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Sammanfattning 

Detta arbete behandlar vindkraft med vertikal axel, att användas utanför ordinarie elnät, främst i 

byar och småföretag på landsbygden i utvecklingsländer. Två fristående projekt ingår. Det första 

handlar om konstruktion, med målet att utveckla ett koncept för att hålla kraftverkets vingar. En 

särskild egenskap är att de ska vara hopdragbara, så svepta arean kan följa rådande vindstyrka. 

Kraftverket monteras och reses på plats, med hopfällda vingar. Tornet kan fällas för att underlätta 

underhåll. Infällbara vingar förenklar även om kraftverken ska tas ur drift eller flyttas. Arbetet 

inleddes med problemdefiniering och funktionsanalys, varefter systematisk idégenerering 

användes för att ta fram koncept. En stor del av projektet upptogs av studier av krafter och 

hållfasthet med analytiska metoder. Kartongprototyper, handskisser och CAD-modeller användes 

flitigt för utveckling och utvärdering. Slutligen valdes en fyrledsmekanism. I skrivande stund 

håller en storskalig prototyp på att byggas, som kommer använda en modifierad version av den 

föreslagna konstruktionen. 

Det andra projektet var en övergripande genomförbarhetsstudie, utförd i Tanzania där marknads-

lanseringen är tänkt att ske. Exjobbets uppdragsgivare har tidigare arbetat i landet, så det finns 

lokalkännedom och affärskontakter har behållits. Undersökningen baserades på intervjuer, 

observationer och en omfattande litteraturstudie. Särskilt fokus låg på intäktsmöjligheterna på 

bynivå. Flera parametrar kartlades och rekommendationer utformades. Finansiering, tillgång på 

vind, sociala utvecklingseffekter, existerande elmarknad och vissa andra frågor behandlades 

också i någon mån. Det finns indikationer på ekonomisk potential för elektrifiering, men frågan 

är komplex och det gick inte att dra några definitiva slutsatser. Affärsidén är lovande, men vissa 

specifika risker bör beaktas. 
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Abstract 

This thesis treats vertical axis wind turbines for off-grid applications, primarily for villages and 

small enterprises in rural regions of developing countries. Two separate projects are incorporated. 

The first one is about mechanical engineering, with the aim to develop a concept design to hold 

the turbine wings. A special feature is that the wings will be contractible, allowing variable swept 

area, to adjust to shifting wind conditions. The tower with the turbine is assembled and raised on-

site with contracted wings. Maintenance, as well as decommissioning and relocation of the 

equipment, is also facilitated by contractible wings. After problem definition and function 

analysis, concepts were generated by systematic ideation methods. A large part of the project was 

dedicated to a study of loads and forces, using analytical methods. Cardboard prototypes, hand 

sketches, and CAD models were also used for development and evaluation. Finally, a four-bar 

linkage was presented. At the time of writing, a large-scale prototype is under construction, 

which will use a modified version of the suggested design. 

The second project could be labeled a pre-feasibility study. It was performed in Tanzania, which 

will be the first market. The commissioning company has previously worked in the country, so 

there is local know-how, and business contacts have been maintained. The research was based on 

interviews, observations, and an extensive literature study. Special focus was put on village level 

profitability. A number of parameters were mapped and some recommendations drafted. Funding 

options, availability of wind, social development effects, national electricity markets, and other 

issues were also covered to some extent. Some indications were found regarding the economic 

potential of rural electrification, but the issue is complex and no certain conclusions could be 

made. The project was found promising, but there are certain risks that should be considered.   
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This MSC thesis has been one of the most rewarding projects during my years as an engineering 

student. Throughout the project, people from all levels of society have made large efforts to assist 

me in the research, for which I am very grateful. 

 

 

Ever since the first stone tools where invented back in pre-historical times, engineers and their 

predecessors have had a share in virtually everything exceptionally good and exceptionally bad 

that has blessed and cursed society. Tools of trade and tools of war, technology for medical 

wonders and for environmental disasters – behind the scenes there were always the engineers. 

With this in mind it seemed like an unusually lucky combination to get an opportunity to work 

with both renewable energy and technology for poverty alleviation in developing countries in the 

same project. This MSc project was first conceived in the first months of 2011, but it was not 

until the end of the year that it started to get underway for real, with interviews and literature 

studies in Sweden. Thanks to a minor field study (MFS) scholarship from SIDA, it was possible 

to finance a local study in Tanzania as part of the research. Two months in the beginning of 2012 

were spent in the country, where I had the opportunity to speak to a large number of experts and 

to travel the countryside, listening to villagers and seeing firsthand how the presence and the 

absence of electricity can affect a society.  

I would like to take this opportunity to thank the people who have made this project possible, 

some of whom have gone out of their way to assist me in the research. First I would like to 

mention Rune Dahlqvist and Claes Aldman from Smiab. Rune is the kind of person who leaves a 

lasting impression, with his incredibly inspiring enthusiasm and zest. The calm and pedagogic 

attitude of Claes always helped me getting back on track in the many situations when I was 

wondering what I was really doing. A special thanks also to Tina Runesson for her patience and 

feedback. 

While in Dar es Salaam, I always felt a great support from Smiab’s and Rune’s friends and 

previous business contacts. Olle Arefalk, former managing director of Swedfund, Toroka 

Epaineto, chairman of the Gatsby Trust, and Mike Laizer, Director General of SIDO, all helped 

me in different ways. A special thanks to Wahida Faiz and her mother who provided a home 

away from home for my entire stay in Dar. 

Invaluable help was provided by Professor Cuthbert Kimambo at the University of Dar es 

Salaam, who agreed to be my local academic supervisor in Tanzania, and who opened doors to 

the academic environment. The conference in Arusha on engineering innovations for sustainable 
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development, which Professor Kimambo hosted, was particularly important for the study, thanks 

to the connections that were made there. Jaffari S. Mwanza from Arusha Technical College, and 

Sigisbert Mmasi and Honest Lyaruu from TEMDO, have all cast light on some of the 

mechanisms behind small-scale economic growth and added value in SMEs and in the 

agricultural sector. 

Another door opener was Aloys J. Mwamanga, president of Tanzania Chamber of Commerce, 

Industry and Agriculture. Besides providing useful information, he also arranged a stay at the 

Roman Catholic diocese in the town of Njombe in the Southern Highlands. The hospitality of the 

bishop and his staff was overwhelming. I am especially indebted to Father Justin Sapula, who 

spent several days with me, driving me to remote places and helping with interpretation in the 

villages we visited. 

In fact, so many people have helped with this project, that I could go on for quite a while still. 

Peasants, people on the street, scholars in Tanzania and in Sweden, who have all taken their time 

to answer my questions and show me their work. The number of pages in this paper are however 

limited, so it time to move on to the thesis itself. 

Finally, I would like to thank Carl Michael Johannesson, my supervisor at KTH, the enthusiastic 

visionary who made all this possible in the first place. 

Erik Imamura 
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1 Introduction 
 

This chapter describes the Smiab wind power project and the outlines of this thesis project. The 

dual research purpose is explained and the scope and the report structure are explained. 

 

  

1.1 Background 
The Swedish company Smiab (Smiab i Norr AB) has been developing a vertical axis wind 

turbine (see figure 1.1). The concept includes innovative solutions and design considerations that 

make it robust and suitable for use off-grid applications in remote areas. Vertical axis wind 

turbines (VAWT) are described more in detail in section 2.1.4. 

 

Figure 1.1: General layout of horizontal axis (left) and vertical axis (right) wind turbines. 

A number of markets are currently being investigated while the technology is further developed. 

Contacts have been established in Tanzania where this technology may find a position in rural 

areas without electricity or with unreliable supply of electricity. Other countries that have been 

discussed include Sweden, Gambia, Kenya and Cameroon. Smiab was involved in building 

workshop capacity for the Tanzanian government agency SIDO (Small Industries Development 

Organization) in the 1980s. Contacts with Tanzania have been maintained, providing a starting 

point when designing for local conditions, and when undertaking business projects in the country. 

The concept, as it is being developed for Tanzanian conditions, includes both technical and 

business innovations. The technical systems are based on a novel architecture and layout, 

together with some new subsystem level components that have been developed in-house. Some 

key concepts for the technical design are robustness, serviceability, transportability, and 
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manufacturability. The mechanical output from the wings is hydraulically transmitted from the 

top of the tower to a generator on ground level for easy access. Various sizes are possible, but the 

current prototype version comes with a 60-70 kW rated output. For most applications a secondary 

power source is necessary to bridge periods with too little or too much wind. Secondary power 

sources could be diesel generators or sometimes even grid electricity, but Smiab is also 

considering a sterling engine that can run on various combustible materials, such as biofuels. 

Some preliminary investigations have been made on low-tech anaerobic digesters to produce 

biogas from agricultural residues or waste. If the secondary power source has mechanical output, 

it can be connected to the same hydraulic system, and so share generator with the wind turbine. 

Only the wind turbines, which are the hubs of this energy system, are being manufactured and 

tested at this stage. They are designed for fast and simple on-site assembly and disassembly. 

Installation is done in two stages, without the need of a crane or other heavy equipment. First a 

core tower is erected using a support and a counterweight, see figure 1.2. Then the rest of the 

tower is raised, with the wings and the hydraulic pump. The wings are folded tightly to the tower 

structure at this stage. Finally the wings are extended. Foldable wings also means variable swept 

area, see section 3.1 for more details on this. 

 

  

 

 

‘ 

  

 
 

 

  

 

Figure 1.2: Raising the Smiab VAWT. Schematic description. 

Core tower is assembled. It is 

placed on a support structure and a 

counterweight is applied to raise 

the tower. 

 

All parts are less than 6 m, and can 

be transported in a 20 feet shipping 

container or with a small truck. 

Parts are assembled on site. 

 

Wings are 

extended 

Component tower 

is assembled and 

then winched to 

the core tower. 
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The primary target group for the business model is people in non-electrified parts of rural 

Tanzania. The idea is to help the users develop strategies to create economic growth to cover the 

investment, rather than just being passive aid recipients. To realize this, it is necessary to use the 

electricity to create economic value, and not just for private consumption. Initial financing must 

however be provided externally, ideally through soft loans or similar financial instruments. There 

is a political will and some capacity to provide government subsidies for rural electrification in 

particular through Tanzania’s Rural Energy Agency, REA. Smiab’s aim is that manufacturing 

and service organizations should be established in Tanzania. The business model is described 

more in detail in section 4.1.3. 

As described in section 2.3, the Tanzanian economy is in a dynamic and critical phase, where 

electricity can be considered a major bottleneck parameter. This makes the Smiab project 

interesting, both as a business venture and from a development perspective. 

1.2 Scope and Purpose of Thesis 
At the time of initiation of this thesis project, the commercial sponsor needed a general 

investigation of feasibility and other issues to support the market introduction of the power plants 

in Tanzania. Simultaneously, there were a number of technical subsystems still to be designed, 

tasks that were more aligned with the main focus of KTH’s engineering program. This led to a 

dual scope, where the first part is a mechanical design project, and the second part is a feasibility 

and business study. 

The choice for the mechanical design part of the project fell on the structure holding the wings. A 

special feature here is that the wings will be retractable, facilitating transports and service, and 

allowing for variable swept area. The work included ideation and concept selection, strength 

calculations, and selection and evaluation of a final concept. Calculations were done analytically 

and numerically, using the MATLAB software. The result is a conceptual design. Detail and 

component design was left out at this stage. The objective was to produce an implementable 

solution that is robust and cost-efficient, with good manufacturability and serviceability. It can be 

used as it is after some further detail design, but the results and ideas could also be combined, or 

integrated in other configurations. 

The second part of the project was centered around a study conducted in Tanzania. The main 

scope was to study the economic feasibility of the technology and the proposed business model, 

to provide suggestions and guidelines based on local conditions. A second goal was to estimate 

potential non-monetary development gains, for example in education and health. This 

information can be useful for Smiab, Tanzanian government agencies, business partners, foreign 

aid organizations, and other stakeholders. The purpose was not only to support decisions to invest 

or not invest, but also to provide knowledge useful for a successful market introduction of the 

technology, should the decision be to invest. This research started with a very open scope so the 

first step was to identify and define the most relevant issues to study and to formulate hypotheses 

and detailed research questions. Due to the very wide subject, the aim was not to cover every 
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problem in detail, but to quickly outline the more important findings and also to point to 

questions that require further research. The central part of the study was a theory on the potential 

for electrification to boost economic growth in villages and SMEs. The scope, as it was defined 

during the research process, is described in detail in section 4.1.4, Hypotheses and Research 

Questions. 
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2 Background Theory 

This chapter provides some background orientation for readers who are not familiar with energy 

and wind power technology, global development issues, the conditions of Tanzania, and other 

subjects that are treated in the thesis. 

 

 

2.1 Wind Power and Energy  

2.1.1 Energy and Electricity 

It can be assumed that cheap and readily accessible energy has been a prerequisite for the 

industrialization and the economic development of the modern world. Plotting GDP or other 

indicators of national wealth against electricity consumption shows a clear correlation, see figure 

2.1. As we enter the new millennium, the situation is fragile. The bulk of the energy that is 

propelling modern industry has been extracted from oil, coal, and other fossil fuels. These 

resources are finite, and a growing number of analysts are predicting that the economically viable 

extraction rate will peak in the near future, leaving us with gradually diminishing supplies and 

rising prices (Prugh 2006).  

 

Figure 2.1: Correlation between electricity consumption and GDP. Log-log scale. Each bubble is a country and the 

size of the bubbles correspond to the population size. (Gapminder, 2012.) 
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Another issue is the global warming caused by carbon dioxide emissions. Global warming 

considerations may not be underpinned by hard economic necessity like a potential peak oil 

parameter is, but still the political trend is to limit greenhouse gas emissions more and more. 

Caught in these dire straits, finding new energy sources for the future appears to be paramount for 

maintaining the wealth that has transformed the industrialized world during the last centuries, and 

for realizing the largely untapped economic potential of the developing countries. 

Some potential replacements for fossil fuels are already used to produce electricity (Sørensen, 

2011). Nuclear (fission) and hydro are giving significant contributions, but there is still a large 

unused potential. Both are however associated with environmental concerns. The fissile resources 

in the Earth’s crust are also finite, approximately comparable to oil. Wind, biofuels and biomass, 

solar (photovoltaic), concentrated solar, and geothermal power are promising technologies at 

various stages of maturity. Other technologies such as wave and tidal energy are on a more 

experimental or pre-experimental stage. Nuclear fusion is also there somewhere on the horizon, 

but it is unlikely that this technology will be available for commercial large-scale energy 

production in the next few decades, if ever.  

2.1.2 Harnessing the Wind 

Power from the wind was first used by sailing ships, a technology that may have been invented 

about 5000 BC. Windmills for milling grain were taken into use in Europe during the twelfth 

century (Musgrove, 2010). The technology was gradually refined, and the use of windmills for 

producing flour and for pumping water was growing until the second half of the nineteenth 

century, when they were challenged by combustion engines running on fossil fuels. Windmills 

with direct mechanical output for agricultural purposes became virtually extinct in the developed 

world during the twentieth century, but starting in the late nineteenth century the first embryonic 

versions of electric wind turbines were developed. Some experiments continued in the first half 

of the twentieth century, but by the 1960s the availability and economic competitiveness of fossil 

fuels reach its all-time high and wind power programs were dropped. However, the oil crisis in 

1973 became the starting point for the development and implementation of modern large-scale 

wind power programs.  

2.1.3 Extractable Power and Economic Viability 

Cost per kWh is a common measurement when comparing energy sources. The calculation of this 

quantity is however not always very straightforward. For most thermal power technologies, e.g. 

diesel generators, the investment cost is relatively low, so the production cost in the long run is 

close to the fuel price. Wind turbines on the other hand have no fuel costs, so a large part of the 

cost per kWh comes from the investment. Thus the cost estimation depends on capital budgeting 

evaluations and choices, reflected in financial quantities such as payback period or discount rate. 

Capital budgeting is discussed in section 4.11. An indication of the economic viability may come 

from studying the growth of wind power during the last century. There has been a correlation 

between the initiation of wind power projects and the price of fossil fuels. In times of scarcity, 
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such as the two world wars, wind power has gained territory. At the time of writing, oil prices are 

high and rising, and wind power is currently growing at an approximately exponential rate. (Ibid.) 

Between 2000 and 2008, the annual growth rate was approximately 30 percent (IEA, 2009). 

To estimate the economic value of air in motion, it is useful to know how to calculate its 

extractable kinetic energy content. If ρ is the density of air, the total kinetic energy of a particular 

volume V, moving at the velocity v, can be expressed as 

 
  

 

 
     

(2-1) 

Power (P) is defined as work per unit of time. Volume can be expressed as area multiplied by 

length. The total power of an airstream flowing through an area (A) perpendicular to the wind can 

thus be expressed 

 
  

 

 
     

 
(2-2) 

   

This is the power available if a turbine could extract all the kinetic energy from the wind. That 

would however imply that all incoming air was completely stopped. This is obviously not 

possible, mass flow rates in and out of the system must be equal under steady-state conditions. 

The extractable power is limited by the power coefficient, Cp of the specific turbine. The power 

equation for a real wind turbine can thus be expressed as 

 
    

 

 
     

 
(2-3) 

According to Betz’ law the theoretical maximum for Cp is 0.59 (the so called Betz’ coefficient). 

The most efficient wind turbines in use today have a Cp touching 0.5. Equation (2-3) shows that 

the potential power is proportional to the third power of the wind speed. This means that small 

changes in wind speed can have a large impact, and the output becomes highly unpredictable in a 

short time scale. For most applications, a single wind generator must be combined in a system 

with other power sources to compensate for this behavior. 

Generators do not produce over their rated level, so a theoretical and simplified power output 

graph has a cubic region and a constant region as shown in figure 2.2. The turbine will only 

produce between the cut-in and the cut-out wind speeds. Under the cut-in speed, the wind is 

insufficient to start the blades. Over the cut-out speed, the turbine is stopped to prevent structural 

damage. Due to the cubic relationship, there is very little power in the wind at low speeds and 

achieving low cut-in speeds it is therefore not a priority. It may however be psychological 

reasons to keep cut-in speeds low, since a turbine that is not moving a large part of the time may 

send out a negative message to people who see it, if they are not familiar with the characteristics 

of wind power. In a real turbine, the output does not show perfect cubic behavior, since the Cp 

varies with the wind speed. 
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Figure 2.2: Power output as a function of wind speed 

Another important concept is the capacity factor. Generators must be large enough to deal with 

the power output from wind speeds that are substantially higher than the average wind. Thus, 

there will be a discrepancy between the rated output and the actual average output from the 

generator. The capacity factor describes how the generator size is matched to the extractable wind 

power. It is the ratio of the actual output over a period of time and the potential output if the 

generator had been running at its rated capacity all the time. Modern wind farms typically have a 

capacity factor of 20-40 percent.  

2.1.4 Vertical Axis Wind Turbines 

Wind power is classified in many different ways. Based on the function principle and 

configuration of the wind harvesting components wind generators can be divided in horizontal 

axis wind turbines (HAWTs), and vertical axis wind turbines (VAWTs), as described in section 

1.1. Vertical axis has been around since ancient times, and some of the first experiments with 

electric generation in the late nineteenth century used this setup. Today’s market is however 

totally dominated by horizontal axis, and only a little research has been done on the commercial 

potential of VAWTs. (Musgrove, 2010.) 

The Savonius wind turbine was an early twentieth century design that exemplifies vertical axis 

machines where torque is generated by aerodynamic drag. The layout is illustrated in figure 2.3. 

The driving force comes from the difference in drag on the convex and concave surfaces.  
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Figure 2.3: Schematic layout of a Savonius turbine. 

Drag based wind turbines are highly inefficient. Modern verticals aiming at challenging the 

hegemony of the HAWTs are utilizing aerodynamic lift instead, which is caused by air flowing 

along the surface of the wings. The name “lift” is derived from airplane technology, where the 

useful aerodynamic force acting on the wings is vertical. The same phenomenon is used by 

sailboats when sailing close hauled or reaching with the wind from the side. For vertical wind 

turbine wings, the force vector of the lift is horizontal, with one component acting radially out 

from the turbine center, and one component acting tangentially, driving the wing. There are 

several ways to explain how lift is generated. A simple model, which is consistent with basic 

laws of motion, is to consider it a result of the deflection of the mass flow of air. This change of 

the velocity vector is equivalent to an acceleration of the airstream, in a direction perpendicular to 

its velocity vector. According to Newton’s second law of motion, acceleration corresponds to 

force – in this case lift force. Figure 2.4 and 2.5 show the mechanisms of this principle. 

 

 

Figure 2.4: Lift from a symmetric airfoil. Air stream pattern somewhat simplified. The lift pushes the wing sideways 

and forward. 
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Figure 2.5: Driving mechanism of lift-driven vertical axis wind turbines. 

VAWTs cannot reach the maximum power coefficient of 0.59 (the Betz limit), because the angle 

between the blade and the airstream cannot stay optimal when the blades rotate around the hub. 

The Darreius wind turbine design with its characteristic bent blades (figure 2.6) is one example of 

a lift-based VAWT.  The theoretic power coefficient of a Darrieus turbine can exceed 0.4. 

(Sørensen, 2011).  

One advantage with vertical axis is that the rotor does not need to be directed into the wind. This 

means that it operates well in conditions with rapid variations in wind direction, such as in the 

turbulent layer close to the ground. 

 

 

Figure 2.6: Darrieus turbine. 

Wind speed 

B
la

d
e 

sp
ee

d
 

B
lad

e sp
eed

 

Wind speed 

Lift 

Apparent 

wind 

Lift 

Apparent 

wind 



11 
 

2.2 Economy and Development 

2.2.1 Developing Countries 

There is no generally agreed definition of the concept developing country. The duality 

developing-developed may cause some misconceptions if not properly problematized. The world 

is not divided into two clearly defined groups with great differences between the two in every 

aspect related to development. Today’s world is rather made up of a continuum, where the 

majority of the countries have been labeled as developing. (Rosling, 2006.) It is important to 

understand that there are vast differences between the developing countries, not only in income, 

but also in education, life expectancy, human rights, industrialization, et cetera. Generally 

speaking, there is often a correlation between these indicators, but the correlation is not always 

strong and there are many exceptions. Some countries with relatively low income per capita may 

have a high life expectancy. Some wealthy countries have serious issues with human rights, and 

the majority of all low-income countries are not harsh military dictatorships. There are also often 

vast differences within countries, where income inequality can sometimes be very pronounced, 

following geography, social strata, or other divisions. (Landin, 2007) 

The taxonomy of the World Bank has four levels to categorize development: low income, lower 

middle income, upper middle income, and high income countries. The high income countries are 

also referred to as developed countries, whereas the rest falls under the label developing 

countries. The distinction is based on GNI per capita. At the time of writing, 70 countries, or 33 

percent, were classified as developed (The World Bank, 2012). Because the threshold is given in 

absolute numbers, the ratio of developed countries has been rising since the definition was 

introduced in 1989. The IMF distinguishes between advanced economies, and emerging and 

developing economies. The criteria are less clearly defined, but they are based primarily on GNI 

per capita, export diversification, and degree of integration into the global financial system. (IMF, 

2012.) Only 34 countries (23 percent) are classified as advanced. The UNDP classifies countries 

as low-, medium-, or high-human development countries, based on the human development 

index, a composite which is calculated from measurements of longevity, education, and income. 

(UNDP 2012.) Another label is Least Developed Country, LDC. This is a UN classification based 

on GNI per capita, human development (nutrition, health, education and literacy), and economic 

vulnerability. (United Nations 2012a.) 

2.2.2 Africa 

Judging from Western news media, it may seem that the average global development is going 

backwards, with a few notable examples in East Asia. This is however not the case. The situation 

in Africa is complex. Some countries are sustaining very high levels of economic growth year 

after year, while others are struggling with economic stagnation and civil unrest. The overall 

trends for indicators such as GNI per capita, child mortality, literacy, et cetera, show that the 

situation is slowly improving. (Landin, 2007) 
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To outline this diverse territory, two extremes will serve as examples: Botswana and the 

Democratic Republic of the Congo. Botswana has had one of the highest average growth figures 

in the world since its independence in 1966 and it is listed as an upper middle-income economy 

by the World Bank (CIA.gov). It is also rated the least corrupt country in Africa (Transparency 

International, 2010). At the same time Botswana is heavily dependent on primary products, 

notably from mining. The unemployment rate is high, as is the inflation, and a large part of the 

population is still earning their living from subsistence farming (CIA.gov). 

While good governance has made it possible for Botswana to benefit from its abundant natural 

resources, the same opportunities have rather been a curse to the Democratic Republic of Congo. 

The country is one of the richest in the world in terms of natural resources, but mining has been 

predatory and uncontrolled. This easily accessible wealth may actually be one of the driving 

forces behind the mismanagement and the wars which have plagued the country since 

independence. (Landin, 2007) The Second Congo War, which started in 1998, was the deadliest 

war in the world after the WWII (Bemo et al, 2007), and today the GNI is among the lowest in 

the world (United Nations, 2012a). 

2.3 Tanzania 
Tanzania is located on the east coast of Africa, just south of the equator, bordering Kenya and 

Uganda to the north, Mozambique, Malawi and Zambia to the south, and Rwanda, Burundi and 

the Democratic Republic of the Congo to the west. The total area is 945 000 km
2
, approximately 

twice the size of Sweden, or a little more than twice the size of California. The population was 

estimated at 45 million in 2010, with a demographic increase of 3.1 percent per annum. The 

country has over a hundred ethnic groups, usually referred to as tribes by the Tanzanians 

themselves. Tensions between these have been small, usually contributed to the fact that no group 

is large enough to become dominant. The major religions are Christianity and Islam. There are 

also small groups of Hindus, followers of indigenous religions, and other. It is a diverse country, 

with geographic differences in climate, culture, wealth, income inequality, et cetera.  

When discussing conditions in Tanzania in general, and the economy in particular, it is important 

to keep in mind that the country is in a state of rapid transformation. Figures are taken from 

statistical surveys. Some time will always pass before they have traveled from the real world to 

the datasheets that are presented to scholars, and after that they often tend to be repeated for a few 

years. Figures may therefore not always be perfectly accurate and up-to-date. 

2.3.1 History of Modern Tanzania 

Tanzania gained its independence in 1961, in a peaceful process without popular uprising. 

Compared to many of its neighbors, the modern history of Tanzania is characterized by a high 

level of peace and civil stability. However, the total economic development since independence 

has not met expectations. Tanzania’s first president, Julius Nyerere, was a pivotal figure to the 

formation of the nation (Pratt 2000; Lindahl 2011). He is attributed with uniting the ethnically 
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diverse country and creating lasting stability. His picture can be seen in shops, restaurants, and 

other public places across the country and he is affectionately referred to as Baba wa Taifa 

(“Father of the Nation”) and Mwalimu (“Teacher”). He was a strong voice in international fora, 

advocating the rights of oppressed people around the world. At the same time, Nyerere 

implemented a number of reforms that caused severe damage to the economy and limited 

democracy. The Ujamaa (“familyhood”) policy of African socialism may have had good 

intentions, but its detrimental legacy still lingers over the country. After independence, Tanzania 

was transformed into a one-party state and any opposition was harshly oppressed. In the sixties 

and seventies, companies were nationalized and land reforms implemented, in which villagers 

were forced to relocate. Centrally planned economy was harmful to economic development, and 

nationalization created an environment ripe for corruption. Nyerere finally stepped down in 1985, 

one of few African leaders to leave power voluntarily. After his retirement, the country has 

gradually moved towards market economy and democracy, but still today it is labeled a transition 

economy by some. 

2.3.2 Economy of Tanzania 

After the market economy reforms in the eighties and the nineties, progress was still very slow, 

but that has changed in recent years. Average annual growth rate between 2002 and 2010 was 7 

percent. (NBS, 2011a). This is much higher than previous years, but still not reaching the 8-10 

percent target of the government. (Mini Tiger Plan 2020, 2004). The progress is not equally 

distributed across regions, business sectors and social strata. In agriculture and fishing, the 

average growth between 2002 and 2010 was 4.2 percent, and in industry and construction it was 

9.2 percent. (MKUKUTA II, 2010) It is important to remember that growth figures do not only 

represent growth in labor productivity, but also amount of work, which naturally increases with 

population growth. An economic growth at 7 percent is only approximately 4 percent over 

demographic increase.  

The proportion between job creation and productivity growth varies a lot, and some sectors have 

a very slow increase in productivity. (Mwakapugi et al). In other sectors the situation is quite the 

opposite, economic growth fails to proportionately produce employment. In these cases, the 

expected reduction of poverty has been limited. (Ibid) Much of the development is taking place in 

larger cities, while many rural areas are moving forward at a slower pace, thus causing income 

inequality to grow together with the economy. Mining has been a major source of growth, but 

this industry depends heavily on world markets. In recent years, the growth in the sector has 

dropped significantly, from about 15 percent per annum before 2007 to 1.2 percent in 2009. 

Tourism is another important sector, which is also depending on the global financial situation. 

Finally, approximately 80 percent of the population earns their living from agriculture. This is a 

strategically important sector. There is a high potential for growth, thanks to the availability of 

arable land, water for irrigation, and a diversity of climatic zones. Today’s produce is to a high 

degree unprocessed, and an expansion in value-adding agro-processing could improve the rural 

economic and employment situation, while offering a gateway to the first steps of 
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industrialization. Higher agricultural output would be an opportunity for the rural poor to raise 

their standard of living, something that would help battling the growing inequalities and support 

human development where it is needed the most. Ox-ploughs are rare, tractors even more so. The 

dominant way of cultivating the land is by hand hoe, so there is an obvious possibility for 

improvements by technologically simple means. (MKUKUTA II, 2010) 

A large part of the rural and young urban population work long hours, trading low-value goods or 

producing basic commodities. These “working poor” have earnings below the national poverty 

line. (Mwakapugi et al) Newspapers report that it has become common lately for poor families in 

Dar es Salaam to afford less than three meals per day, due to rising food prices (Wa Songa, 

2012). Some examples could serve to illustrate the inequalities and the economic situation for the 

working poor: The monthly wages for a housemaid in Dar es Salaam can be as little as TZS 

50 000.-, or USD 30.-. (W. Faiz, personal communication, February 3, 2012). The same amount 

of money, TZS 50 000.- was the exact price for a main course (filet mignon) and some drinks at a 

nice but non-gourmet seaside restaurant. (Own observation, February 2, 2012).  

The Development Vision 2025 (1999) is a document from the Tanzanian government, setting 

long-term goals for the country’s development. According to the Development Vision, some of 

the challenges for today’s Tanzania are to move away from subsistence agriculture and 

production of primary commodities, and diversify into industrial and service sectors. The country 

needs to raise the education level and develop the mindset of the workforce, raise productivity, 

intensify value-adding businesses, and modernize the agricultural sector. All this while 

maintaining social stability, reducing inequality, developing human rights and democracy, and 

resolving a number of social issues. The Development Vision identifies four specific bottlenecks 

of economic growth: 

1: “Donor Dependence Syndrome”, and a dependent and defeatist developmental mindset. The 

Vision 2025 states that external dependence has created erosion of initiative, confidence, dignity, 

and determination, and a lack of ownership of the development agenda. People’s mindset has 

become unsupportive of hard work, ingenuity and creativity and there is a culture of admiring 

effortless success. The document is also pointing to the necessity of creating a culture of saving 

and investment (p. 17). 

2: A weak economy and low capacity for economic management. This focuses primarily on the 

government’s lack of capability in creating macroeconomic stability. Other issues are also 

discussed, such as the lack of transformation of agriculture, low production levels in other 

sectors, and market vulnerability created by the domination of primary production.   

3: Failure in governance and organization for development. Threats which are mentioned include 

corruption and other vices to society, and cracks in the social cohesion and in the national unity. 

Corruption has also been the subject of some of the research for this paper and it is briefly 

discussed in section 4.9. 
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4: Ineffective implementation syndrome. There are plans, programs and ambitions, but a lack of 

implementation, monitoring, and evaluation. This causes erosion of trust in government measures 

among the people. A foreign diplomat who was interviewed for this paper says that Tanzania 

“has the best public financial management system in the world, but the implementation of this 

system is a different matter” (Informant A, name withheld).  

Some other obstacles that were on the agenda during the second half of the previous decade are 

lack of functioning finance markets, underdeveloped infrastructure (electricity, transports, and 

ports), lack of educated and skilled workforce, overly bureaucratic regulations for businesses, and 

risk of cumulative tax impacts (White, 2010). The list can be made much longer, and business 

threats and obstacles are discussed further in relevant sections below. A bottleneck of special 

interest in the context of this paper is the shortage and high cost of electricity, something which 

has become increasingly debated in public media. This is discussed in detail in the following 

section. 

2.3.3 Energy and Electricity Supply in Tanzania 

Tanzania is in a process of electrification and rapid change, so percentage numbers in this section 

should only be taken as indications of approximate levels. The bulk of the energy is used for 

cooking, and comes from firewood and charcoal. In 2009 it was estimated that only 10 percent of 

the energy used in the country was provided on a commercial basis. The sources for these 10 

percent were predominantly hydropower, petroleum, natural gas and coal. 6 percent of the total 

energy used was distributed as electricity. (Mwakapugi et al, 2010). According to official figures, 

14 percent of the population has access to electricity and the level of rural electrification is 

estimated at 2.5 percent (Kimambo et al, 2011). However, according to REA’s 2010/2011 survey, 

4.6 percent of rural households were connected to the grid, while 2 percent used other sources, 

mainly solar PV and generators. Regional variations were high in this survey, ranging from 0.5 to 

21.7 percent electrification rate. (Rural Energy Agency, 2011). Kerosene and firewood were 

other important energy carriers, with 88.9 percent of the households using various types of oil or 

kerosene lamps for their lighting, and 95.6 percent using firewood for cooking. (Ibid, 2011) It is 

not difficult to imagine what this situation means to health and sanitary conditions, access to 

public media, possibilities to study, options for food processing or non-agricultural economic 

activities, et cetera. The government has programs for rapid and extensive expansion of the grid. 

It is probably inevitable that the number of connections will continue to grow, but in reference to 

the “Ineffective Implementation Syndrome” mentioned above, it is highly uncertain if expansion 

will meet government plans. 

The state owned Tanesco (Tanzania Electric Supply Company) owns the national grid and is also 

the largest electricity producer. The two major methods for electricity production are hydro 

power and fossil fuel thermal power. Natural (fossil) gas is expected to be important in the near 

future. Large deposits have been found offshore and a growing share of the electricity is 

generated by gas. (Kimambo et al, 2011) In parallel with the economic growth, there has been a 
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rapid increase in demand during the last decade. Hydro has been dominating the market until 

recently. This has made the electric supply vulnerable to the extended droughts experienced 

repeatedly in recent years. The root of the vulnerability may not be the droughts in themselves, 

but rather mismanagement, which has prevented Tanesco from coping with the situation. 

Necessary investments have not been made and during the election year of 2010, the scarcity was 

not acknowledged and the taps of the dams were kept wide open to keep the voters happy 

(Informant B, name withheld). The share of hydro had fallen to 56 percent in 2011, and is 

projected to fall to 23 percent by 2015. (Kimambo et al, 2011) 

2.3.4 Emergency Power Plan and Outlook for the Future 

In response to the latest severe shortage, an emergency power plan was accepted by the 

Parliament on August 13, 2011. (Ibid) Due to this, the production capacity has recently been 

changing rapidly. Before the implementation of the plan started, the installed capacity was 1006 

MW when running at full capacity, with another 69 MW potentially available off-grid and from 

imports. (Ibid) However, a drought in 2010-11 removed almost half of the then 900 MW 

capacity, necessitating a program of load sheds and unplanned blackouts. The aim of the 

emergency power plan was to restore reasonable capacity by the end of 2011 (Ibid). After a 40 

percent emergency tariff raise in January 2012, Tanesco is still losing substantial profit for every 

delivered kWh, and there are frequent power cuts to consumers and industry. (The Citizen, 2012) 

Most large companies have been forced to invest in own diesel generators to cope with the 

situation and the cost for Tanzania’s business sector is substantial. (Kimambo et al 2011, p. 23; 

Mwakapugi et al, 2010) It can be assumed that this situation is hampering international 

competitiveness and inhibiting the readiness for investment. For consumers, the situation is also 

causing both inconvenience and economic loss. Many of those who can afford it have obtained 

own diesel generators for backup. 

The first stages of the emergency power plan were carried out around the end of 2011. If fully 

implemented, it will add 572 MW to the system. This is in addition to 310 MW from previously 

planned installations, which are scheduled to start serving the grid during the first half of 2012. It 

may seem like an overreaction to almost double the capacity, and indeed the emergency power 

plan has been criticized for lack of thorough demand forecast, including an analysis of suppressed 

demand. (Kimambo et al, 2011) Some of the power will be generated with diesel, jet fuel, and 

HFO, at costs reaching more than USD 0.40 per kWh. Tanescos losses per unit will thus increase 

steeply due to the emergency power plan, costs that will be carried by the society as a whole, and 

not specifically by the approximately 14 percent of the population who are electricity consumers. 

This could be considered an implicit, untargeted subsidy. On October 23, 2012, it was reported 

that load sheds where still occurring frequently in Dar es Salaam (M. Xirsi, personal 

communication). 

A number of other different sources of electricity are discussed for development in the near 

future. For many years, solar PV has been the first choice for smaller single-household 
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installations and it is likely that it will continue its steady growth in this niche. An interesting 

example of a renewable source for rural areas is biogas, An example of a simple and low-tech 

production method for biogas is to let biomaterials rot in disused water tanks (Tungaraza, 2012). 

Another way to use biomaterial is to make briquettes from biological agricultural waste material 

or grass (Norberg, 2011). This could be a fuel for some type of small-scale thermal power 

stations.  

It is estimated that there is a large, untapped potential for both hydro and wind power 

development. However, there is a lack of detailed nationwide surveys of the levels of these 

resources, in particular for wind. Still, a growing number of mini and micro hydro plants are 

being projected, and some large projects for grid production are also discussed, including a 

gigawatt-size potential at Stiegler’s Gorge in Morogoro Region (Kimambo et al, 2011) 

Wind farms totaling 450 MW are projected around the country, but construction has not started 

yet so the actual development is still pending. (Ibid) Small windmills, approximately 1-10 kW 

have also been erected in a few places. (J. T. Kilimo, personal communication, February 7, 

2012.) There are a handful of Tanzanian manufacturers building very small windmills of unrated 

output, from locally available material and with imported magnets for the generators. (R. M. R. 

Kainkwa, personal communication, February 2, 2012.) This study has not spotted any wind 

power projects in sizes comparable to the Smiab turbines, suitable for SMEs (Small and Medium 

size Enterprises) and similar. 

As for fossil fuels, gas has been mentioned in section 2.3.3 above, and there are also oil deposits 

offshore, although largely undeveloped and unmapped. A Chinese company has been contracted 

to construct a coal plant in southwestern Tanzania, where there are available reserves. This power 

plant is not for the grid, but for the energy demanding and rapidly growing mining industry (S. 

Fayadh, personal communication, January 23, 2012). 
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3 Wing Arm Design 

One half of this two-fold thesis work was a mechanical design project. The aim was to produce a 

concept for a support structure to hold the wings, while enabling variable swept area. 

 

 

3.1 Chapter Introduction 
As described in section 1.2, the scope of the engineering part of this project was to design a 

structure to hold the wings of the wind turbine. Early in the Smiab wind power project it was 

decided that the wings should be retractable. There are two reasons for this. The first one is 

serviceability. There are previous examples of infrastructure projects in developing countries, 

where the investments have failed after a short period due to lack of maintenance. The Smiab 

concept includes a foldable tower, allowing for maintenance, repairs, et cetera to be made under 

an awning at ground level. To be able to lower the tower, it is necessary to first pull the wings in. 

This function also facilitates transportability and makes assembly and decommissioning easier.  

Another reason for retractable wings is the variable swept area. The mechanical power input from 

the wind is directly proportional to the swept area as described by equation (2-3). With variable 

area, the turbine can be designed for low wind speeds, but with the wings partially retracted it can 

still be operational in very strong winds. This means that the work region between cut-in and cut-

out levels of the graph in figure 2.2 is made larger. More specifically, the interval where the 

turbine is working at its rated maximum output can be made larger. This is particularly valuable 

for stand-alone turbines since they cannot benefit from the smoothing effect that comes when 

many turbines are interconnected in a grid. 

3.2 Methodology and Project Implementation 
The work has followed a typical demand driven design process for a mechanical subsystem. This 

process is described in some detail in the following sections. It started with problem definition 

and the establishment of a product design specification. With a function-based approach, a large 

number of structure variations where generated through a systematic creative process. Four 

concepts were chosen and developed further. After investigation and evaluation of these 

concepts, one was chosen through discussions with the Smiab development staff, supplemented 

by systematic evaluation methods. 

3.2.1 Function Analysis and Product Design Specification 

It is good engineering and design practice to start with problem definition and function analysis. 

The client or customer may often express a solution, rather than a problem, e.g. “I need a car”, 

when “transportation” is the actual need. It is the task of the design engineer to iterate on an 

abstract level, to identify main function, sub-functions, secondary functions, et cetera. (Ritzén, 
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2005.) The main function related to the current design task is to support the wings in different 

positions. Three sub functions can be identified here: Generating motion, controlling the path of 

motion, and locking the motion in desired positions. These functions constitute the core of the 

product design specification, which is provided in full text in appendix A. A special requirement 

is to withstand loads with a reasonable safety factor to counter plastic deformation and fatigue. A 

number of other desired properties are also listed in the specification. These are guidelines for the 

design, and they have also been used as objectives in the selection process to compare concepts. 

They span different areas, such as manufacturability, serviceability, wear resistance, costs, 

environmental issues, functionality, human factors, et cetera. 

3.2.2 Concept Generation and Initial Selection 

To some degree, the three main functions (generating, controlling, and locking the motion) can be 

treated separately. Since the functions are of a straight-forward mechanical type, design 

suggestions were generated through a systematic investigation of a large set of theoretically 

possible solutions. The problem of controlling the motion was given the most attention. This is a 

strictly kinematic problem and possible solutions can be generated through systematic 

combinations of the six degrees of translational and rotational freedom. This approach was used 

as a backbone of the creative ideation process. A hint of the methodology is given in figure 3.1. 

The layout was varied with n number of duplicated components, sizes were varied and positions 

shifted. The approach was inspired by methods for structure variation and form variation, 

suggested by E. Tjalve, and also by theory of design methodology by Andreasen, Eder and 

Hubka (Warell, 1999).  

 

Figure 3.1: Ideation sketches.  
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For locking the motion, a number of existing machine elements and principles were listed, 

including wedge mechanisms, eccentric mechanisms, self-locking leadscrew or hydraulics, 

locking integrated in the power transmission, and self-locking geometry (i.e. locking integrated in 

the motion-controlling geometry by the utilization of force singularities). For the generation of 

motion, a list of options was established with the entries mechanical, electrical and hydraulic 

transmission of energy. These options were examined, and variations and restrictions were listed. 

Solutions for generating and locking the motion were recorded, but kept open. The project 

focused more on the more challenging problem of controlling the motion. 

Out of the very large number of geometric concepts for controlling the motion, four were chosen 

for further studies. These are explained in figure 3.2 - 3.5 below. This initial selection was done 

through informal evaluation, aiming for simplicity and using the product design specification for 

guidelines.  

 

Figure 3.2: Seesaw concept. The idea here is that the wings will balance each other and counteract the gravity, so 

very small force is required to lower and raise the wings. 

 

 

Figure 3.3: Translating leadscrew and rotating inner link. The arms are divided in two links, where the outer link is 

actuated by a leadscrew and slides into the inner link. The inner link is then raised.  
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. 

Figure 3.4: Four-Bar Linkage. Only needs one point of actuation, acting vertically on the lever arm that protrudes to 

the left from the lower inner link 

 

 

Figure 3.5: Scissors mechanism. One of the contact points between the innermost links and the turbine hub is free to 

rotate. The other contact point has both rotational and vertically translational freedom. Actuation can be either 

rotational (as demonstrated at the lower contact point) or translational (as at the upper contact point). 

 

Only one arm is shown in figure 3.3 - 3.5 above, but all the four concepts are designed to have 

one upper and one lower arm. After further evaluation, the seesaw concept was dropped. The 

simplicity is attractive and it was considered promising by Smiab, but the current design will 

work with three wing sets, and the seesaw concept requires an even number. The remaining three 

concepts were analyzed to single out the most appropriate candidate. A special focus was put on 

the ability to withstand the large forces that the structure will be subject to under actual use. 
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The simplest design may have been a single arm for each wing, as shown in figure 3.6 below. 

This concept was never studied because if folded up, the wings would protrude too much over the 

top over the tower; if folded down they could interfere with the base tower. 

 

Figure 3.6: Simple, straight arms hold the wings. Folded up or down, rotating around a pivot point in the central hub. 

3.2.3 Concept Development and Selection 

The remaining three concepts were analyzed further to provide a basis for the final concept 

selection. This investigation used analytical methods, simple cardboard prototypes, design 

sketches, and simulations in the Solid Edge CAD environment. Static equilibrium equations and 

standard solid mechanics formulas were used for the calculations of forces, bending moments, 

stresses and strains. This work started with an analysis of the external loads that the structure will 

be exposed to, caused by weight, centrifugal force, and aerodynamic load. Simplified equations 

were solved by hand, and the MATLAB software was used for numerical solutions to systems of 

equations. The calculations are presented in some detail in section 3.4.  

Final selection was done in collaboration with the Smiab staff, based on an estimation of 

simplicity and robustness. The product design specification has also been considered and some 

formal methods have been used. One of these methods is based on a complexity number, C, 

suggested by Stuart Pugh (Johannesson et al, 2004): 

                  
   

 
(3-1) 

 

Where K is a constant and f is the number of functions. Np is the number of components, Nop is 

the number of component variations, and NC is the number of contact surfaces. When comparing 

solutions with identical functions, K and f are equal, thus they can be omitted. The method seems 

appropriate for a design that is intended to be robust and simple to manufacture. 

Pugh’s decision-matrix method (ibid) was also used. Figure 3.7 shows an example of this type of 

matrix. One alternative is chosen as a reference and assigned the value zero for every criterion. 

The other alternatives are compared to the reference and assigned a plus for every row where 

they meet the criteria better than the reference, a minus for every row where the reference is 

better, and a zero where both alternatives are considered equal. The evaluations are summed up at 
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the bottom and a net value is calculated for each alternative. The alternatives are ranked based on 

their net values and one or more alternatives are selected for further development. Variations of 

the method include the use of weighted criteria and extended scoring with more steps than -, 0, 

and +. 

The matrix can also be used to suggest directions for further development. Strong candidates can 

be combined or altered to eliminate or minimize remaining weaknesses. After the selected 

solutions have been developed further, altered or combined, the matrix is used again to narrow 

down the number of solutions. 

Criteria Alternatives 

1 (ref) 2 3 4 5 

Criterion A  

D 

A 

T 

0 + 0 - 

Criterion B + + + + 

Criterion C 0 0 - - 

Demand D 0 - 0 0 

Sum + U 

M 

1 2 1 1 

Sum 0 3 1 2 1 

Sum – 0 1 1 2 

Net value 0 1 1 0 -1 

Ranking 3 1 1 3 5 

Further development?  yes yes  no 

Figure 3.7: Schematic example of a Pugh’s decision matrix 

3.2.4 Further Iterations and synthesis 

After the final selection, it became evident that further refinement of the concept would be 

beneficial. To this end, some more concepts have been generated through variations of structure 

and form, in analogy to the initial ideation. These suggestions have only been outlined 

approximately. Detailed analysis and further concept selection falls outside the scope of this 

project. 

3.3 Load Analysis 
Forces acting on the arms can be divided into radial, tangential, and vertical. The radial and 

tangential notation refers to the coordinate system defined by the circular path of the wings 

around the central hub. Up is defined as the positive vertical direction, the positive tangential 

direction follows the velocity vector of the wings and the positive radial direction is out from the 

center of the tower. Vertical force is caused by gravity. Tangential force comes from the 

aerodynamic lift that drives the wind turbine. Radial force comes both from aerodynamic lift and 

from centripetal acceleration. The calculations are based on the highest wind speeds and done 

under the simplified assumption that forces remain the same when the wings are contracted. 
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3.3.1 Tangential Loads 

The tangential load will not be accounted for, and loads will be analyzed only in a vertical plane. 

This is because tangential forces, although large, may be easier to deal with. The reason for this is 

the assumption that there are no major aerodynamic disadvantages associated with horizontally 

wide structures (in the tangential direction), since their added area is not perpendicular to the 

airflow. It is possible to design each arm with a V-configuration in the horizontal plane to 

counteract tangential load, see figure 3.8. With this layout, the bending moment will cause 

compression on one leg of the V-shape, and tension on the other leg. 

 

Figure 3.8: Schematic picture of three wings with arms with V-configuration. The layout can be used with any of the 

four studied concepts. 

The assumption that there is no aerodynamic disadvantage with the V-configuration becomes 

problematic when wings are pulled in toward the tower by raising or lowering links in a rotating 

motion around a horizontal axis. The relative wind comes from the true wind and from the 

motion of the rotating parts. When raised or lowered, a horizontally wide wing arm will project a 

larger surface to the airflow if the non-tangential component from the true wind is taken into 

account. The surface projected against the airstream is however kept at a minimum if an open V-

profile is used. 

3.3.2 Lift 

For the wind turbine wings, the force vector of the lift is horizontal, with a radial component and 

a tangential component. The total lift will be estimated in this study, but the distribution between 

the radial and the tangential components is unknown. To ensure a conservative estimation 

(missing the correct value to the safe side) the absolute value of each force component will be 

considered equal to the total lift. Also, lift calculations are uncertain, so worst case assumptions 

are used below. (This may lead to a heavier design proposal than necessary. Weight is a 

parameter that affects both performance and cost, so further development and testing would be 
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useful.) Airfoils interact with the airstream in different ways depending on their shape and the 

angle of attack of the air. In thin airfoil theory, the situation is simplified, and the effect from the 

shape of the airfoil is characterized by a dimensionless number called the section lift coefficient, 

CL. If α is the angle of attack, then CL for a wing with symmetric cross section can be 

approximated: 

        (3-2) 

 

For typical airfoils, the airstream stalls around 10 to 15° angle of attack. At α = 15°, CL takes the 

approximate value 1.6, according to equation (3-2). The lift (L) is a function of CL, the area (A) of 

the wing, and the velocity (v) and density (ρ) of the air: 

  
  

 

 
       

 

(3-3) 

 

The factor v in equation (3-3) is the velocity of the air relative to the wing. According to 

calculations from Smiab, the maximum rotation will be 30 rpm. At a wing radius of 13 m, this 

corresponds to a wing speed a bit over 40 m/s. The sine formula can be used to relate relative air 

speed to wind speed, wing speed and angle of attack. Assuming a wind speed at 15 m/s gives a 

relative air speed v=50 m/s before the wing stalls at 15° angle of attack. In the current design, the 

wings are 12 x 0.4 m with a double wing (biplane) configuration, giving a total area A = 9.6 m
2
. 

Equation (3-3) then gives a maximum lift at 17 kN. The lift varies as the wings rotate, reaching 

the maximum value twice every revolution. The radial component of the lift is negative in the 

upwind position, and thus counteracted by the centrifugal force, which is always positive. 

However, in the downwind position the lift and the centrifugal force are reinforcing each other. It 

is possible that the airstream will be very turbulent downwind from the tower, in which case the 

lift will be smaller than the above calculations suggest. 

3.3.3 Centrifugal Force 

The centripetal acceleration causes the centrifugal force, Fc, which is an inertial or fictitious force 

that pulls the wings in the positive radial direction. It can be expressed either as a function of 

mass, m, velocity, v, and radius, r, or as a function of mass, radius and angular velocity, ω: 

  
   

   

 
      

 

(3-4) 

 

The design of the wings is not finalized, but the next generation prototype will be made from 2 

mm sheet aluminum. With this material, the estimated mass for a double wing with various 

fasteners and fittings is 150 kg. At 30 rpm and r = 13 m, the centrifugal force will be 19 kN. This 

does not take the mass of the wing arms into consideration. The calculations must therefore be 

made again after the wing arms are designed. The arms are however less significant than the 
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wings, due to their lower mass and velocity. It is essential to avoid excessive mass far out on the 

wing arms, to prevent unnecessarily high centrifugal force. 

3.3.4 Weight 

Finally, gravity is also acting on the wings, causing weight, W. With a mass m = 150 kg and a 

standard gravity g = 9.8 m/s
2
, the weight is 1.5 kN. Again, since the weight of the arm structure is 

initially unknown it is not considered, only the weight of the wings themselves.  

3.3.5 Combining the Loads 

The analysis reveals that the maximum tangential and radial forces are approximately one 

magnitude larger than the vertical force from gravity. Because of this, the initial strength analysis 

of the components done in the preliminary development will focus on the radial forces. These 

were revealed to be much larger than first expected, which has implications on other parts of the 

wind turbine design. It is obvious that running at higher angular velocity would be problematic. 

In fact, it would be very advantageous if the speed could be lowered, for example with a higher 

solidity, i. e. higher ratio of blade area to swept area, which provides higher torque at the cost of 

lower angular velocity.  

According to the analysis and the assumptions above, radial force is the sum of centrifugal force, 

Fc = 19 kN (maximum), and the radial component of the aerodynamic lift, Lr, = 17 kN maximum. 

Maximum total radial force is thus 36 kN. All concepts that are analyzed use two arms to hold 

each wing, one upper and one lower, so only half the force calculated in this section will be 

acting on each arm. The radial force on each arm is then Fr = 18 kN, and W = 0.75 kN.  

3.4 Force and Bending Moment Calculations for the Three 

Concepts 

3.4.1 Rotating Link and Leadscrew 

This concept was described in figure 3.3. While the links are in their horizontal position, the 

external, radially acting load (Fr) from aerodynamic lift and from centrifugal force will only 

cause tensional stresses, see figure 3.9. For clarity, the smaller gravitational forces have been 

omitted in the figures and calculations below. 

 

Figure 3.9: While the radius is still only adjusted by the translational movement of the outer arm, only tensile forces 

act on the mechanism. 
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After the outer link has been fully contracted, the inner link will start to be raised, see figure 3.10. 

The force couple Fr and its reactive force FA-hor then starts to cause a bending moment. This is 

counteracted by the force couple FB-vert and Fin, where Fin is the force that the turbine is using to 

adjust the angle of the wing arms. Fin is acting at the end of the lever arm AB. This arm has a 45° 

angle to BC. The reason for this is that that it is actuated by a vertical force. If it was not angled, 

the moment from it would approach zero as the arm approached the vertical position. 

 

Figure 3.10: Outer arm is fully contracted and inner arm is a bit raised. 

From figure 3.10, we derive the bending moment about B: 

              (3-5) 

With this mechanism to adjust the wing arm angle, the necessary force to raise the arm is 

 
      

       

              
 

 

 

(3-6) 

The moments and forces are shown in the graph in figure 3.11 below. 

 

Figure 3.11: Loads and moments on the inner link as a function of its angle. 18 kN external horizontal load. Link 

length (LBC) 6 m and length of power transmission lever arm (LAB) 1 m. 
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The rotating link and leadscrew concept will require two points of actuation for each arm, first a 

mechanism to pull in the outer arm, and second a mechanism to apply vertical force to raise the 

inner arm. The outer arm must be mounted on rollers, or linear bearings, to allow the translating 

motion. There will be significant point loads on these bearings when the arm is raised and the 

bending moment from the horizontal forces are transferred from the outer link to the inner link. 

3.4.2 Scissors Mechanism 

The principal layout of this concept is shown in figure 3.12. There are three levels of links, 

numbered from the wing side with rising numbers toward the center hub. Each level consists of 

one pair. The nodes are labeled with capital letters, also starting from the wings. Weight is 

disregarded in the initial equilibrium equations. The problem can thus be considered symmetric, 

there is no difference between the two links in each pair. The value of the forces acting on the 

two links in each pair will be equal, with the direction of vertical force vectors mirrored around a 

horizontal symmetry line. 

 

 

Figure 3.12: Principal layout of the scissors mechanism. Fr is the external force, from aerodynamic lift and from 

centripetal acceleration. 

 

The outer links, which are connecting to the wings (the no 1 links), are connected to other links 

only in two points, and they are free to rotate in these connections. Therefore they do not take any 

bending moment, thus only forces need to be considered in their equilibrium equations. Figure 

3.13 shows the forces acting on one of the no 1 links.  

 

Figure 3.13: Force equilibrium for outer links. 
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Because the links only take axial forces, the resultant of all force vectors starting in the same 

node point, must be parallel to the link. This gives the following relationship: 

   
    

 
    
    

 

 

 

(3-7) 

For equilibrium reasons, both the vertical and the horizontal force couples on each no 1 link must 

have equal absolute values (although in opposite directions). This has been emphasized in the 

figure by assigning the forces in each couple the same names. The horizontal force, Fh, is the 

share of the external radial load, Fr, that is taken by one link. This is the dimensioning parameter 

for the mechanism so it is known, or rather it has an assumed value according to section 3.3.5. 

Equation (3-7) is solved for the vertical forces on link 1: 

             

 

(3-8) 

Figure 3.14 shows forces acting on a middle link. Forces in B are known; they are the reaction 

forces from link 1. The two horizontal forces are equal, to satisfy horizontal force equilibrium, so 

they have both been labeled Fh. Considering the moment around C, the direction of FD,v must be 

counterclockwise, since all the other forces are acting clockwise. Finally, no horizontal forces can 

act in C, because the reaction force would then have to be taken by the other middle link. This is 

not possible due to the force symmetry within the link couple. FC,v must be positive to counteract 

FB,v and FD,v, which are both negative. 

 

Figure 3.14: Force equilibrium for middle links. 

The moment equilibrium equation around C is 

                                       

 

(3-9) 

Equation (3-9) is solved for Fd,v. 

                   (3-10) 
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Some relevant observations can be made already at this stage. FD,v is larger than FB,v. More 

specifically, the vertical forces will increase stepwise with 2Fhtanθ  for every link that is added to 

a scissors mechanism. This means that it is disadvantageous for a scissors mechanism to have an 

excessive number of links.  Also, as θ approaches 90°, tan θ approaches infinity. In other words, 

scissors mechanisms are not suitable if it is necessary to pull against a force and get the links in 

tightly all the way. 

The equilibrium equation for vertical forces is 

                  (3-11) 

Equation (3-11) is solved for FC,v. 

                (3-12) 

 

The loads on the inner link can be obtained in analogy to the middle link: 

                   (3-13) 

and 

                (3-14) 

 

The forces were calculated in MATLAB as functions of the angle θ and the values are plotted in 

figure 3.15 below. 

 

Figure 3.15: Plotting vertical forces on the scissor links as function of the angle θ. 
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The MATLAB solutions confirmed the conclusions made above: Forces reach a singularity as θ 

is approaching 90° and the loads are higher on the links closer to the hub, with a correlation 

between number of links and maximum load. Also the nodes in the middle of each link will take 

larger concentrated loads than the endpoint nodes. The bending moments in nodes C and E were 

also calculated and the graph is presented in figure 3.16. 

 

Figure 3.16: Bending moments on the scissors mechanism. 

3.4.3 Four-Bar Linkage 

The four-bar linkage concept has a somewhat more complex geometry, and the structural analysis 

required more extensive work. The highest loads will be experienced if the turbine is running at 

full output, while the wing arms are partially folded. Under these conditions the large radial 

forces will cause a bending moment on the arms AB and BD. These moments peak in the node 

points A and C. (Under working conditions when the wing arms are fully extended, the radial 

forces only cause tensional stress.) The smaller forces from gravity and tangential aerodynamic 

lift always cause bending moment, but on a lower level. However, the tangential forces still need 

to be considered since their force vector is perpendicular to the vertical plane in which the 

vertical and the radial forces are analyzed below.  

Geometry 

It is possible to vary the length of the links and the horizontal and vertical positions of the 

attachment points in the hub. Figure 3.17 depicts the linkage of one such layout. The wings are 

shown in three different positions. The nodes are labeled A – E. The conditions here are that E is 

vertically over A, and that the arms AB and BD have the same length, LAB = LBD.  
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Figure 3.17: Wings extended (left), semi-retracted (middle) and fully folded (right). 

With this layout, the length of the links in the four-bar linkage can be calculated with a system of 

two equations. Using Pythagoras’ theorem on the extended position, we derive the relationship 

    
     

           
 . (3-15) 

 

The folded position gives the relationship 

                . (3-16) 

 

Assuming that the lengths of the links are given, solving for LAE and LBC gives the relationships 

 

     
   
 

  
   

 

 
    

         (3-17) 

and 

 

    
   
 

      
   

 

 
    

         (3-18) 

 

With LAB = 6 m and LEC = 8 m, the numerical values are LAE = 3.29 m, LBC = 1.29 m. These 

measures are used as a starting point for the design. 

Forces in the Node Points 

Positions and Angles of the Links 

To analyze forces on the node points under partially folded conditions, it is necessary to first 

describe the semi-folded geometry, i.e. how the angles of the links are related. Figure 3.18 shows 

the wings half way extended. θAB, θBD, and θEC, are the angles between the links and the 

horizontal plane. The quadrangle ABCE is divided into the two triangles EAC and ABC, where 

the distance from A to C (LAC) is the only unknown side. 
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Figure 3.18: Wings half way extended. 

The triangle EAC has two known side lengths, LEC and LAE. Figure 3.18 shows that angle α1 can 

be calculated as 

    
 

 
     (3-19) 

 

Using the cosine formula we then derive the following two relationships: 

 

 

 
         

   
     

     
 

       
  (3-21) 

 

With an expression for LAC established (3-20), all three sides of the triangle ABC are known. 

Thus, the angles α2 and β2 can also be calculated with the cosine formula: 

 
         

   
     

     
 

       
  (3-22) 

 

 
         

   
     

     
 

       
  (3-23) 
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The following two relationships are derived from figure 3.18: 

           
 

 
 (3-24) 

 

              (3-25) 

 

Forces on link BD 

Figure 3.19 shows the forces acting on link BD. The force equilibrium equations are: 

                     (3-26) 

 

                    (3-27) 

 

And the moment equilibrium equation counterclockwise about B is: 

                                                           (3-28) 

 

 

Figure 3.19: Forces acting on link BD. Forces are indicated in the positive directions of the coordinate system. 

Lengths of arrows are not to scale.  

Also, link EC can only take axial force because it is connected only in the endpoints, and it is free 

to rotate around these. The vector sum of FC,vert and FC,hor must therefore follow the axial 

direction of link EC. This leads to a fourth equation, which is necessary to match the four 

unknown forces of the system: 

                        (3-29) 
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Forces on link AB 

Figure 3.20 shows the forces acting on link AB. Fin is the external force that controls the motion 

of the four bar linkage. Ll is the length of the lever arm extending from link AB that is 

transferring this force to the linkage. The angle of the lever arm to the horizontal plane is 

    
 

 
     (3-30) 

 

 

Figure 3.20: Forces acting on link AB. 

Equilibrium of force and bending moment about A gives the following system of equations for 

AB: 

                 (3-31) 

 

                       (3-32) 

 

                                               (3-33) 

Forces on link EC 

As described above, the link EC can only take axial forces. High levels are only reached when the 

link is under tensile stress, caused by aerodynamic load and centrifugal force. The horizontal and 

vertical components, FC,hor and FC,vert are known from the equilibrium equations for BD. The 

axial force on EC is given by the geometry (see figure 3.19): 

                                

 
(3-34) 
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Graphs and Solutions for Equilibrium Equations 

The equations and the equation systems were solved in MATLAB. The graphs in figure 3.21-

figure 3.23 show the forces on the nodes, as functions of the radius, r (i.e. the horizontal distance 

from the hub to the wing). 

 

Figure 3.21: Forces acting on AB. Link length 6 m. Length of the power transmitting lever arm is 1 m. 

 

 

Figure 3.22: Forces acting on BD. 
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Figure 3.23: Forces acting on EC. 

Bending Moments 

The bending moments will reach local maxima in the nodes A and C. These moments, MA and 

MC, can be calculated as force multiplied by lever arm: 

             
 

 
      

 
(3-35) 

                          
 

(3-36) 

Equation (3-35) and (3-36) were solved in MATLAB and the graph is shown in figure 3.24. 

 

Figure 3.24: Bending moment in A and C 
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3.5 Concept Selection 
The four-bar linkage was chosen in discussions with the Smiab staff. The decision was primarily 

based on an estimation of simplicity and robustness. The formal methods described in section 

3.2.3 were also implemented. Pugh’s complexity number (equation (3-1) was simplified, since all 

alternatives have the same functions: 

 

             
   

 
(3-37) 

 

The variables for equation (3-37) and the resulting complexity numbers are listed in the tables 

below. The leadscrew concept comes out as the winner with C = 6.35. The four-bar linkage 

comes second with C = 7.86. For the four-bar linkage and the scissors mechanism, components 

are included to the level of links and bearings. Fasteners, possible casings, etc., are not included. 

For the leadscrew mechanism, the leadscrew itself and its associated components are also listed. 

The subcomponents of the actuation unit are however not listed. The actuation unit must be some 

sort of motor, so it will add significant complexity to the concept, but it is not possible to quantify 

this without further development and detail design. The linear bearings of the leadscrew could 

also be considered a group of components, rather than just a single one. Taken together, this 

makes the calculated complexity number for the leadscrew concept a bit misleading. It is 

estimated here that the four-bar linkage has a lower complexity than the leadscrew mechanism, 

despite the numbers. 

 

Table 3-1. Complexity number for four-bar linkage 

Four-bar linkage 

Components Component variations Contact surfaces 

Inner link 

Outer link 

Long link 

Six bearings for six nodes 

Inner link 

Outer link 

Long link 

Six bearings (or less) 

 “Node zero” 

Node A 

Node B 

Node C 

Node D 

Node E 

Np = 9 Nop = 9 NC = 6 

C = 7.86 

 

 

 

 



 

 

40 
 

Table 3-2. Complexity number for scissors mechanism 

Scissors mechanism  

Components Component variations Contact surfaces 

2 x Link 1 

2 x Link 2 

2 x Link 3 

Bearing A 

2 x Bearing B 

Bearing C 

2 x Bearing D 

Bearing E 

Bearing F (Rotational) 

Bearing F (Linear) 

Link 1 

Link 2 

Link 3 

Bearing A 

Bearing B 

Bearing C 

Bearing D 

Bearing E 

Bearing F (Rotational) 

Bearing F (Linear) 

  

Node A 

2 x Node B 

Node C 

2 x Node D 

Node E 

2 x Node F 

Np = 15 Nop = 10 NC = 9 

C = 11.01 

 

Table 3-3. Complexity number for leadscrew mechanism 

Leadscrew  

Components Component variations Contact surfaces 

Outer arm 

Inner arm 

Bearing B 

Bearing C 

Leadscrew 

Linear Bearing 

Leadscrew actuation unit 

Leadscrew nut 

Outer arm 

Inner arm 

Bearing B 

Bearing C 

Leadscrew 

Linear Bearing 

Leadscrew actuation unit 

Leadscrew nut 

Node B 

Node C 

Linear bearing 

Leadscrew 

Np = 8 Nop = 8 NC = 4 

C = 6.35 

 

As described in section 3.2.3, the concepts were also evaluated with a decision-matrix method, 

see table 3-4. The leadscrew mechanism was chosen as the reference alternative. Alternative 2 is 

the four-bar linkage and alternative 3 is the scissors mechanism. The following desired properties 

from the product design specification were considered relevant and possible to estimate at this 

stage:  

A. Load carrying capacity. Quantified as low bending moments, taken from the calculations in 

section 3.4. 

B. Snug and secure stowing when fully folded. (Possibly more demanding for alternatives two 

and three, with their larger number of links that must fit together in a vertical position.) 

C. Aerodynamic properties and low drag. This criterion favors the reference alternative, due to 

its smaller number of links. 
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D. Low mass. The reference alternative has fewer links and lower bending moment, which 

should facilitate a more light-weight design. 

E. Ease of manufacturing. The reference alternative has a more complicated mechanism. 

F. Ease of assembly. Same as above. 

G. Serviceability and reparation aspects. Same as above. 

H. Robustness, failure modes. The reference alternative has one more actuator that can fail.  

I. Inherent semiotic functionality. Alternative 2 has links that are horizontal when fully 

extended, but tilts immediately when the wings are contracted. It is likely that this geometry 

will offer the highest salience in its visual cues to the system status. 

Table 3-4. Decision Matrix. 

Criteria Alternatives 

1 (ref) 2 3 

A. Load carrying capacity (low bending moments)  

D 

A 

T  

U 

M 

- - 

B. Snug and secure stowing when fully folded - - 

C. Aerodynamic properties and low drag - - 

D. Low mass - - 

E. Ease of manufacturing + + 

F. Ease of assembly + + 

G. Serviceability and reparation aspects + + 

H. Robustness, failure modes + + 

I. Inherent semiotic functionality + 0 

Sum +  5 4 

Sum 0 0 1 

Sum – 4 4 

Net value 0 1 0 

Ranking 2 1 2 

Further development? no yes no 

 

The decision matrix does not weigh its criteria, but the importance of criteria C and D should be 

noted. Aerodynamic properties directly affect the power output and thus the economic viability of 

the turbines. It is of high priority to optimize this. Mass contributes to higher centrifugal forces, 

in particular if it is located far away from the hub. There is a risk to get stuck in a negative design 

spiral, where the links must be made stronger and thus heavier to compensate for centrifugal 

force, adding even more centrifugal force through added mass, and so on. Criterion A also relates 

to this, since lower bending moments means that strength, and thus mass, can be reduced. When 

further developing the four-bar linkage, the emphasis should therefore be on altering the 

geometry to lower the bending moments, and to design beams and select materials so as to keep 

the weight at a minimum. 

One could argue that the leadscrew concept inherently offers lower drag, lower weight, and lower 

bending moment. However, the concept was considered more difficult to manufacture, it had 

more advanced components that can fail, and most importantly the linear bearings could prove to 
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be problematic when exposed to high loads. A special issue here is that the links will probably 

need to have an airfoil shape, which makes the design of high-strength linear bearings more 

challenging. 

3.6 Further Iterations: Reducing the Bending Moment 
As discussed in the previous section, reducing the bending moment is key to keeping weight 

down and to obtain slender links, which are better suited for aerodynamic optimization. One way 

to reduce the bending moment is to move the node C of the four-bar linkage further out on the 

link BD. If the node E is to be retained close to the hub, it then has to be moved vertically very 

far up. Another way to solve the problem is to move the node E horizontally out from the hub. 

This arrangement is shown in figure 3.25. As the figure illustrates, it is not possible to pull the 

wings tightly all the way to the tower with this layout.  

 

 

 

 

 

 

 

 

Figure 3.25: Four-bar linkage with node E moved out horizontally. Slightly folded to the left; almost fully folded to 

the right. 

One suggestion has been to move node E out as in figure 3.25, while also arranging the upper 

and the lower wing arms so they mirror each other around a horizontal plane. (The arm in the 

figure would then be the lower one.) With this arrangement the two links EC could meet in a 

shared node E. Their vertical force components acting on node E would cancel each other out. 

One problem with this layout is that the nodes D do not follow a linear, horizontal path of 

motion when the wings are contracted, so the distance between them would vary along the 

contraction path. Thus the arms would be locked in the extended position This could be solved 

by adding more degrees of freedom to the D nodes, for example by letting one of the D nodes 

slide up and down a little along the wing.  

Another possibility, shown in figure 3.26, is to shorten the distance CD while extending AB, BC, 

and EC. A potential problem is that the added length could make EC too flexible, causing 

vibration problems. Contrary to EC, the link AB is taking bending moment, and is made stiffer 

for that reason, so the problem is less likely to occur in this link. 
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Figure 3.26: Four-bar linkage with shortened distance CD. 

3.7 Discussion 
At the time of finishing this mechanical design study in the fall of 2012, the components of a 

large scale prototype had been manufactured at the Smiab facility in Skellefteå. This prototype 

was to be erected shortly, and after that many questions regarding the potential of the technology 

would hopefully be answered. At the time of the final submission of this thesis, the results from 

the prototype tests are still pending. The crucial question is the efficiency of the turbine, 

expressed by the power coefficient, Cp., since this will dictate its profitability. The wing arms in 

the prototype are based on a modified four-bar linkage. If everything works well, full scale 

testing under various conditions will provide valuable feedback regarding the properties of the 

four-bar solution. The tests will also give an indication on the actual loads that the structure is 

exposed to. In the design process of this thesis project, many parameters have been uncertain and 

assumptions have had to be made, based on worst case scenarios and perceived plausibility. Data 

from the prototype tests will be invaluable for developing future generations of the technology. 

Should the prototype tests be successful and the technology prove viable, a thorough design and 

redesign project is recommended. It is probably rewarding to optimize subsystems in order to cut 

production costs, raise efficiency, and maximize user value. For the wing arms, there are many 

areas to continue the work on: Lowered weight, optimized aerodynamics, detail design for 

manufacturability and assembly, et cetera. It is also necessary to perform further analysis of the 

strength of the arms before the turbines reach the market. The result of a failure could be very 

severe if large pieces of broken steel are flung from 50 meters above ground at 40 m/s. FE 

analysis and thorough testing is recommended.  

To conclude the discussion section, the VAWT technology is very appealing. Unfortunately, the 

research on VAWTs has been limited compared to the economically and technically mature 

HAWT technology. If the VAWTs could maintain their potentially high power coefficient, while 

minimizing manufacturing costs, then this silent, robust, and versatile technology could have a 

role to play in future energy systems. 
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4 Business Model Investigation 

The second half of this thesis project was a study of the niche and feasibility of 

Smiab’s wind power project. The vital part of this project was done on location in 

Tanzania.  

 

 

4.1 Chapter Introduction 

4.1.1 Scope and relevance 

The scope of this chapter is to evaluate the suggested business model, to support 

future wind power projects in Tanzania. Various aspects of its feasibility are analyzed 

to assist investment decisions, and to provide a starting point for a refined next 

iteration of the business idea. Some of the findings may also be relevant to other rural 

wind power and electrification projects in developing countries. 

4.1.2 Background 

Tanzania has been facing major challenges and suffered from failed economic 

policies throughout most of its modern history. Starting in the nineties however, and 

picking up momentum in the new millennium, economic growth and development has 

taken off. (NBS, 2011a) During this process, a number of constraints to growth have 

been identified. The insufficient supply of electricity, which is described in detail in 

section 2.3.3, is a major such constraint. A large part of the Tanzanian society has its 

potential for economic development reduced from lack of this key commodity. 

In the past few decades, the role of rural electrification in the developing world has 

been reevaluated. Previous large-scale projects with centralized production, and 

national transmission grids, have not met expectations. For the most part, electricity 

has been made available to the wealthier strata of society and effects on rural 

industrialization and development have been unsatisfactory. (Jacobson et al, 2008)  

Against this backdrop, small-scale local production may prove a more effective driver 

of rural development and growth. 

4.1.3 Business model 

Long high-voltage transmission lines in sparsely populated areas come with a high 

investment cost. The Smiab technology could fit in somewhere between car batteries 

and solar panels for domestic use on the one hand, and large scale infrastructure 

projects that are suitable for regions with a higher population density and a higher 

level of industrialization and economic maturity on the other hand. The electricity can 

be distributed in a local mini-grid with cheap components running on low voltage. 

The local grid can be expanded gradually by adding more production units and 
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connecting more users, as demand rises. This small-scale modularity makes the 

technology more flexible and less financially demanding than large-scale 

infrastructure. 

Smiab is not aiming at owning or manufacturing the power stations directly, but to 

work as a consultancy and an R&D partner. Ownership will lie directly with the users, 

e.g. a village council or an SME. The aim is to produce most of the components 

within Tanzania and contacts have been made with local manufacturers. 

The target group for the technology is the rural poor, which are typically small-scale 

farmers, and SMEs. For an investment to be economically sustainable in the long 

perspective it needs to pay off within a reasonable period of time. Thus the business 

model is based on the assumption that electrification has a potential to generate 

enough increase in revenue to eventually cover the initial cost. It is understood that 

the primary target groups lack own investment capacity, regardless of how profitable 

the electrification of their businesses could be. It is therefore necessary to develop 

some system of soft loans, pay-back guarantees, or possibly even direct subsidies. 

Since it is possible to disassemble and relocate the windmills, they can act as a 

security for loans taken by users. Rural electrification is high on the Tanzanian 

agenda, and it has been estimated that financing solutions could be found in the 

current policy climate. 

Other target groups are also considered, such as SMEs with own investment capacity, 

including businesses that are connected to the grid but are trying to cut costs. These 

may act as early adopters, and if the viability is proven in their businesses, it could 

support further technology dispersion. These users may also be found outside of 

Tanzania, for example in remote rural areas in Sweden. 

4.1.4 Hypotheses and Research Questions 

The initial hypothesis of this study was that the Smiab wind turbine project – under 

certain circumstances – is profitable, or in other ways beneficial, for Smiab and for all 

other stakeholders. There were two questions related to this general hypothesis. 

Firstly, the hypothesis itself was to be tested: Can the technology and the proposed 

business model actually be beneficial, profitable, and economically sustainable for all 

stakeholders? Secondly, if the answer to that question was found to be in the 

affirmative: What are the prerequisites for this? During the project, this starting point 

unfolded into a number of detailed research questions. The scope, as it was defined 

during the research process, included: 

 Outlines of a theory on the potential for electrification to create profit in villages 

and rural SMEs. 

 Some remarks regarding the feasibility in more commercially established 

applications. 

 A short description of the current national energy markets, and a brief analysis of 

the threat of competition from the national grid and other sources of electricity. 
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 Wind conditions: General availability in Tanzania and some suggested sites and 

regions. Some ideas and methods on how to proceed with more detailed wind 

power feasibility studies. 

 Some suggestions on how to fund necessary investments. 

 An overview of project risks. 

 Some reflections and findings regarding the potential for positive and negative 

social development effects. 

Special attention was given to the first subject in the list above: How can electricity 

contribute to economic growth on the village level? To be feasible to the whole 

expanded value chain and network of stakeholders, a necessary condition is that the 

investment creates the expected increase in revenues at the primary level where value 

is created, in the local SME or village. However, electricity in itself does not generate 

revenue. Growth is created by new or expanding businesses, or by increased 

productivity or cost cuts in agriculture and other existing businesses. Investment in 

equipment is necessary. Irrigation pumps, grain mills, butter churns, sewing 

machines, electric lighting, computers et cetera are what make the difference. How 

could the Smiab business model boost this type of business ecosystem? 

Finally, capital budgeting methods were used in an approach where the perspective 

was reversed: Assuming that there is a demand for electricity at a certain price, under 

what conditions would an investment in Smiab's wind power technology be 

profitable? 

4.2 Methodology and Project Implementation 
The overall research has been focused on what is practically useful in the business 

context at hand, instead of following any particular theoretical model. Methods have 

largely been chosen for hypothesis generation, rather than for hypothesis testing. 

Qualitative data gathering methods, as well as a combination of inductive and 

deductive analysis, have been especially useful for this purpose. Some quantitative 

data has also been analyzed, primarily from previous research. Data gathering 

methods included interviews and observations and the results also rest extensively on 

findings from the literature review. Chronologically in the project, the literature 

review did not come first, as one may expect. Instead the research activities followed 

a non-linear, iterative path, where observations, interviews and discussions with 

experts often pointed to new subfields to be researched through academic reports and 

other literature, which in turn led on to new questions that were discussed with 

interviewees. This research design is in line with a proposed model by Berg (2009).  

In the selection of subjects to investigate, methodology commonly applied to business 

feasibility studies and to wind power feasibility studies was very useful, although 

fully implemented these methods are typically used in projects that have reached a 

higher level of maturity.  

Chronologically, the project started with background literature studies in Sweden on 

subjects such as development cooperation, Tanzanian conditions, economic theory et 
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cetera. A number of preliminary interviews were also conducted with experts and 

business people. This provided a broad background and helped narrowing the subject 

and defining the scope. Tanzania was visited from January 20 to March 17 2012. The 

work in Tanzania started with interviews and study visits in Dar es Salaam. 

Interviewees included academic researchers, government officials, foreign diplomats, 

business people, NGO representatives, and the ordinary man on the street. Interviews 

were mainly semi-structured and sometimes unstructured. Through contacts with the 

local Roman Catholic Diocese, a field trip was arranged to the Njombe region in the 

southern highlands, where some villages have recently been electrified, and some are 

expecting electrification in the near future. A conference on mechanical and industrial 

engineering was visited in Arusha, near Mt. Kilimanjaro and the Kenyan border. The 

conference was hosted by the University of Dar es Salaam and focused especially on 

innovations for sustainable development. Some study visits were also made in 

Arusha, where TEMDO (Tanzania Engineering and Manufacturing Design 

Organisation) provided some valuable input on innovative small-scale startups. 

Finally, a visit was made to the manufacturing facilities of SIDO (Small Industries 

Development Organization) in Iringa, which is a candidate for locally building the 

wind turbines. Lists of interviews and study visits are compiled in appendix B. The 

bulk of the research activities in Tanzania were conducted during the first four weeks 

of the eight-week stay in the country. After this, the initial research questions were 

narrowed down and the findings were analyzed to produce detailed hypotheses and 

suggestions. This process was focused on literature studies and data analysis by 

informal methods. It also included some additional interviews and observations. Back 

in Sweden, further literature studies were conducted, mainly in order to verify and 

clarify some of the input from interviewees. 

4.3 Profit and Revenue 
In the context of this paper, profit is defined as revenue minus costs. The research 

mainly deals with potential revenues in rural areas or in any previously not electrified 

environment. Already electrified businesses are only given limited attention. Since the 

detail design of the windmills is still pending, investment costs are not finalized. 

Therefore costs are only treated briefly in this study. Some principles for investment 

cost and revenue calculations are described and utilized in section 4.11, Capital 

Budgeting for Turbine Owners. 

In Cost-Volume-Profit (CVP) analysis, revenues are calculated as the product of unit 

price and sales volume. Costs are divided into variable (per unit), and fixed costs. In 

the simplest model, both these functions are assumed to be linear, see figure 4.1. The 

intersection point of the lines indicates breakeven volume and breakeven cost or 

revenue. In reality it is common to reach threshold levels for costs, for example when 

new investments are required to increase volumes, and unit price may also display 

non-linear behavior for a number of reasons.  
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Figure 4.1: CVP Graph. 

Another approach is to look at revenue as hours worked, multiplied by productivity 

(i.e. value creation per man hour).  The study of increase in revenue is then broken 

down into the study of increase in productivity (e.g. from more efficient equipment) 

and job creation (e.g. new businesses or increased sales volumes in existing 

businesses). This model may be clarifying when discussing the effects of 

electrification. (Mwakapugi et al, 2010.) 

Beside the focus on revenue growth, it is also useful to look at the increase in 

profitability that comes with cost reductions. This kind of reductions are often 

experienced when shifting technology, for example from diesel engines to electric 

motors on agro-processing equipment such as maize mills. (Ibid.) 

4.4 Profitability on Village Level 
Electrification in itself does not create the revenue to cover investment costs. It is 

necessary to create value that translates to revenue through business. Revenue should 

be sufficient to cover investment, operating, and any other costs, and the surplus is 

referred to as profit. The source of this value creation is on the primary level, where 

goods are manufactured, services provided, or agricultural output is generated. This 

critical point in the value chain of electrification is investigated in this section. 

Productivity, bottlenecks, follow-up investments, and value added are some important 

concepts in this analysis. In an agricultural context, value addition refers to processes 

that raise the value of primary agricultural commodities. More generally, it is any 

process that adds to the difference between the sales price and the production cost. 

Productivity in this context, including agricultural productivity, is defined as value 

added per unit of time. 
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The default target for the study is previously non-electrified rural villages, but other 

settings are also treated. Sources of potential revenue growth have been classified in 

three categories in this analysis: agriculture, agro-processing, and SMEs. 

Today’s economic activities in Tanzania, in particular in non-electrified rural areas, 

are characterized by producing primary goods. Agricultural output is largely 

unprocessed, and farming is unindustrialized and labor intensive, with low output. 

Food processing is often limited to milling, with mills powered by diesel engines at 

high fuel costs. The local manufacturing sector is highly undeveloped, perhaps with a 

carpenter’s workshop, a tailor and a small bicycle repair shop in a typical small 

village, all using only simple hand tools. The service sector may include things such 

as a couple of hairdressers, the local teachers and a bar with a diesel generator to 

power a TV set. Since there is no electric light, most activities take place only during 

daylight hours. The vast majority are farmers whose only investments may be hoes 

and possibly a simple hand operated maize sheller. (Mini Tiger Plan 2020, 2004; 

MKUKUTA II, 2009; J.S. Mwanza, personal communication, February 23, 2012; 

own observations) The potential for significant increase in productivity and 

profitability is obvious in this type of environment. This is supported by previous 

research, which is presented further down in this section.  

4.4.1 Multiple Key Factors Hypothesis 

This hypothesis and the list of key factors presented below has been developed 

through analysis and synthesis of findings from interviews and literature studies. 

The core idea is that a superior technological system, well suited for its purpose, is a 

necessary but not sufficient condition for primary level profitability. This is in line 

with the present scholarly paradigm on electrification in the developing world 

(Jacobson et al, 2008, p. 1209). The necessity and sufficiency of other conditions is 

discussed in this section. Profitability is a function of a very complex set of inputs and 

processes, and reality tends to follow theoretic models only to a certain degree, so in 

this context the concepts of necessity and sufficiency are used less stringently than in 

formal logics. The scope of this section is that of primary level revenue. The wind 

power technology itself, funding electrification, et cetera is not discussed. 

Many of the interviewees have emphasized that Tanzania is a diverse country and the 

conditions can be very different from one site to another. It can be assumed that in 

some settings, many of the key factors are already in place at a sufficiently high level, 

and only one or a few of them are missing. If electricity is the only thing missing, plus 

maybe one or only a few other prerequisites, it is relevant to consider it a bottleneck 

situation. It may be especially fruitful to launch a successful electrification project in 

this type of environment. Below is a list of key factors for profitability, which should 

be considered when making investment decisions, or when developing local business 

plans: 
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 financial ability of the users or availability of external financing solutions for 

follow-up investments, 

 sufficient levels of basic, business, and specific technical education and training, 

 market demand, or opportunities to create market demand, 

 market outlets and infrastructure to reach markets, 

 availability of supply chains, 

 availability of technical support in terms of skilled staff, spare parts, and 

equipment, 

 primary commodities available for value-adding processes, 

 agricultural conditions, such as soil type, availability of water, et cetera, 

 local production traditions, skills and culture, 

 functioning institutions, and organizational and legislative readiness for 

investment and business in the local society, 

 entrepreneurial culture, the urge to create money, sense of ownership of the 

agenda, and sense of confidence and determination, 

 a culture of wealth building through investment, maintenance, hard work, 

innovation, and continuous progress, and 

 local acceptance and appeal 

 

These key factors have different implications. Many of them are obviously difficult to 

influence, such as agricultural conditions and large-scale infrastructure. Even though 

they cannot be controlled, these factors are important to map, in order to assess the 

viability of investments in wind power. They are also relevant when designing the 

local business plan and strategy. Other factors, such as education, market demand and 

entrepreneurial culture, could be created or strengthened through education, 

information, network building, and other strategic business support. The factors are 

discussed below. 

Follow-up Investments 

Electric supply becomes useful only when equipment is connected to it, so follow-up 

investments – accurate to gain leverage from opportunities given by local conditions – 

are strictly necessary. Some typical such investments, which have been identified in 

the interviews and observations, are irrigation systems, electric motors to fit on maize 

mills and similar machines, lighting, and equipment for food processing and 

packaging. The list could be made very long, and should always be adapted to local 

circumstances. Before an electrification project is undertaken, costs of planned 

investments should be mapped and investigated to secure that they can be met. Some 

users may have own capacity to invest in basic equipment (O. Nyengela, personal 

communication, February 11, 2012), but it can be assumed that in most cases it will 

be necessary to provide external financial solutions. 

Education and Training 

Essential business education is the basic knowledge of bookkeeping and 

administration, to make simple budgets and follow up on these, and to understand if 

and why an enterprise is profitable. It also includes the skills to handle cash flow, 

wages, and other daily practicalities. Jaffari S. Mwanza from Arusha Technical 
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College has studied value addition in Tanzanian agro-processing. According to him, a 

basic understanding of concepts such as profitability, cost of capital, opportunity cost, 

et cetera, may also be necessary to support a mindset of long-term profitability based 

on investment and maintenance. (personal communication, February 23, 2012.) 

Specific technical education and training relates to the skills necessary for daily 

operations with a high level of work efficiency, while ensuring that products meet 

quality demands. It also includes the skills and practices to handle maintenance and 

routine reparations, and to identify potential improvement of equipment and work 

practices. 

Market demand 

A market can be analyzed with various tools. This discussion charts the territory using 

the Ansoff Matrix as a framework, where four different strategies are possible: 

Market Penetration, Product Development, Market Development, and Diversification, 

see figure 4.2.  

 

Figure 4.2: Ansoff Matrix. 

Market Penetration is to expand in the current market, with an existing product. Due 

to the very low average incomes, the domestic markets of Tanzania are typically very 

cost sensitive. It is therefore hypothesized that gaining market penetration in most 

cases must rely on a low pricing strategy. This is very achievable with electrification 

leading to improvements in productivity. (Mwakapugi et al, 2010.) For many 

enterprises, it is likely that production costs will decrease enough to increase 

profitability per unit even with significantly reduced unit price. It can therefore be 

assumed that market penetration will be part of the strategy for most, if not all 

electrification projects. This assumption is supported by previous research, see the 

section about growth in various business sectors on page 58. 
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Product Development is another strategy of the Ansoff Matrix. Compared to market 

penetration, it is often more demanding in terms of innovativeness and technology. 

No new markets are explored, but new products or improved versions of old products 

are brought to the market. Some examples of new or improved products that were 

observed or discussed during the village observations are internet cafes, welding 

services, stationery services, new furniture models, value-added food products, and 

shops or bars open after sunset. Own observations and previous research indicate that 

electrification can open up for a strong demand among local consumers for many new 

and improved services. It is likely therefore that this strategy will also be a part of 

most successful electrification projects. 

The third strategy of the Ansoff Matrix is Market Development, which is to enter new 

markets with existing products. This can include selling to town markets, 

supermarkets, hotels, et cetera in major cities and towns in Tanzania, or to expand 

into the export market. Both domestic and foreign markets should be considered, 

since they offer significant opportunities to increase revenues. Tourism could offer an 

opening for market development in the service sector. Market development in the 

strict meaning of the Ansoff Matrix may not be very common, since products are 

likely to require some modifications to be fit for these new markets. This puts the 

strategy in the Diversification corner, the fourth strategy of the Ansoff matrix.  An 

example of a minimum requirement for entering new markets is found in the food 

processing business, where product and production development in packaging and in 

quality control is typically necessary. The TFDA (Tanzania Food and Drugs 

Authority) has rigorous regulations for food processing, which must be met to obtain 

a TBS-mark (Tanzania Bureau of Standards). This mark is required to sell the 

products to supermarkets and similar outlets. (S. Mmasi, personal communication, 

February 21, 2012) New packaging may be necessary to facilitate long transports, but 

also to create a product that is attractive and has competitive edge in cities and foreign 

consumer markets. Packaging is related to branding (Runesson 2012), which may also 

be a crucial success factor for this kind of market expansion. Transport to new 

markets will require food processing or cold chains, adequate infrastructure and 

logistics, and some level of organization to provide sufficient volumes and reliable 

deliveries. One example of successful implementation of the diversification strategy 

in a larger scale is offered by the Bakhresa Group, which is discussed in more detail 

in the section about agro-processing (p. 59). To unleash the full potential and 

profitability of this segment, it may be necessary with a high level of business 

professionalism, innovativeness, and inter-business cooperation. A significant raise in 

quality of products and delivery services is an absolute necessity. Put together it is not 

an easy task but it may be financially very rewarding, and perhaps often a prerequisite 

for profitable electrification investments.  
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Infrastructure, Market Outlets and Supply Chains 

A number of sources have suggested that lack of simple services, which are often 

taken for granted in more developed economies, can constitute a very real threat to 

projects. These conditions must be thoroughly examined before any investment 

decision is made. A number of reports and interviewees mention infrastructure as a 

major impediment for investment in Tanzania (White, 2010) Roads flooded during 

the rainy season, supplies affected by changes in market conditions or government 

policies (e.g. withdrawal of subsidies), et cetera, can cause variability over time, 

which must also be considered. 

Technical Support 

Availability of technical support for follow-up investments, in terms of skilled staff, 

spare parts, and equipment cannot be taken for granted. Some interviewees have 

indicated that this has been a common reason for failure in previous development 

projects. Given the general scarcity of technical capacity, it is important to map the 

local situation before starting a project, and to follow up with assistance in training, 

network building, and other appropriate measures. 

One anecdote comes from Lugarawa hydro station, which was visited on February 10, 

2012. It is 100 percent owned by the Roman Catholic diocese of Njombe, and it is 

primarily intended to supply electricity to a hospital in the village. The villagers can 

also benefit from the power station. A broken shaft has kept the power station shut 

down for more than a year, during which time the people of the village, as well as 

many of the businesses, has suffered a lot. The hospital is run on diesel at very high 

cost. The shaft has been replaced a couple of times during that period, but the 

replacements have also broken. The diocese has an extensive national and 

international network and comparatively good financial capacity. It runs a number of 

businesses in the region. Yet this equipment failure has taken unproportionately long 

time to deal with. Thus, the Lugarawa example suggests that technical support can be 

a problem even in comparably well-managed projects, where there are strong 

incentives to keep equipment running.  

Local Conditions: Primary Commodities, Agricultural Conditions, Traditions 

The possibilities given by the local physical environment should be assessed and 

utilized. The suitability of various crops and farming practices depend on access to 

water (precipitation and aquifer depth and inflow), soil types and many other factors. 

Judging this requires agricultural expertise and the subject will not be treated in detail 

in this study. However, the importance of evaluating appropriate measures to realize a 

boost in agricultural output cannot be overemphasized. On the same note, local 

availability of various types of primary commodities should be considered to take full 

advantage of value-adding processes.  

The cultural backdrop must also be taken into account, in particular when proposing 

entirely new income sources. Traditions and skills can be an asset or they can 

constitute obstacles, and so can cultural concepts, such as social value attached to 
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different economic activities, or gender-based attitudes about the suitability of various 

professional tasks. 

Mike Laizer, Director General of SIDO, suggests that the presence of economic 

activity is a prerequisite for successful economic development efforts (personal 

communication, March 2012). This preexisting activity can act as a starting point, a 

backbone, or a theme for development. For example, establishing food processing, 

packaging, cold chains, et cetera for dairy products may be suitable if local 

subsistence farmers already have a focus on cattle. This idea is the basis for SIDO’s 

One District One Product strategy, which is based on the successful Japanese One 

Village One Product strategy. 

Institutions, Organization and Legislation 

Regulations and permissions need to be examined before any decision to invest. A 

network of stakeholders has to be established and their organizational capacity 

assessed. The risk of corruption should to be taken into account. See section 4.9 

regarding project risks. On a national level, functioning institutions, and 

organizational and legislative readiness for investment and business has been 

identified as an impediment for growth, with implications for local businesses 

(Development Vision 2025; White, 2010). One interviewee labels Tanzania a 

transition economy, en route from planned to market economy. (Informant A, 

personal communication.) Edquist and Edqvist (1979) identified sufficient 

organization as a necessary condition for successful technology implementation. They 

state that there must be a social carrier of technology, with an interest in choosing and 

implementing it.  

Rural Tanzania is organized in villages and the local investor is likely to be a village 

council or a similar group of people. Villages typically cover a large area of land with 

a central cluster of buildings surrounded by some smaller hamlets and solitary homes. 

Together, a few villages constitute a ward, governed by representatives from the 

village counsels. A number of wards make up a division, and the divisions are 

organized in districts. Tanzania has thirty regions, which are subdivided into well 

over a hundred such districts. Each village is governed by an elected village council, 

which has extensive authority. For example, it can institute local laws and taxes to 

support development projects. One example of this is the hydro power station in 

Mavanga village in Ludewa District, which was visited during the research for this 

thesis. A local law in Mavanga made it mandatory to contribute with labor time for 

the construction of the power station.  

Entrepreneurship and Culture of Investment and Maintenance 

According to many of the people interviewed for this study, there is no lack of 

entrepreneurial spirit in the society, in terms of drive to work to earn profit. This 

picture is supported by own observations and conversations with “people on the 

street”. What may be lacking in many cases, is a commitment to long term goals and a 

sense of control of the own situation – the idea that own decisions make a difference 
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and that individuals have a capacity to build a lasting base of personal progress. This 

is what is referred to as “Culture of Investment and Maintenance” in the heading of 

this section. Observations and interviews suggest that there is a tradition of hard work, 

but that there may be a lack of acknowledgement of the correlation between daily 

endeavor and gradual long-term wealth building. According to some scholars, lack of 

initiative may be a legacy from colonial oppression of the individual, and from the 

post-colonial Ujamaa policy which emphasized the common good to a level where 

individual pursue lost all value. (J. S. Mwanza, personal communication, February 23, 

2012.) It is also likely that economic initiative is suppressed to some degree by 

corruption, lack of legislative stability, and lack of correct treatment from authorities. 

For an investment project to be successful, there must be a mindset that values 

maintenance, gradual growth, and long-term commitment. This could be supported 

through business education, as suggested in the Education and Training section above. 

To maintain competitiveness in the modern economy, it is also necessary to embrace 

the idea of continuous improvement. In a world where the only constant is change, 

what is good enough this year is not going to suffice next year. Openness to new 

ideas, and some level of innovativeness are the foundations of this mentality. Issues of 

mindset and innovativeness are discussed in a number of reports, for example in 

Development Vision 2025 (1999), and it was also discussed with some interviewees. 

Sigisbert Mmasi at Temdo emphasized that there are large regional differences in 

business culture and innovation climate (personal communication, February 21). He 

stated that finding the right groups to act as early adopters, is important for a 

successful project launch. 

Local Acceptance 

Finally, user appeal and local acceptance are absolute prerequisites for building a 

sense of ownership, both of the process and of the actual investments. In Europe it is 

not uncommon to see development of natural resources restricted by local opinion, for 

example driven by environmental or cultural concerns. This may not be a serious 

issue in Tanzania. A number of interviewees indicated that if a project carries a 

prospect of economic development, then the public is often ready to accept 

disadvantages that are associated with the project. It is also not so common to value 

the recreational potential of untouched nature. (J. Sapula, personal communication, 

February 11, 2012) It is thus likely that electrification will be welcomed on most sites. 

However, it may be wise to be careful not to interfere with local taboos or traditions, 

and not to harm other sources of income, such as tourism. When investigating the 

local situation, it is important to remember that everyone has their own agenda. Thus, 

stakeholders who focus on benefits may disregard known objections. 

Local acceptance is not only a matter of planning, but even more so a matter of 

implementation. The key here is communication to build positive expectations and to 

intercept any complaints at an early stage. Interviewees have also indicated that staff 

problems and failure to meet project plans are possible pitfalls in this context. 



57 
 

A positive example of rural electrification projects comes from Thailand, carried out 

by the Provincial Electricity Authority (PEA). Initial contacts for their projects were 

made at provincial level and continued from there, gradually down to more local 

levels of administration. Direct personal contacts were especially important locally, 

just over village level. Village heads and residents were made active participants in 

the process from early investigation and survey stages. Communication was kept open 

through attendance in meetings at various levels and through the organization of own 

village meetings. Local people were hired where viable. The positive branding of 

PEAs effort was further reinforced through customer service after electrification. 

(Barnes & Tuntivate, 2007) 

4.4.2 Capacity Factor and Load Promotions 

The capacity factor describes how the (constant) generator capacity is matched to the 

(variable) output profile of the wind. The capacity factor was defined in section 2.1.3 

as the ratio of the actual output from the investment over time and the generator's 

rated output capacity. Maximizing the capacity factor is obviously not an objective 

when designing a wind turbine - it would be equivalent to fitting a small generator on 

a large windmill. When in service however, the capacity factor also depends on a 

number of other factors, and keeping it as high as possible is a strategy to maximize 

profit from the investment. To achieve this, first it is important to keep any 

interruptions of service to a minimum. Measures to accomplish this include things 

such as investing in robust, serviceable, high-quality equipment, following 

maintenance schedules, having access to spare parts and service staff with short 

notice, and so on. 

Another way to obtain a high capacity factor for a mini-grid power station, is to make 

sure production and consumption are matching each other as closely as possible. This 

can be done by adjusting consumption to production or vice versa. For example, peak 

hours for electricity load profiles may occur in the evenings, when families gather in 

their homes, turn lights on, and do other activities that use electricity. Load promotion 

strategies can be used to adjust and smoothen (and to maximize) consumption. Load 

promotion means that potential users are encouraged (usually through education and 

information) to utilize the available hours of electricity to their full productive 

potential. Common target activities are grain mills, irrigation pumps, and small 

household industries (Mwakapugi et al, 2010, p. 30). Pumping water to irrigation 

dams is an activity that can kick in at any hour of the day (or night) when the capacity 

is underutilized. It can thus serve to make consumption follow production and 

potentially raise the capacity rate to its technical limit. Any activity that can work 

with a randomly intermittent profile (battery charging, certain drying, heating, and 

cooling processes, etc) can fill this function. Adjusting production to consumption is 

an alternative, for example by having a secondary power source with high capacity 

and a short response time. 
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4.4.3 Growth in Various Business Sectors 

Agriculture 

Growth in agricultural productivity is an important part of the proposed model for 

economically sustainable electrification. How then is growth stimulated in this key 

sector? And what effects can be expected from electrification? To answer these 

questions, it may be useful to study the general mechanisms of the green revolution. 

Research from previous electrification projects in East Africa may also be valuable. 

Before that, we start with a short introduction to the situation of agriculture in 

Tanzania today. 

In official figures, agriculture is only the second largest sector by contribution to GDP 

in Tanzania (MKUKUTA II, p 7). However, the poorest people of the society are 

found among the rural subsistence farmers, and the need to accelerate growth in this 

sector is emphasized in government policies (ibid). This is further stressed in the 

official Kilimo Kwanza policy (“Agriculture First”). Growth in this sector is lagging 

behind at 4.2 percent average in 2002 – 2010 (NBS, 2011a). This may sound high, but 

it is less than in other sectors and it is only 1.3 percent over the population growth rate 

in 2010 (NBS, 2011b). In 2007-2008, it was estimated that more than two thirds of 

the Tanzanian population have their livelihood from agriculture (NBS 2010). This 

means that any per-capita improvement in productivity will have a large impact for 

the GNI as a whole. The two major food crops are maize and rice (ibid). There is 

much room for improvement. 40-60 percent of the production of fruits and vegetables 

goes to waste because there is no system to bring them to the consumers in time. (J. S. 

Mwanza, personal communication, February 23, 2012.) The remedy for this lies in 

infrastructure, processing, packaging, and other measures. Cold chains could be a part 

of the solution for some crops in some locations. Lack of business thinking and 

customer focus is however an obstacle. (Ibid.) 

The green revolution that started in the 1960s had a profound impact on many 

developing countries, especially in Asia. Some of the driving forces behind this 

development were crop research, infrastructure and market development, and policy 

support. Fertilizers, irrigation and pesticides were critical components. (Pingali, 

2012.) Other scholars mention technological changes, leading to improvements in 

labor output and added value. However, the green revolution has so far not had any 

significant effect on Africa. New varieties of rice and wheat were important factors in 

Asia, but these crops are not as suitable for African conditions. Apart from the lack of 

improved plant varieties, some other ecological obstacles that have been identified for 

an African green revolution are drought, diverse ecologic conditions, inferior soil 

fertility, and unique pests and diseases. On another level, obstacles are of a more 

institutional and organizational character. (Ejeta, 2010.) Some scholars suggest that 

the system of inhibiting factors in Africa, in terms of incentives, organization, 

available crop varieties, et cetera, has changed drastically in the last few decades, and 

that the continent now is ready for a leap forward. (Pingali, 2012)  
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As described above, the green revolution was based largely on new varieties, 

fertilizers, and other factors that are not directly connected to electrification. In this 

study, irrigation technology is one potential direct driver of growth in agricultural 

output. There are also a number of indirect benefits that could be realized. A study 

from Mpeketoni in neighboring Kenya (Jacobson et al 2008) gives some indications. 

A system approach is necessary to understand the mechanisms. For example the 

number of tractors was multiplied in Mpeketoni within a few months following 

electrification. Now, how are tractors (diesel powered) linked to electricity? One 

farmer says that the possibility to offer local welding services was the key to 

mechanization. Before electricity people were worried about the risk of major break-

downs in this rather remote area (100 km to nearest service spot). Similar system 

effects were observed in Mpeketoni within the fields of banking services, food 

processing, cold chains, et cetera, leading indirectly to a raise in agricultural output. 

Today there are also a new sets of technologies that could be considered, especially in 

ICT. Precision agriculture techniques are methods where GPS positioning and modern 

information technology are used to get more output from less (but more exact) input. 

It may sound a bit too high-tech in this context, but so did mobile phones not too 

many years ago, and at the time of writing eastern Africa is years ahead of Europe in 

mobile banking and payments. Perhaps a far shot, but it may be hypothesized that, as 

technology dispersion moves on and cost of components keep falling, locally adjusted 

precision agriculture could become a hallmark of a future African green revolution. 

The conclusion about the relationship between electrification and growth in 

agricultural output is that a correlation exists, but it is difficult to use previous studies 

to make any quantified forecasts. Local conditions are diverse and should be carefully 

analyzed to estimate if, and how, such growth can be accomplished. Agricultural 

expertise should be engaged to map the territory and develop local strategies. At the 

same time a systems approach will be necessary, looking at agriculture in a 

comprehensive business context. The multiple key factors hypothesis described on pp. 

50-56 may provide some guidelines. 

Agro-Processing 

As mentioned in the previous section, agricultural productivity is closely linked to 

related economic activities, such as agro-processing, which includes packaging, cold 

chains, and any similar process that raises the market value of the produce. The 

Ansoff matrix, described in the market demand discussion on page 52 (Market 

Penetration, Product Development, Market Development, and Diversification) can be 

applied to product strategies and production strategies for the agro-processing sector. 

Market penetration appears to be the obvious option, due to cost reductions that are 

available with electrification, but it is suggested here that the diversification strategy 

may be the most important to focus on, to realize economically sustainable 

electrification. 

Substantial cost cuts, hypothesized as a necessary component in market penetration 

strategies, have been reported in previous research on rural electrification. Maize 
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milling could serve as an example of an activity where cost cuts are easily available 

with electrification. The investment costs are comparably small, since electric motors 

can be fitted on old equipment, see figure 4.3. All the villages that were visited in this 

study do the hulling and milling by machine. It seems that hand milling may be a 

practice disappearing in Tanzania, if not already extinct. Non-electrified villages use 

machines powered by diesel engines with belt transmission. Another option is to take 

the maize to a mill in town. In Utalingoro village, approximately 13 km outside 

Njombe, the cost to mill maize locally is TZS 1 500.- per 20 liter tin. An electric mill 

in Njombe charges TZS 700.-, indicating that a saving of more than 50 percent would 

be possible on milling costs, after electrification. For the peasants of Utalingoro, the 

transportation cost to Njombe is prohibitive. Savings on similar levels have been 

reported in previous research, as discussed in the SME section on p. 61. 

 

 

Figure 4.3: Maize huller in Mavanga Village in Ludewa District. The electric motor to the right in the 

picture has replaced the old diesel engine. Belt transmission connects to the huller. 

As suggested, the diversification strategy (new products in new markets) may in many 

cases be necessary for economically sustainable electrification projects. There are 

many examples to be found, some of them represented on the shelves in the dairy 

section of supermarkets in Dar es Salaam. The Tanzanian Bakhresa Group could 

serve as a role model for how to use technology and improved infrastructure. In an 

interview with Jaffari Mwanza from Arusha Technical College (personal 

communication, February 23, 2012), he explains that their juice is sold in 

supermarkets under the Azam brand name, at prices significantly below imported 

juice. Fruits are picked in the late afternoon and evening in Lushoto in Tanga Region, 

where the climate is cold. The fruit is collected early in the morning, before 

temperatures start to rise, and transported to Dar es Salaam in refrigerated trucks. The 



61 
 

roads are good so this is only a 5 hour drive. The fruit is still very fresh when arriving 

at the plant in Dar es Salaam. Azam has also started importing fruit cutters with 

integrated collection buckets, to make careful picking an easy task. They have their 

own agricultural extension officers to create quality awareness among their farmers, 

and they do marketing research. Step by step they have moved into new product 

areas, such as bread and cakes, ice cream, coconut juice, and so on. 

There are significant challenges when implementing the diversification strategy on 

village level. Further investments and training will be required, as well as access to 

markets, distribution channels, et cetera. For exports, the facilities must be modified 

to meet the requirements from TFDA. New packaging and training in quality and 

hygiene routines will also be needed.  

As for the product development strategy of the Ansoff Matrix (without market 

diversification), no examples from the agriculture sector were found in this study. 

This is not to say that the phenomenon is non-existent. It could be argued that it is 

likely to occur, following new cultural influences and rising living standards. 

Quantifying economic gains in the agro-processing sector is almost as difficult as for 

agriculture itself. The above described 50 percent cut in milling costs in Njombe 

could be a guideline. Some findings from previous research on rural SMEs are 

described in the section below. 

SMEs 

A key concept for developing rural SMEs is value added. When analyzing SME 

product and production strategies, the Ansoff Matrix from p. 52 can be applied again. 

As for the market penetration strategy, it is clear that electrification opens a potential 

for considerable reductions in production costs. Many village SMEs are using diesel-

driven equipment and can therefore reduce costs by converting to electricity. Diesel 

and electricity prices are compared in section 4.6. Others are using hand tools, in 

which case there is usually a potential for productivity gains when converting to 

power equipment. Lwangu village outside Njombe, which was visited for this thesis 

project, provided two examples of business that can reduce costs and develop their 

services through these mechanisms. The village had a few privately owned gen sets, 

and some solar PV installations. People were currently waiting to be connected to a 

local grid, powered by a planned hydro power station in the vicinity, but the time plan 

for that was still pending. According to the interviewees in Lwangu, almost every 

home had a radio and at least one cell phone. Two businesses were visited. The first 

one was a bar, using a diesel generator, see figure 4.4. The second one was a 

carpentry workshop, using no electricity, see figure 4.5. The owner of the carpentry 

workshop explained that he had enough money set aside to buy two or three 

stationary machines immediately when the village gets connected. The general 

impression from the short study visit was that a bottleneck situation had been built up, 

and that Lwangu was very ready to benefit from both cost cuts and new business 

development.  
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Figure 4.4: Entrance to the small bar in Lwangu. Two gasoline generators serve a TV set, a DVD 

player, a stereo, and a 2 W LED light inside the 3x5 m room. 

 

 

Figure 4.5: Onesmo Nyengela, carpenter in Lwangu, demonstrates how to rip planks with a hand saw. 

Bent curves are chopped out with a machete and finished with a spoke shave. The example provides a 

clear illustration of the reality behind the 200 percent increase in productivity that was observed in 

Mpeketoni. 
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The previously mentioned study from Mpeketoni (Jacobson et al, 2008) gives some 

indications on how to quantify cost cuts and productivity gains for small SMEs. Nine 

different products from twelve carpentry and five tailoring businesses were studied. 

The increase in productivity varied from 50 percent to 200 percent for the nine 

products. Revenue was raised 20-70 percent, and sales prices were lowered 9-25 

percent. 

Some new products were also introduced in Mpeketoni, that were not possible to 

manufacture without electric equipment. This falls within the product development, or 

the diversification strategy. When visiting Mavanga village in the Ludewa District, a 

number of new businesses had started, following their electrification. One example 

was stationery services, with three local shops, se figure 4.6. They offer 

photocopying, printing, CD-burning, and similar services. There is also a welding 

workshop, working with things such as bicycles, motorbikes, cars, gates, et cetera. 

Other businesses that have benefited include carpentry shops, hair saloons and an oil 

press for sunflower oil. 

 

 

Figure 4.6: Semi commercial setup in a room next to the road in Mavanga. There is one desktop 

computer and one laptop connected to a flat screen to compensate for its own broken screen. There are 

also a couple of very large loudspeakers, which were used to their full potential when we first arrived 

in the village. The equipment is privately owned but also used to provide some services on a 

commercial basis. 

As the examples point out, SMEs can provide a vital support to the economic 

activities that must support economically viable wind power projects. An example 

from the Ribáuè district in neighboring Mozambique shows that in some locations, a 

larger SME can also be a necessary key component in the equation. A study from that 
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project came to the conclusion that it is possible for rural electrification projects to be 

economically viable, but a necessary condition is preexisting suitable business activity 

(Mulder & Tembe, 2008). In the Ribáuè example, the necessary key customer was a 

local cotton mill, which contributed with about one quarter of the economic benefits.  

4.5 Feasibility in Other Applications 
Use in other settings than villages has also been discussed during the course of this 

project. No detailed research has been done on this subject, but some potential target 

business areas have been identified. It is assumed that these businesses already have 

access to electricity, and that they are economically viable. The strategies for 

profitability that were discussed in the previous chapter are therefore not relevant. The 

decision here is not to obtain electricity, but whether or not to switch to wind as an 

alternative power source. Decisions will be based on opportunity cost in comparison 

with the existing source of electricity. Chapter 4.11 deals with capital budgeting, 

relevant for these decisions.  

Adding new power sources while keeping the old ones will add robustness and 

reliability to the system, and this should be quantified and taken into account when 

calculating the opportunity cost. Reliability of electricity supply has been an urgent 

issue in recent years. Frequent planned and unplanned load sheds are causing 

economic damage. In July 2011, the Confederation of Tanzania Industry (CTI) 

reported that, for the manufacturing industry, problems with the electricity supply 

caused 31 billion TZS (over 20 million USD) in income losses, and 7 300 lost jobs 

annually. The economic impact from hampered investments is assumed to be even 

larger. (Kimambo et al, 2011) A number of official investigations have identified the 

electricity sector as a top priority area for reforms to improve investment climate 

(White, 2010). Own diesel generators are often used for backup power for critical 

activities, but fuel costs are high. It is likely that there is a demand for alternative 

power sources among companies that are squeezed between a dysfunctional national 

grid and the costs of fossil fuels. 

4.6 National Electricity Market 
The relevance of this section is twofold. Firstly, it is interesting to estimate the future 

electricity market to assess the long-term benefits of wind power. Will villages be 

connected to the national grid in the near future and if so, will the cost of wind power 

still be competitive? Secondly, it is necessary to know the alternatives to be able to 

estimate alternative cost. Even if wind power investments are considered profitable, it 

is possible that connection to the grid is viable, or that a small diesel generator is more 

appropriate for certain applications. Or maybe the local needs are better met with 

investments in hydro or solar power, given the demand and the available resources. 

For already electrified businesses, a comparison with existing energy sources will be 

central to investment decisions. 
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It can be assumed that the speed of future electrification is dictated both by push 

parameters and pull parameters. Examples of push parameters include availability to 

funding, political will, et cetera. Pull on the other hand, comes from the electricity 

consumers, and is based on readiness among households and businesses to use and to 

pay for electricity. It has been discussed in various previous contexts in this thesis that 

Tanzania is a highly diverse country, and this holds true in the case of the readiness 

for electrification too. For instance, the proportion of rural households that have 

modern energy appliances (cell phones, water heaters, irons, et cetera) is 21.7 percent 

in the Tanga region, whereas it is a mere 0.5 percent in the Mtwara and Rukwa 

regions. (Rural Energy Agency, 2011) In a nationwide inquiry made by REA, 92 

percent of the respondents stated that they were willing or very much willing to pay 

for energy services (ibid). 

As for electrification through the national grid, it is not easy to make any forecasts 

under the current situation. The energy market has been outlined in sections 2.3.3 and 

2.3.4 of the Background Theory chapter. There are government plans to increase the 

level of electrification for the whole population from today’s official figure of 14 

percent to 50 percent by the year 2025. (Mwakapugi et al, 2010). However, an 

anonymous official source who was interviewed for this thesis, and who works with 

electrification issues, says that this is not possible. With the current situation in terms 

of regulations, functioning authorities, and corruption, it will be difficult to meet this 

goal even in a longer perspective. Thus mini-grid and off-grid will be feasible for at 

least the next 50 years. (Informant B, name withheld.) Projections made by 

Mwakapugi et al (2010) suggest that the total electrification level, grid and non-grid, 

will be 22.8 percent by 2020, while rural electrification level will be 9.0 percent. It is 

generally agreed that Tanesco has a problematic situation for a number of reasons. 

Tariffs have been suppressed, probably by political pressure, and the company is 

loosing money. Even after a 40 percent raise in tariffs in early 2012, electricity is still 

sold at a price below production costs. This means that there are implicit subsidies for 

the grid electricity, which only reaches the wealthier 14 percent of the population. The 

emergency power plan, which was politically initiated, and implemented starting in 

November 2011, has added power plants running on expensive fuels such as diesel 

and jet fuel. (Kimambo et al, 2011) Official investigations have come to the 

conclusion that tariffs need to reflect actual costs, rather than being decided on the 

political level. (Ibid; Ridgewater Capital Projects Limited, 2010) Recurring droughts 

have lowered the capacity repeatedly, since a large portion of the electric capacity is 

based on hydropower. Lack of repairs and maintenance (R&M) is also causing 

problems (Ridgewater Capital Projects Limited, 2010). The conclusion of all this 

when put together, is firstly that the growth of grid electricity will be slow in the near 

future, secondly that real tariffs will increase in the long run to reflect the actual costs, 

and thirdly that load shedding and unreliable supply will continue to be a problem in 

years to come. At the time of writing the price for Tanesco’s electricity with the 

“general usage tariff” is TZS 221.-, or approximately USD 0.14  per kWh. (Retrieved 
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from Tanesco web page on October 3, 2012). Including 18 percent VAT, and 1 

percent EWURA and 3 percent REA levy, the price is about USD 0.17 per kWh. 

Besides grid electricity, the two main technologies in use are generator sets (46 

percent of non-grid market) and solar PV (50 percent). Wind comes on third place at 

3.5 percent of the non-grid market. (Rural Energy Agency, 2011). It is difficult to 

predict how solar PV will develop, but as Tanzania is located right next to the 

equator, the raw material is abundant. Prices have dropped significantly in recent 

years and it is likely that they will continue to do so, even if there are indications that 

current prices may suppressed by subsidized Chinese production. The high market 

penetration for solar PV could be interpreted as an indicator of the long-term viability 

of the technology. It is primarily used for very small consumers, typically for 

charging cell phones and sometimes for lighting and other purposes. (Larger off-grid 

consumers often use diesel.) Currently and in the near future, solar PV is not 

economical for production on a larger scale, as needed by most SMEs. 

Generators sometimes run on gasoline, but more typically on diesel. At the time of 

writing, the cost of diesel in Tanzania is approximately USD 1.25 per liter. The 

energy content of diesel is roughly 36 MJ/liter. This gives a price per kWh at USD 

0.125. If the thermal efficiency of generators is in the range 25-50 percent, the cost 

per kWh of electricity will be between USD 0.25 and 0.50. Compared to wind and 

solar, diesel electricity investment costs are low and the fuel represents the major part 

of the cost. According to Mwakapugi et al (2010), the cost for diesel electricity was 

TZS 415.- per kWh in 2009. Adjusted for inflation, that is approximately USD 0.38 in 

today’s money. As discussed in section 2.1.1, costs for fossil fuels are also likely to 

rise in years to come. 

4.7 Wind Conditions 
The availability of wind is central to feasibility studies for wind power. These studies 

are site specific and very extensive, and thus fall outside the scope of this thesis. 

Some data has however been collected regarding Tanzania’s wind conditions. Mean 

wind may be the first parameter that comes to mind, but other metrics are equally 

important. Most sites have regular patterns for daily and annual periodic variations. 

How large are these variations, and how do they match the load profile of the 

electricity users? Is the local wind very gusty? Amplitude and frequency of extreme 

winds affect how much time the turbine will need to be out of operation. Since the 

power output is proportional to the cube of the wind speed, small differences can have 

a big impact on the economic viability. 

According to Dr. Reuben Kainkwa at the Physics Department at the University of Dar 

es Salaam (personal communication, February 2, 2012), it is often repeated by 

politicians and media that Tanzania has good conditions for wind power, but this 

claim has limited scientific support. In fact, the amount of available wind statistics is 

rather small. Research has indicated that there are a number of sites where wind 

conditions are feasible, but no general conclusions can be made for the country as a 
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whole. Tanzania Meteorological Agency (TMA) has data for a large number of sites, 

but it is not specifically collected or organized for wind power. Wind speed is 

included, but only for one level, close to the ground. Tanesco has very fine statistics 

from a small number of sites, taken at 10 and 30 meters simultaneously. These 

datasets can be purchased for USD 3 000.- per site. Wind speeds as a function of 

height can be estimated through extrapolation or interpolation. The following 

equation is often used for engineering purposes (Kainkwa, 2007): 

   
  

  
  
  
 
 

 
 

(4-1) 

 

where vx is the wind speed at height zx, and vr is the known wind speed at the 

reference height zr. The exponent α is typically around 1/7. However, the value varies 

with vertical atmospheric stability, surface roughness, and height, so equation (4-1) 

has limited validity and other models are also used to estimate vertical wind speed 

gradient. (Frank et al, 1997.) 

The Danish research center RISØ, in cooperation with MEM and Tanesco, performed 

wind measurements in four different sites between the years 2000 and 2003. The best 

conditions were measured in Karatu and in Mkumbara (near Mkumazi, between 

Moshi and Tanga), with annual mean wind speeds at 5.5 m/s and 4.9 m/s respectively. 

(RISØ National Laboratory, 2003) The RISØ study also covers offshore wind data 

from satellite measurements. Monthly average wind speeds at 10 m over sea level 

vary between 5 and 9 m/s. The annual mean is 6.4 m/s. Although the variation during 

the year is significant, the spatial gradient along Tanzania’s 500 km coastline is rather 

small. These are estimations of wind speeds 50 km offshore, but they may give some 

indication on the conditions along the coast and on offshore islands. The stated 

accuracy is 2 m/s. (Ibid) Other potential locations, mentioned by Dr. Kainkwa, 

include Singida and Makambako. A site in Makambako was surveyed from March 

2001 to December 2002. During that period, the average wind speed was well over 10 

m/s. Annual patterns were revealed and the lowest monthly mean was almost 6 m/s 

(January 2002), while the highest monthly mean was over 14 m/s (October 2001). 

(Kainkwa, 2007.) REA has performed a pre-feasibility study and selected six 

locations around the country for further investigation. These sites are believed to have 

a potential for wind power. (J. Uisso, personal communication, January 27 and 

February 7, 2012.) Some simple methods used for site selection by the team from 

RISØ can be replicated when doing a preliminary assessment of feasibility on various 

spots. Methods include (RISØ National Laboratory, 2003): 

 Wind data 

 Experience-based indications from topographical maps 

 Observed landscape indicators: Shelter belts, flagging trees, tethered roofs, et 

cetera 

 Interviews with locals 
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It is suggested here that these methods are only used for tentative estimations. Before 

development projects are launched on any specific sites it is necessary to do thorough 

local feasibility studies. This will require meteorological experts to be involved in the 

project. 

4.8 Funding 
Tanzania’s commercial capital market is problematic according to the experts who 

were interview for this study. Interest rates are high and the inflation rates are high 

and fluctuating. In July 2012, the inflation was 15.7 percent per annum and in June it 

was 17.4 percent (Bank of Tanzania, 2012a) 

The financial capacity of rural villagers appears to be so low that it cannot contribute 

in any useful way. There are however some examples of projects where people 

instead have participated with their labor and with material as a part of the 

investment. Two such sites were visited as part of this study: Mavanga village where 

the contribution was 20 percent of the investment, and Mapembasi hydro site, where 

villagers assisted in hand digging a canal for a run-of-the-river hydro station. 

Some of the expert interviewees suggest soft loans and similar instruments, 

administered by multilateral development institutions such as the World Bank. Justina 

Uisso at the Rural Energy Agency estimates that some sort of subsidies will be 

necessary for poor people in rural areas. REA has subsidies for contractors in the rural 

energy sector (personal communication, January 27, 2012). Barnes (2007) claims that 

most electrification programs in the world have included some form of subsidies, but 

that there are many pitfalls that can make such subsidies ineffective, and sometimes 

even counterproductive to some goals. There are however also many positive 

examples of effective, efficient and equitable subsidies (ibid). Rural off-grid 

renewable solutions are high on the official agenda in Tanzania and it is suggested 

that some form of government financing should be provided to reach poor households 

(Rural Energy Agency, 2011). As of 2010, rural electrification was supported by 

Danish, Swedish and Japanese bilateral development agencies, as well as multilateral 

African, European and UN organizations. (Ibid) REA is also getting a substantial 

contribution to its budget from a 3 percent levy on all Tanesco electricity sold. The 

time frame of this study has not allowed for any detailed investigation of funding 

from governments and development partners, but the overall picture is that there are 

options available, provided the technology and business model are considered enough 

promising by the prospect funders. 

4.9 Project Risks 
No formal risk analysis has been performed as part of this project, but a few hints and 

indications have surfaced in interviews and in literature studies. One issue that is 

often discussed when expanding into certain markets, in particular in the developing 

world, is corruption. It has been listed as a medium priority target for reforms to 

improve business climate in Tanzania (White 2010). It is reported to be found in 
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 government procurement, 

 regulatory and licensing procedures, 

 privatization processes, 

 taxation administration, and 

 customs clearance and the ports. 

 

An electrification project is likely to deal with all the above situations, apart from 

privatization. However, some informants argue that it is not likely to be a major 

obstacle to the Smiab enterprise. Some anecdotal information has been gathered from 

interviews, newspaper articles and direct observations. These examples fall into two 

categories: Some are high up in government hierarchies, where there is a large flow of 

funds to tap. Others are among public servants, such as police officers et cetera, where 

the amounts are small, but where under-table-money has become the norm. All in all, 

the conclusion is that it is prudent to be aware of the situation, but that this particular 

risk should not be exaggerated. 

There is a set of internal project risks that should be given more attention. The 

complexity of the project as a whole makes it less robust. The business will operate in 

a multiple stakeholder environment, rather than a simple supplier-customer relation. 

Natural resources, technology, economic prerequisites, and social parameters must 

match up. Both the business model and the technological innovations are new, and 

will be applied in a market that is partially new to the key stakeholder. This is a 

diversification strategy on a high level. Thus it is a high-risk enterprise, although all 

the components of the project may seem promising and viable taken one by one. 

Competition has not been investigated in detail, but no wind power projects of similar 

scale have been observed. Existing and planned turbines are typically small, in the 

scale 100 W – 5 kW rated output, or very large and intended for wind farms 

producing for the national grid. In the latter case the turbines are, at the time of 

writing, usually still in a planning stage. (Kimambo et al, 2011) It appears to be more 

relevant to consider competition from solar PV or other sources of energy. 

4.10 Social Development Effects 
It is hypothesized here that as a rule-of-thumb, in a sound legislative environment, a 

business that is profitable will typically yield positive effects to society outside the 

business itself, but that the magnitude and type of these effects vary considerably 

depending on a number of factors. Exceptions to this rule may exist, for example 

when businesses are not socially or environmentally sustainable. Positive effects may 

include: Poverty alleviation, creation of job opportunities, tax yields, technology and 

knowledge transfer and development, construction of infrastructure, removal of 

industrial bottlenecks, strategically important head start in the introduction of 

environmentally sustainable technology, et cetera. Negative effects that should be 

avoided could be things such as land grabbing, irreversible damage to ecosystems, or 

incentives and opportunities for corruption. In the investigation for this paper, 
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improvements in health and education and lowered fertility rates stood out as the most 

conspicuous of the positive social development effects from electrification. 

When visiting Mavanga village in Njombe region, Bruno Mkolongo, chairman of the 

village power station, was interviewed with some other villagers. He discussed the 

improvements in health and education that have come with electricity. Health workers 

tend to stay longer now when there is electricity. The new refrigeration capacity also 

means that more medicines can be kept in stock in the local dispensary, and thus be 

available for people with short notice. The easily available light has given the children 

of Mavanga more time to read. School results have been affected, and more children 

are passing the national exams by the end of the seventh grade today, allowing them 

to continue to secondary school. Because of this, the village has built its first 

secondary school. Teachers also stay longer thanks to the electrification, since their 

quality of life in the village is better than previously. It is also possible that 

electrification and lighting can provide better perceived or real security, especially for 

women. Another effect is increased access to media channels, such as Internet, TV, et 

cetera. This could serve to strengthen democracy, educate, and enrich local culture, 

but it could also cause too rapid change, and social turbulence. (B. Mkolongo, 

personal communication, February 10, 2012.) 

The progress in health and education reported by Mr. Mkolongo, corresponds well to 

what is reported in the literature (Mwakapugi et al, 2010) A correlation between 

electrification and falling fertility rates is also established. One example comes from 

the Misamis Oriental Province in the Philippines, where a study revealed a drop from 

46 births per thousand people per year to less than 30 in the four years following 

electrification (Herrin, 1997).  Another study, from Brazil, investigated the 

relationship between a number of development indicators and fertility. It was found 

that the two most important parameters were female education and electrification. 

(Cavenaghi et al, 2002.)  

4.11 Capital Budgeting for Turbine Owners 
The economic analysis in this thesis took its starting point in the idea that 

electrification can create enough revenue to pay its own investment costs. To test this 

hypothesis, an attempt was made (in section 4.4 – Profitability on Village Level) to 

quantify the anticipated revenue gains. This approach gave some valuable input, but 

exact figures proved difficult to estimate. In the following pages the approach is 

somewhat reversed. It is assumed that electricity will be put to some beneficial use, 

and that this will lead to the ability and the willingness to pay a certain price per kWh. 

Other necessary parameters are then estimated and the Net Present Value (NPV) 

method is used to estimate under what conditions the investment is profitable. Capital 

budgeting is useful for investors, e.g. village counsels. Government stakeholders that 

contribute financially may have strategic, political, and long-term priorities that 

render the method irrelevant (L. Aldman, personal communication, January 29, 2012). 
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Input parameters 

The values listed below are suggestions. To produce a more correct prediction of 

profitability, they should be adjusted when actual circumstances become known. 

PR – Rated Output  

The current design will have a 60 kW generator. The system is very modular so this 

can be altered according to local needs. 

η – Capacity  Factor 

These are typically in the range 20-40 percent. See sections 2.1.3 and 4.4.2 for a 

description of this concept. It is estimated at 25 percent here. The assumption is that 

effective load promotion strategies have been implemented and that there is a 

sufficient secondary power source. 

n – Economic Lifespan  

This is set to 20 years, which is probably a reasonably careful estimation for such a 

robust technology. At the end of this time, it is likely that the wind turbine will still be 

operational and represent a monetary value for the villages. For these calculations, a 

cautious strategy has been chosen and the residual value will be considered zero. 

r – Discount Rate 

This is the real interest rate, which is the monetary interest rate minus the rate of 

inflation. Discount rates are primarily set to reflect the expected profit from an 

investment. This is not relevant in this case, since the power stations are collectively 

owned and operated by the users. Profit is expected to come from economic activities 

based on electrification, not directly from selling electricity. However, if the 

investments are financed with a loan with an interest, then the discount rate must be at 

least as high as the interest rate. The discount rate should also account for risk, which 

may or may not be relevant depending on the exact conditions under which the 

investment is financed. It would be very beneficial if some external partner, e.g. a 

governmental body or development agency provided guarantees, so as to mitigate the 

risks for villagers and other commercial actors. Two scenarios are compared in the 

calculations: 5 percent and 0 percent discount rate. 

C – Contribution Margin per kWh 

This is the sales price for the electricity, minus costs associated with the sales 

operation. There are two benchmark price levels to relate to: the price for grid 

electricity from Tanesco and the price for producing electricity with a diesel 

generator. Current Tanesco price is approximately USD 0.17 per kWh and diesel 

electricity is estimated here at USD 0.40 per kWh. See section 4.6 for details 

regarding energy pricing. As discussed there, consumer prices for grid electricity are 

likely to rise over the next few years. For the calculations here, the contribution 

margin USD 0.17 (TZS 270.-) is used, reflecting a price slightly higher than current 

Tanesco level. 



 

 

72 
 

M – Operation and Maintenance (O&M) 

This is estimated at USD 5 000.- per annum, reflecting the cost for a technician’s pay 

and some tools, spare parts, et cetera. 

Main Overhauls  

It is estimated that some major overhauls and repair work will also be needed. In the 

model used here, two such overhauls are scheduled, after 10 and 15 years of service. 

The cost is estimated at USD 20 000.- each. 

Calculation of net present value 

All monetary values are expressed in today’s money (2012 USD). The annual kWh 

output is calculated by multiplying the rated output with the capacity factor and with 

the number of hours in a year. The annual cash inflow is calculated by multiplying the 

kWh output with the contribution margin per kWh. Finally, the annual net cash flow 

A, is calculated as the inflow minus the O&M costs. The whole equation is thus 

                   (4-2) 

 

For the zero discount rate scenario, the present value VP of the annual cash flow is 

found by simply multiplying A with n (the 20 years economic lifespan). If a discount 

rate, r is applied, then the present value is 

 
    

         

 
 

 

(4-3) 

 

For the two overhauls, the present value is calculated with the equation 

 
   

  
      

 
 

(4-4) 

 

where Vn is the USD 20 000.- cost of the overhauls and n is the number of years from 

the investment to the overhaul. The net present value of the entire twenty-year period 

is then calculated by subtracting the discounted costs for overhauls from the present 

value of all the future annual net cash flows. With the values assumed above the 

annual output is 131 MWh and the annual earnings USD 22 000.-. The annual net 

cash flow and the overhaul costs are annuitized, using equation (4-3) and (4-4), giving 

a USD 222 000.- net present value when using the 5 percent discount rate. For the 

zero discount rate scenario, the net present value is USD 337 000.-. If these figures 

are higher than the investment cost (possibly reduced by subsidies), then the capital 

budgeting model suggests that the investment will be profitable. It is important to 

notice that the starting parameters here are chosen somewhat arbitrarily, since the 

technology and the business model are not finalized yet. The obtained figures are 

therefore tentative at best.  
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For previously electrified businesses, the above model can be used, but the figures 

will be different. They are assumed to use the wind power only for their own 

operations, so the contribution margin will express their cost for the new power 

source. The discount rate will be much higher, reflecting risk, capital cost and 

expected rate of return. For example, if setting the contribution margin to USD 0.30, 

comparable to a very efficient diesel generator, with a real discount rate at 15 percent, 

the net present value is USD 217 000.- 

4.12 Discussion and Conclusions 
This study has attempted to estimate the feasibility of Smiab’s wind power project. 

The core research questions were related to its profitability. The research has been 

aiming at finding the most relevant issues and outlining some central findings. The 

territory has been mapped, but as described in section 4.12.3 below, no definite 

conclusion could be drawn. This calls for further investigation, but given the 

complexity of parameters it should be acknowledged that research will only reach so 

far, and therefore final decisions must involve some amount of business intuition. 

4.12.1 Methodological Discussion 

A large amount of data has been gathered from previous research. Taken together, the 

validity of these sources can be estimated at a satisfactory level. However, this input 

has not been sufficient to attack the research questions comprehensively, and thus the 

conclusions rest heavily on expert opinions, anecdotal data from observations and 

qualitative interviews, and personal reflections, analysis and synthesis. The research 

plan has also been very fluid, continuously modified, both to adapt to what initial 

research has suggested is most relevant, and also to grab opportunities as they have 

arisen during the course of the project. When estimating the validity of such findings, 

concepts like confirmation bias and availability heuristics are relevant. Confirmation 

bias is the tendency to perceive information as more valid if it confirms an already 

established opinion. Research methods may be biased so as to find the expected data, 

or the data that is actually found may be interpreted so as to enforce the preferred 

explanation model. Through this mechanism, a statement of poor validity can be 

transmitted and reinforced between scholars. A statement can thus become “true” by 

being repeated many times. Information can be slightly distorted in a “Chinese 

whispers-manner” between senders and the recipients, so as not to contradict assumed 

hypotheses. Availability heuristics is the tendency to make conclusions based on the 

data that is most easily found. This mechanism is similar to anecdotal evidence, which 

is the tendency to make generalized assumptions, based on a set of observations that 

is too small to be representative, or even on a single observation. There has been an 

awareness of these issues throughout the project. Hopefully the problems have been 

sufficiently counteracted by a critical attitude, sober analysis, and triangulation (i.e. 

cross verification of findings and ideas from different sources, including different 

types of sources). 
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4.12.2 Research Suggestions 

If further research is conducted, more emphasis could be but on hypothesis testing 

and quantitative methods, as opposed to qualitative and hypothesis generating 

methods. By mapping and describing relevant questions, this study has hopefully 

paved the road for such research. The most crucial pieces of the feasibility puzzle that 

are still lacking, are the investment cost and the efficiency of the wind turbines. These 

are however questions better addressed with mechanical design than with field 

research. The most urgent questions to cover more thoroughly in the near future are 

the availability of the wind resource, and the potential for village level profitability. 

Detailed datasets for wind can be purchased from meteorological agencies. It is 

necessary to identify promising locations, and then to conduct detailed site-specific 

feasibility studies. It should be taken into consideration that these studies can be quite 

time-consuming. Village level profitability is a crucial parameter for the project 

viability. This thesis lists a number of hypotheses and findings that could provide a 

starting point and a framework for the research. The reference list contains a large 

number of reports that give some more details of the current knowledge about the 

subject. Some Tanzanian scholars who study related subjects have been interviewed 

for this project, and they could be contacted to assist in designing a research plan.  

4.12.3 Conclusions and Summary of Findings 

This section presents some important results from the business study. Findings related 

to the research questions are summarized. 

Economic Viability for Villages 

Costs and revenues are central to the economic viability. Since the revenues are 

difficult to estimate and the costs are still pending, no certain assessment can be 

made. The research on village level, described in section 4.4, clearly indicates that 

there is a potential for electricity to create a sharp rise in revenues, but that other 

factors also play an important role. The conclusion is that if the investment cost is 

reasonable, then electrification can carry its costs in some, but not in all sites. Also, it 

is not only important to carefully choose where to make the investment, but it may be 

even more crucial how the project is implemented, and how a positive impact on 

economic activities is supported. 

Conditions for Wind Power 

The findings indicate that the available wind resource may be sufficient in many 

locations in Tanzania, making wind turbines a feasible choice for electrification. 

However, there is limited data to draw from, so this conclusion should be regarded as 

tentative. There are also large variations in wind conditions from one site to another. 

Local feasibility studies must always be undertaken before any development project 

starts. 

Funding 

Due to the underperforming commercial finance markets, it is likely that all funding 

must be secured elsewhere. Tanzanian governments have a strategic interest in rural 
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electrification, so it is probable that REA or some similar agency will have to play an 

active role. Other potential partners could be bilateral development agencies, or 

multilateral institutions such as the World Bank. Funding should be secured through a 

combination of subsidies, soft loans, and perhaps other instruments from development 

institutions. 

Project Risks 

There are a large number of project risks. Although it has not been established that 

any of them is significant by itself, taken together this must be characterized as a 

high-risk project. The technology is new and, even if all the trials would show 

promising results, it still has not been tested under real long-term conditions. A 

number of stakeholders will be involved and must cooperate. The actual economic 

effects on village level are difficult to quantify. Wind regimes may be incorrectly 

assessed, or they may be impaired by climate change in the future. 

Social Development Effects 

A number of positive development effects can be expected from electrification, 

including improved health, lower fertility rates, and educational achievements. These 

effects are well documented from previous research. In the context of commercial 

electrification projects, positive social effects are particularly important for 

government agencies, development partners, and other non-commercial stakeholders. 

4.12.4 Recommendations for Stakeholders 

Smiab 

The business idea is promising and has a high potential, but it also comes with certain 

risks. Smiab should proceed, but they should do so cautiously. Given the company’s 

moderate size, and its correspondingly limited financial capacity, funds for the 

realization of further investments in the technology and the business should be 

secured from development partners, not by commercial loans. 

It is important to understand that, although electrification has a great potential for 

stimulating economic growth, it is not a self-playing piano. During the 

implementation phase in Tanzania, Smiab and its partners should play an active role 

in investigating and supporting sustainable economic solutions on the primary level. 

Selection criteria should be carefully defined to ensure that cooperation is established 

with the most promising candidates for electrification. A support organization should 

be established to provide education, business support, et cetera, to reinforce the 

economical sustainability of the projects. Hopefully, the discussion in section 4.4 

(Profitability on Village Level) of this thesis, could provide some useful input for that 

purpose. Detailed information and experiences from previous electrification projects 

can also be found in the literature in the reference list of this report. 

Tanzanian Governments and International Development Partners 

Given the anticipated effects on economic and social development, finding solutions 

for rural electrification should be of the highest priority for these stakeholders. Micro-
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grids and decentralized production makes a lot of sense in areas with low population 

density, where the cost for long transmission lines is prohibitive. This is especially 

true in Tanzania, where the national utility company Tanesco is under strain and is 

underperforming. It is recommended that these stakeholders turn every stone available 

in search for viable solutions to this urgent situation. Promising projects should be 

supported with funding, both for initial development and for individual on-site 

implementation projects. Investments should be supported with subsidies, soft loans, 

and other means. 

Villages and SMEs 

Given the risks, it cannot be recommended that village councils or small SMEs take 

commercial loans for investments in electrification. Unless they have own capacity to 

finance the investment, they need to seek cooperation with REA, or other 

development institutions, to secure funding for the entire cost of their electrification 

projects. Subsidies, soft loans, and similar solutions are the only acceptable methods, 

should the growth in revenue not fully meet the expectations. 

Other Businesses 

No general recommendations can be made for businesses that are already electrified. 

Decision to invest should be based on capital budgeting and estimation of opportunity 

cost. Projections of costs for grid electricity and fossil fuel should be taken into 

account, as should the added robustness of the electricity supply that comes with 

diversified power sources. 
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Appendix A: Product Design Specification 

Demands/Functions 

Function 1: Define motion path and carry load (geometry). 

Function 2: Transfer or generate force – actuate movement 

Function 3: Lock position 

Available locking positions can be continuously or discretely distributed over the motion path. It is a 

demand that the contracted wings are out of the way when raising and lowering the tower. It is an 

objective that they can come as close to the tower as possible, and that they are easily stowed and 

secured. Therefore they should preferably be designed so as to be free to move over the entire motion 

path without risking to interfere with each other. It is an objective that the motion is defined so that the 

wings can only be folded into the correct stowing position. 

Demands, restrictions and objectives 

Must carry loads with sufficient safety factor 

Objective: Keep the profile of the folded geometry as low as possible. To facilitate the lowering of the 

tower, components protruding over the top of the tower should be kept to a minimum.  

Requirement from Smiab: Avoid using wire rope, because of the risk of noise and vibrations. 

Desired properties and selection criteria – General  

 Aerodynamic properties and low drag 

 Mass (affecting rotational moment of inertia, friction losses, bending moments, and material 

costs) 

 Material cost, as a function of selected material 

 Manufacturing: How easily can components be manufactured? Can standard components be 

used? 

 Ease of assembly: How many fasteners are needed? How complex is the component structure? 

Are fixtures needed and how can they be applied? 

 Readiness for disassembly 

 Sustainability of material selection from an LCA perspective 

 Serviceability, exchangeability of parts, reparation aspects. 

 Robustness, failure modes 

Desired properties and selection criteria – Human factors 

The list below is applied to daily operations, as well as to service and repairs. 

 Inherent semiotic functionality and support for system awareness in the geometry and in other 

solutions. 

 Usability and clear design of semiotic functions of human-machine interfaces. 

 Physical ergonomics: Accessibility, work positions and biomechanical loads. 

Keywords for design and semantic functions 

Reliability 

Strength 

Efficiency  

Force and Energy 

Lightness and Elegance 

Wind and Air 

Africa and Tanzania; Bantu and Swahili Culture 

Scandinavian Design  
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Appendix B: List of Interviews and Study Visits 
Interviewees are listed in alphabetical order, with some short notes on the interview. The list 

also includes interviews that are not cited in the study. Full versions of interviews can be 

obtained from the author. 

 

 

Study Visits and Observations 

Kifung’a, planned hydro site 

February 9, 2012. Outside Njombe. 

Summary: Site intended for run-of-the-river hydroelectricity development. 

Lugarawa hydro power station 

February 10, 2012. Njombe region (halfway to Mavamanga). 

Summary: Power station has been out of operation for over a year due to a broken shaft. 

Risks of technical projects. 

Lwangu village 

February 11, 2012. Village outside Njombe. 

Summary: Non-electrified village, which has been waiting for connection to long-planned 

hydro station. Interview with group of villagers, five men and two women. Study visit to bar 

and carpenter’s workshop (See interview with carpenter Onesmo Nyengela). Current 

situation, economic activities, expectations. Business model of bar. Work methods and 

expectations of carpenter. 

Mapembasi planned hydro site 

February 12, 2012. Outside Njombe. 

Summary: Plans for 10 MW run-of-the-river. Private joint venture. Business model etc. 

Mavanga village 

February 10, 2012. Ludewa District, Njombe Region, 160 km from Njombe.  

Summary: Interviews with villagers and people working with the local micro-grid hydro 

station. Visits to computer service business and maize mill. See interviews with Bruno 

Mkolongo, chairman of the local hydro station, and Godfrey Mchimbi, technician. 

TDC Iringa 

March 13-14, 2012. SIDO Workshop. Iringa. 

Summary: History and background. Organization and staff. External cooperation. Market 

channels and strategies. Supply chains and procurement. Quality strategy. 

TEMDO 

February 16, 2012. Tanzania Engineering and Manufacturing Design Organisation in Arusha. 

Summary: Temdo’s three tasks - development and design, technical support, and education. 

Business incubator. Agricultural, food processing and other equipment developed in-house. 
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Utalingoro village 

February 9, 2012. Njombe District. 

Summary: Interview with two members of village council and an agriculture specialist. Walk 

around central village, including visit to a planned woodworking school, maize mill with 

diesel equipment, and the Kifung’a planned hydro site. Current situation. Needs and 

expectations. 

 

 

 

 

 

Interviews and Personal Communication 

Aldman, Lili-Annè 

Description of Interviewee: Researcher at the School of Business, Economics and Law at the 

University of Gothenburg 

Time and place: January 29, 2012. Telephone (Skype) interview, Sweden/Dar es Salaam 

Summary: Comments on capital budgeting, especially regarding government funded 

infrastructure. 

Epaineto, Toroka 

Description of Interviewee: Chairman of the Tanzania Gatsby Trust, previous Director 

General of SIDO 

Time and place: January 25, 2012, Dar es Salaam 

Summary: Research plan and contacts. Significant and relevant regional differences in wealth 

and also in economic equity. 

Eriksson, Rolf 

Description of Interviewee: Extensive experience from development projects, in particular 

from SIDA. Worked many years in Tanzania and has cooperated with Smiab during their 

previous period in the country. 

Time and place: November 22, 2011, Stockholm 

Summary: Success factors for development projects. Previous positive and negative 

examples. Business plan and strategy. Risks and opportunities. Public attitude to natural or 

other non-monetary values. Funding. Market introduction.  

Faiz, Wahida 

Description of Interviewee: Dar es Salaam resident and my host while staying in the city. 

Time and place: Discussions on various topics throughout my stay. Quoted statement on 

February 3, 2012 
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Fayadh, Samer al 

Description of Interviewee: First Secretary, Programme Officer for Energy, Swedish 

Embassy in Dar es Salaam 

Time and place: January 23, 2012, Swedish Embassy in Dar es Salaam 

Summary: Orienting discussion on various topics, including meteorology, CDMs (emissions 

trading), ongoing wind power projects, hydropower, natural gas, coal, electricity markets, 

finance markets, and NGOs in the energy sector. 

Havnevik, Kjell 

Description of Interviewee: Senior Researcher at the Nordic Africa Institute (NAI) in 

Uppsala 

Time and place: December 21, 2011, NAI, Uppsala 

Summary: Research plan. Entrepreneurial culture and feeling of ownership. Market, business 

models, funding. Revenue growth strategies. 

Horváth, Björn 

Description of Interviewee: Manager at Vi Agroforestry, Tanzania 

Time and place: February 4, 2012, telephone conversation: Dar es Salaam-Musoma 

Summary: Difficulties in estimating agricultural output. Previous failed projects. Niche for 

rural electrification in agro-processing. 

Kainkwa, Reuben 

Description of Interviewee: Senior Lecturer at the Physics Department, CoNAS (College of 

Natural and Applied Sciences), University of Dar es Salaam 

Time and place: February 2, 2012, and February 27, 2012, University of Dar es Salaam 

Summary: General availability of wind resources in Tanzania and specific conditions in some 

measured sites. Availability of more detailed data. Locally built small-scale crude windmills. 

Wind farms for grid production.  

Kilimo, Julius T. 

Description of Interviewee: Managing Director of REDCOT (Renewable Energy 

Development Company Ltd). 

Time and place: February 7, 2012, REDCOT Office in Ubungo Area 

Summary: Activities of REDCOT Existing small-scale wind turbines. Other popular means 

of off-grid electrification. Financing. Wind conditions. CDMs. 

Kimambo, Cuthbert 

Description of Interviewee: Head of Department, Mechanical and Industrial Engineering 

Department, College of Engineering and Technology (CoET), University of Dar es Salaam 

Time and place: January 27, 2012, CoET 

Summary: Study plan, further contacts, agrees to be local academic supervisor. Previous 

VAWT designs with variable wing radius. Availability of meteorological data.  
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Laizer, Mike 

Description of Interviewee: Director General of SIDO 

Time and place: January 24 and March 2012, SIDO headquarters, Dar es Salaam. 

Summary: Research planning. Factors that are necessary for, or support, economic 

development. 

Lloyd, Sofia 

Description of Interviewee: Agronomy student at the Swedish University of Agricultural 

Studies 

Time and place: January 30, 2012, Facebook chat, Tanzania – Sweden. 

Summary: Green revolution: Opportunities, underlying driving parameters, African 

conditions. 

Lyaruu, Honest 

Description of Interviewee: Engineer at TEMDO, Tanzania Engineering and Manufacturing 

Design Organisation. 

Time and place: February 20, 2012, TEMDO, Arusha. 

Summary: Temdos wind turbine project. Business incubator. Charcoal briquette making. 

Mkolongo, Bruno 

Description of Interviewee: Chairman of micro-grid hydro station in the village Mavanga, in 

Njombe Region. 

Time and place: February 10, 2012. Mavanga, 

Summary: Effects on conditions in Mavanga after electrification. Increased economic 

activities, changed living conditions, improvements in health and education, media 

consumption, cultural and social impact, village growth. Typical usage. Economy and 

organizational model for the hydro project. 

Mmasi, Sigisbert 

Description of Interviewee: Engineer at TEMDO. Incubator Project Manager and PhD 

student, about to initiate research on business incubators 

Time and place: February 21, 2012, Temdo, Arusha 

Summary: Business incubators. SMEs and start-ups. Success factors. Rural electrification. 

Food processing and packaging. Business culture and innovation climate. 

Mwamanga, Aloys J. 

Description of Interviewee: President of Tanzania Chamber of Commerce, Industry and 

Agriculture 

Time and place: January 25 and February 6, 2012, Dar es Salaam 

Summary: Research plan and contacts for further studies. Market potential of wind power. 

Organization and business plan of the planned hydro in Njombe, development plans, value 

added, agro-processing, agricultural output. Local peasants’ financial status and ability to pay 

for electricity. 
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Mwanza, Jaffari S. 

Description of Interviewee: External links coordinator, Arusha Technical College 

Time and place: Feb 23, 2012, White Sands Hotel, Dar es Salaam 

Summary: Mindset and business thinking. Bottlenecks and opportunities to village economic 

growth. Funding. Agro-processing and value added. 

Nchimbi, Godfrey 

Description of Interviewee: Technician at the hydro station and micro-grid in Mavanga 

village, Njombe Region. 

Time and place: February 10, 2012. Mavanga. 

Summary: Background and education for technicians. Technical problems encountered. Spare 

parts and supplies. Security, theft and guards. Capacity of power station and coverage of 

electrification in the village. 

Nyari, Aloyce 

Description of Interviewee: Assistant Lecturer at DIT, the Dar es Salaam Institute of 

Technology 

Time and place: February 25, 2012, DIT, Dar es Salaam 

Summary: Mr. Nyari’s thesis project on windmills for simultaneous electricity generation and 

water pumping. Market for wind turbines, possible investors, investment costs. Wind powered 

pumped-storage hydro combinations.  

Nyengela, Onesmo 

Description of Interviewee: Carpenter in Lwangu Village, Njombe 

Time and place: February 11, 2012, Lwangu 

Summary: Study visit to unelectrified workshop. 

Sapula, Justin 

Description of Interviewee: Vicar general at the Roman Catholic Diocese in Njombe 

Time and place: February 9-11, various places in and around Njombe. 

Summary: CDMs, Same wind farm, village organization, issues of mindset and values. 

Performance, background, and lessons learned from local hydro projects. 

Uisso, Justina 

Description of Interviewee: Projects Appraisal and Supervision Manager at the Rural Energy 

Agency. 

Time and place: Interview January 27, 2012, REAs office at Mawasiliano Towers in Dar es 

Salaam. Emails received February 7 and February 14, 2012. 

Summary: REAs role in funding electrification projects. Wind assessment studies and 

promising sites. Current projects where the windmills could fit in. REAs role in preparing 

CDMs. Previous wind projects. National infrastructure. Local acceptability and soft factors 

that are prerequisites for successful projects.  
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Xirsi, Meena 

Description of Interviewee: Dar es Salaam resident 

Time and place: October 23, 2012, Facebook chat 

Summary: Frequent load sheds still occurring in Dar es Salaam 

Informant A, name withheld 

Description of Interviewee: Diplomatic source 

Time and place: January – March 2012. Dar es Salaam. 

Informant B, name withheld 

Description of Interviewee: Energy specialist with experience of working with Tanzanian 

government agencies. 

Time and place: January – March 2012. Dar es Salaam. 

Other informants with names withheld: The issue of corruption 

Description of Interviewees: Two ordinary citizens living in Dar es Salaam, and two 

officials/experts. 

Time and place: December 2011-February 2012, various locations 

Summary: Opinions and anecdotal information. Stories ranging from protection from legal 

action against family members of top politicians to working practices of traffic police. Also 

one anecdote regarding a corrupt technician at a power station. 

 


