY, Sector aid and structural adjusrmenr; rhe case of sugar in Tanzania (Amsterdam: IOY, 
1992, pg 116) 

4 Sub-optima] u se of available processing capacity. 
Sub-optima] use of available processing capacity caused financial problems 
through lack of revenues. Graph 8 shows the sugar production from 1976 
onwards. The designed annual production capacity for Kilombero I and 11 was 
35.000 and 40.000 tons respectively. 
The main causes for sub-optima] use of available processing capacity during the 
1980s were threefold: 
a mechanica] breakdowns; 
Downtime for repairs was on a higher level, caused to a great extent by lack of 
imported spare parts. Locally made spares had to be used being of lower quality, 
resulting in more frequent breakdowns.87 

b maintenance of machinery; 
Too late arrival on site or Jack of imported spare parts, jeopardized proper 
maintenance, consequently increasing downtime for repairs. Numerical lack of 
experienced senior staff at both factones caused incorrect maintenance required 
for optimum factory performance. 

87 M.E.M. van den Berg, Report of visit to Msolwa and Ruembe sugar factories in 
Tanzania, from 12 u/i 20 May 1985 (Amsterdam: HVA International bv, 1985, pg 12) 
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Graph 9 Sugar production Kilombero I and Kilombero 11, 1976177 -
1992/1993 
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HVA international, Factory survey Msolwa and Ruembe factories. volume 11 (Amsterdam: HVA international, 
1979, annex 3) 

c Jack of cane. 
Low cane output was the result of underutilisation of the available estate area and 
disappointing yield levels. The yield levels had been influenced negatively by the 
following factors: 

I Low soil fertility and shortcomings in fertilizer application. Fertilizers were 
applied at the wrong time and were of the wrong type. Not enough soil 
analysis were made to identify nutrient deficiency in the soils and serve as a 
basis for an effective fertiliser application policy. 

2 Poor land preparatien (ploughing and levelling) leading to drainage problems 
during heavy rains. For Kilombero, it was reported that about 75 percent of 
the existing area was poorly or inadequately drained. Drainage canals were 
poorly maintained, and soils in certain parts had become so saline that they 
were unsuitable for sugar cultivation. 

3 An ineffective irrigation system. Cane yields for irrigated and non-irrigated 
fields showed an insignificant difference of a few tons per hectare. The main 
problems were the wrong irrigation cycles, the wrong spacing of equipment, 
an inadequate number of sprinklers and the large amount of idle equipment. 
During the early 1980s, this was partly caused by poor quality equipment, 
related to low standards of maintenance. In spite of purebases of new 
equipment, poor irrigation remained a problem, which was also related to 
irrigation being considered by workers as an inferior job, and to drainage 
problems due to shortcomings in management. 
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4 Mechanica! planting and long erop cycles appeared to lead to huge planting 
gaps - in certain years 20-25 percent of the area at Kilombero - which was 
chiefly due to irregular feeding of the planters. In addition, fields were 
replanted after too many ratoon crops. 

5 Serious weed infestation and incidence of pests increased with time at 
Kilombero, and in 1989 areas completely covered with weed were reported. 

6 Shortcomings in management. Problems were the non-timely execution of 
operations and the low standard of operations, a relaxed attitude on part of 
the management, teading to low productivity levels and delays in planting, 
and of fields which were mechanically weeded although they did not need 
weeding. These examples also point to deficiencies in supervision of field 
operations. In addition, lack of Iabour discipline has been mentioned as a 
cause of the poor quality of field operations. The parastatal personnels' 
policy, with its lack of incentives and the generally decreasing real salary 
levels, was a crucial factor behind these shortcomings in management. 

7 Beside these structural problems, incidental factors had an unfavourable 
impact on yield levels in specific years: weather conditions (either excessive 
rains or periods of droughts), a cholera epidemie and Iabour conflicts. 

8 An outbreak of smut affected the cane yields. To be protected for new 
outbreaks of smut, new cane varieties were obtained from Kibaha, TPC and 
Kenya. 88 

Scarcity of tractors for the maintenance of the fields and to transport the harvested 
cane to the factory led respectively to lower yield levels and irregular supply of 
cane to bath factories. Tractor maintenance was done in the tractor workshop. The 
frequent breakdown of rolling equipment was the result of the following factors: 89 

1 poor performance of technicians; 
2 abuse by the operators Uoy-riding); 
3 very poor conditions of the roads on the estates and in surrounding areas; 
4 shortage of spare parts and consumables on the local market and the 

extremely long lead times between signing of a pro-forma request and the 
receipt of the goods at site; 

5 lack of spare parts result in cannibalizing of other units awaiting repairs. 

88 

89 

Ir. G.J. Witpaard, Report of visit to Kilombero Sugar Company Tanzania, from 

November 8 til/ November 23 1984 (Amsterdam: HVA lnternational.bv , 1984, pg 2) 

J.M. van der Aar, Report of visit to Kilombero Sugar Company Tanzania, from August 
28 til/ September 12 1984 (Amsterdam: HVA lnternational.bv, 1985, pg 7,8) 
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In 1979, the Netherlands govemment made funds available for the construction of 
a weir in the Ruaha river.90 The need for such a weir became necessary as the 
water in the Ruaha river had dropped to such a level that the pump intakes were 
aetually clear of the water. These problems were cause by the construction of the 
Kidatu hydroelectrie dam, which could not have been foreseen at the time of the 
preparation and design of Kilombero 11. Annually, during the rainy season minor 
damage occurred to the weir through floods washing away some of the large 
rocks. Further damage was caused through the scouring of the river bed. Every 
year repairs were carried out after the heavy rains by replacing large boulders on 
the weir structure. However, in January 1989, the large boulders were washed 
away and the weir structure collapsed. 

A part of the sub-optima] use of available processing capacity was the low cane 
supply by outgrowers. Reasons for this low supply were: 

I Both Sudeeo and the estate managers, including the foreign advisors, 
doubted the potential role assigned to the outgrowers. Their main arguments 
we re: 
- the outgrowers alleged Jack of reliability in the supply of cane; 
- their inability to provide the required erop husbandry standards; 
- their reluctance to accept extension adviee; 
- their preferenee for food crops and their low price responsiveness. 
The HV A management preferred cane deliveries from the plantation instead 
of outgrowers. The largest part of the eane must and should be harvested 
from the plantation and in preferenee by irrigated fields with expensive 
sprinkle installations. The role of the outgrowers was not important in this 
concept and they were used to fill up the remaining capacity. 

2 The area under outgrowers cane stagnated during most of the 1980s. This is 
strongly related to the low prices paid to outgrowers and to the Jack of 
supporting services, both govemment extension services and reliable services 
provided by the estates. Producer prices were especially low eompared to 
returns for other crops such as cassava, maize, sorghum and paddy.91 

3 The yield levels among outgrowers fluetuated sharply but in general 
remained below the estate yields because of their exclusive cultivation of 
rain-fed cane, the Jonger ratoon cycle and the rather poor erop husbandry 
practices sueh as the non-application of fertilisers and inadequate weeding. 

The reasons for the modification to raw sugar manufacturing are schematically 
described in flow-charts 16A and 16B. 

90 

91 

IOV, Sector aid and structural adjus/ment; the case of sugar in Tanzania (Amsterdam: 
IOV, 1992, pg 94-95) 

Netherlands Economie Institute, Feasibility study of a development plan for the sugar 
industry in Tanzania, Volume I executive summary (?: NEl, 1986, pg 13) 
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Chapter 7 
Conclusions and recommendations 

The conclusions refer to the suitability of the applied methodelogies and 
definitions (paragraph 7 .I) and the research proper (paragraph 7 .2). The 
recommendations refer to necessary future research (paragraph 7.3). 

7.1 Suitability of the applied methodologies and definitions 

In chapter I, the main research question was formulated: 
Why did technology changes take place in the sugar manufacturing process in 
Kilombero Sugar Company in the period 1962-1992? 
In order to answer the main question, five sub questions were formulated: (1) 
what does the sugar manufacturing process like ?; (2) which technologies are used 
in the process ?; (3) which technology changes did take place in the process and 
when?; (4) which actors were involved in the various technology changes in time? 
and (5) how did the actors eventually arrive at technology change decisions? In 
order to answer these sub questions, specific methodelogies and definitions had to 
be chosen. They were described in chapter 2. In the following paragraphs, the 
methodelogies and definitions will be briefly evaluated with respect to their 
usefulness for the research undertaken. 

Object oriented process description 
To answer sub question I, a preliminary description of the sugar manufacturing 
process was necessary. In chapter 4, a consistent description of the sugar 
manufacturing process of Kilombero I, in 1962, was presented using a model of 
object oriented process description (see paragraph 2.3). This initia] description was 
the starting point for the description of technology changes. The object oriented 
process description has served its purpose well because it enabled us to compile a 
clear process description focused on technology. 

Technology data base on basis of object oriented process description 
To answer sub question 2, and starting from the description of the sugar 
manufacturing process on basis of the model of object oriented process 
description, all additionally ordered equipment, re-ordered equipment and spare 
parts supplied by Stork in the period 1962-1992 were identified. In addition, non
Sterk supplied technology in the same period was identified. All technology, 
Stork and non-Stork supplied, was brought together in a technology data base (see 
appendices 5 and 6) structured on basis of the model of object oriented process 
description. The technology data base has served its purpose well. For each item 
mentioned in the data base, a juli path name could be described (area-section
unit-device) so that items could be easily recognized and sorted. 
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Technology change 
Definition 

103 

In order to answer sub question 3, at the onset of the research the concept 
'technology change' was defined as: 'a technology extension or modification of the 
capita} assets of the sugar manufacturing process'. 

Since this definition does nor take into account the initiation of a new technology, 
for example the first construction of Kilombero I and // and since auxiliary 
equipment is not included, the definition was modified as follows: 'a technology 
change is the initiation of a new technology, a technology extension or a 
technology modification affecting the core material part of the sugar production 
process. Core material part means that auxiliary equipment, like for example, 
diesel generators and water treatment, are not taken into consideration '. 

Identified technology changes 
The technology changes identified and later investigated in this research over the 
period 1962-1992 are listed in table 6. 

Table 6 Identified technology changes in Kilombero I and 11, 1962- 1992 

Year Factory Technology change 

1962 Kilombero I construction of a refined sugar factory 

1963 Kilombero I relocation of the defecation vessel 

1963 Kilombero I placing new cane Ieveiiers and equalizer 

1963 Kilombero I switch to mill-white sugar manufacturing 

1964 Kilombero I switch to refined sugar manufacturing 

1966 Kilombero I expansion to 1750 tcd 

1973 Kilombero I expansion to 2150 tcd 

1976 Kilombero 11 construction of a refined sugar factory 

1976 Kilombero TI ABC-boiling and curing process 

1976 Kilombero TI Stork Werkspoor rapid crystallizer 

1976 Kilombero 11 continuous centrifugals 

1976 Kilombero TI fluid bed sugar dryer cooler 

1976 Kilombero IIII storage tank for molasses 

1983 Kilombero IIII switch to mill-white sugar manufacturing 

1988 Kilombero Illl diffusers out of operation 

1990 Kilombero Illl switch to raw sugar manufacturing 
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Dynamics of technology 
To answer sub question 4 - which actors were involved in the various changes in 
time? - a model of dynamics of technology (see paragraph 2.2) was used for the 
first identification, on basis of a literature study, of possible actors involved in the 
whole technology system (Kilombero I and ll). When used to obtain a schematic 
overview of the environment in which KSC operates and in which technology 
changes happen, the dynamics of technology model juncrions well as a basis for 
the other models developed. 

Technology change analysis 
At the onset of the research, it was thought that the identification of specific 
actors and causes involved in specific technology changes could be executed on 
basis of a model of technology change analysis in which the emphasis was on the 
causes of technology change. Th is model is presented in paragraph 2.4 ). Th is 
appeared to be a wrong approach. Therefore, the lirerature was screened not on 
causes, but on actors. This had the advantage that all possible actors could be 
identified. Also those who did not have an impact on the technology change at 
first sight. 

Actor analysis 
Literature was screened on all actors who acted in the Tanzanian sugar industry in 
the period 1962-1992. An actor analysis model is schematically presented in 
figure 43. 

actor influence of possible date !i te rature 
actor causes reference 

.. I influence I .. [ cause I date I reference I 
I 
I 

actor 2 .. : influence 2 .. [ eau se 2 date2 reference 2 

actor 3 .. I influence 3 .. I cause 3 date3 reference 3 

L,__ac_to_r _N _f------+1"1 influence N dateN reference N 

Figure 43 Model of actor analysis 

Actor data base 
For each of the technology changes identified, the actors, the influence of the 
actors on the sugar industry, the possible change causes, the dates and the 
literature references were entered in a data base called actor data base. This data 
base is presented in appendix 7. 
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Matching technology and actor data base 
To answer sub question 5 - how did the actors eventually arrive at technology 
change decisions - technology and actor data bases were combined. The 
technology data base was used to identify the main technology changes in time. 
The actor data base was used to identify all actors acting in the Tanzanian sugar 
industry in the period 1962-1992. The respective data bases were matched by 
compiling clusters of the same actor influences which were related to a specific 
technology change. The data base match created, per cluster, an overview of 
technology change, influences, causes and actors involved. The data base match is 
presented in figure 44. 
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Technology change description 
The results of the data base match are presented in a model of technology change 
description (see paragraph 2.5). This model shows, in a flow chart, the causa] 
connections involved in a technology change. 
The eventual model of technology change description has served its purpose, 
because a plausible answer could be given to the main research question in a 
brief flow chart. The major draw back of the model is that a distinction between 
major and minor actors and influences is not incorporated because of the absence 
of a weighing mechanism. 

Literature survey 
The validity of the type of research at hand depends, among other factors, on the 
quality of the primary and secondary sources. Most of the hundreds of documents 
consulted, were written by consultancy agencies such as HV A International, Bish 
& Partners and Tate & Lyle. Others originated from financial institutions like, for 
example, the World Bank and from contractors such as, for example, Stork. Very 
few documents were available from Tanzanian sourees such as, for example, the 
Govemment, SUDECO, KSC or the Ministry of Agriculture. 
Most sourees were (1) operation reports, (2) technica] and agricultural studies, (3) 
evaluation reports, (4) five-year plans, (5) visit reports and (6) advisory reports. 
The quality of the research, with respect to sources, could have been augmenred 
by ( 1) using more primary sourees written by Tanzanian institutions and 
individuals, (2) confronting more of the written information with the results of 
interviews and by ( 3) using more sourees not written from an economical point of 
view. 

7.2 General research conclusions 

The conclusions with respect to the major research question - why did technology 
changes take place in the sugar manufacturing process in Kilombero Sugar 
Company in the period 1962-1992? - are presented in paragraph 1.3, for each of 
the technology changes identified, in the form of a technology change description 
model. They are not duplicated here. Instead, additional, but preliminary, 
conclusions are drawn with respect to (1) technology change rates and sugar 
production, (2) actors involved in technology changes and the frequency of their 
involvement, (3) variables involved in technology changes and the frequency of 
their occurrence and (4) the grouping of variables. 
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Technology change rates and sugar production 
Figure 45 presents bistorical trends of the technology change rate with respect to 
KSC ( 1962-1992). The numerical references in the figure refer to the following 
main technology changes: 
I initiatien of Kilombero I; 
2 technology changes in the first and second campaign of Kilombero I; 
3 expansion of Kilombero I to 1750 tcd; 
4 expansion of Kilombero I to 2150 tcd; 
5 initiatien of Kilombero ll; 
6 switch to mill-white sugar manufacturing Kilombero I and ll; 
7 diffusers out of operation, Kilombero I and ll; 
8 switch to raw sugar manufacturing Kilombero I and ll. 

Figure 45, shows the units in operatien and the technology changes of KSC. The 
units in operatien were calculated by counting annually the units used for sugar 
manufacturing. The process division in units was done on basis of the model of 
object oriented process description. A unit was defined as a group of devices 
which perform, together, one or more basic functions. An example is a melt 
receiving tank with a drain valve and a pump which bas the basic functions melt 
buffering and run-off. The technology changes were arrived at by adding the units 
involved in a particular change. Figure 46, shows the sugar production of 
Kilombero I and 11 in the period 1962-1992 (appendix 3). 

A comparison of figures 45 and 46 leads to the following conclusions: 
- between 1962 and 1977, both the sugar production and the units in operatien 

were increasing; 
- from 1977 to 1990 the production dropped dramatically. This was not 

accompanied by an equal drop in units in operation. The main reasons 
responsible for bringing down the production levels were: 
(i) rapidly deteriorating general economie situation, with a severe overall 

shortage of foreign exchange; 
(ii) poor ex-factory prices, which prevented the generation of funds with 

which to buy spares and replacements for original KSC equipment; 
(iii) deterioration in management, following nationalisation in 1977, which 

was further aggravated by the total Jack of Iabour discipline; 
- from 1990 onwards, the sugar production increased while the units in operatien 

decreased. The decline of units in eperation had no influence on the production 
capacity but on the sugar quality. 
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Actors involved in technology changes and frequency of their involvement 
The actors involved in the identified technology changes are presented in 
alphabetical order in table 7. In this table, the involvement of each actor is 
expressed by a number which is obtained by totalling the number of times an 
actor features in the flow charts based on the model of technology change 
description. 

Table 7 Actors involved in technology changes 

Actor Nr" Actor Nr" 

American govemment I National Agricultural and Food Cooperatives I 

Bish & Panners I Netherlands Overseas Financing Corporation 2 

Braun and Sorensen I oil producing countries 2 

Commonwealth Development Corporation 2 outgrowers Kilombero Sugar Company 7 

cane cutters I Protestant church I 

canning and sweet industry Tanzania I purchasing depanment KSC I 

CG. Jensen I smugglers I 

chemical industry I soft drink industry Tanzania 2 

Chinese government I South African government I 

Danish International Development Agency 2 Standard Bank I 

De Danske Sukkerfabrikker 3 Stork 4 

Delft Hydraulics laboratory I sugar industry Cuba I 

DG IS I sugar industry Tanzania 2 

East African Co-operation I sugar industry USSR I 

English government 2 Tanganyika Rural Development Bank I 

factory hospital I Tanzanian farmers 2 

Handelsvereeniging Amsterdam 5 Tanzanian government 29 

lndonesian government I Tanzanian population 3 

International Finance Corporation 2 Tiedeman & van Kerchem I 

International Land Development Consultants I Tanganyika Planting Company 2 

Kenyan government I Tanzania Tank Storage Company Limited I 

Kilombero I factory I UMTC I 

labours Kilombero Sugar Company I Ugandan government 2 

local industry Tanzania I Van Eeghen International bv I 

management Kilombero Sugar Company 26 Vereenigde Klanensche Cultuur Maatschappij 5 

Molier & Joehumsen I World Bank 2 

Wescon I 

• number of times actors played a role in technology changes 
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The following, preliminary, conclusions are based on table 7: 
- most of the actors mentioned in table 7 were from abroad (32 out of 53). The 

foreign actors originated from: Netherlands, United States of America, China, 
Denmark, England, lndonesia, Kenya, South Africa, Uganda, Cuba and USSR; 
the fact that more foreign than Tanzanian actors were active can be contributed 
to the high level of foreign dependenee of KSC. Particularly during the 
construction of both factories; 
foreign actors, measured in the number of times they were involved, had 
comparatively less influence on technology changes than Tanzanian actors (53 
against 86 involvements). 

In figure 4 7, the eight most influential actors with respect to technology changes 
are presented. 

Number of times aders played a role in technology changes 

.._l,~-----------------2_9__.tJ govemment Tanzania 

1-.:1 =----------------,2-S.....~r=: managementKSC ' ~ 
~L::s;;;;;;;~7~lJ::J outgrowers KSC 

rn I 6 ~ Handelsvereerriging A mstenl.am 
0 <:::; ~ 

Ji t .... , 6 CJ Vereenigde Klattensche CultuurMaatschappij 
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fàJ De Danske Sukkerl'abrikker 
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Figure 47 Eight most involved actors in technology changes 

With respect to figure 47, the following, preliminary, conclusions can be drawn: 
- the Tanzanian govemment and the KSC management had a significant 

influence on the technology changes because of their long term relation with 
KSC and the important position they had with respect to the decision making 
process; 

- all foreign actors who had substantial influence on technology changes had a 
long term relation with KSC. HV A and VKCM as consultancy agencies, Stork 
as turnkey contractor and DDS as supplier of the diffusers. 



Chapter 7 Conclusions and recommendations 111 

Variables involved in technology changes and frequency of their involvement 
The model of technology change description is used to assign each cause of a 
technology change to a variabie group. In table 9, a matrix is presented containing 
all variables in alphabetic order and the number of times a each variabie features 
in a technology change. The presented technology changes (1 to 16) in the matrix, 
can be converted with the use of table 8. The number of times a variabie bas had 
an influence on technology changes is shown in the last column of table 9. The 
seven most involved variables are presented graphica11y in figure 48. They are: 
politica], management, micro economical, macro economical, geographical
climatological, progress in technology and repair and maintenance. 

The variabie economical is defined in the flow charts of technology change 
description (used in chapter 6). In table 9 the variabie economical is divided in 
micro economical and macro economical. The variables micro and macro 
economical are distinguished by viewing the economical process from different 
points of departure. 1 In micro-economics the departure point is to make a selection 
between different subjects (e.g. consumers and producers). In macro economics 
the departure point are the quantity collectors such as national income, import, 
export and investments. The variables depreciation, financial (intemal), market 
competition and profit making, as mentioned in the flow charts in chapter 6, are 
considered to be part of the variabie micro economical. 

Table 8 Orderning and classification of technology changes 

Reference Year Factory Technology change Classification 
number 

1 1962 Kilombero I construction of a refined sugar factory plant level 

2 1963 Kilombero I relocation of the defecation vessel unit level 

3 1963 Kilombero I placing new cane Ieveiiers and equalizer unit level 

4 1963 Kilombero I switch to mill-white sugar manufacturing plant level 

5 1964 Kilombero I switch to refined sugar manufacturing plant level 

6 1966 Kilombero I expansion to 1750 tcd plant level 

7 1973 Kilombero I expansion to 2150 tcd plant level 

8 1976 Kilombero II construction of a refined sugar factory plant level 

9 1976 Kilombero II ABC-boiling and curing process area level 

10 1976 Kilombero II Werkspoor rapid crystallizer unit level 

11 1976 Kilombero II continuous centrifugals section level 

12 1976 Kilombero II fluid bed sugar dryer cooler section level 

13 1976 Kilombero IIII storage tank for molasses unit level 

14 1983 Kilombero 1/II switch to mill-white sugar manufacturing plant level 

15 1988 Kilombero 1/II diffusers out of operation section level 

16 1990 Kilombero 1/II switch to raw sugar manufacturing plant level 

1 Prof. Dr. W.A.A.M. de Roos, Prof. Dr. N.H. Douben, Prof. Dr. J. Wemelsfelder. 
Maatschappij economie (Alphen aan den Rijn/Brussel: Samson Uitgeverij, 1989, pg 26) 
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Table 9 Variables involved in technology changes 

variables number of variables involved in technology changes 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 total 

cane supply (plantage) I I 

cane supply (outgrowers) 4 4 

design I I 2 

demographical 2 2 

educational I I I 2 5 

financial (ex.ternal) I 2 3 

geographical/climatological I I 3 2 I I 2 11 

health I I 

international aid I 3 I 5 

infrastructure I I 

macro economical 2 I 3 6 I 3 2 18 

management I I 5 2 3 I 7 20 

marketing I 1 1 2 5 

micro economical 4 1 1 I 3 2 I 2 5 2 22 

politica! 5 2 2 1 2 9 I 22 

progress in technology 1 2 1 2 2 8 

repair and maintenance 3 3 6 

work attitude I 1 
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Number of times variables played a role in technology changes 

Î I f'1 re .... ondm-nan<• 
oc::::::::, _____ ~_..;:a,j 

Figure 48 Seven most involved variables in technology changes 

Analysis of the variables leads to the following conclusions: 
- the Tanzanian government and the KSC management had significant influence 

on the decisions regarding technology changes; 
both micro and macro economical elements played an important role in 
technology changes. Examples of micro economical influences are low salary 
levels, the switch of farmers to dornestic crops and high fixed costs. Examples 
of macro economical influences are GDP per capita, sugar shortage on the 
internal market and inflation; 
the variabie geographical/climatological implied that the location of the factory 
had influences on technology changes; 
less influences on technology changes had the variables progress in technology 
and repair and maintenance. 

Grouping of variables according to the model of dynamics of technology 
Using the model of dynamics of technology, the variables can also be grouped. 
According to this model, technology changes can be caused at: 
1 micro level: firm itself (hardware as well as info, orga and humanware); 
2 meso level: local environment (for example the outgrowers); 
3 macro level: national and international environment (for example the Tanzanian 

government and international institutions). 

Table I 0, presents the variables clusters according to micro, meso and macro 
level. 
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Table 10 Variabie classiCication in micro, meso and macro level 

Micro level Meso level Macro level 

cane supply (plantage) cane supply (outgrowers) demographical 

design financing (extemal) macro economical 

health infrastructure educational 

management geographical/climatological 

marketing international aid 

micro economical politica! 

progress in technology 

repair and maintenance 

work attitude 

Variabie groups and technology changes 
A technology change can intervene in the production process at the level of unit, 
section, area and plant (according to the model of object oriented process 
description). The reJation between these technology levels and the variabie levels 
micro, meso and macro is shown in figure 49. The technology changes are 
presented numerical (1 until 16) and these can be converted by using table 8. 
TabJe 11, presents the totalized (left part) and averaged number (right part) of 
variables, divided in technology and variabie levels. 

20 

• micro level u= unit level 

0 macro level 
s = section level 
a = area level 

15 • meso level p = plant level 
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5 
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technology dlanges 

Figure 49 Number of variables per technology change divided in micro, 
meso and macro level 
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Ta bie 11 Variabie classification a na lysis 

number of total number of variables mean number of variables 
technology 

micro micro level changes meso macro meso macro 

unit 4 6 0 2 1,5 0 0,5 

section 3 8 0 I 2,7 0 0,3 

area 1 2 0 I 2,0 0 1,0 

plant 8 55 8 73 4,9 I 8,6 

The in formation presented in figure 50 and table 11, leads to the following, 
preliminary, conclusions (the technology change at the area level (a) is omitted 
because only one change could be identified): 
- variables at the micro level had an important influence at all technology levels; 
- influence from variables at the meso level can be neglected for all technology 

levels; 
- variables at the macro level had an important influence at the plant level; 
- average number of variables involved in technology changes increased with 

increasing technology level. 

7.3 Recommendations 

This research is but a first attempt to answer the question why technology changes 
happen in a specific place and environment. The question concentrated on KSC 
and, therefore, it is questionable whether the results can be applied to other 
production processes in different places. 

Further research, therefore, would have to concentrate on: 
- improving the used models; 
- developing weighing mechanisms for the variables used; 
- measuring the effects of technology changes (e.g. in productivity). 
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Appendix 1 
Object oriented description Kilombero I (1962) 

Plant Kilombero I (1963) 

Area Section 

cane preparation cane unloading 

cane cutting 

extraction milling station 

clarification heating 

Unit 
nrs description 

1 weighbridge 

3 eranes 

2 feeding tables 

1 horizontal cane carrier 

1 elevated cane carrier 

2 cane cutters 

4 three-roller mills 

4 hydraulic systems 

3 intermediate bagasse carriers 

4 compund gearings 

4 reduction gear boxes 

4 turbines 

circular cush cush strainer 

3 cyclon~ tanks 

3 imbibition spray tubes 

weighing scale 

receiving tank mixing juice 

2 vertical juice heaters 

liming milk of lime regulation 

liming and flashing tank 

1 mixing tank limed juice 

grasshopper screen 

rotated lime slacking drum 

Dorr clone 

milk of lime stirring tank 
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Area 

evaporation 

boiling and curing 

melt-sulphitation 

Section 

heating 

clarificating 

filtering 

evaporating 

boiling 

crystallizing 

centrifuging 

melting 

sulphitation 

Unit 
nrs description 

2 vertical juice heaters 

1 Rapi Dorr juice clarifier 

1 receiving tank for clear juice 

1 Dorr-Oliver Campheli filter 

4 evaporators 

2 storage tanks for syrup 

6 storage tanks for molasses 

1 U-shaped seed crystallizer 

3 calandria vacuum pans 

coil type vacuum pan 

massequite distributing gutter 

9 U-shaped crystallizers 

3 screw conveyors 

7 semi-automatic centrifugals 

2 receiving tanks 

1 weighing scale 

2 screw conveyors 

2 magma mixers 

1 continuous sugar meiter 

1 vibrating screen 

1 melt receiving tank 

milk of lime dosing apparatus 

1 buffertank 

2 continuous sulphitation tanks 

2 sulphur fumaces 

2 gas scrubbers 
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Area Section Unit 
nrs description 

1 retaining tank sulphated melt 

1 overhead tank 

filtering 4 "Kroog" filter presses 

1 screw conveyor for mud 

1 receiving tank 

1 mixing trough 

sugar refinery boiling 5 retaining tanks meltlliquor 
.. 

1 U-shaped seed crystallizer 

2 calandria vacuum pans 

cry stallizing 1 massequite discharge pipe 

3 U-shaped crystallizers 

1 screw conveyor 

centrifuging 2 semi-automatic centrifugals 

1 receiving tank 

1 magma mixer 

1 grasshopper conveyor 

sugar dryinglbagging drying grasshopper dryer-cooler 

1 vibrating sugar screen 

1 bucket elevator screen 

1 bucket elevator 

bagging 1 sack filling machine 

1 weighing scale 
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Object oriented description Kilombero 11 (1976) 

Plant Kilombero 11 (1976) 

Area Section Unit 
nrs description 

cane preparation cane unloading 1 weighbridge 

4 eranes 

2 feeding tables 

2 cane leveHers 

1 horizontal cane carrier 

1 elevated cane carrier 

cane cutting 1 cane leveHer 

2 cane cutters 

extraction milling station 4 three-roHer mills 

4 hydraulic systems 

3 intermediate bagasse carriers 

4 compund gearings 

4 reduction gear boxes 

4 turbines 

1 circular cush cush strainer 

2 cyclone tanks 

3 imbibition spray tubes 

diffuser 1 bagasse conveyor to diffuser 

1 weighing scale 

1 DDS diffuser 

1 cyclone collecting tank 

1 bagasse conveyor 

1 return conveyor 

1 second return conveyor 
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Area Section Unit 
nrs description 

clarification heating 1 weighing scale 

1 receiving tank mixing juice 

6 vertical juice heaters 

liming 1 milk of lime regulation 

1 liming and flashing tank 

1 mixing tank limed juice 

1 vibrating screen 

clarificating 1 Rapi Dorr juice clarifier 

1 vibrating screen clear juice 

receiving tank for clear juice 

filtering 2 Dorr-Oliver CampbeU filters 

1 mud screw conveyor 

evaporation evaporating 6 evaporators 

boiling and curing boiling 1 storage tank for syrup 

3 storage tanks for molasses 

1 U-shaped seed crystallizer 

4 calandria vacuum pans 

1 coil type vacuum pan 

crystallizing 2 massequite distributing gutters 

5 U-shaped crystallizers 

2 Werkspoor rapid cristallizers 

1 screw conveyors 

centrifuging 5 semi-automatic centrifugals 

7 continuous centrifugals 

1 receiving tank 

1 weighing scale 

4 screw conveyors 
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Area Section Unit 
nrs description 

1 magma mixer 

melt-sulphitation melting 1 continuous sugar meiter 

1 vibrating screen 

1 melt receiving tank 

1 melt buffer tank 

sulphitation 1 milk of lime dosing apparatus 

buffertank 

2 continuous sulphitation tanks 

3 sulphur fomaces 

3 gas sernbbers 

1 retaining tank sulphated melt 

1 overhead tank 

filtering 6 hydraolie filter presses 

1 screw conveyor for mud 

I receiving tank 

sugar refinery boiling 3 retaining tanks meltlliquor 

1 U-shaped seed crystallizer 

3 calandria vacuum pans 

crystallizing 3 U-shaped crystallizers 

1 screw conveyor 

centrifuging 3 semi-automatic centrifugals 

1 recei ving tank 

1 magma mixer 

1 grasshopper conveyor 

sugar dryinglbagging drying 1 fluid bed sugar dryer-cooler 

1 vibrating sugar screen 
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Area Section Unit 
nrs description 

1 bucket elevator 

1 sugar meiter 

1 melt receiving tank 

1 bin for dried sugar 

bagging 1 sack filling machine 

1 weighing scale 



Appendix 3 
Sugar production and capacity utilization 
Kilombero I and 11, 1962 - 1992 

Sugar production (.000 tons) 
Campaigu Kilombero I Kilombero 11 

Ca pa city utilization (%) 

Kilombero I Kilombero 11 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

11,105 
12,816 
25,232 
27,248 
29,868 
31,242 
28,425 
36,041 
39,093 
37,386 
35,548 
39,072 
35,276 
34,290 
34,917 
20,711 
33,094 
25,278 
19,477 
20,012 
14,992 
24,051 
21,013 
20,662 
18,272 
20,910 
20,775 
15,687 
18,262 
22,625 
26,125 

11,549 
23,111 
32,940 
26,620 
28,592 
30,081 
25,114 
31,089 
25,214 
24,845 
22,914 
24,308 
21,794 
23,517 
24,068 
31,049 
29,875 

67 1 

77 
151 
163 
1022 

107 
97 

124 
134 
128 
1023 

112 
101 

98 
100 294 

59 58 
95 82 
72 67 
57 73 
57 75 
43 63 
69 78 
60 63 
60 63 
54 59 
60 61 
60 55 
45 59 
53 61 
65 78 
75 75 

Installed capacity Kilombero I is 16,667 ton sugar I year by I 000 tcd. 
2 Factory extension Kilombero I to 1750 tcd with a capacity of 29,167 ton sugar lyear. 
3 Factory extension Kilombero I to 2100 tcd with a capacity of 35,000 ton sugar I year. 
4 Installed capacity Kilombero 11 is 40,000 ton sugar /year by 2400 tcd. 

Sources: P.G. Leamoes, Analyses of the course of the events that resulted in the low sugar output of milling season 
/963164 (Amsterdam: United HVA-companies, 1963, appendix A and 8) 
Inspectie Ontwikkelingssamenwerlcing te Velde, Sector aid and structural adjustment; the case of sugar in 
Tanzania (Den Haag: ?, 1992, pg 66, appendix 111) 
HVA international, Factory survey Mso/wa and Ruembe factories. volume 11 (Amsterdam: HVA international. 
1979, annex 3) 



Appendix 4 
World sugar prices 1950-1991 (in USD per ton) 

Year Price Year Price Year Price Year Price Year Price 

1950 110 1960 69 1970 81 1980 632 1990 277 
1951 126 1961 60 1971 99 1981 374 1991 300 
1952 92 1962 61 1972 160 1982 186 
1953 75 1963 184 1973 208 1983 187 
1954 72 1964 127 1974 654 1984 115 
1955 71 1965 45 1975 449 1985 90 
1956 77 1966 40 1976 255 1986 133 
1957 114 1967 42 1977 179 1987 148 
1958 77 1968 42 1978 179 1988 225 
1959 66 1969 71 1979 213 1989 282 

Source: Inspectie Ontwikkelingssamenwerting te Velde, Sector aid and structural adjustment; the case of sugar in 
Tanzania (Den Haag: ?, 1992, pg 172, appendix 111) 

1950 1955 1960 1965 1970 1975 1980 1985 1990 

Year 



Appendix 5 
Technology database Kilombero I 

Appendix 6 
Technology database Kilombero 11 

Appendix 7 
Actor database 


