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Sammanfattning 
Namibia är ett av världens mest glesbefolkade länder och är till ytan dubbelt så stort som 

Sverige. Det är fortfarande många invånare som saknar el och med en snabb teknologisk 

utvecklig ökar behovet ständigt. Dock går utbyggnaden av elnätet långsamt och är kostsamt 

vilket resulterar i att många inte har råd att bli uppkopplade och därför har ett behov på 

småskalig produktion identifierats. Av denna anledning valdes det att undersöka detta behov 

närmare och granska hur ett småskaligt vertikalaxlat vindkraftverk framtaget InnovEd skulle 

möta behovet samt identifiera lämpliga platser att marknadsföra vindkraftverket. Därtill 

önskades identifiering av eventuella ändringar i vindkraftverkets prestanda samt riktlinjer och 

rekommendationer för framtida arbete.  

I denna studie valdes det att arbeta efter en grundad teori där den kvalitativa data samlades in 

genom intervjuer och allmänna observationer under en fältresa i norra Namibia. Data samlades 

in under två månader i samarbete med Creative Entrepeuners Solutions.  

Resultatet visade att behovet av elektricitet på landsbygden var stor men att en liten mängd el 

kan göra stor skillnad för att framförallt kunna köra det viktigaste. Belysning var det som visade 

sig vara mest betydande för respondenterna även om de gärna skulle vilja ha all elektrisk 

utrustning för allt möjligt. Detta låg i linje med litteraturen som visar att det normalt är nästa steg 

efter att ha uppfyllt de mest grundläggande behoven. Det visade säg även att priset för el var av 

mycket stor betydelse.  

Slutligen rekommenderar författarna att fortsätta involvera användaren i de kommande stegen i 

utvecklingen där det första steget är att testa produkten med användaren och se över 

prissättningen. Detta följt av att skapa en affärs- och tillverkningsplan för att denna produkten 

ska kunna få en marknad så snart som möjligt.  
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Abstract 
Namibia is one of the most sparsely populated countries and with a total area of 825 000 km

2
. 

There are still many residents in the country without access to electricity and a rapid 

technological development the need for electricity is increasing constantly. However, the 

expansion of the electricity grid is slow and costly, resulting in that many cannot afford to be 

connected and therefore have a need at small scale production have been identified. For this 

reason it was chosen to investigate this need closer and examine how a small-scale vertical axis 

wind turbine designed by InnovEd would meet the need and identify suitable sites to promote 

wind turbine. Additionally an identification of possible changes in wind turbine performance and 

guidance and recommendation for future work were desired.  

In this study it was chosen to follow a grounded theory where the qualitative data was collected 

through interviews and general observations during a field trip in northern Namibia. The data 

were collected for two months in collaboration with the Creative Entrepreneurs Solutions.  

The results showed that the need for electricity in rural areas was large but that a small amount 

of electricity can make a big difference to primarily run the most important things. Lighting 

turned out to be most significant for the respondents, even if they would like to have all electrical 

equipment for everything. This was in line with the literature that shows that it is normally the 

next step after meeting the most basic needs. It showed also saw that the price of electricity was 

of very great importance.  

Finally, the authors recommend continuing to involve the user in the next stages of development 

where the first step is to test the product with the user and the pricing. This is followed by the 

creation of a business and production plan for this product to get a market as soon as possible. 
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1 INTRODUCTION 

In this chapter the background, purpose of the thesis, its limitations and research question will be 

described.  

1.1 Background 

Namibia’s electricity consumption has increased from 1000 kWh per capita 1996 to 1550 kWh 

per capita 2011, a reason for this could be that the use of electric devices has increased a lot 

during the 21th century (The World Bank, 2014). In 2006 the number of Personal Computers 

(PCs) was almost 20 per 100 inhabitants (UN data, 2014) and in 2011 the number of mobile 

cellular subscriptions was over 1 per inhabitant (The World Bank, 2013). Still, many people do 

not have access to the electrical grid, especially poor people in the northern regions (Berglund & 

Björklund, 2009). Due to the fact that Namibia is the world’s second most scarcely populated 

country the electrification of the country is slow and expensive, resulting in that many people 

cannot afford to connect their houses to the power grid. Therefore, Renewable Energy (RE) has 

lately been encouraged by the Namibian government, mainly for small scale and off-grid 

applications (Le Fol, 2012).  

Numerous studies have been conducted on energy utilization with different conditions, both on 

primary fuel and on multiple energy sources. Several of the studies have focused on wood 

consumption in rural areas around the world (Bhatt & Sachan, 2004) (Kituyi, o.a., 2001) (Miah, 

Al Rashid, & Shin, 2009) (Singh, Rawat, & Verma, 2010) (Brouwer & Falcão, Wood fuel 

consumption in Maputo, Mozambique, 2004). Also, studies on multiple energy source 

consumption in rural areas have been conducted (Vermeulen, Campbell, & Mangono, 2009) 

(Ramachandra, Subramanian, Joshi, Gunaga, & Harikantra, 2000) (Sarmah, Bora, & 

Bhattacharjee, 2002). Madubasi and Schackleton (2007) conducted a study with qualitative 

interviews on primary fuel in South Africa investigating the domestic utilization of fuel wood in 

villages before and after the introduction of electricity. The study found no significant change in 

the number of households utilizing fuel wood in the eleven years the study was conducted. Both 

pre and post electrification the respondents stated that the main use of fuel wood was cooking. 

Studies on the energy demand in Namibia have also been conducted by using annual data 

(Lundmark, 2001), (Stage, 2002) and (De Vita, Endresen, & Hunt, 2006). De Vita, Endresen & 

Hunt (2006) found relationships between energy consumption, GDP and changes in energy 

prices.  

In 2009-2010 four Minor Field Studies (MFS) were performed by master thesis students at the 

Royal Institute of Technology (KTH) in Namibia. All projects were founded by the Swedish 

International Development Cooperation Agency (Sida) and focused in some extent at energy 

development; (Berglund & Björklund, 2009), (Dahlin & Pålsson, 2010), (Lindberg & 

Wäemegård, 2010), (Bjurelius & Heléne, 2009). More in detail, all projects have identified needs 

and studied a more sustainable solution for Renewable Energy (RE). 

In 2011 a higher course project, Project Sunrise, at Integrated Product Development (IPD) at 

KTH were performed in order to identify concepts for sustainable off-grid electrification but 

none of the concepts were tested in Namibia. The year after, a few students from the project 

wanted to realize their ideas and traveled to Namibia in their sole discretion to build a prototype 

of a small scale wind turbine. At the end of the project there was still room for improvement and 

a recurring project, called Windmill, was started. The next year, a new group of students traveled 

to the same location and improved the turbine; however, they identified further improvements. 

Previous years’ project participants discovered that there were other non-profit projects at KTH 

aiming to create sustainable development through product development for developing countries 
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and they therefore started an umbrella organization called InnovEd that Windmill is now a part 

of. 

Both Windmill and the MFS were supported by Marie Johansson, a Swede who runs a company 

called Creative Entrepreneurs Solutions (CES), still sees potential in improving the wind turbine 

and finding a market for it. Johansson is the founder of the company which current main focus is 

in the area of agriculture but is also supporting a lot of other projects.  

1.2 Purpose 

Given the background, InnovEd requested a report that would focus on needs related to 

electricity for local inhabitants that are not connected to the electrical grid in rural areas in 

northern Namibia. The purpose is to investigate the possibilities of implementing the existing 

concept of a small scale wind turbine, Windmill. The specifications of the Windmill were 

provided by InnovEd and can be found in Appendix IV – Specifications of the Windmill. In 

addition, the study should investigate suitable test locations for, i.e. high winds and meeting the 

right need for off-grid electricity, to have the Windmill tested at. If the specifications would not 

meet the identified needs it was also asked to identify beneficial changes of the specifications. 

Finally, this report will provide InnovEd with recommendations regarding suitability and 

development direction for the project, Windmill.  

1.2.1 Goals and vision of InnovEd 

InnovEd has a set of goals and visions for the Windmill project. On a longer horizon the vision is 

to:   

 Provide people in off-grid areas cheap and sustainable electricity.  

 Disseminate knowledge about sustainable energy.  

 Create business opportunities for local inhabitants in Namibia.  

In the process to strive towards this vision, InnovEd has established a set of goals that are 

achievable within the time frame of this report. The goals for this project are to: 

 Get a good understanding of the targeted locals electricity needs. 

 From the gathered information, create guidelines for next year’s project.  

 Identifying success factors for the product development.  

1.3 Research question 

In this report it was selected to work around a research question in order to identify possibilities 

and barriers for future work. The selected question is:  

How are the conditions for implementation of small-scale wind turbines in rural off-grid 

locations in northern Namibia?  

What needs do the local population have?  

What are the geographical and technical conditions? 

How well does Windmill meet the needs and conditions?  

1.4 Limitations 

The primary data collection was performed in the northern part of Namibia, this is due to the 

time limitation, the size of the country and funding. It was assumed that the similar needs could 

be found in other parts of Namibia but no other countries than Namibia will be taken in to 
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consideration. Still, the data is most likely applicable for other areas in neighboring countries in 

Africa.  

Since the scope of the project is to investigate the possibilities of implementing a small-scale 

wind turbine, no other RETs than wind energy will be included in this thesis. 

Economical models, business or commercialization potential of the product will not be taken in 

consideration in this thesis. The knowledge gained is meant to be open and shared with local 

inhabitants in order for them to discover the possible market potential. Since the product is not 

thought to be manufacture in a large scale, manufacturing issues will not be taken in 

consideration.  
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2 THEORY OF REFERENCE 

This chapter will give a short overview of Namibia, followed by presenting the results of the 

performed literature study. It will present an introduction of energy transitions, need analysis and 

wind turbine technology.   

2.1 Namibia 

This section provides the reader with basic information about Namibian geography, economics 

and technical development. This is important in order to acquire an understanding of the 

prevailing conditions for the end users and their requirements. 

2.1.1 History 

There are several groups of indigenous people in Namibia of which the San and Khoikhoi have 

lived of the lands for thousands of years. However, Hereo, Khoisan, Orlam and Ovambo people 

have also lived in Namibia for a long time. In the 19th century Namibia was colonized by 

Germany which ruled the country with excessive force and conducted genocide on several ethnic 

groups due to rebellions. (Holmberg, Palmberg, & Hansson, 2013) 

During the First World War, South Africa gained control over Namibia and established apartheid 

against the will of the United Nations. The Namibian resistance arose in 1957 and in 1960 the 

West African People’s Organization (SWAPO) was formed. In 1971, when the International 

Court of Justice declared the South African occupation illegal but no sanctions followed 

SWAPO took up arms. In 1990 Namibia gained its independence and SWAPO has been the 

ruling party since the first election. (Holmberg, Palmberg, & Hansson, 2013) 

2.1.2 The different Cultures 

Namibia is populated by several different indigenous people, at least eleven major ethnic groups. 

The colonization and Apartheid had a major impact on the different cultures in the country; 

nonetheless, today they have put the past behind and have a stronger nationality. The different 

ethnic groups are for example recognized by their dresses, languages, art and music. (Namibia 

Tourism Board, 2013) 

Almost half of Namibia´s population is of the ethnic group Owambo. The ethnic group 

composed of eight tribes that live mostly in the northern parts of Namibia. Many Owambo 

people were affected by the business environment that Europeans brought with them, during the 

colonization, and by the early entrepreneurship, are most people today active in some form of 

retail activity. A number of businessmen have also expanded their businesses nationally and in to 

Angola. (Namibia Tourism Board, 2013) 

2.1.3 Geography 

The Republic of Namibia is located on the west cost of the Atlantic Ocean in southern Africa. 

The country is bordered to South Africa to the south, Botswana to the east and Angola and 

Zambia to the north. With an area of 825 615 km
2
 and a population of just over two million, 

Namibia is one of the least densely populated countries in the world. The climate is overall arid 

and rain occurs sporadically but sparingly. There are two larger deserts located in the country, 

the Namib and the Kalahari deserts. Due to the dry climate water scarcity is a major obstacle to 

development. (Sida, 2013a) 

Wind Data 
In general the wind speeds in Namibia are not sufficient to run wind turbines, see section 2.3. 

However, as seen in Figure 2.1 there are areas along the coast where the average wind speeds 

can reach above 7 m/s, which would be sufficient for a wind turbine (section 2.3). The area 
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around Lüderitz is the windiest in Namibia; however, the whole coast from Lüderitz to Walvis 

Bay experiences high wind speeds and there are several areas that would be suitable for wind 

farms (von Oertzen, 2010). 

 

Figure 2.1. Wind map of Namibia at 80m above ground (IRENA-International Renewable 

Energy Agency). 

In Figure 2.2 the average wind speeds for Lüderitz and Walvis Bay are presented. It is clear that 

Lüderitz is windier than Walvis Bay. 

 

Figure 2.2. Average wind speeds in Lüderitz and Walvis Bay at 50m above ground (U.S. 

National Aeronautics and Space Administration (NASA), 2006) 
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2.1.4 Economy 

Based on Namibia’s per capita income of US$5.16, it is considered an upper-middle income 

country (Inganji & Kazombaue-Hartung, 2009). However, this is misleading due to the 

inequality of income which is among the highest in the world and the majority of inhabitants are 

poor and lives off agriculture for self-catering (Sida, 2013a) (Sida, 2013b) (The World Bank, 

2013). In 2010 the 10 % of the wealthiest people earned 48 % of the total earnings in Namibia, 

while the poorest 10 % only earned 2.4 % of the total earnings. This could be explained by the 

high unemployment rate of 51.2 % in 2008, according to the Namibian Labor Force Survey 

(Central Intelligence Agency, 2014). 

Nevertheless, the government has carried major initiatives in order to reach the UN:s Millennium 

Development Goals in order to reduce the social disparities between the rich and poor. This has 

resulted in that the literacy level is fairly high compared to other Sub-Saharan countries; in 2010 

almost 89 % of the population over the age of fifteen could read and write (Central Intelligence 

Agency, 2014) (The World Bank, 2013).  

Technology 
The progress of technical devices has been prompt in the last decades and according to 

Namibia’s largest mobile phone operator, MTC, 95 % of the population has cell phone coverage 

and 3G coverage is available in all the larger communities (MTC, 2013). In recent years the 

number of mobile phone subscriptions in Namibia has increased to over one per capita. Also, 

number of personal computers has exceeded twenty per capita. This has resulted in a growing 

electricity demand (The World Bank, 2013). 

2.1.5 Electricity in Namibia 

The domestic electricity generation in Namibia derives from three main sources. The 

hydropower plant Ruacana in the northwestern region of Omusati, the van Eck coal plant in 

Windhoek and the Paratus diesel plant in Walvis Bay (NamPower, 2013). However, only 36 % 

of the electricity demand is generated domestically and the rest is imported, mainly from South 

Africa (Internation Energy Agency, 2011).   

When connected to the grid there are two ways of charging for the electricity: by invoice or pre-

payment. The pre-payment technology was introduced to make electricity accessible in areas 

were the billing infrastructure was not developed. However, the technology found applications in 

urban areas and the main advantage is that it enables customer control over the electricity 

consumption. (Tobich & et al., 2008) 

Figure 2.3 show that the Namibian power grid follows the main roads. However, when leaving 

the main roads the power grid becomes underdeveloped (University of Cologne, 2002). 

Therefore, the electrification rate of Namibia is 60 percent which means that there are 1 million 

inhabitants without access to electricity. The majority of these people live in the rural areas 

where only 46 % of the people are connected to the grid. (Internation Energy Agency, 2011) 
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Figure 2.3. The Namibian power grid. 

After the independence in 1990 the government implemented the National Rural Electrification 

Program (NREP). At this time only the main cities were electrified and the NREP aimed to 

provide infrastructure for grid electricity services around the country. It commenced by 

electrifying all the most densely populated areas in the northern region between 1991 and 1993, 

among those Ondangwa. The program focused on connecting clinics, schools, police stations, 

water supplies, telecommunication infrastructure etc. (Tobich & et al., 2008) 

In 2000 the Rural Electric Development Master Plan (REDMP) was finalized. The objective of 

the study was to identify all localities in Namibia without access to electricity and determine the 

appropriate way of electrifying the locality. The Plan considered both grid and off-grid options 

for each locality and prioritized them on the basis of level of importance and electrification cost. 

(Consulting Service Africa, 2005) 

The revised Rural Electric Development Plan from 2005 (2005 REDP) defines and rates the 

degree of electrification. There are three kinds of areas: Off-grid areas are areas that will not 

have access to electricity in the next 20 years, according to the REDMP; Pre-grid areas are areas 

that will not have access in the next five years; Grey areas are areas that the 2005 REDMP 

already studied and decided how and if access to electricity will be provided. The Plan also 

defines that household and business located within 500 meters from a low voltage transformer is 

considered to have access to electricity regardless to if they want or can afford it1. (Schultz & 

Schumann, 2007) 

Due to the low population density, extreme geographic situation, low energy demand and low 

household income it is not feasible to connect the whole rural area to the national grid. 

Therefore, other options have to be considered, such as off-grid RE solutions. However, there are 

several barriers on different levels that complicates the utilization of RE. Therefore, the 

                                                 
1
 This study utilizes a different definition, see section 3.1 
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Namibian government approved a program, Namibian Renewable Energy Program (NAMREP), 

in 2003 which aims to facilitate the implementation of RE and remove the identified barriers 

obstructing the utilization of RE. (Tobich & et al., 2008) (Consulting Service Africa, 2005) 

NAMREP has initiated a project called Off-Grid Energisation Master Plan (OGEMP) which 

focuses on providing people in the informal settlements, who cannot afford to be connected to 

the grid or small scale solutions, with energy solutions they can afford. The approach is to 

establish so called energy shops in strategic locations the coming 20 years. The energy shops 

would sell energy supplies such as batteries, LPG-gas, energy efficient bulbs etc. Customer 

should also be able to order products from a catalogue and get consulting regarding fund loan 

applications. (Schultz & Schumann, 2007) 

2.2 Energy in developing countries 

Energy has a vast impact on socio-economic conditions in a country. Many people in developing 

countries do not even have access to any of the modern fuels available for cooking. An immense 

majority of the people in Sub-Saharan African countries uses biomass, such as wood, residue and 

dung for cooking purposes and the number is projected to increase. (Kammila, 2012) Figure 2.4 

shows benefits that access to electricity contributes to in different areas.  

 

Figure 2.4. Impact of energy in socio-economic conditions (Kanagawa & Toshihiko, 2008). 

2.2.1 Energy transition 

In all industrialized countries, an energy transition has occurred almost automatically, where 

fuels used in households have changed from bio fuels to more sophisticated fuels such as fossil 

fuels and electricity. Studies show that the majority of the African rural households depend 

extensively on wood and thereby contributes to the deforestation around the continent 

(Madubansi & Shackleton, 2007), (Brouwer & Falcão, Wood fuel consumption in Maputo, 

Mozambique, 2004), (Sheya, Mohammed; Mushi, Salvatory, 2000). The transition is assumed to 
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follow an “energy ladder” where cleanness, ease of use, cooking speed and efficiency are 

considered characteristics, see Figure 2.5 (Hiemstra-van der Horst & Hovorka, 2008) (Smith, 

Apte, Wongsekiarttirat, & Kulkarni, 1994). According to Leach (1992), the constrains of the 

transition are poor access to modern fuels and the price for appliances using them, not the fuel 

prices itself. 

 

Figure 2.5. The steps in the "energy ladder", (Smith, Apte, Wongsekiarttirat, & Kulkarni, 1994) 

People tend to move up the “ladder” to more sophisticated fuels when the income increases and 

down the “ladder” when the income decreases. Since the fuels higher up the “ladder” are cleaner 

the general health increases when the amount of air pollutants decreases. (Smith, Apte, 

Wongsekiarttirat, & Kulkarni, 1994). Others state that it is a “ladder” of energy demand rather 

than fuel “ladder” (Foley, 1995). The most basic demand is cooking and keeping warm; 

however, when the economic situation improves more sophisticated demands surfaces. After 

satisfying the basic demands and the economic circumstances improves most families strives 

against better lighting than an open fire can provide. Improved lighting is a prerequisite for 

extending the working day and most of all enables children to do homework after dark (Foley, 

1995).  

2.3 Need analysis  

Today it is a general consensus that identifying the customers need is a key factor to new product 

success (Källa Bayus, 2008; Carlgren, 2013; Desouza et al., 2008; Ericson, et al., 2007; Goffin & 

Mitchell, 2010; Holt, 1987; Koners, et al., 2010; Kärkkäinen, Piippo, & Tuominen, 2001). Since 

Namibia is an upper-middle income country it can be of interest to see if and how factors 

impacting new product development (NPD) can differ for more affluent markets and the Base of 

the Pyramid (BoP) markets. Still there is less information about BoP markets and therefore a 

need to investigate it further (Viswanathan & Sridharan, 2009).  

2.3.1 Traditional markets 

On more traditional markets companies has usually used a number of methods in order to 

identify its customers need. These methods could for example be surveys, focus groups or direct 

questioning. However, literature suggests that this traditional market research today needs to be 

combined with new methods in order to identify their customers’ true needs. (Cooper & Edgett, 

2008) (Koners, Goffin, & Lemke, 2010) (Kärkkäinen, 2001)  

There is an issue with identifying customers´ true needs. The customer usually know what they 

want but not necessarily what they need and they can be difficulties to articulate their true needs. 

(Belliveau, 2004). Therefore it is of importance to separate needs from wants and Bayus (2008) 

emphasizes that customer needs may not always be recognized or verbally described by a 

customer while wants are attributes that a customer believes will meet a felt need.  

Dung 

Crop 
residue 

Wood 

Paraffin 

Gas 

Elecricity 
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2.3.2 Base of the Pyramid (BoP) 

The Base of the Pyramid is broadly defined as the 3–4 billion poor with low incomes of $1-$5 a 

day. What distinguishes this group is that they have low literacy, uncertain income and often live 

in substandard housing, or less than ideal conditions. (Viswanathan, 2007) 

According to Viswanathan, who studied a number of BoP market cases, a specific need of the 

BoP population can practically always be identified through analyzing cases which are 

connected to poverty were the lack of possibilities for stable income generation is one factor. It is 

also concluded that conducting an analysis of consumers need is critical in order for an actor to 

be successful in a BoP market. One of Viswanathan´s studied cases claims that: “Identification 

of critical basic needs of consumers is more important for effective concept and prototype 

development in BoP when compared to non-BoP markets”. (Viswanathan & Sridharan, 2009) 

Schrader et.al. (2012) claims that one factor that really distinguishes a BoP is the need to satisfy 

both income opportunities for customers and other infrastructure conditions which usually 

provided by the state in more developed countries. These factors are also supposed to be taken 

into account simultaneously.  

BoP market is the usually impacted by failing or nonexistent infrastructure such as electricity 

(Viswanathan, 2007).  

Since the customer in BoP markets primarily strive to make it through the day and do not look 

particularly long-term, this results in products that should preserve existing resources to meet the 

most important needs (Viswanathan & Sridharan, 2009).  

Still there is literature saying that customers in BoP markets are willing to pay for relatively 

expensive and advanced products as long as it improves life conditions substantially. Also there 

is a need in BoP markets for more advanced technology. (Prahalad, 2009) 

Literature also lifts the importance of user centered product development in BoP markets. A 

success factor can be involve local skills and use design processes that are in line with local 

conditions. (Viswanathan & Sridharan, 2009) 

2.4 Wind Turbine Technology 

A windmill utilizes the kinetic energy in the wind and transforms it to mechanical work. In 

antiquity the mechanical work was used to pump water and grind grains. Today turbines convert 

the mechanical work into electricity. (Noaks, Lesley, & Emma, 2004) 

2.4.1 Basics theory of wind turbines 

The power output from a wind turbine is determined by the following equation: 

   
 

 
     

  (1) 

where Cp is the power coefficient, ρ is the density of air, A is the rotor swept area and V is the 

velocity of the wind (Burton, Jenkins, Sharpe, & Bossanyi, 2011). Since the power output 

increases by the cube of the wind speed it is of the utter essence that the wind turbine is placed in 

a windy location.  

When the kinetic energy from the wind is harnessed the wind speed decreases and due to 

conservation of mass, all the energy cannot be harnessed. The fraction of energy harnessed from 

the wind is expressed by the power coefficient, where, according to Betz’s law, the maximum 

fraction is about 59 %. In practice, the power coefficient for high efficiency wind turbines is up 

to 50 %. (Burton, Jenkins, Sharpe, & Bossanyi, 2011) (World Wind Energy Association) 

(Hansen, 2008)  
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2.4.2  Wind 

As equation (1) shows, the power output from a wind turbine increases by the cube of the wind 

speed. Therefore it is essential to understand how the wind behaves in different terrain. The wind 

varies both locally and globally.  

There are two main forces creating the wind. The first is the pressure difference that occurs when 

the sun heats the earth which in turn heats the air closest to the ground. Since hot air has lower 

density than cold air it rises creating a low pressure area and the difference in pressure creates 

winds. The second factor is the Coriolis forces due to the rotation of the earth. The inertia of the 

air creates winds as the earth rotates. (Burton, Jenkins, Sharpe, & Bossanyi, 2011) 

Even though some turbines can operate in turbulent conditions (see 2.4.3), it is preferred to have 

laminar wind flows instead of turbulent, when harnessing wind energy. Therefore it is important 

to understand how the terrain and surroundings affects the winds properties. Turbulence is 

generated mainly of friction, between air and land masses, and thermal effects that can cause 

vertical air movement. (Burton, Jenkins, Sharpe, & Bossanyi, 2011) 

Due to friction and the viscosity of air a boundary layer, with lower wind speeds is formed when 

the wind passes objects, see Figure 2.6. Therefore, mountains and hills are often windy areas 

compared to sheltered valleys, since the mountain tops are located in a higher wind speed layers. 

Consequently, wind turbines are constructed a bit above the ground. Also terrain and 

constructions creates boundary layers which indicate that open fields are the optimal location for 

avoiding boundary layers. Furthermore, off-shore areas are generally suitable areas to construct 

wind turbines in. The strong, local winds along the shores are a result of the temperature 

difference between land and sea and the open landscape that prevents boundary layers form 

forming. (Burton, Jenkins, Sharpe, & Bossanyi, 2011) 

 

Figure 2.6. Wind velocity at ground level. 

  

2.4.3  Types of wind turbines 

There are two general types of wind turbines, horizontal axis wind turbine (HAWT) and vertical 

axis wind turbine (VAWT). As the names imply, if the blades are connected to a horizontal axis 

it is classified as a HAWT and if the blades are connected to a vertical axis it is classified as a 
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VAWT. The most common type of commercial wind turbine is the three bladed HAWT. The 

main advantage of HAWT is the higher efficiency; the best turbines can reach a power 

coefficient of 50 %, compared to VAWTs which can reach up to 40 % in some cases (Hau, 

2006). However, the high power coefficient of the HAWTs is only reached if the energy quality 

of the wind is good, whereas VAWTs works without problems in more turbulent condition 

(Pope, Dincer, & Naterer, 2010). Since other forces work on a VAWT, the Betz limit mentioned 

earlier is only applicable for HAWTs (PelaFlow Consulting).  

The main advantage of VAWTs is achieved when the simplicity is desired. Due to the vertical 

axis all heavy equipment such as generator, potential gearbox and bearings can be placed on the 

ground instead of on top of the construction. VAWT can also capture wind from any direction 

without a yaw device (Hau, 2006). 

Drag and lift devices  
There are two types of energy conversion methods in wind turbine technology. The simplest type 

is to utilize the drag force obtained when an airstream hits a surface. A typical devise that utilizes 

drag is the Savonius turbine, see Figure 2.7.a. However, turbines that solely utilize the drag force 

can only achieve power coefficients of about 20 % (Hau, 2006).   

 

Figure 2.7.Savonius (a), Darrieu “Eggbeater” (b) and  H-rotor turbines (c) (Hau, 2006). 

In order to achieve higher power coefficients the blades have to be able to utilize aerodynamic 

lift. The airfoil shape used in HAWTs is almost the same as for an airplane propeller that rotates 

horizontally. (Crossley & Schubel, 2012). When an airstream hits the airfoil with an angle of 

attack an area with lower pressure is created above the airfoil compared to below it. This 

difference in pressure creates a lift force, see Figure 2.8. In the family of VAWTs, aerodynamic 

lift is utilized by the Darrieus and H-rotor turbine. (Crossley & Schubel, 2012) (Hau, 2006) 

 

Figure 2.8. Aerodynamic forces acting on a airfoil (Hau, 2006). 

a b c 
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2.4.4 Design parameters 

There are several parameters to take into account when designing wind turbines. One of the most 

critical is the tip speed ratio (TSR) which is the relation between the peripheral speed of the rotor 

tip and the wind speed before the turbine (equation (2)) (Burton, Jenkins, Sharpe, & Bossanyi, 

2011) (Crossley & Schubel, 2012) (Hau, 2006). 

     
 

  
 (2) 

A crucial design parameter to take into consideration when designing a wind turbine is the 

function between the power curve and the TSR. In a HAWT the maximum power coefficient is 

achieved at a relatively high TSR, around seven, while for a Darrieus VAWT the maximum 

power coefficient is achieved with a TSR of less than five (Hau, 2006).  

There are advantages and disadvantages with both high and low TSRs. Generally alternators 

operate at a high speed and with a low TSR this implies that a high gear is required to reach the 

alternators rated speed. As seen in Table 2.1, low TSR leads to higher torque and in order to 

absorb stresses caused by the torque a thicker shaft is required (Hansen, 2008). A thicker shaft 

results in increased weight and material costs. Other design issues associated to the TSR is also 

presented in Table 2.1. 

Table 2.1. Impacts of the tip speed ratio (Crossley & Schubel, 2012). 

Value Low TSR High TSR 

Utilization Traditional wind mills and 

water pumps 

Mainly few bladed modern 

wind turbines 

Torque Increases Decreases 

Efficiency Decreases significantly 

below five. 

Insignificant increase after 

eight 

Centrifugal stress Decreases Increases 

Aerodynamic stress Decreases Increases 

Blade profile Large Narrow 

Aerodynamics Simple Critical 

Noise Increases, approximately to the sixth power 

  

A critical difference between HAWTs and VAWTs that utilizes aerodynamic lift is that HAWTs 

are self-starting. Large scale VAWTs requires a mechanical starting device that starts rotating 

the rotor until sufficient torque is reached. In small scale VAWT applications smaller drag 

devices, such as savonius rotors, can be installed to start spinning the turbine. Also, variable 

blade pitch can overcome the starting torque issue. However, variable pitch blade configurations 

are more complicated to construct than fix pitch configurations. (Kirke Kinloch, 1998) 

Power curve 
The power curve of a wind turbine displays the relation between the electrical output power and 

the wind speed and is determined by three key speeds. The cut-in speed (Vci) is the wind speed 

where the turbine starts generating electricity. The rated speed (Vr) is the wind speed at which 

the turbine generates it rated power. The cut-out speed (Vco) is the highest wind speed the turbine 

can operate at and still generate electricity, see Figure 2.9. (Hau, 2006) 
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Small scale turbines generally have a cut-in speed around 3.5 m/s and a rated speed of 10-15 m/s 

(Adaramola, Paul, & Oyedepo, 2011) (Level, 2013). However, there are many factors that have 

an impact on the curve and the power output can vary immensely at different conditions (Quéval, 

Joulain, & Casillas, 2014).  

 

 

Figure 2.9. An example of a power curve. 

2.4.5 Existing turbines in Namibia 

Namibia is currently not harnessing any of its wind resources. However, there are several sites 

with potential of accommodating wind farms (von Oertzen, 2010). The energy consulting 

company Hatch has completed a National Integration Resource Plan (NIRP) which states that 

Namibia needs to install at least 44 MW of wind power in order to meet its power needs (Dodd, 

2013) (Abankwah, 2013). Several licenses have been issued to private contractors to build wind 

farms along the coast which are in the planning phase (Elombo, Chowdhury, Chowdhury, & 

Vermeulen, 2010) (Abankwah, 2013) (Dodd, 2013). 
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3 METHODOLOGY 

This chapter will present the general methodology used for this thesis and more in detail of the field 

methods.  

3.1 General methodology 

In order to obtain knowledge in the subject studied and of Namibia, a literature study was 

conducted before departing. At the location the field study was initiated. The data from the field 

study is the primary data and the literature study poses the secondary data.   

In order to determine what people in general uses and would use electricity for, the subjects were 

chosen to obtain a wide spectrum of people in different situations in different environments. 

Therefore, both people without and with access to electricity in their homes were selected. Also, 

among the subjects with access to electricity a range of candidates with different sources of 

electricity were chosen. Furthermore, two different areas were targeted: traditional homesteads 

in rural areas outside of the town boundaries and urban households in informal settlements closer 

to a town.  

As mentioned in section 2.1.5 the Namibian government defines that people who live within 500 

meter from a low voltage transformer has access to electricity. However, since the purpose of 

this study is to investigate the possibility to implement a small scale wind turbine, the distance to 

a transformer is not relevant. Therefore, this report only regards people with electricity in their 

homes, either by the grid or small scale solutions, as people with access to electricity. People 

who use batteries for various purposes are not considered to have access to electricity. 

Due to the limitations of this study and existing contacts, the interviews were conducted in the 

area around Ondangwa in the Oshana region and Okahao in the Omusati region; see Figure 3.1. 

Several days were spent with different families in their traditional homesteads in order to 

observe their everyday life. In addition to the regions where the interviews were conducted, field 

visits to Rundu in the Okavango region and the capital Windhoek were performed.  

  

Figure 3.1. (To the left) Areas where the field study was conducted (Google™, 2014). (To the 

right) Region map (Goverment of Namibia, 2014). 
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3.2 Field approach 

The research approach chosen for this study was influenced by the Grounded Theory. Instead of 

assuming a hypothesis this method produces a hypothesis from the collected data. Therefore, it 

was important for the researcher to not have any predetermined conclusions or ideas in order to 

not influence the analysis of the collected data. Further, the hypothesis generated with the 

Grounded Theory should be originated in “real world situations”. (Denscombe, 2007) In 

general, the data is often collected through qualitative research such as interviews and 

observations. However, in order to establish what the people in northern Namibia values, in a 

similar product as the Windmill, the researchers assumed that the targeted group valued the same 

characteristics as the researchers themselves. Therefore, beyond the Grounded Theory this study 

also assumed characteristics that would be confirmed by a quantitative method. 

One of the goals from InnovEd was that this report should provide recommendations for future 

Windmill projects. Therefore, this study evaluated how well the current Windmill fulfills the 

needs identified and thereafter proposes suitable changes to the specifications. Also, other areas 

that will need to be investigated before launching the product will be identified.  

Since the prerequisites in this particular field were limited in advance the Grounded Theory was 

appropriate due to the fact that theories are generated from the data collected. In Grounded 

Theory the researcher investigates the way people solve their problems and since the purpose of 

this study is to investigate if it is suitable to implement wind turbines as energy sources the 

Grounded Theory is an applicable approach.  

3.3 Field methods 

During the field work, three main methods were used to collect the thesis’s primary data which 

were interviews, a needs questionnaire and observations. The interviews and observations were 

methods intended to provide qualitative data; give understanding of the people’s situation and 

living conditions. The needs questionnaire was used in order to see which requirements the 

targeted group prioritized when investing in product similar to the one InnovEd proposes; here 

data of more quantitative character was intended to be gathered.  

3.3.1 Qualitative interview 

To better understand the targeted group’s, Namibians living in the northern regions, living 

conditions it was chosen to use a qualitative approach by conducting interviews with open ended 

questions. The goal of the interviews was to understand the respondents’ situation and specific 

experiences about electricity usage. Interviewing is an appropriate method if it is wanted to make 

the respondents to share their experiences and determine peoples’ living conditions (Noaks, 

Lesley, & Emma, 2004). In order to receive desired results from the interviews it was needed for 

the interviewers to familiarize themselves with the respondent’s situation and also try to 

understand the respondents’ perspective (Holme & Krohn Solvang, 1997).  

During the interviews a questionnaire, see Appendix I – Question sheet, was used as guidance 

for the researchers to move the interview forward, it was not needed to ask all the questions or in 

a specific order. If the respondent started to speak freely about a topic he or she was allowed and 

the researchers then tried to come up with follow up questions. Still, the researchers wanted all 

interviews to include how a number of daily activities or issues were solved for example lighting 

and cooking. If the subject were not brought up by the respondents them self; the researchers 

asked instead. When all topics were touched upon the researchers decided to end the interview. 

Since interviews were conducted on both subjects with and without access to electricity in their 

homes; the questionnaire had two sets of questions depending on the respondent electricity 

situation.  
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The questions in the questionnaire were devised by the authors in order to give answers to the 

research question. Before any interviews were carried out a consultation with the supervisor, 

Johansson, and her colleagues was conducted. Their experience in the culture and performing 

interviews in the chosen geographical area contributed with input to the questionnaire. The 

questionnaire was also tested on a local Namibian before any real interviews were held. This was 

done in order to make the interviewers feel more comfortable and most important to, perhaps, get 

the valuable input from the respondent on questions that might not suitable because of cultural 

difference etc. These two confirmation tests helped the researchers make valuable changes in the 

questionnaire.  

Context 
The procedure when booking interviews were different at different locations depending on the 

structure of the society. In the villages the researchers and their interpreter visited the headman 

of the village and asked him of permission. Thereafter, the headman called suitable subjects and 

asked if they had time for an interview. In the urban areas a town planer arranged a meeting with 

suitable interviewees and explained the purpose of the interview. Thereafter the interviews could 

be conducted.  

Since the interviews sometimes were booked the same day as they were conducted, most of the 

interviews were held at the interviewees home. Due to the fact that some of the interviewees did 

not have electric lighting, the housing situation in the country (see section 4.1) and the interviews 

were conducted during the day all the interviews were held outside except for one.   

The interviews were held by one of the researchers and the other took notes. In order to keep a 

flow in the interview the person taking notes could not interrupt in order to get all in writing. 

Therefore, the interviews were also recorded and afterwards transcribed. However, since the 

interviews were conducted outdoors disturbing noise was also recorded and sometimes it was 

hard to hear all that was stated.  

Interpreter 
Several of the interviewees were not comfortable in speaking English or spoke no English at all; 

therefore, an interpreter was used. In order to get more comparable answers from the interviews 

the same interpreter was used to the extent possible. However, since the interviews were 

performed at different geographical locations the same interpreter was not available for all 

interviews. 

By using locals as guides the researchers could perform their observations and interviews in an 

ethical manner. The presence of a guide also decreased the suspiciousness that otherwise can 

occur. Therefore, the interpreter was present even in the cases when the interviewee was 

comfortable with English.  

3.3.2 Needs questionnaire 

Quantitative methods are used in order to find relations between variables (Hopkins, 2000). In 

order to prove the hypothesis, mentioned in 3.2, a quantitative method was chosen were the 

researchers’ valued characteristics were to be compared with the values of the targeted group. 

Before departure a questionnaire, which contained sixteen characteristics, chosen by the 

researchers, was compiled, see Appendix II – Need questionnaire. 

In consultation with the contacts on site it was decided that each characteristics in the 

questionnaire was to be answered with either not important, important or extremely important. 

This to facilitate for the informers of who many are not familiar with questionnaires (Johansson 

& Tweendeni, 2014) 
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It was also decided to translate the questionnaire into Oshiwambo in order to simplify for the 

people who did not know or had poor knowledge in English. The translation was done with help 

of three fluent Oshiwambo speaking people who in their daily work translates material for CES. 

By translating the questionnaire the interpreters were not needed to explain the whole sheet for 

each informant. This also decreased the risk that informants would interpret the needs 

differently.  

At the end of the interviews the Needs questionnaire was presented and the interviewer asked the 

informer to fill it out. In total sixteen informants filled out the questionnaire.  

When four interviews were conducted the researchers found that the respondents answered that 

all the characteristics were “extremely important”. Therefore, the respondents were asked to 

mark the three most important characteristics. The respondents who were available and who had 

already conducted the interview were also asked to mark the three most important characteristics 

in retrospect.  

3.3.3 Observations 

Observations are a qualitative method where the researchers can follow the subject in daily life 

activities and thereby remove some of the pressure that might occur during a more formal 

interview. The observation method used was mainly participant observation. In this method the 

researcher is supposed to take part in the daily activities being observed unlike systematic 

observation where the researcher is not allowed to interact at all. (Denscombe, 2007) 

The findings were recorded in a field journal in order to organize the findings. During the field 

study a travel journal was also kept where interesting events from each day was recorded. The 

events recorded were both from the observations but also from everyday life in Namibia.  

3.4 Literature study 

For secondary data a literature study was performed in order to understand the current 

development situation in Namibia, both economic and technical. The gathered data originated 

from peer reviewed articles, SIDA, the Namibian government and other governmental 

companies. Weather data for Namibia was also gathered in order to determine the wind 

conditions in the country. The wind data collected was based on average wind speeds from 22 

years of data collected and compiled by NASA. 

In order to understand what the theoretical opportunities a VAWT has, like the one InnovEd 

proposes, a literature review of books and in some cases web pages were used.  

Since previous thesis work has been carried out in northern Namibia, it was also studied as a 

contribution to the needs identified by this thesis. These previous thesis were used to identify a 

base of customer needs before the field work started as a base for the customer requirement 

questionnaire.  

All other theories used for the theory of reference were identified by the search engines Libris 

and Web of Science.  

3.5 Analyzing the data 

In order to answer the first research question the material gathered from the interviews were 

utilized. The needs were identified by analyzing what respondents without electricity would use 

electricity for and in order to validate the findings they were cross-referenced with what people 

with electricity actually use it for. The needs were categorized in order to be more comparable. 
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Further, the interviews and general observations provided information about a normal day and its 

activities which further clarified the needs.  

The mean power density of the locations in Namibia could be calculated with the wind data from 

sites and the information about wind turbines in the literature study. Thereafter, the energy yield 

was compared to the power output of the appliances that the interviewees would like to use. 

Also, the researchers could establish an initial perception of the geographical conditions in 

Namibia. During the field study the researchers could observe how the geographical conditions 

varied locally and thereafter, research question three could be answered. 

The question sheet (8.1) contained questions regarding what people would demand of a potential 

power source. The answers from the question sheet together with the results from the needs 

questionnaire (8.2) provided the researchers data about the demands a potential consumer would 

have. By comparing the demands with the existing product the researcher could answer the third 

research question and also suggest improvements for the product that would fill the customer 

needs better.  
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4 RESULTS 

In this chapter the results that are obtained from the field work will be presented. 

4.1 General observations 

They visited places in northern Namibia is located in a very flat landscape where most people, 

the researchers met, still live by subsistence farming and livestock. Some people the researchers 

met during the fieldtrip, both in urban and rural areas, explained that they have farms elsewhere 

that they also take care of. Compared between those who had access and those without the 

researchers could generally observe that those who had electricity also seemed to be better off in 

general and probably earned more. Even if Namibia is seen as a relatively wealthy country in 

Africa, the inequality in income was noticeable. All the encountered people were thou always 

very friendly and willing to help with answers and giving the researchers some of their time.  

When it came to how it was to conduct the interviews, it was a number of things that differed 

little in the researchers' opinion, in terms of the preparatory work and the interview itself. First of 

all, too find and get permission to interview a respondent one usually had to go through the 

headman if it was settlement or by person working for the town council responsible for a specific 

area if it was within the town boarder. It was easy to understand that people’s recommendations 

are very valuable to have. It seemed like recommendations were needed from someone known 

by the respondent in order to get an interview. In one of the conducted interviews the preparation 

work had been done correctly by going through the headman of the village who called the 

respondent to tell about the intentions for the interview. When meeting the subject she was still 

suspicious about the reason and purpose for the interview and suspected a political motive could 

be hidden by the researchers. Letters of recommendations then came in handy to show the reason 

for doing the interview and that is also another general observation, Namibians value paperwork 

and stamps highly. Marie and Andrew confirm that stamps and papers can really help one out but 

also be a barrier in many cases (Johansson & Tweendeni, 2014).  

Before any interviews were conducted the researchers learned to greet correctly in Oshiwambo 

and the formulations differ depending on gender, age, and time of day. This really helped during 

the interviews but also during the rest of the field trip. According to Marie the first introduction 

when meeting a new person is of high importance traditionally, especially when meeting in 

someone’s home (General questions about Namibia, 2014). Also it was observed that age has a 

high social importance in Namibia. By holding your own forearm during a handshake, you show 

respect as you always should against older people in Namibia. The respects for elders were also 

observed in Windhoek when the researchers visited the Ministry of Home Affairs and 

Immigration. After been queuing for one hour before opening, the staff let all the elders pass the 

long queue to get serviced first.  

Another general observation dine by the researchers was that the Namibians in general seemed to 

have relatively poor math and calculation knowledge. There almost no one who did mental 

arithmetic for even the simplest tasks. This could be observed in taxi cabs, stores and other 

services since all encountered people used a calculator or their cell phone. Another significant 

observation is that the general population seemed to have little interest for good deals and low 

knowledge of the relationship between costs and revenues. The price for an item in a bar could in 

many cases be cheaper than in a large grocery store and it seemed like people did not calculate 

their income. This was confirmed to some extent by Marie Johansson, who conducted a survey 

of “shebeen” owners. Owners were asked what they paid for a crate of beer and what they sold it 

for. The next question was how much they earned or what profit they made and in many cases 

the answer was the same as they sold the crate for (2014).  
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4.1.1 Ondangwa 

Ondangwa is a town situated in the Oshana region close to the capital of the region, Oshakati. In 

Ondangwa the researchers spent the most of the time during the field trip, it worked as the base 

camp. The researchers did only have a car for a few weeks and for main part of the stay they 

tried to walk around in town to interact with as many people as possible. One easy observation 

that was acquired by walking was that the town is built around the main road where all 

businesses are situated. All the residential areas are situated just outside of the main road behind 

the businesses. During the 9 weeks spent in Ondangwa it was possible to see that the town is 

growing fast at the moment. Along the main road many new malls were under construction and a 

few others needed to have been finished just before arrival. The town has also started to grow 

together with the informal settlements which are surrounding the town, two of these are 

Omakurukuma and Omashaka, see Figure 4.1.  

 

Figure 4.1. Map of the visited areas around Ondangwa (Google™, 2014) 

According to Marie and Tweendeni these two neighborhoods have been quite poor and rough 

neighborhoods to live in but the living conditions are improving (2014). When visiting 

Omakurukuma it was noticed how a new tar road was under construction to connect the 

neighborhood with the town but there were only a gravel road connecting Omashaka with 

Ondangwa. Both neighborhoods also had electrical lines running through the community even if 

not all people were connected, see Figure 4.2.  
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Figure 4.2. A street view of an urban area, Omakurukuma, just outside of Ondangwa. 

Just fewer than five kilometers outside of Ondangwa lies Omapundu, a small rural area were 

most of the people are self-sufficient through agriculture and animal husbandry. The area had no 

tar roads just smaller gravel roads and there were no bigger shops or grocery stores, only 

“shebeens” and “kuka-shops”. The difference between a “shebeen” and a “kuka-shop” is mainly 

that the “shebeen” is selling alcohol and the “kuka” shop does not otherwise they are just tiny 

grocery stores. In Omapundu the researchers spend a few days for observations and interviews. 

The area is much more rural character than Omakurukuma and Omashaka despite the short 

distance, see Figure 4.3.  

 

Figure 4.3. A street view of a rural area, Omapundu, just outside of Ondangwa.  

4.1.2 Okahao 

Okaho is a town situated in the Omusati region around 100 kilometers from Ondangwa. It is a 

much smaller town than Ondangwa not only by size but it also had fewer businesses and felt less 

busy in general. The rural areas were much closer to the town and in a settlement, Uukalumbe, 

the researchers conducted interviews and also spent two days with one family. The people 

seemed to live much more traditionally and the houses were also more traditionally built in 

general, see Figure 4.4, even if the many people had started to build concrete houses.  
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Figure 4.4. A typical traditional house in a rural area.  

In Uukalumbe there were no one connected to the grid even if the settlement were very close to 

the town, only less than five kilometers. The only places observed with electricity from the grid 

were the local school and inside town otherwise there were no electric lines. Closer to town there 

were also urban areas that had been included by the town’s borders were one interview were 

conducted, see marked map in Figure 4.5 

 

Figure 4.5 Map of the visited areas around Okahao (Google™, 2014) 
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4.2  The interviews 

A total of fourteen interviews were held with people living in both urban and rural areas. The 

interviews were categorized by the type of area the respondents lived in, rural or urban and by 

access to electricity. Four of the respondents were connected to the grid, three had small scale 

solutions and seven lived without electricity, see Table 2.  

Table 2. Overview of the interviewed people.  

 Date: Location: Type of area: Grid connected: Alternative ES: 

Hertta 7-May Okahao Urban Yes None 

Victoria 14-May Omakurukuma Urban Yes None 

John 23-May Omapundo Rural Yes None 

Verena 25-May Omashaka Urban Yes None 

Andres 6-May Uukalumbe 

Okahao 

Rural No PV-panel 

Micheal 23-May Omapundo Rural No PV-panel 

Sion 6-May Uukalumbe 

Okahao 

Rural No Petrol generator 

Aune 22-Apr Olukonda Rural No None 

Hilma 7-May Uukalumbe 

Okahao 

Rural No None 

Rauna 7-May Uukalumbe 

Okahao 

Rural No None 

Helena 14-May Omakurukuma Urban No None 

Landuleni 14-May Omakurukuma Urban No None 

Maulus 14-May Omakurukuma Urban No None 

Esta 23-May Omapundo Rural No None 

 

4.2.1 In general 

The question about how many people live in the homestead in the Question sheet (Appendix I – 

Question sheet) was hard to get a truthful answer to. Apparently, in some families, all family 

members are considered as residents of the family home regardless of their current address 

(Johansson & Tweendeni, 2014). The interviews also showed that, traditionally, people lived in 

their parents’ homesteads until they got married and thereafter they built their own homestead 

and settle down. However, this has changed and it’s more common that young people move to 

the cities in order to get an employment and earn money.   

Regardless of area or access to electricity it was clear that lighting was most important to have 

electricity for, see Figure 4.6. The respondents used and wanted to use the light when studying, 

working and cooking at night. As Figure 4.7 shows the respondents without electricity used 

torches (flash light) and paraffin for light and only a few used candles. The main reason for not 

using candles was the awareness of the fire hazard; moreover, some respondents also expressed 

the hazard with paraffin. Some of the respondents even had accidents involving paraffin and 

candles.  
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Figure 4.6. The most important applications for electricity according to the respondents. 

 

Other important applications for electricity were cooking and food storage. Half of the 

respondents with access to electricity declared that food storage and cooking is one of the most 

important applications. When it comes to radio and TV it is only the respondents not connected 

to the grid who thought that TV and radio were among the most important applications.  

All three respondents with small scale solutions stated that their power source was not adequate 

to cover all the appliances that they wanted to run and the reason for not acquiring a more 

powerful source was the price. Furthermore, the respondents without access to electricity all 

indicated that they wanted electricity and the main reason for not acquiring electricity was that 

they could not afford it.  

 

Figure 4.7. What energy source people without electricity utilizes for light.  

When it comes to cooking Figure 4.8 clearly show that even with electricity open fire is still a 

method that people depend on. Further, three out of the four respondents with access to the grid 

stated that they only use electricity when cooking small meals and open fire when they cook 

bigger meals. They indicated that the reasons for cooking over open fire were that it is faster to 

cook big meals over open fire and that the taste is better. Also, the high electricity price was an 

important factor. 
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Figure 4.8. Energy source for cooking depending on connection to grid. 

4.2.2 With electricity 

As mentioned earlier, all people with access to electricity in anyway stated that lighting is the 

most important application. Figure 4.9 also indicates that everyone except one respondent 

utilizes electricity for television. All the respondents have had electricity for at least five years 

and all respondents with small scale solutions lived in rural areas while only one with access to 

the grid lived on the countryside. As seen in Figure 4.10 the homestead of the family connected 

to the grid in a rural area had a brick wall and in general had a higher standard than other 

homesteads in the same area. 

 

Figure 4.9. What people with access to electricity utilizes it for. 
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Figure 4.10. The homestead of the only respondent with access to the grid in the rural area. 

From the grid 
All the people interviewed with access to the grid seemed to have good living standards. All of 

them ran their own businesses. However, even though people, connected to the grid, had a higher 

standard of living two respondents stated that they did not use as much electricity as they would 

like to because they could not afford it.  

Small scale solutions  
A severe problem of running a small scale solution is the risk of getting the device stolen. One 

respondent had gotten two solar panels stolen and the homestead with the petrol generator had 

high walls with barbed wire and still kept the generator behind a barred door. According to one 

respondent, thieves had stolen a solar panel from a school by cutting down the pole it was 

mounted to. Further, it was clear that the devices were valuable for the respondents and they 

were keen on showing how they worked, see Figure 4.11. 

As mentioned earlier (4.2.1) the people with small scale solution stated that their power source 

was not adequate for fulfilling their wanted appliances. The respondent with the smallest system, 

Andreas (Table 2), had a PV-panel which covered six lights in the homestead and if he could he 

wanted to use electricity for TV and radio. The other respondent with PV-panels already had TV 

and radio and if he could he would use it for a welding business. The most advanced, small scale 

solution was situated in the homestead with the petrol generator (Figure 4.11). The system 

provided lights in the whole homestead, TV and sockets in almost every room. However, the 

generator was too loud and consumed too much fuel to run appliances over a longer time. 

Therefore, they did not use it for cooking or food storage; nevertheless that was what the 

respondent wanted to use electricity for as a next step.  
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Figure 4.11. The owner displays his petrol generator for the researchers.  

 

4.2.3 Without electricity 

All respondents without access to electricity wanted it and in general they would like to use 

electricity for essentially everything, lights, cooking, food storage, ironing, fans etc. As Figure 

4.12 shows everyone mentioned light as something they would use electricity for. Also, cooking 

and food storage was important, as well as TV, radio and ironing was. All the respondents had 

considered at least one source of electricity, five had considered PV-panels, three had inquired 

into being connected to the grid and one had investigated the cost for a petrol/diesel generator. 

However, in all the cases the price was the main obstacle.  

The price for being connected to the grid varies depending on the distance to the closest existing 

power line. Further, the transformer had to be acquired by the end-user and could provide twelve 

homes with electricity. Therefore, it was a joint effort among neighbors to buy a transformer. 

However, the price for the power line and transformer exceeded the yearly income of many 

families, especially the families in Uukalumbe outside of Okahao who were situated very far 

away from the closest power line. Therefore, it was not realistic for them to be connected to the 

grid in a near future. 
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Figure 4.12. What respondents without electricity wanted to use it for. 

4.3 Needs questionnaire 

The questionnaire was answered by a total of sixteen people; most of them were the same as for 

the interviews but not exclusively. The results of how the respondents answered the 

questionnaire are displayed in Figure 2.3.  

 

Figure 4.13. The results from the needs questionnaire where the distribution of the respondents 

answer are displayed for each customer requirement.  

The first noticeable about the results is that most of the customer requirements, set by the 

researchers, was answered to be extremely important. The customer requirement which received 
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the least the fewest answers of extremely important was “Short distance between battery and site 

of use”, still 50% thought it was extremely important. The two customer requirements which 

received most answers of extremely important, 94%, was “Easily accessible spare parts” and 

“Not theft prone”. After those two requirements half of the other requirements followed in a 

range of 75% to 80%. The number of replies received by the attribute "Not important" were only 

4 responses of 256 possible and these were scattered one by one between “Short charging time”, 

“Works often”, “Easy to troubleshoot” and “High choice of installation location”.  

As mentioned in section 3.3.2 the method for the questionnaire was updated after the first four 

interviews to also include what three requirements the respondents found most important. Of the 

four first interviews only two were able ask this addition in retrospect. This means that a total of 

fourteen people answered this part of the survey. The results are presented in Figure 4.14 were 

each respondent picked their three most important requirements.  

 

Figure 4.14. The results of what the respondents found most important if they could pick three 

requirements each.  

The customer requirement “low cost” was valued the highest; eleven of fourteen had it as one of 

their top three priorities. Five people pointed out “Long lifetime” and “Environmentally 

friendly” as one of the most important characteristics. The next two high scoring customer 

requirements with four votes were “High safety” and “Not theft prone”.  

4.4 Interview with Marie Johansson 

Marie Johansson has lived and worked in Namibia since 2003 and has good understanding of the 

current situation in northern Namibia. One of her Namibian colleges, Andrew Tweendeni, is 

headman of the community Omashaka. An interview was conducted with them to confirm some 

of the results from the field study but also to identify some sources of errors.  
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For people living on the country side and considering a grid connection it is usually a huge 

investment and a combined effort among community. To pull power lines to a village is almost 

always a joint investment from residents. This cost is also very dependent on how far you live 

from the existing power grid, the longer the more expensive it becomes. A transformer is also 

needed which is usually shared between twelve households. Each household then pay for the 

wires and poles that are needed to transport the electricity to their home making the cost also can 

vary by household depending on where you choose to place the transformer. This results in that 

many people are not connected to the grid and cannot afford to be connected especially if you 

live far away from the power line. The total investment can be a huge sum of money and people 

can have a hard time to really understand the amounts mentioned in relation to their monthly 

salary.   
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5 ANALYSIS 

In this chapter, an analysis of the results of the fieldwork is presented. 

5.1 Needs 

As mentioned in section 4.2.3 the respondents without electricity stated that they would like to 

use electricity for essentially everything. In general these people had a lower standard of living 

compared to the respondent with access to the grid.  Therefore, it seems unlikely that they could 

afford to use electricity for all the appliances mentioned, especially when considering that some 

of the respondents with access to the grid could not afford it to the extent they wanted to. 

In section 2.2.1 it is presented that after fulfilling the most basic demands, improved lighting is 

the next step. Figure 4.9 and Figure 4.12 show that all respondents use or would use electricity 

for lighting. Some of the respondents added what they would use the light for and the majority 

stated that they would be able to work longer hours and their children would be able to do their 

homework after dark. 

Even though the results from the needs questionnaire (4.3) were flawed, one thing is noticeable; 

the price is the most important factor when designing a product for northern Namibia. Also, 

during the interviews a majority of the respondents indicated that their main reason for not 

utilizing more electricity, or acquiring a system, is the price of the systems and electricity.  

In some extent the researchers found evidence of the energy transition and people climbing the 

“energy ladder”, described in section 2.2.1. As mentioned in 4.2.2 depending on income the 

number of electrical appliances varied. Also, even though people used firewood for cooking, 

independent of access to electricity, all respondents had other methods of cooking as well. 

However, people who lived in, or closer to, a city or town used other fuels for cooking to a 

greater extent. Immense reasons for cooking over open fire, according to the respondents and 

Johansson (2014), are taste, tradition and the fact that it is faster to cook big meals over open 

fire. 

A sort of “energy ladder” could also be identified among the respondents with small scale 

solutions where a constant strive towards a more comprehensive system was noticed. For 

instance, the respondent with a PV-panel that only covered lighting pursued a system that would 

able him to run a TV and radio. However, the energy transition theory states that the price of 

energy does not influence the transition as much as availability and the price of appliances. 

Therefore, the fact that some respondents, which are connected to the grid, did not use electricity 

even though they wanted to and stated that the main reason was the price of electricity 

contradicts the theory. 

5.2 Energy 

In order to calculate the mean power density and energy available in the wind Equation (1) was 

altered (Equation (2)) and the average, monthly wind speeds presented in Figure 2.2 were used. 

Even though the InnovEd windmill is a VAWT the maximum power coefficient is set to 59% in 

this case. The average, maximum power available in the wind for Walvis Bay and Lüderitz are 

presented in Figure 5.1. 

 
   

 
 
 

 
       

  (2) 
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Figure 5.1. The average, maximum power available in the wind for each month. 

With the specifications obtained from InnovEd, see Appendix IV – Specifications of the 

Windmill, and the power density estimations in Figure 5.1 the theoretical power yield per day is 

presented in Figure 5.2. The figure shows that the energy yield in Lüderitz varies between 

800Wh/day to almost 2000Wh/day and between 500Wh/day to 1200Wh/day in Walvis Bay. 

 

Figure 5.2. Energy yield per day for each month with a Windmill. 

Clothes iron and hot plate/stove are the most energy demanding of the appliances people without 

electricity stated they would use electricity for and with a Windmill from InnovEd would 

probably not be sufficient to cover the energy demand from these appliances. Depending on the 

utilization rate it would be possible to operate the other appliances such as lighting, food storage, 

TV and radio for a few hours a day in both Lüderitz and Walvis Bay. The rated power and power 

consumption is presented for the appliances in Appendix III – Power consumption of various 

appliances.  
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5.3 Customer requirements 

Biggest difference between the different interviewees is their income. Rich people, with access 

to the grid, do not care how much their electricity bill is. Poorer people with both access to the 

grid or PV-panels are both using electricity for the same thing, primarily light and charging 

phones.  
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6 DISCUSSION 

This chapter presents discussions of the methods used and the results and analysis. 

6.1 The used Methods 

This chapter discusses the methods used.  

6.1.1 Interviews 

As mentioned in section 3.1 the interviews were conducted in Ondangwa were the winds are not 

suitable for a wind turbine. However, with the information from the literature study and the 

consistent results from the interviews the researchers concludes that the needs are similar in the 

more windy parts of Namibia. 

The results from the interviews were compiled into more quantitative data. Therefore, a more 

quantitative approach was considered. However, the researchers experienced that many of the 

answers would not have been expressed in a quantitative survey and a closer understanding of 

the situation was achieved.  

In some of the interviews with people who had access to electricity the interviewee stated how 

they solved various tasks before they had access to electricity. Afterwards the question should 

have been added to the questionnaire in order to have another aspect to compare the life of 

people with and without electricity and obtain an even deeper understanding of the situation. 

Further, in order to get a more reliable result from the customer needs survey (3.3.2) the number 

of respondents would need to be higher. Also, the method to fill out the survey was not optimal 

which resulted in less useful data than the researchers had intended (3.3.2). Instead of rating each 

characteristics separately a better method would probably been to rate the characteristics in 

relation to each other. However, regarding the time the interviewees took when filling out the 

survey the new method would probably be even more time consuming. 

Even though the interviews were booked as the customs required and guides were present at all 

of the interviews, the researchers were met by suspiciousness from the interviewee in some cases 

(see section 4.1). The suspiciousness could have caused the subject to withhold information or 

hindered from expressing his or hers true opinion.  

6.1.2 Interpreters 

There are risks associated to the use of external intermediaries. There could be 

misunderstandings or misinterpretations, between the interpreter and the interviewee, resulting in 

a misleading picture of interviewee’s thoughts. The interpreter could also misunderstand the 

question with the same result. The risk of the later occurring can be decreased by walking 

through the questionnaire with the interpreter beforehand. (Björk Brämberg & Dahlberg, 2013) 

6.2 Results and analyses 

The already stated limitations and limitations encountered during the process might have 

affected the results in different means and are therefore discussed. 

6.2.1 Fulfilling the need 

This report only investigates the need of an electricity generating device and some of the 

technical preconditions. Even though the InnovEd windmill could, after a few modifications, 

fulfill the needs of many people in Namibia when it comes to amount of electricity generated 

there are several aspects that needs to be investigated further. During the interviews it was 
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discovered that one of the most important characteristics of a product is a low price. Therefore, 

the financial preconditions of Namibia and its inhabitants needs to be investigated in order to 

establish a reasonable price of the final product. There are several loans and other favorable 

financing options that individuals can apply for that can help finance a potential windmill.  

Even though an InnovEd windmill could fulfill the needs of the people it might not be the best 

solution available. Since no other option has been studied than the windmill there might be other 

products that utilize the wind to generate electricity that would suit the purpose even better and 

since the solar irradiation is strong in Namibia solar panels might also be an option. 

This report has found that there are locations in Namibia were the geographical conditions would  

be suitable for a wind turbine. However, factors as manufacturing, spare parts and logistics needs 

to be considered in order to make the product competitive and the preconditions for these factors 

might not be right.  

6.2.2 Energy analysis 

In section 5.2 the average power in the wind for each month is calculated with an average wind 

speed for each month. However, the actual wind speed varies during a day and the power 

available in the wind is a function of the wind speed in the power of three. Further, due to cut in 

and cut out wind speeds a wind turbine does not generate electricity at all wind speeds. 

Therefore, the power density is only a rough estimation and in order to obtain a more accurate 

estimation, measurements of hourly, average wind speeds at the exact location should be 

gathered.  

The energy transformation efficiency acquired from InnovEd is only the total efficiency of the 

rotor, generator and charge controller. It does not consider losses in the battery or inverter. 

Therefore, the amount of energy yielded is lower than presented in this report. 

6.2.3 Needs questionnaire 

Since the wind speeds are affected by obstacles and roughness of the ground, the location of a 

wind turbine is sensitive. Placing a wind turbine in a bad location can affect the energy yield 

substantially. Therefore, consumers might not be able to place the Windmill in their homesteads. 

Further, one of the most important customer requirements was “Not theft prone” and respondents 

had gotten solar panels stolen. This indicate that there is a problem with theft in the country and 

has to be taken into consideration before launching the product. 
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7 CONCLUSIONS AND RECOMMENDATIONS 

This chapter presents conclusions that are based from the analysis with the intention to answer the 

questions. It also gives recommendations for InnovEd´s future work.  

7.1 Conclusions 

If looking back at the primary research question it can be concluded that the conditions for 

implementing small-scale wind turbines in northern Namibia look promising due to the high 

need of electricity but it is let down by the geographical conditions by low winds. The Windmill 

should not be implemented in the data collection area i.e. northern parts of Namibia. There are 

suitable locations closer to the coast given that the need looks similar there. Still the demand for 

electricity is huge and especially for solutions which can provide it to a cheap price even thou 

People are willing to pay more money for something that would improve their standard of living, 

in line with (Prahalad, 2009). It could be concluded that lighting is by far the most important to 

have electricity for which would improve their living conditions significantly. The long distances 

between towns and villages consequences in that everyone will not get access to the grid in a 

reasonable amount of time. The identifications done in this report could most likely be similar 

for other development countries.  

7.2 Recommendations 

As mentioned in section 6.1 there are several factors that need to be investigated before it can be 

concluded that the product is suitable for the market. Due to the low income level of the people 

without electricity in Namibia most of them would need financial aid. Therefore, all possibilities 

for loans and grants should be investigated. Thereby InnovEd obtains a guarantee that people 

actually can afford the product. Moreover, with the information InnovEd could provide help to 

apply for the loans as a part of a business plan.  

Also the logistics and manufacturing of the product need to be studied. Since one of the goals of 

InnovEd is to create business opportunities for people in Namibia, preconditions for establish 

manufacturing in Namibia should be investigated. Manufacturing in Namibia would also make 

spare parts more accessible. 

Lighting is what most people would use electricity for. However, the respondents stated that they 

would use electricity for basically everything and also that the product needs to be cheap. If the 

electric output of the windmill needs to be reduced in order to keep the price down an option 

would be to offer different sizes of the product in order to satisfy all potential consumers. 

In line with literature (Viswanathan & Sridharan, 2009) the researchers recommend InnovEd to 

continue to involve the users coming stages of this product development. The next step is 

probably to do tests with users when a good location is found together with comparing that the 

same need exists on a new location.  
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I. APPENDICES 

8.1 Appendix I – Question sheet 

 

Name of the interviewee:     Name of the village: 

 

Age: 

 

What are your family’s daily activities? Describe an ordinary day. 

 

Questions about electricity 

Do you have access to electricity at home? 

 How? Power grid, PV-panels, batteries etc 

 

YES we do have electricity: 

Do you use it (for what)?  

 How often do you use electricity? 

 Entertainment (TV, computer, radio) 

 Cooking (stove, storage (fridge, freezer)) 

 Lighting 

 Communication (Telephone, internet) 

 Indoor climate (AC, table/ceiling fan) 

 Other (hairdryer)  

 

What is your opinion about the source of electricity? (Positive and negative) 

 

 Is it hard to monitor your usage? 

 

 Can your power source provide enough power? (Too big, small, enough?) 

  What would you like to use electricity for if you had a bigger source? 

 

 Are you satisfied with the price? (Cheap, Ok, Expensive)? 

 

  What is the price? (How measure this?) 

 

 Is your electricity source stable enough? 



b 

 

 

 Is it safe to use? (Any accidents?) (Do you have fuses?) 

 

Have you thought about acquiring some other sort of power source?  

What type (PV, grid, etc) 

 

Are you afraid that the source will be stolen (not applicable if connected to power grid)? In case 

of yes, how do you try to prevent it from being stolen? 

 

Do you know how your electricity is generated (RE or other)? 

 Would you like to know?  

 

NO, we don’t have electricity at home: 

Would you like electricity in your home? 

 

Do you think electrification could ease your daily activities? 

 

What would you like to use electricity for? 

 How do you solve this today? (ex. Lighting by paraffin or candle) 

  Have you had any injuries with these solutions? 

 

How much would you be willing to pay for electricity?  

 

 For the initial investment and per unit? 

 

How reliable does the electricity source need to be? 

 

Have you thought about acquiring some sort of power source?  

What type (PV, grid, etc) 

 

Why not? (Price, afraid of theft, quality, low output, etc) 

 

Does the way of generating electricity matter (RE)? 

 

Other 

Has the government any plans to connect your village/home to the power grid? 

 



c 

 

 

General questions: 

How many people are living in your household at the moment? 

 Age (0-10, 10-20, 20-30 etc) and gender 

 

How many work? 

 With what? 

 

How many are looking for work/jobs? 

 

How many goes to school? 

 

Is there anyone that should go to school? 

 

How long have your family lived here? 

 

Why do you live here? 

 

Have you had any plans on moving? 

 

END 

 

What would you like to add? 

 

What would you like to ask us?  
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8.2 Appendix II – Need questionnaire 

Customer requirements 

Please rate the importance of each different requirement. 

 
Not 
important 

Important 
Extremely  
Important 

 
1 3 9 

Short charging time       

Low cost       

Easily accessible spare parts       

Works often       

Long lifetime       

Easy to troubleshoot       

High safety       

Easy to assemble       

Environmentally friendly       

Short distance between battery and site of use       

Easy to determine when fully loaded       

High choice of installation location       

Not theft prone       

Low return of investment time       

Easy to replace battery       

Easy to learn how to use       
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8.3 Appendix III – Power consumption of various appliances 

 

Type Power [W] Consumption/day [Wh/day] 

Clock radio 10  

Fan 50-150  

Clothes iron 1000-1800  

Hot plate 1000  

Phone charger 2  

Energy saving lamp 10  

Radio 70-400  

DC refrigerator (50 l) 45 114 

Small TV 65-110  

Figure I.1. Rated power of various appliances (Lawrence Berkeley National Laboratory ) 

(Energy.gov, 2014) 

The consumption varies depending on for how long you use the device. However, for the DC 

refrigerator the consumption is stated for an ambient temperature of 32°C (SunDanzer). 
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8.4 Appendix IV – Specifications of the Windmill 

  

Rated power 1 kW 

Generator type Permanent magnet generator 

Output voltage 12 V 

Efficiency 20 % 

Cut-in speed 3 m/s 

Swept Area 2 m
2
 

Number of arms 3 

Pitch type Fix pitch 

Application Battery charging 

Components included Rotor, mounts and foundation, rectifier, 

generator, charge controller, wiring and 

battery 

 


