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Sammanfattning 
Namibia, södra Afrika, lider av ett energiunderskott och står därmed inför många utmanande 
problem. Användningen av ved som bränsle i matlagningen är utbredd i hela landet och medför 
negativa konsekvenser för hälsa och miljö. Detta arbete har inriktats mot att utveckla en 
soldriven bakugn, kallad Sunbaker, anpassad för Namibiska familjers behov för bakning. 
Utvecklingen skulle utgå ifrån klassiska problem med solugnar, Namibias krav och enkel 
tillverkning. 
Arbetet inleddes med en utförlig teoristudie i Sverige där olika soldrivna matlagningsapparater, 
information om Namibia, tekniska aspekter och användaraspekter studerades. För att utvärdera 
behovet av en solbakugn genomfördes en fältstudie på plats i Namibia under åtta veckor under 
juli till september månad 2009 som resulterade i en kravspecifikation. Det framgick att vedeldad 
matlagning var väldigt traditionstyngd och svårersättlig. Bakning var något som inte gjordes i 
stor utsträckning, istället köptes bröd ofta. Utifrån kravspecifikationen designades sedan ett 
koncept som möjliggör för familjer att starta ett mindre bageri. 

Sunbaker är ett koncept som fungerar genom att kombinera principen av en parabolisk solugn 
och en lådsolugn. En parabolisk solugn fungerar genom att fokusera solljus till en punkt vilket 
gör den effektiv men också farlig. Lådsolugnar fungerar genom att spegla ner solljus genom en 
glasskiva in i en isolerad låda. Uppvärmningstiden för en lådsolugn är längre men den är 
billigare och enklare att använda än en parabolisk modell. Sunbaker utgår från en lådsolugn där 
inredningen har bytts ut mot en reflektiv ”U” form och ett metallrör placerat i dess fokallinje. 
Detta innebär att ”U” formen koncentrerar infallande solljus på metallröret samt att den 
värmekapslande principen från en lådsolugn också finns. Fördelen blir en effektiv och 
enkelkonstruerad solugn. Användarprocessen blir också enkel och en användarmanual togs fram. 
Området tillgängligt för bakning blir dock begränsat till inne i röret. Priset på Sunbaker blir 
högre än det på existerande solugnar i Namibia men eftersom att den möjliggör ett mindre bageri 
kan en återbetalningstid på 46 dagar erhållas. 

Projektet resulterade i en prototyp, ett koncept och en kravspecifikation för en ny typ av solugn. 
Däremot finns det fortsatt arbete att göra inom testning av prestanda, optimering av 
konstruktionen och implementeringsmodeller för samhället. 



 



 
 

 
 

 Master of Science Thesis MMK 2009:87 MCE 208 
Project Sunbaker 

Development of a solar baking oven, a Minor 
Field Study in Namibia 

   
  Mats Kjellström 

Stefan Voyce 

Approved 

2009-12-11 
Examiner 

Lars Hagman 
Supervisor 

Lars Hagman 
 Commissioner 

Swedish Trade Council 
Contact person 

Karin Sundby 

 

Abstract 
Namibia, southern Africa, suffers from an energy shortage and is therefore facing several 
challenging problems. The use of firewood as fuel for cooking is common in the whole country 
and has negative consequences for health and the environment. This work have focused on 
developing a solar baking oven, called Sunbaker, adapted for Namibian families needs for 
baking. The development was based on classic solar cooking limitations, specific needs for 
Namibia and to have a feasible manufacturability. 
 
The project started with a theoretical study in Sweden where different solar cookers, information 
regarding Namibia, technical aspects and end user aspects were studied. To assess the need for a 
solar baking oven a Minor Field Study took place in Namibia during eight weeks in July to 
September 2009 and resulted in a product design specification. A finding was that firewood as 
fuel for cooking was traditionally deep rooted and hard to replace. Baking was not done in large 
scale, instead bread was often purchased. From the product design specification a concept was 
formed that enables families to start a smaller bakery. 

Sunbaker is a concept that works by combining the principle of a parabolic solar cooker and a 
solar box cooker. A parabolic solar cooker works by concentrating sunlight into one point which 
makes it effective but also dangerous. Solar box ovens work by reflecting sunlight through a 
glass sheet into an insulated box. The heating time for a solar box cooker is longer but it is 
cheaper and easier to use than a parabolic cooker. Sunbaker is based on a box cooker model 
where the interior has been replaced with a reflective “U” shape and a metal pipe running in its 
focal line. This means that the “U” shape concentrates incoming sunlight to the metal pipe at the 
same time as the heat storing principle from the box cooker exists. The advantage is a more 
effective and simple solar oven. Use of the oven also becomes simple and a user manual has 
been created. The possible baking area becomes limited to inside the pipe. Sunbaker also gets a 
higher price than existing solar ovens in Namibia but as it enables the possibility to start a 
smaller bakery a pay off time of 46 days can be achieved. 

The work resulted in a concept, a prototype and a product design specification for a new type of 
solar cooker. There is future work to be done in testing the performance, optimizing the 
construction and models for implementation in society.  
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1 Introduction 
This master’s thesis is the result of work done by Mats Kjellström and Stefan Voyce. 
Both students at the Royal Institute of Technology (KTH) in Stockholm, Sweden, 
studying Mechanical Engineering with the main subject Integrated Product 
Development.  

1.1 Stakeholders and recipients  
The idea for the master’s thesis initially came from discussions between the 
Department of Machine Design at KTH and the Swedish Trade Council. The work is 
therefore done on the behalf of the Department of Machine Design and executed 
towards the Swedish Trade Council in Namibia. Various partners in Namibia 
contributed to the work, such as the Renewable Energy and Energy Efficiency 
Institute at Polytechnic of Namibia in Windhoek.  

1.2 Namibia 
Namibia is a country situated in the southern parts of Africa, on the western seaboard 
and above the country of South Africa. For many years Namibia was in fact a part of 
its current neighbour South Africa although they acquired independence in 1990 they 
still have a close bond to each other.  The vast dessert country of Namibia is one of 
the more stable democracies in Africa and they have a relatively healthy economy.  
(Haape, 1999) 

However there are a large number of inhabitants infected with the HIV-virus, 
approximately 15 % of the adult population (CIA, 2009). This is only one of the 
things that the coutry struggles with and another is the differences between rich and 
poor (Sida, 2007). 

Currently Namibia is facing a decline in energy supply, which makes more energy 
efficient solutions in every field all the more important. The great distances separating 
towns and villages complicate the energy supply further.  (Sunby, 2009) 

1.3 Solar ovens  
The idea of using direct and indirect solar radiation for cooking food is not new. As 
early as in the late 17th century a German physicist named Tschirnhausen (1651-1708) 
experimented in the area. He used a lens to concentrate sunrays enough to boil water. 
Another pioneer was a Swiss scientist named Horace de Sausure who besides 
publishing Tschirnhausens earlier work also built a solar cooker of the box-type, in 
which he cooked fruit. (Halacy & Halacy, 1992)  

Through the time of history various attempts and projects have been undertaken to 
further improve the principle and spread the use. As a result of all this work a few 
different types of solar cooking devices have appeared on the market.  According to 
Yaron, Forbes Irving, & Jansson (1994), there are four major types. They are 
parabolic reflector-, box-, heat accumulating- and steam-type cookers.    

1.4 Problem description 
The work aspires to study areas regarding both product developing needs and 
manufacturability.  
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1.4.1 Need assessment 
In order to fully understand territorial impacts and human need, a study regarding 
current living conditions has been done. This resulted in a product design 
specification concerning material, size, capacity, mobility, resistance to decay and so 
forth. One specific study has been about how to make understandable operating 
instructions. Challenges here are to include people that might not be familiar with 
technical instructions and the illiterate.  

1.4.2 Product development 
The environmental impact is already low when using an existing solar oven (Carlsson 
& Palm, 2007). However the materials that it consists of may not be the optimal ones 
looking from an eco friendly point of view. The choices of materials are of course not 
only affected by the need to be environmentally sound, consideration has also been 
taken towards the health aspects of a cooking device. Important issues here are using 
non-toxic materials and the ability to be kept clean.  

Manufacturability is one of the more significant aspects in this work. In order for a 
solar oven to be fully implemented in Namibia it is important that it can mainly be 
produced within the country. Some parts need to be centrally produced whereas others 
may be possible to produce locally.  

A lot of the success factors of the solar oven in Namibia are dependent on the ability 
to keep costs at a minimum. Hence local production may be preferable as well as 
simplifying the construction as much as possible and to use less expensive materials.  

1.5 Project goal and scope 
Today the common way to cook food is to heat it with the use of an open fire. The 
fires are usually made out of nearby trees and other greenery, which could be put to 
better use. This is an unsustainable behaviour and cannot be maintained indefinitely. 
Since the quantity of electricity is limited an alternatively powered way of cooking is 
needed. With a country that has over 300 sun days per year (Haape, 1999) a solar 
powered cooking device would seem like a feasible alternative. Therefor an area of 
study is to understand why existing solar ovens in Namibia have not been successfull. 

Prior works with a solar oven have been done by former students at KTH but not 
specifically for the Namibian environment and need, hence this project.  

The main purpose for this project has been to study the need of the Namibian people 
and to try and develop a solar oven that meets their demands in ease of use, mobility, 
heating power and costs. Other objectives for this project have been to see how a solar 
oven can be manufactured. Focus of the project has been to develop a solar cooker 
specifically for baking. This would require a new type of solar cooker and address a 
new need. 

Another important goal is to have an extensive co-operation with the Renewable 
Energy and Energy Efficiency Institute at Polytechnic of Namibia, to promote the 
collaboration between Sweden and Namibia and also to initiate efforts regarding solar 
ovens.  

1.6 Limitation 
However there are issues that will not be dealt with in this thesis. For instance, could 
a solar oven be interesting for many African countries? This project will be limited to 
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Namibia. Another limitation will be to only look at solar ovens when maybe other 
cooking devices could be applied.  

In principle a solar oven could be used in other applications than cooking, but this 
thesis will not put any particular effort to identify these. This is however something 
that will be suggested for further work in a later section in this report. 
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2 Theoretical framework 
The theoretical framework takes up earlier works and information needed to carry 
out the thesis. Areas covered are descriptions of different solar cookers, information 
regarding Namibia, technical aspects and end user aspects. 

2.1 Different types of solar cooking devices  
There are many different types of solar cooking devices. Regardless of type, shape 
and size a solar cooking device is defined as an apparatus using only the rays of the 
sun as “fuel”. Solar cooking devices have a great number of advantages compared to 
wood fuelled cooking and electric cooking where electrical energy is scarce. Despite 
this solar cookers have never had a big breakthrough and it has been said that solar 
cooking is a solution looking for a problem (Wentzel & Pouris, 2007). Therefore one 
must take in account the limitations it brings along.  

2.1.1 General advantages 
 As said earlier there are a number of advantages with a solar cooking device 
compared to regular cooking methods. A study made in South Africa regarding the 
impact of solar cookers state advantages such as less dependability on declining wood 
supply and the negative consequences it brings to both the environment and the users 
(Wentzel & Pouris, 2007). Another study made about women in Burkina Faso and 
their cooking behaviour further discuss the topic of the dangers that wood fuelled 
brings to the health (Jansson E. G., 1998). There it is said that different types of 
stoves leading away the smoke would be preferable and one alternative being a solar 
cooking device. A solar coking device is said not only to keep the smoke away but 
also save time when the number of wood gathering trips is reduced (Jansson E. G., 
1998). Shortage of fuels is no longer a problem as it often can be in rural areas, as 
long as there is sun there is much less dependability and the independence of the user 
is increased (Wentzel & Pouris, 2007).  

2.1.2 General limitations 
The different solar cooking devices all have some common limitations when 
compared to ordinary cooking methods. An article about solar energy alternatives for 
Namibia takes up a number of limitations for a solar cooking device (Yaron, et al., 
1994). Firstly, a new cooking device takes some time getting used to, it means new 
cooking times and new tastes. New cooking hours can complicate things even further 
when common meal times shift. Another limitation that is discussed is the fact that a 
solar cooking device generally has to be placed outside. In some cases it is even 
considered to be taboo. If cooking is not done indoors it is not uncommon to cook 
under some kind of cover as the mother might carry a child on her back. It is also said 
that smoke has some advantages such as impregnating thatch roofs and conserving the 
food. 

In studies about solar cooking devices it is mentioned that users find it irritating 
having to move the device as the sun moves in the sky (Jaramillo, Huelsz, Hernández-
Luna, del Río, Acosta, & Arriaga, 2007); this is described further in following topics.  

2.1.3 Parabolic cookers  
By creating a parabolic shape, according to Figure 1, and choosing a way to make the 
concave side reflective, it is possible to place an object in the focal point that will 
receive a high temperature as the rays of the sun hit the parabolic dish and concentrate 
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in the focal point.  (Oommen & Jayaraman, 2001). This is the basic idea of a 
parabolic solar cooker. 

 
Figure 1 Principal view of a parabolic solar cooker. 

Parabolic solar cookers create the highest temperatures and are also the solar cooker 
that heats up the fastest (Jaramillo, Huelsz, Hernández-Luna, del Río, Acosta, & 
Arriaga, 2007). In order to function properly and give the highest temperatures the 
reflector should be placed so that the rays from the sun fall in perpendicularly (Yaron, 
et al., 1994). If not the sides of the dish cast a shade that lowers the temperature, this 
is illustrated in Figure 2.  

 
Figure 2 Illustration of sunrays not falling perpendicularly in on a parabolic solar cooker. 

Even though there will be reflections from the sunny side of the reflector the intensity 
is lowered and also the temperature. The need of being perpendicular towards the sun 
makes it the solar cooking device which must be moved the most. 
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Parabolic solar cookers can because of its solar focusing principle be a potentially 
dangerous device.  As all cooking is done in the focal point there is a risk that the user 
will get burned while placing and removing the food. An extreme case of this would 
be if the eyes were to be in the focal point, which could cause blindness. 

There are a few more limitations with the parabolic cookers that are of significance. 
First of all the shape of the cooker makes it sensitive to wind so that it might fall over. 
It is also dependent on not getting scratches or bumps, as this would lower the 
efficiency of the cooker. (Yaron, et al., 1994) 

2.1.4 Solar box cookers or solar ovens 
Solar box cookers are the most common type of solar cookers (Karr, 1991). As the 
name implies the construction of the cooker is in the shape of a box, see Figure 3.  

 
Figure 3 Typical construction of a solar box cooker. 

There are three factors that combined make out the function of the solar box cooker. 
Firstly, the box is fitted with a glass sheet as a top to seal in the heat in the same 
principal as a greenhouse. Secondly, the inside area on where the food is to be placed 
is painted black. This is to create a higher heat accumulation; this is discussed in a 
later chapter. Thirdly, the cooker is equipped with one or more reflectors to steer 
additional sunlight into the cooker.  

The solar box cooker differs from a parabolic solar cooker in such a way that it is 
easier to build, it does not need to be aligned towards the sun as frequently which 
allows the food to be cooked slowly without need of care and it is not as sensitive to 
wind. It also differs in cooking possibilities, the parabolic cookers function as 
hotplates whereas a solar box cooker functions as an oven. (Yaron, et al., 1994) 

Limitations with the solar box cooker are that it takes a long time to cook in and it is 
not possible to stir the food without opening the cooker which lets out all the heat. 
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2.1.5 Other solar cookers 
There are various other solar cookers that are less common and function in different 
ways then the parabolic and the solar box cooker. These will be briefly described in 
the following chapter. 

Steam Cookers   

A solar steam cooker, as seen in Figure 4, functions in such a matter that water is 
heated up by the rays of the sun. The heat releases steam that is used to cook with.  
An advantage that this technique has is that the steam is transportable, thereby 
allowing for cooking indoors. There are however a number of limitations. The steam 
cooker is not very effective and does not reach very high temperatures. They are not 
very practical, they are often complex to build and might need a constant water 
supply. (Yaron, et al., 1994) 

 
Figure 4 Typical construction of a solar steam cooker.(sun2steam) 

Heat accumulating cookers  

The principle of a heat accumulating solar cooker is shown in Figure 5. This specific 
project combines a parabolic reflector to a heat-storing device, in this case a rock 
bed(Heetkamp, 2002). Another alternative is to heat up a collection fluid that can be 
used for cooking. The advantage of these systems is that they can provide heat when 
the sunlight is blocked and when the sun has gone down. These systems are however 
complex and mainly suited for larger settlements. (Yaron, et al., 1994) 
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Figure 5 Principal illustration of a heat accumulating solar cooker.(Heetkamp, 2002) 

2.2 Namibia 
Since this thesis aims at solving a problem in a country that is foreign to the authors, a 
solid research study on the country itself is therefore vital. 

2.2.1 Geography and nature 
Namibia is a vast country, covering 824 269 km2, which makes it approximately twice 
the size of Sweden. Although huge in terms of land the size of the population is not. 
With a population of only about two million people, Namibia is one of the countries 
with the lowest population density in the world. In fact it is only about two people per 
km2.  

Even though the characterizing type of landscape in Namibia is desert there are 
variations, from the woodlands in the northeast parts to the wetlands in Eastern 
Caprivi. The country is also very mountainous and a large part of the country is 
situated at a high altitude. (Oliver, 2008) 

Barbara Karr states in the book “The expanding world of solar cookers” (1991) that in 
areas with latitude less than 20° is it definitely possible to use solar cookers all year 
round. As seen in Figure 6 the northern parts of Namibia fulfil this requirement and 
the rest of the country is slightly below this area.  The map also shows that the solar 
irradiation is at a high level throughout the country. 
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Figure 6 Solar irradiation map. (SoDa , 2009) 

2.2.2 History and people  
Humans have lived in the area of Namibia for at least several thousands of years. 
Some rock paintings have been dated to be between 25 000 – 27 000 years old. Since 
then there have been various groups of people in the area and in the late 15th century a 
Portuguese explorer named Diego Cão sat foot in the land as the first European. After 
the first European visit, parts of the coastline were used as harbours for whalers and 
other ships but the land was not colonized until the British annexed Walvis Bay and 
its surroundings in 1878. Only a few years later the Germans turned their eyes to the 
African continent and they claimed Lüderitz and other areas as protectorates in 1884. 
Germany took a firm grip of the land but there were attempts to overthrow their rule. 
The largest up-rise took place in 1904, when the Herero people openly fought against 
their German suppressors.  

The land stayed German until 1915 when the Union of South Africa occupied the area 
in the First World War. Between 1920 and its independence 1990, Namibia or South 
West Africa as it was called, were more or less a part of its current neighbour South 
Africa.  

The people of Namibia are today rather modern and westernised, and there is not very 
much left of their old culture except in some remote areas. There are still six major 
ethnical groups and they are called Basters, Herero, Himba, Owambo, San and 
Topnaars were Owambo is the largest group and stands for about half of the 
Namibian population. (Oliver, 2008) 
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2.2.3 Needs and environment  
As mentioned in the background Namibia is facing a decline in energy supply and the 
large distances makes electrification of the country via a large grid unrealistic. 
Another hinder for electrification is that people in the rural parts often do not have the 
steady income that is needed to pay for electricity (Yaron, et al., 1994).  Only around 
one-third of the population has access to grid electricity. Some studies show that more 
than 70 % of the urban population is connected to the grid but only 15 % of the rural. 
(Swedish Trade Council, 2009) 

According to previous studies (Jansson S. , 1992) 90 % of the food cooking is done 
with fire from wood in the formerly called Owambo region of Namibia, and this 
should give a rough picture of the current situation. Jansson also states that people 
have to travel as far as 40 km from the central parts of this area to collect the firewood 
that is needed. 

The family members that are usually responsible for the fuel gathering are often the 
ones with the lowest rank, e.g. the women and girl children. This puts them in the way 
of risk for abduction, rape, assault and attacks from animals. (Wentzel & Pouris, 
2007) 

Even tough the collecting of firewood is both dangerous and time consuming it is 
often not seen as a major issue by the authority in the families. This is because the 
activities of women and children is seldom money generating. But from a social-
economic perspective their time could be put to better use, education for instance.  

The use of open fires as a heating source for cooking has both obvious and not so 
apparent consequences. One of the more evident consequences is that the use of 
firewood adds to the reduction of forests. Fewer trees further increase the wood fuel 
scarcity and erosion of lands which make fuel gathering more time consuming and 
expensive if that is the case. Another is the respiratory diseases that can be linked to 
inhaling toxic gases while standing next to an open fire.  An indirect consequence is 
that when alternative fuels are used, e.g. dung and plant waste; there is a decrease in 
available natural fertilizers. This is something that in the long term boosts the need of 
synthetic nourishments, which is both expensive and bad for the environment. (Yaron, 
et al., 1994) 

2.2.4 Solar cookers in Namibia 
Solar cookers are not a new phenomenon in Namibia. Some work has been done in 
the past but it has not successfully made a major impact to this date.   

The challenges that have come to delay the success of solar cookers are mainly 
related to cultural aspects. Food cooked with a solar oven may not taste the same as 
the food cooked in a traditional way. The smoke from the fire can help preserving, 
both the food and thatch roofs. It can be effective against bugs and the fire gives heat 
to its surroundings.  

Namibia is in many ways an ideal country for solar cookers. A high ratio of sunny 
days as well as high altitude, gives an insolation that meets the requirement for solar 
cookers of over 4 kWh per day and square meter throughout the country.  
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The staple food in Namibia is porridge made out of maize meal and millet, which is 
eaten together with meat, fish or vegetables. All is possible to make in a solar oven 
and should not prove to cause any difficulties.  

All according to (Yaron, et al., 1994) the typical Namibian family eats two main 
meals per day, at noontime and after sunset. Usually the family that eats together 
consists of up to eight or nine individuals.  

Earlier solar cooker programs in the southern parts of Africa have according to 
Wentzel & Pouris (2006) shown that the main difficulty is not as many belive, to 
refine the principle as much as possible. So if engineers and inventors can just make a 
solar cooker that is good enough people will want to buy and use it. The diffculty lies 
in changing peoples habits and making the cookers affordable and user friendly. Thus 
future efforts should be aimed at marketing, improving financial models and 
information dispersal.  

There are basically a few issues to be delt with if solar cookers are to be succesfull in 
southern Africa. They are as follows (Wentzel & Pouris, 2007): 

• The pricing must be within range for the consumers and a clear view of the 
possible savings is important.  

• Seeing is beliving. People must see for themselves that the product works. A 
system of demonstrational advertising should be in order.  

• The quality and finish must be very high if people are to invest a large amount 
of their money in a product.  

• Solar cookers should not be promoted as a sole replacement of conventional 
fueled appliances but as an important supplement.  

• Adequate financial mechanisms needs to be devloped for the end-consumer, 
such as  micro-finance and credit systems.  

2.3 Technical aspects 
It is difficult to know in advance what kind of technical expertise will be needed in a 
product development project. It is therefore important to do a study in areas that may 
be concerned but also to have the ability to go back and do further studies.  

2.3.1 Optics  
When light rays hit an object, all or one of three things occur. The rays reflect, the 
rays transmit through the object or the surface of the object absorbs electromagnetic 
waves which leads to release of heat. (Young & Freedman, 2004) 

2.3.2 Optics - reflection 
For simplification rays of light are often considered to be linear and homogeneous. 
When the rays reflect on a surface, depending on shape, there are some geometrical 
occurrences to be considered. 

Reflection at a plane surface 

As illustrated in Figure 7 the incoming ray and the reflected ray are always in the 
same angle, α, in relation to the normal planes, regardless of the incline. This is called 
the law of reflection. 
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Figure 7 Single ray reflection against plane surface. 

Reflection at a spherical surface 

When perpendicular light rays hit a spherical surface they all converge at a single 
point, see Figure 8. This convergence point is called the reflections focal point, F, and 
it implies that the rays are in focus at that point. The focal point is situated at a 
distance, f, from the reflective surface that is equivalent to half the radius of curvature, 
R.  

 
Figure 8 Reflection on a spherical surface. Point C indicates the centre of curvature. 

2.3.3 Optics – refraction 
When light rays hit a transparent material with a different index of refraction, n, not 
all light is transmitted through. Some of the light is reflected and some is transmitted 
or refracted as it is also called. The index of refraction indicates a relationship (1) 
between the light speed in vacuum, c, and in the material, v, thus every transparent 
material has a unique index.   

 

Depending on the materials index of refraction the refracted angle, αr, is greater or 
smaller than the incident angle, α, see Figure 9. If material b has a greater index of 
refraction than material a, then the refracted angle is greater than the incident angle. If 
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2.3.3 Optics – refraction 
When light rays hit a transparent material with a different index of refraction, n, not 
all light is transmitted through. Some of the light is reflected and some is transmitted 
or refracted as it is also called. The index of refraction indicates a relationship (1) 
between the light speed in vacuum, c, and in the material, v, thus every transparent 
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Depending on the materials index of refraction the refracted angle, !!, is greater or 
smaller than the incident angle, !, see Figure 10. If material b has a greater index of 
refraction than material a, then the refracted angle is greater than the incident angle. If 
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material b had an index of refraction that was smaller than for material a, the refracted 
angle would be smaller then the incident angle.  

If material b in Figure 9 were a sheet of glass for instance, then the light ray would 
leave with a greater angle than the incidental incline. 

 
Figure 9 Reflection and refraction of a light ray against a transparent material. 

 

The relationship between the incident angle, refracted angle and the index of 
refraction is called the law of refraction and is expressed as (2). (Young & Freedman, 
2004) 

 

2.3.4 Solar cooker associated techniques  
Since a lot of work has already been done in the field of solar cooking it is 
unnecessary to invent every aspect all over again. After researching the subject some 
features should be given some concern. 

The important aspects for the pots and plates that are used is the mass, material and 
colour. The mass should be large enough to store some heat for when clouds shade 
the sun etc. but small enough so that the heat up time is not too long. According to 
Yaron, et al. (1994) they had a time to boiling point that was 30 % shorter with a 
black pot compared to a metal finished, unpainted pot. This proves the importance of 
the right colour for best heat absorption. The material should be of high heat 
conductivity for best results (Baker, 2009). 

Earlier solar cooking works have also shown that smaller pieces of food cook faster, 
something that may seem trivial but is important to think about when making 
instructions.   

If the food is cooked at temperatures between 10°C and 52°C there is an increased risk 
for bacteria to grow, this temperature span should therefore be avoided and the 
temperature should be kept above. (Karr, 1991) 

Placing of the cooker can also make a difference. Works by Baker (2009) indicates 
that if the cooker is placed near a white, reflecting, equator-facing wall it can increase 
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Figure 10 Reflection and refraction of a light ray against a transparent material. 

 

The relationship between the incident angle, refracted angle and the index of 
refraction is called the law of refraction and is written as (2). (Young & Freedman, 
2004) 

 (2) 

2.3.4 Solar cooker associated techniques  
Since a lot of work has already been done in the field of solar cooking it is 
unnecessary to invent every aspect all over again. After reading up on the subject 
some features should be given some concern. 

The important aspects for the pots and plates that are used is the mass, material and 
colour. The mass should be large enough to store some heat for when clouds shade 
the sun etc. but small enough so that the heat up time is not to long. According to 
Yaron, et al. (1994) they had a time to boiling point that was 30 % shorter with a 
black pot compared to a metal finished, unpainted pot. This proves the importance of 
the right colour for best heat absorption. The material should be of high heat 
conductivity for best results (Baker, 2009). 

Earlier solar cooking works have also shown that smaller pieces of food cook faster, 
something that may seem trivial but is important to think about when making 
instructions.   

If the food is cooked at temperatures between 10!" and 52!C there is an increased risk 
for bacteria to grow, this temperature span should therefore be avoided and the 
temperature should be kept above. (Karr, 1991) 
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that if the cooker is placed near a white, reflecting, equator-facing wall it can increase 
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the cooking temperature by 10°C.	  Alternatively	  a	  dark	  wall	  can	  be	  used,	  which	  can	  
increase	  the	  ambient	  temperature	  by	  5-‐10°C.	  	  

N.M.	  Nahar	  (2009)	  suggests	  in	  an	  article	  that	  a	  Transparent	  Insulation	  Material	  
(TIM)	  should	  be	  used	  between	  two	  glazing	  sheets	   for	   increased	   insulation.	  The	  
TIM	   is	   a	   40	  mm	   thick	   honeycomb	  made	  of	   polycarbonate	   capillaries	   that	   have	  
low	  transmission	   losses.	  The	  TIM	  has	  shown	  to	   increase	   the	  efficiency	  of	  SBC’s	  
with	  up	  to	  6	  %.	  One	  problem	  with	  the	  TIM	  however	  is	  that	  there	  is	  a	  risk	  that	  the	  
temperature	   at	   the	   inside	   glass	   gets	   too	   high,	   which	   could	   cause	   the	  
polycarbonate	  to	  melt.	  This	  is	  something	  that	  could	  be	  avoided	  by	  having	  a	  small	  
air-‐gap	  between	  the	  glass	  and	  the	  TIM.	  (Nahar, 2001)	  	  

2.4 Thermodynamics 
This chapter aims to investigate the thermodynamic effects that occur with a solar 
cooker. There are four areas that are especially interesting to study; absorption, heat 
capacity, thermal conductivity and insulation. 

2.4.1 Absorption 
When a surface gets hit with sunlight, radiation, some of the rays get reflected and 
some of the rays get taken in as thermal energy in the surface, which shows itself as 
heat, this is known as absorption. Depending on some parameters the temperatures 
reached can vary. Naturally the amount of energy supplied matters as well as the time 
exposed. But also the shape of the surface and the colour matters. The highest level of 
absorption is given to a dull black surface, this because a black surface does not 
reflect much light which leads to it being absorbed instead. (Kadambi & Prasad, 
1976) 

2.4.2 Heat capacity 
Heat capacity is a materials ability to take up heat. It is a measurement in how much 
energy that is needed to raise the temperature in a body, hence the unit is J/K. If a 
body has high heat capacity it means that it can store heat well, it takes longer to heat 
up than a material with low heat capacity since it requires more energy to reach high 
temperatures but it will be able to store the heat for a longer time. A high heat 
capacity is often linked to a high density; an example of a material with a high heat 
capacity is cast iron. (Kadambi & Prasad, 1976) 

Specific heat capacity, c, is another variable. It is the heat capacity per unit of mass, 
hence the unit J/(kg.K) (KTH Energy Center). For a gas there are different states of 
being if certain parameters are kept constant. If the volume of the gas is kept constant 
then the state is called isochor and if the pressure is kept constant then the state is 
called isobar. The specific heat capacity for an isochor state is always lower than the 
isobar states. The conclusion one can draw from this is that if a big mass is to be 
heated up with as little energy as possible a tight container is preferred. (Kadambi & 
Prasad, 1976) 

2.4.3 Thermal conductivity 
Thermal conductivity is a material’s ability to lead thermal energy. What determine a 
material’s ability to lead heat is the length of the material as well as the cross section 
area and the temperature of the material. 
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Metals are materials that usually have a high thermal conductivity and heat insulating 
materials have low. The second law of thermodynamics state that thermal energy can 
only move from a warmer to a colder material. Nature also strives for a thermal 
balance, in other word to give a system an even temperature. So if there is a heated 
area separated from a colder area there should not be any material with high thermal 
conductivity connecting them as this would cool down respectively heat up the areas 
faster. (Kadambi & Prasad, 1976) 

Thermal conductivity is also a factor to consider when it comes to safety; a material 
with higher thermal conductivity gives burns more easily than a material with low 
thermal conductivity, even if the temperature is the same. This is for instance 
noticeable when holding a cold piece of metal compared to a cold piece of wood. 
Thermal energy can also be transported trough convection.  That means that the 
thermal energy goes from a surface to another medium, gas or fluid. (Kadambi & 
Prasad, 1976) 

2.4.4 Insulation 
Insulation refers to a material that is particularly good at keeping thermal losses low. 
Porous materials are good as they create air cavities, where the air stands still, which 
works as effective withstanders of heat.  

Heat balance means that the temperature is to be within certain boundaries despite 
transmission losses. There is a measurement used for transmission losses in an 
insulation material called the U-value. A lower U-value means less transmission 
losses from the material. (Kadambi & Prasad, 1976) 

2.5 End-use aspects 
End-user aspects imply how the consumer will interact with the product. Researched 
areas are user interface and user manual. 

2.5.1 User interface  
When designing a new consumer product the product should be adapted for its users. 
This may seem trivial but it can be hard for an engineer or designer to fully 
understand how a person, who has not been working with the product earlier and who 
may have an inadequate education, may view the product. Therefore the design 
should be tested rigidly to reduce end-user frustration and a possible reluctance to use 
the product. There are however a few things that one can think about to minimize 
design flaws. (Norman, 1989) 

Clear function   

The function of the object that is to be manipulated by the user should be clear. This 
means that a user interaction results in something that was possible to comprehend. It 
is not always necessary to give a completely accurate view of the function. 
Sometimes it is better to make simplifications. One should however be careful not to 
confuse the user.  

Possibilities  

The number of different possible actions that can be performed with the same object 
often differs from one to an infinite number. A good example is the modern car radio, 
where a few number of buttons and handles are used for many more functions. To 
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inform the user there is a need for instructions, either on the product itself or in a user 
manual.  

Constrains  

Constrains means limitations that make the number of possible actions fewer. The 
limitations can be used to guide the user if applied correctly. A good example is the 
puzzle bits that can only be put together in a certain way.  

Mappings 

An obvious mapping of the interface makes its use easier. One should try and make 
the relationship between control and object as natural as possible, like the steering 
wheel in a car. The driver can assume that turning the wheel right makes the car go 
right, any other configuration would just be confusing.  

Finally, Norman (1989) has concluded seven different points that should be taken in 
to account when designing a new product. 

1. Make use of information, both on the product and in a user manual. 
2. Simplify the structure of the task.   
3. Make the function visible.  
4. Use natural mappings.  
5. Take advantage of constrains, or make new ones.  
6. Leave room for misuse in the design. 
7. If nothing else helps, standardise.  

2.5.2 User manual 
Making graphics for user instructions is never easy, the main issue is to interpret a 
three-dimensional world to a two dimensional illustration. The lack of depth cues 
makes the point of view crucial. (Krull, Debopriyo, D'Souza, & Morgan, 2003) 

Graphics is important for user instructions since they, if correctly used replace text, 
text that does not need to be translated if the manual is intended for many different 
markets and users. Graphics can not however totally replace the written word but they 
can help against cultural and language based misinterpretations. Illustrations have also 
proven to be less confusing and more memorable. (Horton, 1993) 

There are basically two ways to base the illustrations, either they are made with the 
object that is to be manipulated in the centre, left in Figure 10, or with the user in 
focus, right in Figure 10. These two different views can be called object- and body-
centred viewpoints respectively.  

Neither viewpoint is ideal since none of them show all necessary information.   In the 
object centred viewpoint it is easy to perceive the objects vertical placement, but not 
the objects distance to the person’s chest. In the body centred point of view the 
orientation is easier to intercept but it can be harder to fully see what is done in the 
illustration. The example that is used is one of the better body centred views that can 
be achieved, since it is slightly rotated. It would otherwise be difficult to see the 
object at all. Tests have shown that the slightly rotated body centred view is the one 
that potential users find to be the best. 
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Researches have also concluded that the illustrations should be artistic interpretations 
and not actual pictures because pictures contain too much unnecessary information. 
The illustrations should focus on the important objects and can also exaggerate vital 
distances. (Krull, et al., 2003) 

 
Figure 10 Object - and body centred viewpoints. (Krull, et al. 2003) 

When technical illustrations are made it is important to have a clear view of who the 
end-user is. Cultural differences make the user’s interpretation complex to anticipate. 
Symbols have different meaning and importance in every culture but so does its 
presentment. Some basic to- think- about- points can however be made according to 
Horton (1993). 

• If there is more than one illustration, they should be aligned in a column that is 
to be read top to bottom. Arrows could also be used to enhance this. This is 
important because of the differences in reading direction between Western- 
Arabic and Asian-cultures but also for the illiterate. 

• Avoid extremes in symbols to minimize possible confusion and offence. It 
may be better to use slightly rounded edges and try to use neutral symbols.  

• Mask national differences like the shape of a power plug or similar.  
• Exclude text on devices such as letters on a keyboard.  
• Show many possibilities if it is impossible to disguise the feature.  
• Minimize the use of letters, punctuation marks and other verbal symbols.  
• Make the illustrations work in black and white. Later add colour to enhance 

the drawings.  
• If colours are used, have a clear colour scheme and avoid room for cultural 

interpretations of its meaning.  
• Only use cartoons or stick figures to symbolise a person, and do not make 

difference of man or female if not absolutely necessary.  
• Only use hand symbols to promote clarity and when they are performing a 

procedure.  

When text no longer can be avoided the viewer’s reading skills should be considered. 
If a user manual in English is to be made, then use text according to Table 1. 
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Table 1 Use of written instructions in an English user manual. (Horton, 1993) 

If the reader… Then design the graphics to… 

Reads English as a first language Use English freely 

Reads English as a second language Use simple words – concrete nouns and 
verbs. Avoid words with multiple 
meanings. Avoid abbreviations. Many 
languages abbreviate differently than 
English. Some do not abbreviate at all 
(Hartshorn 1989).  

Does not read English Avoid English for any critical distinction. 
Either repeat words in the reader’s 
language or test the graphic to ensure it 
works without language. 

Will read the document in translation  Use concrete words and simple sentences 
structures to promote more accurate 
translation.  
Avoid abbreviations (Hartshorn 1989). 
Leave room in case more text is required 
in the target language. 

2.6 Financial calculation 
All products that are an investment need some kind of financial calculation, to see if 
and how much there is to be saved in matter of money. There are a few calculation 
methods available and it can be difficult to choose which one to use. Since a solar 
cooker is a product that is mainly intended for people in rural areas where education is 
sometimes inadequate, and since it is a one-time investment that is relatively modest, 
a basic payback period calculation is sufficient. Even though it does not take interests 
or inflation into account.     

To do a payback period calculation is just taking the initial investment and divide it 
by the net-income like equation (3). The factor I, is the initial investment and N, is the 
net-income per time unit and T, is the pay back time period. (Kullvén, Ax, & 
Johansson, 2005) 

  (3)  
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3 Methods  
This chapter describes the methods used to carry out this thesis. Information is given 
to the theory of the method as well as how it is to be used. 

3.1 Interviews 
In order to obtain data from people interviews can be a good tool. There are different 
types of interview techniques that may be more suitable depending on the situation. 
The techniques looked closer at are structured interview, semi structured interview 
and unstructured interview. An important ethical aspect to take into account is to 
inform the interviewee of where the information is to be used and offer the possibility 
to be anonymous. (Denscombe, 2007) 

3.1.1 Structured interview 
In a structured interview the questions and surroundings are tightly controlled. A 
questionnaire has been prepared in advance and it contains standardized questions that 
are to be used when interviewing other people as well. The questions are carefully 
worded and asked in order. This has the advantage that quantities of data can be 
obtained and compared. However it gives the interviewed person limited possibilities 
to respond and digress. (Denscombe, 2007) 

3.1.2 Semi-structured interview 
The semi-structured interview differs from a structured interview in a few ways. 
There is still a predetermined questioner that works as the interview guide but the 
interviewer is free to change the order they are asked. The person interviewed is also 
able to elaborate his thoughts more freely. The point of the questions is to be more 
open so that the interviewed person may talk about his or her points of interests. 
(Denscombe, 2007) 

3.1.3 Unstructured interview 
The objective of an unstructured interview is not to obtain quantities of data about an 
issue but rather to learn and discover. The interviewer is merely to start the interview 
by introducing a topic and then peruse an open discussion in an un-intrusive way. 
This is a particularly good technique to find out new things about an area in which to 
focus further work. (Denscombe, 2007) 

3.2 Observations  
Another way to obtain data is by observing what actually happens. This has the 
advantage of giving direct evidence to the situation at hand, not relying on what 
people say and instead focus on their behaviour. 

A special way of performing observations is conducting fieldwork. This is when the 
work is done, data is collected and analyzed in the studied field. This is a firsthand 
way of observations that enables the researcher to make empirical conclusions. 

If two people observe the same situations the perceptions may differ. Therefore it is 
important so compare field notes and discuss experiences afterwards. (Denscombe, 
2007) 
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3.3 Idea generation 
In order to come up with ideas in a creative way and not focus on one specific 
solution it is important to have different idea generation methods. The ones used in 
this project are brainstorming and concept combination table.  

3.3.1 Brainstorming 
Brainstorming is an innovation technique for groups. The principle is that the group, 
in a preset framework, come up with ideas and discuss them so that further ideas can 
be brought up from that. This is a great way to get a large number of ideas in a short 
time period.  

It is important to keep an open mind during the exercise so that ideas are not 
disregarded too early. It is vital to keep notes during the process so that the ideas and 
the way of thinking do not get lost. Brainstorming is also a good way to encourage 
“outside of the box”-thinking. (12Manage, 2009) 

3.3.2 Concept Combination Table 
When using concept combination table the problem at hand is divided into sub-
functions. What sub-functions there are is chosen according to what basic principles 
the product needs in order to function. For each sub function there is a brainstorming 
session, where focus is not at high technical level but instead aims to bring forth many 
sub-solutions. The advantage of this method is that ideas regarding specific areas of 
the product can come forth that other methods might miss. It also gives a clear 
product overview. (Ulrich & Eppinger, 2007) 

3.4 Analytical Hierarchy Process (AHP) 
AHP is a method that is can be used for concept evaluation. The principle is that one 
can divide the main goal into smaller bits, and these are called criteria and sub 
criteria, see Figure 11. The different criterias have distinct weights that are set by the 
user. The different concepts are later compared with a specific criterion in mind. Each 
concept will then get a rating at criteria level and when all criteria ratings are put 
together it gives the concepts total rating.  
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Figure 11 Generic view of AHP. 

The method involves a lot of calculations, therefore are there many different tools 
available out there to help. One example of them is the Analytical Hierarchy Process 
(AHP) Program that is available on the Canadian Conservation Institutes Internet 
website. (Canadian Conservation Institute, 2006) 

3.5 Pugh matrix 
A Pugh matrix is a tool that is used to evaluate and compare different concepts in 
order to choose the most suitable one. The method consists of choosing the most 
relevant requirements from a list of requirements and weighting them, on a scale 1-5, 
according to their importance for the user. Each concept that is to be evaluated is then 
deemed to fulfil, un-fulfil or be indifferent to each requirement in a matrix. If it is 
deemed to fulfil the requirement the concept can credit the weighted points and if the 
requirement is un-fulfilled the weighted points is subtracted from the concept. The 
concept that after evaluation with all requirements has the most points is the one that 
best meets the list of requirements. (Ulrich & Eppinger, 2007) 

3.6 Logical Framework Approach 
Logical framework approach, LFA, is a tool to aid management of a project and its 
process. It is a way of describing the project and how inputs are to be converted to 
outputs. In it a clear hierarchy is formed over the projects objectives leading to the 
final goal. When one objective is completed it should mean that the next one can be 
started, it is therefore important to have all information available to fulfil the 
objectives. To ensure that the progress of the project is moving satisfyingly there 
should be verifiable milestones that have a timeframe attached with them.  

Using the LFA method has advantages in different fields. In the planning phase it is 
an important tool as it forces the objectives to be put in a hierarchic order and a 
timeframe in which they are to be completed. Screening is another area where it can 
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help to work with LFA since part of the method is to verify the milestones before 
moving into the next objective. 

There is however some potential drawbacks with the model as it force a long time 
planning in an early stage. This means that all information might not be available to 
make a decision into the future and the method might seem inflexible. (Gasper, 2000) 

3.7 Product Design Specification (PDS)  
The PDS is a document that is set up at an early stage in the development of a new 
product. Usually this is something that the different stakeholders work on together 
since it is the document that will be used in the end to see how well the product meets 
the client’s expectations. Without a PDS it is far from certain that the provider and the 
receiver have the same view of what is to be done and delivered.  

The work with the PDS starts with gathering of requirements. The requirements are of 
different nature, everything from detailed functions to colour, weight and size. 
Depending on the product itself. These requirements are later sorted in to must- and 
should specifications, depending on the importance.  

When all specifications are listed different verification methods should be stated. 
Since if there is no validation method, it is impossible to determine how well the 
product meets the requirements. The PDS should also include a goal for each 
specification. If the product then does not meet these goals, the customer did not get 
what they ordered. (Melin, 2008) 

3.8  Environmental Impact Assessment (EIA)  
EIA is a process that is undertaken to determine how a forthcoming project will effect 
the environment in which it exists. The EIA is important to reduce these effects since 
counter-measurements can be made at an early stage. (International Association for 
Impact Assessment, 1999) 

EIA in its simplest form is checklists and matrices. The checklist consists of a number 
of environmental impacts that can be predicted. These impacts are later evaluated in 
different areas such as what are the symptoms, are they reversible, what is the scale, 
what is affected and so forth. The checklist EIA can be further explicated with 
weighting and scaling of each element. (Asian Development Bank, 1999) 
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4 Field study in Namibia 
As this masters thesis is partly conducted as a field study the findings from the field 
study are of utmost importance and should shape the thesis results. The study consists 
of observational studies as well as interviews of both experts and ordinary 
Namibians. The type of interview was chosen based upon knowledge of the 
interviewee and the formality of the situation. Locations of the field study were, in the 
case of observational studies, concentrated to the northern parts of Namibia and the 
towns of Ondangwa and Oshakati. The area was chosen because of the present of 
rural communities, as well as a solar cooker manufacturer.  

4.1 Interview with Mr. Kudakwashe Ndhlukula  
Mr. Kudakwashe Ndhlukula works as a coordinator at Renewable Energy and 
Efficiency Institute at Polytechnic of Namibia.  The interview took place at House of 
Sweden in Windhoek on the 16th of July 2009. The interview was conducted as an 
unstructured interview.  

Mr. Ndhlukula spoke of the Off-grid Energisation Master Plan for Namibia in which 
there will be efforts to set up something called energy shops. These energy shops will 
basically be a part of existing stores in rural parts of Namibia in which the Ministry of 
Mine and Energy can, promote, sell and distribute off-grid energy solutions. A 
problem with these shops is that there may not be enough information in them. There 
will possibly be a need of education for the storekeepers or perhaps a travelling 
informant.  

There are two major issues with electrifying the rural parts, for one; the main grid 
must be expanded on a large scale. The second reason why it is not appropriate to 
connect every household to the grid is that many people do not earn or have that much 
money. Their wealth, if any, is bound to cattle and crops so they cannot pay a monthly 
bill.  

Mr. Ndhlukula also states that conventional solar energy has become a lot cheaper in 
Namibia due to the downturn in global economy. This because the Japanese 
government as a counter measurement have invested much money in solar panel 
manufacturers in order to employ more people. At the same time Japan gets a bit 
closer to their climate goals.  

One major concern for solar cookers in Namibia is adaptation. Another question is 
how the ovens are to be distributed. What distribution channels can a manufacturer 
make use of?  

An idea that Mr. Ndhlukula spoke about is that advertising and distribution in a city 
like Windhoek could lead to more solar ovens in the countryside. This because the 
people with money mainly live in the cities while parts of their family does not. And 
so they can buy an oven in the city and then give it to relatives.  

4.2 Interview with Mrs. Bertchen Kohrs 
The interview took place on the 22nd of July 2009 at Chameleon Backpackers in 
Windhoek. It was carried out as a semi-structured interview with a pre-made 
interview guide as foundation. The interview guide can be found in Appendix 1. 
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Mrs. Kohrs is working in an organisation called Earthlife Namibia. Earthlife Namibia 
is a non-profit organisation that works for a better life of humans, without degrading 
the environment. They support individuals, businesses and industries to reduce their 
environmental impact.  

Mrs. Kohrs speaks about a government-funded loan that people can apply for when 
they are going to invest in solar-based water heaters and perhaps other renewable 
energy technology. The loans are interest free and are quite popular. Unfortunately 
there have been many troubles with getting them because of bad organization and it 
seams like the funds have cleared out.  

To make full use of a solar oven much experience is needed. For it is possible to 
prepare a meal and then go to away to work or such, and have the food ready when 
you come home. It is just a matter of planning and positioning the oven in the right 
location so that the food gets enough heat just before you come home again.  

Apparently there are small solar ovens that partially uses fire as a heat source, but 
with a less fuel consumption than conventional ovens.  

Mrs. Kohrs suggest that there should be local women that inform of the ovens and 
how to use them. Perhaps they should also cook traditional food so that people get to 
taste it and see how it is. When an “outsider” comes and tell them how they should do 
and live, they will probably not listen. 

Today’s solar oven that costs 400 NAD (10 NAD = 0,91 EUR the 14th December 
2009 (Oanda, 2009))  and is too expensive even for a working urban person as herself. 
Although Mrs. Kohrs does not think that the solar ovens should be given away for 
free, from, for instance the government. People ought to pay for them their self, at 
least partially. Otherwise the ovens will not bee used as much as they could or for 
what they are designed to do.  

4.2.1 Interview with Mr. Harald Schütt 
A structured interview with solar cooker expert Harald Schütt took place July 23, 
2009 at his residence in Windhoek combined with a hands-on learning experience 
cooking a lunch in a solar box cooker. The used interview guide can be found in 
Appendix 2.  

Mr. Schütt began with explaining that cooking in rural Namibia is mostly done by the 
use of firewood. He continued to explain that this leads to trees and vegetation 
disappearing leading to deforestation.  Another point he made was that people in rural 
areas are not very time sensitive and therefore the cooking process can be long. 
Usually it takes up to three hours to collect the firewood and the young women in the 
family mostly do this work. This is why he markets his solar box cooker, SBC, by 
teaching woman to manufacture and demonstrate. He explains that this is his 
marketing strategy even though marketing is an area that is hard to raise funding for. 
Another marketing strategy he would like to try is to make a cookbook. Mr. Schütt 
explained that the problems with SBC’s in Namibia were 30% manufacturing and 
70% marketing. He explained that making a more effective oven was not a major 
concern as it would lead to a much higher price.   
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Since 1985 Mr. Schütt has worked with solar cooking in Namibia and today he 
focuses on a SBC. The reason for choosing a SBC he explains is that a parabolic solar 
cooker has to many problems like: 

• They are more expensive. 
• They are dangerous as the user might get burns or go blind if physically being 

in the focal point. 
• They tend to tip over if a pot is stirred heavily. 
• Cleaning the reflector often cause scratches causing the cooker to lose 

effectiveness. 

Mr. Schütt talked about the importance of high quality for the solar cookers. SBC’s 
made from cardboard with newspaper as insulation absorbs moisture from the food 
causing the cooker to only work for less than a year. By not being long lived, solar 
cooking as a concept gets a bad reputation and market penetration will get even 
harder. 

The women that Mr. Schütt had taught to manufacture the SBC had a different 
approach than he preferred. He explained that instead of creating 20 objects of each 
component needed to create 20 SBC’s, one complete SBC at a time was produced 
causing inefficiency. 

Mr. Schütt explains that his target group is people making 2000 - 5000 NAD per 
month. These would preferably be teachers, doctors or other role models in the 
society. If the oven is sold too cheaply the consumer might be looked upon as poor. 
He continues to talk about that competing ovens should be within the same price 
range in order to widen the market.  

4.3  Interview with Dr. Andreas Wienecke 
The interview was held at the Habitat Research and Development Centre (HRDC) in 
Katutura, Windhoek, on the 27th of July 2009. It was an unstructured interview. Dr. 
Wienecke works as manager of research at the centre. The Ministry of Regional and 
Local Government and Housing started the centre to promote alternative building 
materials and techniques as well as sustainability in the housing sector.  

The HRDC have had a lot of experience in the solar cooker area. The centre itself 
makes use of both a parabolic solar cooker as well as box type cookers. They also sell 
SBC’s that are manufactured at another location.  

Dr. Wienecke states that the HRDC is aiming at starting an own production since the 
quality of the current solar ovens leave some to wish for. In the past the HRDC 
distributed the solar ovens that are made in Oshakati but the inflow of new ovens has 
stopped of some reason. 

The SBC’s made in Oshakati were much cheaper than the ones produced in 
Windhoek and were of better quality, but transportation was a big issue. The transport 
cost of one oven could get as high as 200 NAD.  

Today the ovens are sold at HRDC for 1100 – 1900 NAD depending on if it is the 
smaller “Chicken sized” or the bigger “Goat sized”.  



 26 

Theft is a major concern for solar cookers in Namibia.  Therefore should the cookers 
not be too easy to steal. Two suggestions that Dr. Wienecke mention is that this could 
perhaps be solved by making them less mobile or possibly by making them lockable.  

4.4 Second Interview with Mr. Kudakwashe Ndhlukula 
A follow up interview took place the 27th of July 2009 and was held at the 
Polytechnic of Namibia. The interview was carried out as a semi structured interview 
and the interview guide can be found in Appendix 3.  

Mr. Ndhlukula describes the differences between the shortages of energy in the 
different parts of the country. He explains that the north part of the country is so 
densely populated with people living a wide varying way that the energy demand can 
not be met at the moment. In the southern parts of the country the situation is the 
opposite. There the sparse population makes distribution of energy very difficult, Mr. 
Ndhlukula continues. He explains that despite these differences the food in both 
places is mostly cooked with the use of firewood.  

The parabolic solar cookers have not made any headway in Namibia despite a past 
introduction of them Mr. Ndhlukula explains. 

Mr. Ndhlukula also stated that solar ovens have a place not only in rural areas but also 
in cities were the electricity supply may often vary. He also explains that it could be 
marketed as a good way to save money for an urban family. 

4.5 Observation studies  
To get a good sense of the everyday life and food habits, two different Namibian 
families were visited and lived with. 

4.5.1 Observations in a Ondangwa township settlement 
The first stay was from the 3rd to the 6th of August 2009 with a family of four 
members who live in the town of Ondangwa, in an informal settlement, see Figure 12. 
Informal settlement means that even though they have their own property with grid 
electricity and own water tap, they do not have a conventional house. This is very 
common in Namibia according to Marie Johansson, a Swedish woman who works at 
Creative Entrepreneurs Solution in Ondangwa to promote entrepreneurial businesses. 
When people buy land in the planned settlements they build a temporary home, often 
a simple shed to live in while they make bricks to build a proper house with. Once the 
house is ready it gets connected to the wastewater network.  
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Figure 12 The home of the first visited family. 

The family eats three times a day, breakfast, lunch and dinner which means that at 
least one meal every day is cooked in the absence of the sun. It is generally the 
woman in the family that does the cooking. As the family has access to electricity 
they have a hotplate to cook with. They also have a gas stove that is used more 
frequently than the hotplate as it is a cheaper alternative. However most days the 
meals are cooked over an open fire in a shed connected to the house. The shed 
generates pungent smoke that the cook has to sit in. But as it gives the possibility to 
cook even when it rains it is considered preferable to cooking outdoors. Baking is 
rarely done, instead is bread purchased. The firewood used is also purchased in the 
town square or collected from the surrounding area.  

4.5.2 Observations in Ondangwa By 
Ondangwa By is a smaller settlement located between Ondangwa and Oshakati. Here 
the second stay took place from the 6th to the 8th of August 2009 in a more traditional 
homestead. Semi-structured interviews were carried out with neighbouring families, 
the interview guide is shown in Appendix 4. The results from the observations and 
interviews are presented as follows. 

The homestead consists of several sheds and huts with a common enclosure that acts 
as an outer wall, as seen in Figure 13. 
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Figure 13 One shed in home of the secondly visited family. 

Five families were visited and interviewed. An observational stay was done in one of 
these. The family stayed at, consisting of seven members, lives without electricity and 
all meals are cooked with the use of firewood. The firewood is collected from 
surrounding trees and trees in the own property. In the past trees were completely cut 
and used but as a shortage of firewood has occurred, that behaviour has changed. 
Now instead of cutting a tree to the extent that it dies they only cut a branch so that 
the tree can recuperate, see Figure 14. 

The fire also has alternative functions in providing light and heat every night as the 
meals are consumed.  
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Figure 14 A tree on the property of a family in Ondangwa By were only a branch has been cut as use for 

firewood. 

The family is self sufficient to the extent that flour has to be bought to make 
traditional porridge, Oshifima. The women in the family cook most meals and it is a 
daily routine. When it comes to baking bread the family can on occasion bake buns 
that are cooked in oil over a fire but they also buy loafs of toast bread if they venture 
in to town. The people baking bread and selling in markets usually sell about 45 buns. 

4.6 Visit to The Solar Stove Project in Oshakati 
The Solar Stove Project (SSP) was visited to get a good view of the existing 
Namibian solar oven and its production. One worker was interviewed in a semi-
structured way with the help of a premade interview guide; see Appendix 5, and an 
interpreter. The interviewee spoke some English but the interview was mainly done in 
Oshiwambo with the help of an interpreter.  

The SSP is a part of the government funded Walombola Centre. Walombola is a 
training centre that gives people schooling in different labour disciplines such as 
carpentry and construction. The SSP is however self-sufficient and does not receive 
direct funding from the government. Mr. Harald Schütt originally initiated the project 
and the workers are former Walombola participants.  

Currently there are two people working at the SSP but they were up to six people at 
one time. One oven takes about three hours to build, depending on size, according to 
the interviewee. There are two sizes available the “Chicken-sized” that costs 600 
NAD and the “Goat-sized” for 1000	   NAD,	   it	   is	   however	   possible	   to	   purchase	  
smaller	  custom	  made	  ovens	  for	  300	  -‐	  400	  NAD.	  	  

The ovens are sold at the centre and the demand is approximately two to three ovens 
per month. In the past the ovens where also sent to Windhoek for further distribution, 
but the interviewee do not know why this has stopped. 
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5 Results 
All the results from the background- and the field study are presented in this chapter 
as well as the result from the used product development methods. The field work 
showed that existing solar ovens where technically adequate and that product 
improvements of these where not critical. There was however a need of baking 
possibilities and therefore the continuing work aspired to develop a solar baking 
oven. 

5.1 Product Design Specification Table 
The result from the PDS is presented in a basic way in the form of a chart, Table 2 but 
also in a more detailed way in the next section.  

Table 2 PDS chart. 

  Subject Requirement Verified 
1 Capacity     
1.1 Breads/day 45 Counted 
1.2 Use/day 3 Calculated 
1.3 Maximum bread size 10x11x30 cm Measured 
1.4 Heating 170°C Calculated and measured 
       
2 Physical attributes     
2.1 Weight 8 kg Weigh 
2.2 Weather resistant IP 54W Checked 
       
3 Usage     
3.1 Ease of use 80% First time users that succeed 
       
4 Safety     
4.1 Stability Withstand a strong breeze Calculated 
4.2 Not cause burns 8 cm Measured 
4.3 Safe against theft Lockable Checked 
       
5 Environmental     
5.1 Material Not on Volvo's Black List Checked 
       
6 Manufacturing     
6.1 Standard 

materials/elements 
Found in hardware store 
inventory 

Checked 
6.2 Basic tools Found in hardware store 

inventory 
Checked 

       7 Economy     
7.1 Pay off time 46 days Calculated 
      

8 Logistics     
8.1 Mobility Have handles Checked 
8.2 Stackable At least two ovens Calculated and checked 
        
  =Should fulfil   
  =Must fulfil   



 31 

5.2 Details of Product Design Specification 
The PDS is based on knowledge that was concluded in the field study and background 
reading. Since the authors interpret all this information it can be somewhat subjective. 
Usually the different stakeholders, the client and supplier put the PDS together. The 
PDS for a solar baking oven is however done by the authors alone, but with a lot of 
input from the surrounding it should be adequate.  

There are eight main categories with different under subjects.  

1. Capacity - describes specifications for breads/day, use/day, bread size and heating 

1.1 Breads/day  

If the oven is to be the source of income for a person it is a must that the output 
capacity is large enough to make a sufficient profit. This is mainly a financial issue 
but it is closely bound to the capacity.  

The number of breads per day that is to be produced is 45. This amount of bread 
would give the owner a salary that is equivalent to that of the women who sell food at 
the local market as found in the observational studies. 

1.2 Use/day 

The number of times per day that you can bake is a variable to the function of 
breads/day. This number is calculated by dividing the total sun hours per day with the 
time that it takes to bake.  

The number of use per day is 3 based on reasonable estimations. Knowing the baking 
time for the specific bread it can be verified with the use of equation (4).  

 

1.3 Maximum bread size 

The size of the breads that are to be baked is dependent on what type of bread it is. 
Even though it is possible to make smaller variants of a specific kind of bread it is 
important that the oven can bake a toast size type of bread, as this is the largest bread 
found in the observational studies. This means that the bread is 10 x 11 x 30 cm in 
dimension.   

To verify the requirement the baking area is to be measured.  

1.4 Heating 

To be able to bake a particular kind of bread it is important to have a specific 
temperature. 

The popular toast bread type needs a temperature of about 200°C to be adequately 
baked. Therefore the oven needs a top temperature that is near to equal with the 
tolerance +/- 30°C, with different baking times.   

The heating capacity is measured with a thermometer.  
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2. Physical attributes - describes specifications for weight and weather resistance,  

2.1 Weight 

The weight of the oven is important because the user must be able keep the oven 
perpendicular towards the sun as well as be able to transport it while not in use. 

The weight is not however that critical, but it should be kept to a maximum of 8 kg.  

The weight is measured by weighing it and can also be calculated in CAD at an early 
stage.  

2.1 Weather resistance 

In order for the owner to be able to leave the oven out all year it is important that the 
oven is resistant to water and weather. The requirement is that the oven should have 
International Protecting (IP) Code of higher than 54W. The first digit, five, means that 
dust will not interfere in the operation and the second digit, four, states that the 
product can take some splashed on water. The letter W declares that it is weather that 
is taken into concern(Bourns, 2004).   

To verify the requirement the oven will be tested by leaving it out one rainy day and 
used the next sunny day. 

3. Usage - describes specifications for use 

3.1 Ease of use  

In order to be useable by everyone it is important that the oven is easy to use. The 
requirement is therefore that 80 % of first time users understand how to use it. 

To verify the requirement a practical test with first time users must take place. 

4. Safety - describes specifications for stability, not causing burns and safety against 
theft 

4.1 Stability 

In order to not fall and cause damage to the construction or to others it is important 
that the oven is stable. The requirement is to withstand a force that is equivalent to a 6 
on the Beaufort wind scale, e.g. a strong breeze (Met Office).  

To verify the requirement calculations will be made with the oven placed in its most 
sensitive position.  

4.2 Not cause burns 

In order to keep the user from getting burns while using the oven safety precautions 
must be made. The requirement is that heated elements of the oven must be placed 4 
cm from the extraction position. 

To verify the requirement a visual analysis will be made with the use of CAD. 
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4.3 Safe against theft 

In order for the owner of an oven to feel safe against theft while leaving it out it is 
important that it is equipped with a safety precaution. The requirement is that the oven 
should be lockable to the ground. 

To verify the requirement a visual analysis will be made with the use of CAD. 

5. Environment - describes specifications for materials 

5.1 Material  

In order for the oven not to be environmentally harmful it is necessary that materials 
that are used are not environmentally unfriendly. The requirement is that none of the 
used materials are on the Volvo black list (Volvo Group, 2005). This is a list of 
materials deemed to be hazardous to both health and environment. 

To verify the requirement a list of materials and motivations to the use of them will be 
done. 

6. Manufacturing - describes specifications for standard materials/elements and basic 
tools. 

6.1 Standard materials/elements 

In order to ease manufacturing in smaller towns and workshops the construction must 
be built up by standard materials and elements. The different parts that are bought 
should be available of the shelf in a common hardware store. 

The requirement is verified by comparing the used materials to a hardware store 
inventory.   

6.2 Basic tools 

In order to put together the oven in smaller towns and workshops the construction 
must not need special tools. The requirement is therefore that no other tools than the 
ones that can be found in an ordinary hardware store are used.  

To verify the requirement a construction manual can be made. 

7. Economy - describes specifications for pay off time 

7.1 Pay off time 

In order to be economically viable for a business or a private user it is important that 
the investment of buying an oven is repaid within a certain time. Therefore a pay of 
time of approximately two months is required.  

To verify the requirement an economic calculation will be done. 
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8. Logistics - describes specifications for moving and stacking. 

8.1 Mobility 

In order to ease transport and the adjustment of placing the oven perpendicularly 
towards the sun it is important that it is moveable. Therefore the oven must be 
equipped with handles so that at least two people are able to move it. 

To verify the requirement two pair of first time users will perform lifting tests. The 
test consists of one lift to a platform one meter up and one lift down from the same 
platform. 

8.2 Stackable 

In order to ease transport of more than one oven it becomes important that they are 
stackable. The number of ovens that must be able to stack next to each other or on top 
of each other is two.  

To verify the requirement a visual analysis will be made with the use of CAD. 

5.3  Concept generation  
The idea generation led to great number of various ideas. The ones created in the 
brainstorming session are presented in Appendix 6 and the ones created with the 
concept combination table method are presented in Appendix 7. Two ideas were 
deemed to be functional in all concepts, an integrated thermometer and a construction 
as a standardized building kit. 

Integrated thermometer 

This is an idea that a thermometer can be built into an oven and placed in the cooking 
area. The temperature at this location can then be displayed outside the oven so that 
food surveillance and cooking times can be more controlled. 

Standardized building kit 

If the construction is planned ahead so that all components match to each other in a 
simplified way then the oven can be put together more easily. This has the effect that 
the oven can be transported easily across the country and be put together by the end 
user or a smaller workshop. Also if the oven is in need of reparation then this can be 
done more easily. 

5.4 Concept theory 
The concepts that were developed had an initial condition that they were all based 
upon. The condition is a functional principal that was worked out in collaboration 
with solar cooking expert Mr. Harald Schütt where two solar cooking techniques are 
combined. Firstly the contraption is built like a solar box cooker, SBC, with the 
exception that the interior is not painted black. Instead the interior is replaced with a 
“U” shaped reflector running along the long side of the box. In the focal point created 
by the inner reflector a cooking area is created where a pipe of some sort can be 
placed wherein the cooking can be done. An illustration of the principal is shown in 
Figure 15. 
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Figure 15 Illustration of sunrays entering a solar cooker with the internal “U” shaped reflector. 

The advantages that comes with this new type of solar cooker is that the higher 
concentration of sunrays in one location, like a parabolic solar cooker, will give a 
higher temperature along the focal line while combining it with the surrounding high 
temperature received from the SBC principal. A drawback is that the space available 
to perform regular cooking in becomes more limited than a SBC. But as a baking 
oven needs higher temperatures to function this becomes suitable as a solar cooker 
specifically for baking. 

The new way of combining a SBC with a parabolic solar cooker was deemed to be 
much more effective than existing solar cookers and addressing a new need. 
Therefore the work coming up with different concepts had the initial condition to 
have this new functional principal. 

5.5 Design 
In order to design the Sunbaker some critical dimensions had to be decided. The 
length of the long side determines the number of breads that can be baked. Therefore 
the approximated size of a bread, the number of breads per day capacity and the uses 
per day capacity from the list of requirements together determine the minimum 
length. The approximation of the bread was a bun with 8 cm diameter, as stated earlier 
the number of breads per day capacity was 45 and uses per day capacity was 3. The 
formula for determining the length is as shown in equation (5). 

 

Putting the variables into equation 6 the minimum length for the long side becomes 
120 cm. 

The next critical dimension is the width of the sun baker. This has to be short enough 
to fit on a standardized box pallet in order to ease transportability. The pallet chosen 



 36 

was a EUR pallet, which has the dimensions 800 x 1200 mm (Epal Pallet System). 
Even the length of the long side needs to fulfil the length restriction that the EUR 
pallet brings, which it does.  

In order for the user to understand the functions it is important to design the product 
so that the function becomes clear, as stated in the theoretical framework. In the 
design work this means that handles for lifting the Sunbaker and opening hatches are 
visible and not disguise by colours or shapes.  

For the Sunbaker to function ideally it should be placed perpendicularly towards the 
sun. When this does not occur it has to be visibly noticeable for the user so 
adjustments can be made. Another aspect that needs consideration is the adjustment of 
the angle the lid is to be left open in. To solve both these issues the solution used in 
the oven produced at SSP with a lifting stick was used, se Figure 16. The stick is 
equipped with nails on each side so that it can be positioned in the holes drilled along 
the sides on the lid and box. Depending on which holes the stick is positioned in the 
angle of the open lid can vary.  As the shadow from the stick falls over the holes the 
user knows that the oven is placed perpendicularly towards the incoming solar rays.  

 
Figure 16 Shadow falling over holes from lifting stick to ensure correct position towards the sun. 

5.6 Concept description 
From the ideas that were generated all were processed and discussed in order to 
choose a few that were to be processed further. The concepts are presented in 
Appendix 8 where the ideas or combination of ideas that were the most interesting are 
evaluated. The chosen concept is presented as follows. 

Stackable – LEGO concept 

This concept takes full advantage of the box shape of the oven. With fittings for 
another ovens stands in the lid is it safe to stack at least two ovens on top of each 
other, a lot like LEGO bricks, see Figure 17. This is an important feature when it 
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comes to transportation, both for sale distribution but also for the end-consumer if the 
user has more than one oven.  

 
Figure 17 Stackable. 

Advantages  

       +     Easy to transport with a vehicle. 
       +     Basic shape of oven.  
       +     No extra parts needed. 
       +     Can be made in a number of different materials.  
       +     Can have all extra features such as insulation and thermometer. 

Disadvantages  

-‐ The top can get scratched.  
-‐ Whole oven must be made, nothing for free.  
-‐ Relatively complex shape of lid.  

5.7 Concept evaluation  
In order to evaluate the concepts and choose which one to work on with, two different 
methods were used, Pugh matrix and Analytical Hierarchy Process. The concepts 
evaluated were Wheelbarrow, Stackable, Oil-barrel and Accordion 2 found in 5.6 and 
Appendix 8. The ideas that could be applied to all concepts, the integrated 
thermometer and the standardized building kit was not included in the methods but 
still considered as a part solution to the final concept. 

After using the Pugh matrix the concept that was deemed the best was Stackable by a 
noticeable margin followed by Wheelbarrow, Oil-barrel and Accordion 2 in the 
mentioned order. The matrix with all data can be found in Appendix 9. 

The AHP method gave a somewhat different result than the Pugh matrix. Here the 
highest ranked concept was the Wheelbarrow, by quite a large margin followed by 
Stackable, Oil-barrel and Accordion 2 in the mentioned order. All data from the AHP 
can be found in Appendix 10. 

Both methods got the same number one and two, therefore should one of them be 
considered as the final concept. Through discussions the concept that was finally 
chosen was the Stackable concept because of its clarity in connection to the ovens 
function. As mentioned earlier the ideas of an integrated thermometer and a 
standardized building kit were still viable options to complement with. These were 
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also discussed and both of them were chosen to be included in the final concept. The 
standardized building kit however was limited to a simple construction that can be 
built in a smaller workshop and not necessarily by the end user. 

5.8 Concept modeling 
The concept, given the name Sunbaker, was modeled in CAD in order to get a more 
graspable view. From the model drawings could be done in order to standardize 
manufacturing. An illustration of the CAD model is shown in Figure 21 and the 
detailed drawings are in Appendix 11.  

 
Figure 18 CAD model of the Sunbaker concept. 

5.9 Construction of prototype  
To get a better feeling for the product a prototype was built on site in Namibia. A 
craftsman named Stephan Eins was contracted and given a conceptual drawing of the 
product. With rather free hands he built the prototype with material that was bought in 
ordinary hardware stores in Windhoek and found at a scrap yard.  

The box was made out of 20 mm thick plywood, Figure 19.  One whole 1220 mm 
times 2440 mm sheet of plywood was used with close to no waste.  
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Figure 19 Craftsman and assembled box. 

The U-shaped reflector was made out of pre-polished aluminium sheets that were 
fitted into the box with screws, Figure 20. 

 
Figure 20 Fitting of U-shaped reflector. 
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For baking pipe, a sheet metal tube was used, Figure 21. It was painted black to make 
it absorb more heat. The tube was found at a local scrap yard and it may be difficult to 
find an out of the stock replacement for the final product.  

 
Figure 21 Baking tube painted black. 

All of the box’s inner areas were filled with isolative mineral wool, Figure 22. The 
mineral wool is the kind you come across at an ordinary hardware store and is not 
very expensive.  

 
Figure 22 Isolation. 

The prototype was finished and painted red, Figure 23. Common aluminium foil was 
used as reflector material on the lid. This proved to be quite difficult to fit and very 
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sensitive to scratching. The hatches on the sides were made out of plywood like the 
box but they also had a rubber sealing for extra thermal insulation.  

The prototype was finished in the very end of the field study and more thoroughly 
testing was not accomplished. An inner temperature of more than 100°	   C	   could	  
however	  be	  achieved	  without	  effort	  after	  just	  a	  short	  time	  in	  the	  sun.	  	  

In	   order	   to	   be	   able	   to	   insert	   and	   eject	   the	   bread	   a	   device	   is	   needed.	   This	  was	  
solved	  by	  the	  use	  of	  a	  simple	  stick.	  This	  is	  also	  the	  recommended	  tool	  for	  this	  in	  
the	  final	  concept.	  

Double	   glassing	  was	  used	  but	   there	  were	  no	   real	   sealing	   to	  prevent	   heat	   from	  
escaping	   between	   the	   glass	   and	   the	   frame,	   this	   is	   something	   that	   could	   be	  
improved.	   Altogether	   the	   prototype	   was	   built	   for	   2000	   NAD	   including	   the	  
material	  and	  work. 

 

 

 
Figure 23 Finished prototype. 

5.10 Material selection 
When it comes to choosing the right materials for the product various sources can be 
used as guidelines. Rather than looking at theories it is sometimes easier and better to 
look at existing products and applications.  

Box 

The box could be made in a number of different materials. The prototype was made in 
plywood and so are the solar box cookers from The Solar Stove Project. This would 
therefore seem like a good choice for the Sunbaker as well, but there is however a 
number of drawbacks connected to the use of plywood. For instance is it difficult to 
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get a nice finish of the product and it is not very water resistant. Plywood is also 
relatively heavy.  

Glass-reinforced plastics or GRP could be a better alternative. GRP is lighter, weather 
resistant and can get a really nice finish and shape. The production can be made very 
simple since it is only necessary to make one cast that can be reused over and over 
again. Plastic is also very easy to keep clean since it does not absorb filth.    

There are two main disadvantages with GRP though. They can be a bit more 
expansive than cheaper types of wood and they are also difficult to repair for common 
people.  

An other SBC manufacturer, (Carlsson & Palm, 2007), have made use of GDP as box 
material, which have proven to be successful. 

Lid reflector 

Like the box, the lid reflector can be made in a number of different materials such as 
reflective foil, plastic film or mirror glass.  

The existing SBC’s from the SSP use a reflective metal foil, which is glued against 
the lid. This is currently the best choice for Namibia since alternative materials such 
as reflective plastic film is even harder to come by and metal foil is well tested. 
Mirror glass is easier to come by, but it is also heavier and there is a risk of breaking 
it if the lid is shut to hard.  

U-reflector 

The U-shaped reflector in the Sunbaker prototype was made out of a pre-polished 
aluminium sheets. This is a somewhat expensive material but it fits the purpose very 
well. It is highly reflective and does not need a supporting structure, as a reflective 
plastic foil would need.  

Baking tube 

As for the prototype, the tube should be made of some metal. Preferably cast iron or 
similar. The material should be thick enough to absorb and store heat, but not too 
thick so that the heat up time gets too long.  

The tube could either be cylindrical or quadrangular depending on application. A 
cylindrical tube will probably give a better heat picture but a quadrangular is more 
practical. Optimally the inside of the baking tube would be coated with a non-stick 
material like Teflon to make it easier to clean, but a more practical solution is to use 
trays for the food instead.  

Insulation 

Since the insulation material is not the most critical element of the oven it is not 
important to get the one with absolutely best insulation property. A good enough 
material that is cheap is more preferable. The insulation material should however not 
be able to hold water or moisture.  
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A commonly used isolation material is mineral wool and it should be adequate for the 
Sunbaker as well. The typical mineral wool that one can buy at the hardware store has 
a thermal conductivity of about 40 mW/mK (Rockwool AB). 

Glassing 

The SSP uses two single sheets of glassing in their SBC and this is probably the 
easiest way to go about it. If isolated double glass could be used there would possibly 
be an increase in effectiveness at the expense of increased costs. This is however 
something that could be investigated in the future.  

It would also be interesting to further develop the Sunbaker with some kind of TIM 
(Nahar, 2001),	   but	   this	   is	   too	   something	   that	   would	   increase	   the	   costs	   and	  
complexity	  of	  the	  product.	  	  

5.11 Suggested manufacturing process  
As the box structure is proposed to be made out of GRP there is a need for a basic 
mould. The mould could be made of plywood or similar. The important thing is that it 
is possible to retract the structure from it when it is set.  

To make a GRP one must first cover the moulds inside with gelcoat resin, this will be 
the box’s outer surface. The gelcoat will make the finish smooth and shiny and is 
either spayed on the mould or rolled on with a mohair paint roller. After a few hours 
the gelcoat should have cured and its time for the next step which is adding a second 
resin. The second resin can be some kind of epoxy consisting of a catalyst and an 
accelerator. When the second resin is in place it is time to lay down a layer of glass 
fibre reinforcement. The reinforcement comes as a cloth of glass fibre. This cloth is 
called a Chopped strand mat (CSM) and is usually bought on a roll or in arcs. When 
the CSM is in place it can be necessary to ad some extra resin if the CSM is dry at any 
place. 

After approximately 30 min the GRP structure should be somewhat hard. However 
can it take up to three weeks for it to be fully cured. (Coackley, 1991) 

The other elements of the Sunbaker can later be fitted in the GRP box with either 
screws or rivets though it might be necessary to make some metal frames for the 
glassing and to hold the reflectors.    

5.12 Environmental Impact Analysis for Sunbaker 
The estimated environmental impacts were brainstormed and discussed with the field 
study, construction of the prototype and engineering intuition as a background. The 
EIA is meant to be representative for the final mass produced product.  

The EIA chart in Table 3 presents the different aspects.     
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 Table 3 EIA chart for Sunbaker. 

Environmental Issue Extent of Impact What is Affected 

Use of GRP and rock wool Regional  Littering, wildlife 

Emissions from transport Global Pollution 

Handling toxics during 
manufacturing Local Human health 

No emissions when used Global, local No pollution 

No fuel needed Global, regional Deforestation 

 

Since some parts of the Sunbaker are made out of materials that will not degrade by 
itself in the nature there will be some littering if not correctly recycled. The potential 
littering can affect regional wildlife.  

There will be emissions from transportation of both the final product but also for the 
imported components as well. This can be reduced by only using local manufactured 
elements and by making the ovens easy to transport.  

Some of the steps in the manufacturing process include handling of toxic substances. 
For instance some resins can be hazardous if not handled correctly.   

There are two major environmental benefits with the Sunbaker however. It will not 
pollute while in use, like conventional ovens, and since it does not require any fuel it 
will not contribute to the wide spread deforestation.  

5.13 User manual  
The user manual formed in this project deals with the end-user interface of the 
product. There could be a user manual for manufacturing for instance, but this is 
beyond the limitations of this thesis.  

A basic user manual for the Sunbaker can be found in Appendix 12. The user manual 
is straightforward and describes the most fundamental steps in using the solar oven. It 
does not however deal with the actual cooking, this because of the vast number 
cooking times, recipes etc.  

The manuals illustrations are not drawn to scale and are not very detailed, this is 
because they should just demonstrate the principle and not confuse the reader.   

Some text has been added to the illustrations as a complement. The text is in English, 
but in a very simple form. The text could easily be translated in to Afrikaans or 
Oshiwambo.  

The text should not be so vital that the user cannot make use of the manual without 
understanding the text, it should just be a complement. Since a lot of people can read, 
if not the user her self, a relative or a neighbour could perhaps help out.  
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6 Discussion  
The following chapter aims at comparing the theoretical framework with the results 
and discusses the findings. 

6.1 Methods 
Working according to an LFA approach gave the work structure and made sure all 
relevant information was accumulated before decisions where made. The field study 
showed a lot of things that the theoretical framework also took up. However the aim 
of the need was shifted from a cooking perspective to a baking perspective. Observing 
first hand also gave a good sense of what was extra important to think about when 
making the product design specification. 

6.2 Choice of apparatus 
As discussed in the theoretical framework there are many different types of solar 
cookers. These all have some unique advantages and disadvantages that make them 
more or less suitable for various situations. Sunbaker is a combination of two types of 
devices, a SBC and a parabolic solar cooker. As Wentzel and Pouris (2007) states that 
parabolic solar cookers major limitations are the need for frequent alignment towards 
the sun to ensure cooking in the focal point and the dangers of manual handling in the 
focal point. The SBC’s major limitation is the long cooking time. By designing the 
Sunbaker as a combination of the two these limitations are dealt with. The need of 
alignment perpendicularly towards the sun is still there but does not require as 
frequent as it is with a classic parabolic solar cooker. The cooking is done in a focal 
line and the way of accessing the food is only through the sides where safety 
precautions have been taken. Finally cooking time is lowered as the temperature is 
increased. 

Wentzel and Pouriz (2007) also took up advantages with the SBC and parabolic solar 
cooker. The parabolic cooker has the advantage of reaching a high temperature and 
reaching it fast. SBC’s biggest advantage is the simplicity it offers to the user and the 
manufacturer as well as a large cooking area. By combining the two types the 
Sunbaker concept limits these advantages. As the cooking is done in a focal line 
instead of a focal point the cooking time is not as fast and does not reach the same 
temperature. The simplicity that a SBC provides is also limited as more parts are 
needed to build it. But perhaps the biggest drawback is the relatively small cooking 
area for a SBC sized cooker. 

So by combining a parabolic solar cooker and a SBC the major limitations of each 
unique type are dealt with making it a more effective and user friendly oven. However 
the major advantages become limited. The Sunbaker concept is therefore a new type 
of solar cooker that is more versatile then existing alternatives.   

6.3 Namibia 
That solar cookers are usable in Namibia became clear as Kerr (1991) explained that 
the limit for usage was areas situated with a latitude less than 20° and Namibias 
latitude is 17-28° as seen in Figure 6. The classic problems that a solar oven deals 
with that roots from use of firewood also exists in Namibia. Jansson (1992) described 
the extensive use of firewood in cooking as high as 90% in some areas. This was 
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confirmed in several interviews but perhaps most noticeable in the observations made 
in Ondangwa formal township settlement and Ondangwa By during the field study.  

An interesting finding was that Yaron, et al., (1994) described a typical Namibian 
family to eat two meals, lunch and dinner, every day. According to the observatory 
studies in the fieldwork it was found that three meals was the most common, the third 
being breakfast. This meal also included the use of firewood to some extent as tea 
water was heated.  

As the cooking area in the Sunbaker became more limited in order to become more 
effective the focus of the device came to be baking. Wentzel & Pouris (2006) 
discussed the difficulties with integrating a solar cooker into a community as it 
requires a change in peoples habits. During the fieldwork it was also found that 
baking was rarely performed except for deep frying dough. Bread was instead often 
purchased and was a prominent expense. The Sunbaker therefore does not have the 
main objective to replace all cooking with firewood but instead offer the user a 
possibility to bake as well as some additional benefits that it brings. Firstly it is 
important that it is still possible to cook regular food in the oven so that a family still 
can draw back the dependence of firewood. The most important benefit though is the 
fact that the oven can act as a source of income.  

6.4 Focus of use 
Wentzel & Pouriz (2007) also discussed the importance of reaching the consumer in 
the aspects of acceptance and finance. They mean that for the consumer to accept an 
oven they must not only see first hand that the oven actually works but also realize 
that it is not meant to replace traditional ways of cooking but rather work as a 
complement. As for the financial part it is important for the consumer to realize that a 
solar cooker offers a potential saving. The Sunbaker is in a way not designed for 
normal food preparation but the possibility for this has not been removed and can still 
act as a compliment in normal food preparation to lower the dependence on firewood 
and the negative consequences that brings. The biggest new feature the Sunbaker 
brings is the possibility for the user to start a small bakery. This does not only give the 
user a possibility to see savings but even a profit after time. As the Sunbaker is more 
expensive than existing solar ovens in Namibia that was observed at the SSP this 
becomes much more important.  

6.5 Price 
An interesting thing regarding the pricing of the SBC’s produced by the SSP was that 
the ones produced and sold by HRDC in Windhoek were 500-900 NAD more 
expensive than the ones sold in Oshakati. As the SSP is unsupervised the prices there 
are probably set to low compared to the production cost. In order for a more viable 
business to succeed some sort of managing would be needed. 

In the interview with Harald Schütt the pricing of a competing solar cooker was 
discussed and according to him the price should not differ too much from existing 
ovens. Important was also that the oven was of a high quality and not breaking down 
within a year acting as a negative marketing factor. A goat sized SBC sold at the 
HRDC costs 1900 NAD. In the interview with Bertchen Kohrs the recommendation 
was that a solar cooker should not cost more than 400 NAD. In the economic 
calculations made using the method described by Kullvén, Ax & Johansson (2005) 
the pay off time was 46 days with a price of 1500 NAD, see Appendix 13. This is 
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quite a similar price as the SBC’s sold at the HRDC and the reason for this is that in 
order to compile with the requirement of a longer product life more expensive 
materials have to be used. Another value this brings is that it does not compete much 
with the existing SBC’s as Harald Schütt proposed. This also serves another purpose 
as the SBC’s have another focus than the Sunbaker has.  

6.6 Technical aspects 
The Sunbaker combines two principals, parabolic and box cooking, of which means 
that the technical aspects of the two principals are combined as well. By starting from 
looking at a SBC the differences with the Sunbaker is the parabolic reflector replacing 
the black interior and the black pipe placed in the focal line. Removing the black 
interior there is a loss of heat accumulation through absorption as Kadambi & Prasad 
(1976) described. Replacing it with a “U” shaped reflector however concentrates the 
sunlight in a focal line according to Young & Freedman (2004). The black pipe ads 
some more heat to the cooking area as it has a high heat capacity as Kadambi & 
Prasad (1976) described but not over as large area as a SBC. An advantage with the 
pipe is that the heat gets evenly speeded through having a high thermal conductivity 
as Kadambi & Prasad (1976) also explains.  

The Sunbaker has therefore lost all-around heating within the box by removing the 
black interior. But as the cooking area is not the entire box but just inside the pipe the 
sunlight gets concentrated there. The Sunbaker is therefore a more efficient oven by 
utilizing the large interior area to create a smaller high temperature cooking area. 

6.7 Manual 
Horton (1993) took up some points of extra importance when creating a manual. It 
was proposed that more than one figure should be produced and aligned in a column 
to be read from top to bottom. Only cartoons are to be used as figures with arrows to 
clarify, both to work in black and white as well as color. Instead of using texts it is 
better to use symbols.  

The Sunbaker manual is constructed according to these recommendations but includes 
some text. This is to further clarify the procedures but might cause a need for 
translation. 
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7 Conclusions 
The conclusions of this master’s thesis are based upon the most significant findings in 
the discussion chapter. They are presented in a point list and motivated why they are 
chosen. 

• The theoretical framework was viable as many of the important areas 
regarding solar cooking devises and the Namibian environment was 
confirmed. 

• Solar cooking devices are produced in Namibia but have however not been a 
success due to the difficulties in implementation.  

• The biggest implementation difficulty is changing habits and replacing the 
traditional firewood as fuel for cooking. 

• By combining a parabolic solar cooker with a SBC the Sunbaker is a new type 
of solar cooker that is more effective compared to a SBC and more users 
friendly compared to a parabolic solar cooker. The cost of this is a smaller 
cooking area which makes it specifically designed for baking. 

• Baking is uncommon in rural Namibia and as bread is often purchased the 
Sunbaker can act as a source of income if used as a bakery business. This also 
motivates a high price as the consumer gets a pay off time of 46 days. 
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8 Suggestions for further work 
Although this thesis is very extensive it is impossible to cover all possible subjects and 
as more knowledge is acquired more questions are raised.   

To suggest further work is to promote a future for the project. This is important if the 
project is to leave a lasting footprint and not just become another report in the archive. 
It is also important for the authors to make clear what is treated in the report and what 
is left for future works.  

Optimizing the geometry and materials 

Even though the prototype that was built clearly works, the design was much based on 
earlier work and is maybe not optimal. The materials used were the ones that could be 
found easily and therefore maybe not the best. In this thesis the final concept make 
use of a little different materials that could be better. To use insulated double glass for 
instance. There should however be a thorough evaluation with tests in a rig to truly 
optimize the construction.   

Optimization of manufacturing process 

The suggested manufacturing process is based on the construction of the prototype 
and not very detailed, it just deals with the overall principles. There is much to be 
done regarding the constructions manufacturability on a detailed level. First the 
straightforward manufacturing process should be evaluated and after that could either 
the construction be optimized for manufacturing or the manufacturing methods be 
optimized after the product.   

Initial production 

It is important to make a wide spread test with the product and involve potential end 
users. If this is going to be possible an initial production needs to be set up. At least 
ten ovens should be built. The small-scale production can also be very good 
experience for the later large-scale production. Eventual design flaws can be dealt 
with at an early stage.  

Testing with potential users 

This is where the Sunbaker really can prove itself. Without a real thorough test with 
the future end users there is no way of knowing how it will be received. Does the 
product meet their demand or does it need further improvement?  

The testing is not only important for the evaluation of the product alone. There is also 
a lot to learn for the making of a final user guide as well as for the education of future 
resellers.  

Business model 

The handling of the Sunbaker can seem trivial for the educated, but since a main part 
of the end-users lack basic education and the support structure that can be needed it 
could be a good idea to develop a customized business model for the product. One 
suggestion is that the ovens are leased out to the users via franchised outlets. These 
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franchise-like resellers can then give the necessary support to the users, both in setting 
up the business as well as repairing ovens etc.  

Promotion effort 

One of the major success factors is that the product is properly promoted. This is 
something that can be achieved in a few different ways. Advertisement is one, another 
is to try and make it a spoken mouth-to-mouth movement. The spoken approach is 
preferable since the potential end users can find it hard to believe in the product at 
first. They will probably need to see it by themselves or be convinced by someone 
they know and trust, as mentioned in the theoretical framework.  

Other application forms for Sunbaker 

This thesis has only dealt with the intended use of the Sunbaker, e.g. baking bread and 
cooking. There could however be some different use for it. One thing that has come 
up is to use it do disinfect medical equipment. Another potential use is to dry things.  

Other markets 

The background- and field study in this work has been done with Namibia as 
limitation. There are nevertheless a number of other potential markets that could be 
investigated. Markets like Botswana, India, Pakistan and Bolivia to name a few.
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Appendix 1 - Interview with Mrs. Bertchen 
Kohrs 
Chameleon Backpackers, Windhoek, 2009-07-22.  

1. Interview inception, general talk. The interviewee receives a present as a token 
of gratitude.  

2. The interviewee is asked if that the findings of this interview may be used in 
the report.  

3. Can you tell us more of the Earth Life Namibia organization? 
-‐ The Earth Life Namibia organization is a NGO that work for better 

environmental concern in Namibia. At the current date they work a lot 
with putting the negative sides of nuclear power and mining into the lights 
of the public. Earth Life Namibia is a part of the main organization Earth 
Life, which is located in South Africa.   

4. The authors describe their own project and completed work. 
5. Have Earth Life Namibia, or the main Earth Life organization done any work 

regarding solar cookers? 
-‐ No, not in direct terms. But the organization has done some promoting of 

them. And there is a need in the north, because of the wood fuel scarcity. 
The solar cookers is hard to implement because you need much training to 
make full use of them and the women who is the potential users do not 
want to.  

6. The energy shortage in Namibia is commonly known, but is the situation the 
same all over the country? 
-‐ A big part of the population is not connected to the electricity grid. People 

are able to apply for a loan for funding renewable energy sources. These 
loans are without interest and are funded by the government. 
Unfortunately the loans are badly organized. 

7. How is the rural populations economical situation? How much can a solar 
cooker cost and still be available for the common people? 
-‐ The present cooker that costs N$ 400 is still too costly for the masses. An 

important matter is otherwise that the end consumer should not be given 
the cooker; they should at least partly pay for it.  

8. Is there any demand/need for solar cookers in the urban area? 
-‐ Absolutely.  

9. What has to be done, to make people aware of the solar cooker technology? 
-‐ To make a substantial impact there should be coloured women who spread 

the information and teach other women how to use them. They will 
probably not listen to a white man or woman, at least not to the same 
extent.  

10. Can you recommend any particular geographical area for our field study?  
-‐ Areas that should be interesting to visit are above the veterinary line in the 

north but also the southern parts of the country.  
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Appendix 2 – Interview with Mr. Harald 
Schütt 
Schütt residence, Windhoek, 2009-07-23.  

1. Interview inception, general talk. The interviewee receives a present as a token 
of gratitude.  

2. The interviewee is asked if that the findings of this interview may be used in 
the report.  

3. Can you tell us more of your earlier work? 
-‐ Mr. Schütt started working with solar ovens in 1985. He has started a 

production of solar ovens in Oshakati.  
 

4. The authors describe their own project and completed work. 
5. How much should a solar cooker cost? 

-‐ They should not be too cheap. A 10 % increase in efficiency doubles the 
costs. A solar cooker can cost 1200-1800 NAD. 
 

6. What problems have solar cookers to deal with? 
-‐ The cooking in Namibia is mostly done by firewood so a solar cooker 

should work well here. People are not very time sensitive and firewood 
collection can take up to three hours. This is mostly done by the woman. 
But 70 % of the problems for solar cookers have been related to 
marketing. The rest is manufacturing. The really cheap solar ovens that are 
made of cardboard only last for a year. The parabolic cookers are very 
expensive, bulky, they can fall over, they are hard to build and sand and 
grease can decrease the reflection. The solar cookers need to be reliable, a 
bad reputation would stop any further spreading. 
 

7. How does the current production look like?   
-‐ The manufacturing is somewhat standardized. There is however hard to 

get the fabrication autonomous, because the lack of entrepreneurial 
incentives at the production site. Women are taught up to manufacture and 
demonstrate the oven and that is also the marketing plan. But it is hard to 
raise money for marketing otherwise. He has thoughts of making a 
cookbook. 
 

8. What is your target group 
-‐ People making 2000 – 5000 NAD that are role models in the community 

and can make it seem that it is not just for poor. That effect can happen 
with a cheep of free oven. 
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Appendix 3 – 2nd interview with Mr. 
Kudakwashe Ndhlukula 
Polytechnic of Namibia, Windhoek, 2009-07-27. 

1. Is the energy situation the same in all parts of the country? 
-‐ All parts have an energy deficiency but in the north it is due to 

overpopulation and in the south due to vast distances. But the whole 
country uses firewood to cook with. 
 

2. Have you encountered parabolic cookers? 
-‐ Yes, they were introduced here but never made any headway and have 

now disappeared. There are only the box cookers left. 
-‐  

3. Do you think solar cookers have a place in a city as well? 
-‐ Yes, the electricity supply in the city varies. It could also be a good 

savings possibility for urban families. 
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Appendix 4 – Interviews in Ondangwa By 
Result from interviews with four different families in Ondangwa By carried out 2009-
08-06. Interpreter was used. 

1. How many live in the family? 
a. - Family 1: 9 people 
b. - Family 2: 6 people 
c. - Family 3: 6 people 
d. - Family 4: 6 people 

 
2. How often do you eat bread? 

a. - Family 1: Not often 
b. - Family 2: Often 
c. - Family 3: Every day 
d. - Family 4: Not often, mostly under the rainy period when a lot of 

energy is needed as they walk around much in the rain. 
 

3. Where do you get the bread? Bake it yourself? How much does that cost? 
a. Family 1: Bakes their own bread, see Figure 1. 
b. Family 2: Bakes their own bread as they consider it to expensive to 

purchase. 
c. Family 3: Bakes their own bread and sell it to their neighbours for one 

Namibian dollar each. The bread looks like Figure 1. 
d. Family 4: Bakes their own bread but they also buy bread. 
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Figure 1 Bread that is sold by Family 3. 

4. If bread is baked at home, how is it done? 
a. Family 1: Unclear 
b. Family 2: Use a gas stove 
c. Family 3: Cooks in oil over a fire 
d. Family 4: Cooks in oil over a fire 

5. What type of bread is baked? 
a. Family 1: White bread 
b. Family 2: All types from white bread and dark bread to traditional 

bread. 
c. Family 3: Buns that are cooked in oil 
d. Family 4: Buns that are cooked in oil and traditional bread made with 

Mahongu flower. 
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Appendix 5 - Field visit to The Solar Stove 
Project in Oshakati 
Interview with one of the workers. 2009-08-03. 

1. What kind of organization is this?  
-‐ Walombola is a government-funded organization but the part that is called 

The Solar Stove Project is a self-sufficient endeavour. 
2. How many people work at this site? 

-‐ There where six people at a time, but now it is only two. 
3. How long has you worked with this? 

-‐ One year. 
4. How is the manufacturing done?  

-‐ The different parts are first cut out of the raw material. The assembly starts 
with the sides and then the aluminium tray is put to place. The area 
between walls and the tray is stuffed with isolation and undercarriage is 
mounted. Next the lid and the glasses are put to place and the whole thing 
is painted. Lastly the holes for the lid holder are drilled.  

5. Is there some stage of the manufacturing that is particularly difficult? 
-‐ No.  

6. What materials are used? 
-‐ The reflector is a self-sticking foil that is imported from Germany and this 

foil is the most difficult element to get hold of. The isolation material is 
called Vitatherm and is a synthetic fibre. This is according to the 
interviewee not a too costly material. The glass that is used has the 
dimension 48 x 51 cm.  

7. How long does it take to build one oven? 
-‐ Approximately three hours. 

8. What do you do with the completed ovens? How is the distribution? 
-‐ The ovens are sold at the Valombola Centre but they were also sent to 

Windhoek earlier. 
9. How is the demand for solar ovens? 

-‐ Two or three ovens are sold each month at the centre.  
10. How much do the ovens cost to buy here? 

-‐ The “Chicken-sized” is N$ 600, the “Goat-sized” is N$ 1000 and the 
parabolic cooker is N$	   800.	   But	   the	   parabolic	   cooker	   is	   not	  
manufactured	   in	   Oshakati.	   However,	   there	   are	   smaller	   ovens	   that	  
could	  be	  custom	  made	  for	  either	  N$	  300	  or	  N$	  400,	  depending	  on	  size.	  

11. Do you use a solar oven yourself?  
-‐ Yes.  

12. Is there something about using it that you think is particularly difficult? 
-‐ No, nothing.  
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Appendix 6 - Brainstorming results 
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Appendix 7 - Concept combination table 
This is the illustration of the concept combination table for a solar baking oven. It 
shows what steps the user has to go through and some ideas on how to solve these. 
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Appendix 8 – Concept descriptions 
Wheelbarrow 
This concept, Figure 1, is based on the idea that a wheelbarrow can lift and move 
heavy inconvenient objects and the principle should therefore try to be integrated to a 
solar oven. The box is equipped with handles on one side to ease manoeuvring and 
give leverage when lifting the oven of the ground. A wheel is placed on the other side 
to make moving of the oven easier in many different types of terrain. The wheel lifts 
one side up in the air and to compensate this on the other side it is equipped with 
supporting legs, which means that the oven is lifted up a bit over the ground. This 
means that the working area is lifted closer to the user. 

 
Figure 1 Wheelbarrow. 

Advantages 

+     More movable than a traditional solar oven. 
+     Working area is moved higher of the ground. 
+     Easier to adjust into a perpendicular angle towards the sun than a traditional 
       solar oven. 

Disadvantages 

-      The oven might be used as a wheelbarrow to transport other objects.  
-      The oven becomes easier and more tempting to steal. 
-      More difficult to transport using a vehicle than a traditional solar oven. 
-      Takes up more space than a traditional solar oven. 

Accordion 2 
The name for the concept Accordion 2, Figure 2, comes from the resemblance to an 
accordions ability to fold and unfold. The oven is built so that the sides function as a 
foldable structure that is covered by a flexible material. This enables the oven to fold 
into a flat box that will be easy to move. The oven is equipped with two sets of 
handles. There is one on top of the box to help out in folding the oven up and down. 
The other handle is on one of the long sides to enable the user to lift it like a briefcase.  
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Figure 2 Accordion 2. 

Advantages 
       +     The oven is more movable than a traditional solar oven. 
       +     The oven is lighter than a traditional solar oven as thinner, flexible materials 
              will be used. 

Disadvantages 

- It is a complex structure to build. 
- The oven becomes easier and more tempting to steal. 
- The oven becomes more ineffective because there has to be less insulation to 

work. 

Oil-barrel concept 
The main advantages of this concept are its ease and potential low cost. By using an 
old oil-barrel one get the right shape for the U-shaped reflector without effort, see 
Figure 3. Another good thing is that there is no need for any container. The idea is 
that the inside of a divided oil-barrel is fitted with a reflector material. The half-barrel 
is also mounted with a lid, glass and bake-tube.  

 
Figure 3 Divided oil barrel. 

Advantages  

      +     Potential low cost.  
      +     Container for “free”. No box needed.   
      +     Robust construction.  
      +     Can be welded together.  
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Disadvantages  

-‐ Difficult to insulate.  
-‐ Have a maximum length.  
-‐ Can be heavy.  
-‐ The oil-barrels can be contaminated.  
-‐ Does not meet the should-fulfil requirement of being stackable.  
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Appendix 9 – Pugh matrix results 
This is a Pugh matrix for four solar baking oven concepts. The weighting was don 
subjectively and with the help of a product design specification. 

Concepts  
Criteria  Weight  Wheelbarrow LEGO Oil barrel Accordion 2 

1.1 Breads/day 5 0 0 - - 

1.2 Use/day 4 0 0 - - 

1.3 Maximum bread 
size 3 0 0 - 0 

1.4 Heating 5 0 0 - - 

2.1 Weight 3 - 0 - + 

2.2 Water resistant 2 0 0 0 0 

3.1 Easy to use 4 + 0 0 - 

4.1 Stability 2 0 0 0 0 

4.2 Not cause burns 3 0 0 - 0 

4.3 Safe against theft 2 - 0 0 - 

5.1 Environmental 
friendly materials 3 0 0 + 0 

6.1 Standard 
materials/elements 2 0 0 + - 

6.2 Basic tools 2 0 0 0 - 

7.1 Payback time 4 0 0 + - 

8.1 Movable 3 + 0 0 + 

8.2 Transportable 3 - + 0 + 

Sum + 7 3 9 9 

Sum - -8 0 -23 -24 

Net -1 3 -14 -15 

Rank 2 1 3 4 
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Appendix 10 – AHP results 
This is results from an Analytical Hierarchy Process that evaluates four concept for a 
solar baking oven. 
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Appendix 11 - Sunbaker drawings 
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Appendix 12 – User Manual 
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Appendix 13 - Calculation of Pay-off time 
 

Ingredient Cost per 36 buns 

Margarine 3,30 NAD 

Salt 0,03 NAD 

Sugar 0,13 NAD 

Yeast 2,50 NAD 

Flour 6,60 NAD 

Water 0,00 NAD 

Sum 12,55 NAD 

  

Cost per bun 0,35 NAD 

Income per bun 0,65 NAD 

Income per day 32,56 NAD 

Income per month 976,94 NAD 

Investment 1 500,00 NAD 

  

Pay-off time in days 46 

 

• These calculations are made with a specific recipe in mind. This recipe is for 
36 buns of bread and they could also be flavoured with some egg and spices 
on top.  

• Prices for the ingredients was collected at the local grocery store in central 
Windhoek, which is a part of a well known chain of stores that can be found 
all over the country. The cost of water is so small that an approximation could 
be set to 0 NAD.  

• An estimated selling price for each bun would be approximately 1 NAD. This 
is based on existing prices on bread. 

• Income per day is calculated with assumption that the end-user could sell 50 
breads per day. This because the people who sell bread at the markets 
approximately have an output of 50-100 breads today.  

• The investment cost is based on the price of other solar cookers as well as the 
cost of building the prototype.  
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