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Abstract 
Solar energy recovery has begun to take its place all over the world on the energy market due 
to the pureness of its electricity production. Commercial use of solar energy is unfortunately 
still rather small, mostly due to high prices and low efficiency compared to other sources.  
 
This report presents a literary review of the developing process of solar panels. A key part in 
any products prosperity lies in the product development process, the way from a products idea 
to final product. In the making of solar panels knowledge in areas of engineering, materials, 
structures, design, electronics, economy, marketing and much more are needed; making the 
process expensive. A lot of research is put on the solar cells material to try to increase their 
efficiency but very little effort is put down to the product development process of the panels 
and improvement of these processes.  
 
Information to this report was gathered in published books as well as on Internet webpages, 
governmental as well as homepages of manufacturers. A survey was made to gather 
information directly from producers in an attempt to increase the information input and 
accuracy. One company answered these questions and the result of the survey therefore 
concluded in a case-study in their company alone.  
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Sammanfattning 
I dagens läge har solkraften börjat slå sig in på energimarknaden till stor del på grund av att 
dess framställning av el inte har några direkta utsläpp. Tekniken bakom solpaneler fortfarande 
relativt ny så än så länge har de flesta paneler relativt låg effektivitet samtidigt som de är dyra 
vilket bromsar intresset för inköp av solkraft markant. 
 
Denna rapport redovisar en literär fördjupning i solcellspanelernas framtagningsprocess. 
Nyckeln till varje produkts framgång ligger delvis i produktutvecklingsprocessen av den – 
resan från idé till färdig produkt. Vid utveckling av solcellspaneler behövs kunskaper i 
ingenjörsvetenskap, materialegenskaper, strukturer, design elektronik, ekonomi, 
marknadsföring och mycket fler områden. Mängden av expertis-områden som behöver täckas 
bidrar till att utvecklingsprocessen blir kostsam. Mycket av den forskning som läggs ner på 
solceller fokuserar på själva materialet i cellen för att kunna öka dess energieffektivitet medan 
det inte finns något känt fokus på hur panelerna i sig tas fram.  
 
Informationsgrunden för denna rapport ligger i utgivna böcker samt sidor på Internet, både 
offentliga och företagshemsidor. Följaktligen gjordes en enkät för att samla ihop information 
direkt från flertalet tillverkare av solcellspaneler för att öka informationsmängd samt säkerhet 
av data. Ett företag, Solar Design AB, svarade på enkäten och resultatet av detta är med som 
en fallstudie med fokus endast på dem.   
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Chapter 1. Introduction 
Chapter 1 presents an introduction to the problem covered in this project as well as the 
set objectives and scope of work. Furthermore in Chapter 1 an overview of solar panels 
is presented; how they work, what kind of specifications they have and more.  
 
1.1. Description of problem 
An important part in the making of a product is its design and development process, the 
products’ journey from idea to final product. If the process is adapted to the product, 
here solar panels, it may contribute to minimizing the undesired effects (costs) and 
maximize desirable effects (efficient energy output) of the design. [1] 

 
Large parts of the energy used today are supplied from fossil fuels such as oil and gas. 
These resources are limited and the earth’s natural supplies are emptied faster than they 
are restocked. To prevent an increase of the draining of the earth’s resources and to start 
a market for use of renewable energy resources, the European Commission has created a 
‘directive on renewable energy’. This directive bid for an increment in use of renewable 
resources, of all member countries of the European Union, so that the shared use in the 
union reaches an amount of 20 % by 2020. [2] 
 
Some of the energy sources that can generate renewable electricity are wind power, 
offshore grind power, wave power, solar panel power. In this report the focus will lie on 
power supplied by solar panels. The sun constantly provides the earth with energy in 
form of light and warmth. Solar panels convert the light from the sun to electricity. 
Even though the concept of solar panels has existed for a while now (an early solar cell 
was made in 1955 in Georgia, USA) [3] so far, the product is not used in great 
measures. One reason for the small usage is that the panels so far have a rather low 
efficiency. A general commercial solar module has an efficiency of 15 % [4], compared 
to wind power where the highest theoretical efficiency is 60 % [5]. Beside the fact of 
low efficiency lies the cost-factor, since solar panels still is a rather new concept the 
cost for a panel is high compared to other forms of energy [2]. 
 
1.2. Objectives of the project 
This project has the following objectives; 
 Review solar panels with a focus on the development process, but also market 

needs and product specifications 
 Conduct a case study of the product realization process at a manufacturer of 

solar panels 
 Compare solar panels made from different producers. 
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1.3. Scope of work 
Extracting energy from solar panels is of current interest due to a global attempt to 
decrease the use of limited resources, such as oil and gas, and increase the use of 
renewable resources; solar water and wind energy among others. This project will look 
closer at solar panels, starting with the product need in Sweden and the United 
Kingdom. It will also include a review of the development process of solar panels and 
their product specifications considering structure, strength, materials, efficiency and 
cost. To get an understanding of the product realization process of solar panels there 
will first be a general investigation of solar panels journey from idea to a complete 
product. For a more detailed view of the process a case study will be made at a 
manufacturer of solar panels. As a last step of the project there will be a comparison of 
solar panels made by different producers.  
 
1.4. Outline of work 
During this project a review of solar panels have been made; how they work, what kind 
of specifications they have etc., this is presented in Chapter 1. The generic product 
development process has also been studied and an attempt to combine this method to 
the production of solar panels has been made. To increase the information input, a 
survey was sent out to manufacturers of solar panels. All this is presented in Chapter 2. 
A comparison of solar panels was done; this is seen in Chapter 3. Concluding the report 
is done by a chapter with discussion of the results of the project in Chapter 4. 
 
1.5. Introduction to the solar cell 
Solar energy is the energy generated from the nuclear fusion in a star; i.e. the sun. In the 
fusion process in the suns’ core, energy is released. That energy travels through the 
layers of the sun until it reaches the surface of the sun, where light is emitted. Of the 
radiated energy that reaches the atmosphere is called the solar constant. Solar panels are 
made up out of solar cells that convert light, energy, to electricity and/or warmth. [6] 
The amount of solar radiation provided by the sun compared to the consumed energy on 
the earth in one year is illustrated in Figure 1.1. This illustrates a very high solar 
radiation that ought to be used; as an alternate method for the fossil fuels used today. 

 
Figure 1.1. Energy consumption, available resources and solar irradiation in one year1 

                                                 
1 European Photovoltaic Industry Association, EPIA, Retrieved: October 15 2011, Available via: 
www.epia.org/solar-pv/10-good-reasons-to-switch-to-solar-pv.html 
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To make electricity from a radiant energy (here light) is called Photovoltaic (PV-
technology). In the PV-technology a semi-conductive material is used in a way that 
releases electrons. The light shines on a PV-cell that has at least two layers of semi-
conductors, one with a negative charge and one with a positive. The electric field across 
the junction between these layers causes electricity to flow and a DC-current is 
generated. An illustration of the caused electricity flow between the semi-conductor 
layers is shown in Figure 1.2.  

 

 
Figure 1.2. Creation of a current between the two layers of semi-conductive materials 

in a PV solar cell 

 
The PV-cell needs light to produce electricity however; it does not need direct sunlight 
so it would function even on a cloudy day [7]. This fact is highly relevant in Sweden 
and the UK where the amount of sun-hours per day, especially in winter, is relatively 
few.  
 

1.5.1. Solar cell concepts 
There are three kinds of PV cells commonly used in the solar market today; thin film, 
single- and poly-crystalline cells [8]. The cells are without difficulty separated by their 
appearance; single-crystal cells have a uniform dark-blue colour, poly-crystalline cells 
have a distinct pattern in different shades of blue and thin film cells are often black and 

even in their colouring, all of the cell types are shown in  
Figure 1.3 [9].  
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Figure 1.3. Typical appearance of solar cells; single-crystal, poly-crystal and thin film2 
Solar panels consist of cells positioned together in modules which mean the solar cells 
hold a major part in the panel’s final performance. Due to their importance the three 
common solar cell concepts are explained in the following paragraphs. The most 
common semi-conductive material used in solar cells is silicon where it is important to 
separate amorphous (un-structured) and crystalline (ordered) silicon. [10] 

 

1.5.2. Silicon crystalline cells 
Crystalline silicon solar cells represent about 90% of the PV market today [10]. Both 
crystalline cells have similar performances; they have high durability and a high 
expected lifetime of about 25 years [11]. Of the two types of crystalline solar cells, the 
single-crystal cells tend to be a bit smaller in size per gained watt but also a bit more 
expensive than the polycrystalline cells [12]. 
 
Single-crystal solar cells are cut from pieces of unbroken silicon crystals. The crystals 
are shaped as cylinders and sliced into circular disks of about 1 mm. Following, the 
slices are cut into other shapes; to minimize the required space needed for the assembled 
panels the cells are often made square or rectangular. An advantageous property of the 
single silicon crystal cell is that they are not known to ever wear out. [12] [13] 
 
Polycrystalline cells are also ordinarily made from silicon however the manufacturing 
process is somewhat different. Instead for the material to be grown into a single crystal 
it is melted and poured into a mould. The mould forms a squared shape and the block is 
then cut into thin slices. Since the discs are squared already less or no material has to be 
cut off and go to waste. When the material cools down it crystallizes in an imperfect 
manner which gives the polycrystalline cells a somewhat lower energy conversion 
efficiency compared to the single crystalline cells. In consequence the polycrystalline 
cells are slightly larger in size per gained watt than the single crystal cells are. [12] [13]  

 

After the disks of crystalline cells (single and poly) have been made, they are carefully 
polished and treated to repair any damage the slicing might have caused. Following, 
dopants (small impurities) are added in the material; these dopants that cause the 
negative and positive charged sides of solar cells. Succeeding, the cells are aligned in 
matrixes in the measures of the desired solar panel. Metallic conductors, aligned in a 
grid-like thin matrix, are added across the surfaces of the disks on the side that is turned 
away from the sun. [14] [15]  

 

  

                                                 
2 Solar Star TM, Difference between mono crystalline, semi crystalline and amorphous thin film solar 
cell, Retrieved: December 11 2011, Available via: www.pvsolarchina.com/difference-between-
monocrystalline-polycrystalline-and-amorphous-thin-film-solar-cell.html 
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Single and poly crystalline solar cells are very alike in shape, an illustration of how 
standard crystalline solar panels look like installed is shown in Figure 1.4. The 
similarities of the cells make process of organizing them to modules alike as well. The 
cells are typically laminated and then put between a layer of tempered glass and some 
plastic back-piece. Tempered glass is important for the construction, not only for 
protection of weather but also to keep the panel from becoming overheated – which 
could lead to less efficient electricity conversion and therefore a loss in energy. Most 
panels are framed with aluminium to provide cover, structure and help keep the layers 
together. Another safety measure against overheating is often done by placing the 
panels above ground so that they have airflow beneath it to cool down the panels. [12] 
[14] [15] 
 

   
Figure 1.4. Standard solar panels installed on roofs, the left picture3 shows a mono 

crystalline and the right picture4 shows a poly crystalline solar panel 

 

1.5.3. Thin film (amorphous) cells 
A more recently developed concept is the thin film solar cell. In principle it is a 
microscopically thin piece of amorphous (non-crystalline) silicon, as an alternative to 
the millimetre thick disk, which leads to less used material. Instead of the cell being a 
component in itself, the thin film cells are placed directly on a sheet of glass or metal. 
Therefore the cutting and slicing steps of the production process are removed 
completely. Furthermore, instead of mechanically assemble the cells next to each other 
they are simply deposited as such on the material sheet. Silicon is the material most 
used for the thin film cells but some other materials such as cadmium telluride may be 
used. Because the cells are so thin, the panels can be made very flexible entirely 
dependent on how the flexible the material is that the cells are placed onto. Example of 
the flexibility of a thin film solar panel is shown in Figure 1.5. [12] [14] [16] 

                                                 
3 Solar Tribune, Mono-crystalline solar cells, Retrieved: December 11 2011, Available via:  
solartribune.com/wp-content/uploads/2011/06/iStock_000014750596XSmall-monocrystalline-cells.jpg 
4 Solar Tribune, Poly-crystalline solar cells, Retrieved: December 12 2011, Available via:  
solartribune.com/wp-content/uploads/2011/06/istockphoto_000007078510XSmall-polycrystalline-
cell.jpg 
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Figure 1.5. Thin film solar panels installed on the roof of a house5 

 
Advantages can be won from thin film modules compared to the traditional crystalline 
ones in both flexibility and weight. They are also known to perform better in poor light 
conditions. [14] [16] However, thin film technology offer lower efficiency which means 
that for the same amount of output energy a larger area would be needed. Despite the 
thin films lower efficiencies the price per unit of capacity is lower than for crystalline 
sells. They also tend to degrade over time because of instability in the material structure, 
making the durability of the panels less certain. At the moment a lot of research is done 
on thin film technology so these disadvantages will hopefully be resolved in time. [12] 
[14]  
 

1.5.4. From cells to modules 
Solar cells are built into modules or panels because the output from a single cell is small 
while the combination of many cells can provide a useful amount of energy. Design of 
solar panels is reliant of the type of solar cell that is used. The crystalline cells build 
stiff modules that can be integrated between some layers of material-sheets and then cut 
in different shapes whereas thin film panels are very flexible, making them applicable in 
other areas.  
 

Often solar panels are located on rooftops or in separate constructions where the optimal 
solar angle is received. A simple sketch of the incident angle is shown in Figure 1.6. To 
make sure the cell loose as little light as possible in reflection, the incident angle is kept 
at a minimum. The best alternative for the panels would be perpendicular to the 
incoming sunlight; which is made complicated by the earth moving. [17] Sometimes 
construction alternatives on roofs are not available or simply undesirable due to glass 
roofs, flat roofs, small gardens etc. In such cases a more flexible alternative of solar 
panels are found from the ones made of thin film cell modules. 

 

                                                 
5 Solar Tribune, Thin Film Solar, Retrieved: December 11 2011, Available via:  
solartribune.com/wp-content/uploads/2011/06/ustile.com-solar-shingles-zoom.jpg 
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Figure 1.6. Illustration of how an optic material will both reflect and absorb incoming 

light 

 
1.6. Introduction to the engineering design process 
Engineering design is used in the making of as good as all more advanced products; 
from washing machines, to aircrafts, to solar panels. There are multiple versions of the 
definition of engineering design, a general form somewhat simplified from ‘Engineering 
Design: a project based introduction’ written by Dym is: 
 
“Engineering design is the organized, thoughtful development and testing of 
characteristics of new objects that have a particular configuration or perform some 
desired function(s) that meets our aims without violating any specified limitations.” [18, 
p. 9] 
 
For solar panels the desired function would be to create electricity from light energy and 
the aim to do so efficiently, without too great costs and other set limitations.  
 
Although the engineering design might be on a more advanced level in several cases it 
follows the same process of any product design project. As shown in Figure 1.7 the 
steps included in a general form of the product design process begins with the market 
need and step by step goes towards the final product. [18] 

 

 

Figure 1.7. A general illustration of the product design process6 

The steps illustrated in Figure 1.7 belong to one of the more simple versions of the 
product design process, in reality it is ordinarily more iterative and consist of additional 
steps. This will be reviewed more in later chapters of the report.  

                                                 
6 Picture original collected from: Jones, J.C., 1996, “ The Engineering Design Process”, John Wiley & 
Sons Inc. (2nd Ed), pp. 4 
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Chapter 2. Development of Solar Panels 
Chapter 2 presents the generic product development process which has studied with an 
attempt to combine this method to the production of solar panels. Furthermore a survey 
(Appendix 1) was sent out to producers of solar panels creating a base for a case study 
which is also presented in the chapter. 
 
2.1. Needs of solar panels in Sweden and the United Kingdom (UK) 
Any design project starts with a need for something; a problem or lacking of a product 
in the market and more. A wish to use the suns energy in a more direct way began the 
work with solar panels. There are techniques for using solar energy in heating and for 
creating electricity. However, the latter technique, PV technology is not used in great 
measures because it is still considered as quite expensive. The European Union, EU, has 
set up goals for increased amounts of renewable energy usage for its member countries. 
These goals contribute to the market needs in both Sweden as well as in the UK. The 
EU Commission directive has set different goals for different member countries and the 
ones focused on here are Sweden and the UK. When it comes to Sweden the goal for 
year 2020 is a 49 % use of renewable resources and today the use is up at 50 %. As for 
the UK the current use of renewable resources are up to 2.9 % (2009) and the goal for 
2020 is 15 %. [19] 

 

2.1.1. Focus on Sweden 
Sweden’s goal for year 2020 already is reached. However, their internally set goal is to 
increase the usage renewable resources even more than to the 49 % set by the EU. 
Almost 50 % of Sweden’s electricity comes from water power, a power source that 
cannot be expanded much more due to lack of new locations for such plants. Nuclear 
power is the second main provider of electricity in Sweden, but large parts of the 
Swedish population is against this energy source because of the high risks and problem 
with storage of radioactive waste. According to a recent study by the Swedish National 
Energy Agency 80 % of Sweden’s populations want the state to put in an effort to 
expand the usage of solar power. The largest obstacle for the solar power usage to 
expand more in the Swedish market is price. [20] Typical price-levels for solar panels in 
Sweden are shown in Table 2.1. Prices are given in [SEK/W], where SEK is the 
Swedish Krona and 1 GBP (Great Britain Pound) is approximately 10.71 SEK [21]. 

 
Table 2.1. Typical price-levels of solar panels in Sweden in the years 2001 to 2008 [20] 

 

Year: 2001 2001 2003 2004 2005 2006 2007 2008 

Typical module price 
[SEK/W] 

26 26 32 30 28.5 25.5 18 20 
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Electricity production from solar energy in Sweden was in 2009 212 MWh compared to 
2.5 TWh of electricity from wind power. Another measure that states the small usage of 
solar electricity in Sweden so far is the fraction of the entire solar electricity capacity 
installed in 2010 and the total electricity usage in 2010 which is merely 0.006 %. As 
seen in Figure 2.1, the installed capacity of solar power in Sweden has increased a lot 
during the last twenty years but with increased efficiency and decreased costs, the usage 
of solar energy should be able to enhance even more. [20] 

 

 
Figure 2.1. Installed cumulative capacity in Sweden in the years 1992 to 2010 [20] 

 
A project created by the Swedish government during the years 2009 to 2011 gave a 
grant to anyone who installed solar panels. An extension of this grant was made for 
2012 as well but by the turn of the year to 2013 this contribution will no longer exist, at 
least until further notice, which could mean stagnation in the purchase of solar power. 
[22] For the welfare of the Swedish solar industry it might be even more important to 
lower the costs of the solar panels to prevent this.  

	

2.1.2. Focus on the United Kingdom 
Because of its natural resources, the UK has been able to use a lot of fossil fuels, mainly 
oil, in the past. However, this means that they have a long way to go in usage of 
renewables; a rise of 12 percentage units compared to 2009 (from 2.8 % to 15 %). The 
British government is therefore putting an effort in expansion of renewable energy 
production. Their main focus is on offshore energy production but they need 
participation from all energy sources to reach their goal, and solar electricity is one of 
them.  
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The expected installed solar PV capacity in 2010 for UK was 50 MW and they estimate 
the capacity to increase rapidly for 2020 to as high as 2040 MW. Such an increase puts 
a large demand on the UK market of solar panels. The UK is a good way in to their 
goal; the increase in installed solar capacity is clearly seen in Figure 2.2. Price levels on 
solar panels are similar when comparing between Sweden and the UK, this can be seen 
in Table 2.1 (Sweden) and  
Table 2.2 (United Kingdom). [23] 

 

Table 2.2. Typical price-levels of solar panels in the UK in the years 2001 to 2008 [23] 

 

 
Figure 2.2. Installed cumulative capacity in the UK in the years 1992 to 2008 [23] 

 
2.2. The generic product design and development process  
As previously stated product design and development processes are used for every new 
product that is generated, this also includes non-technical products. If engineering is 
added to the equation of the product design process more technical products are 
included in the range of products that can be produced, such as solar panels [18].  
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Furthermorethe real life product development processes look somewhat more like the 
illustration in Figure 2.3 than the one shown earlier in Figure 1.7. In ‘The generic 
product design and development process’ the ‘design’ refers to how the product will 
look, feel and also, with engineering in the context, choice of materials, mechanical 
structure, manufacturing processes and so on. Whereas, the ‘development’ is the 
products evolving over time; here market prospects are identified, adjustment of the 
product to the market is made as well as testing and modifying the product until it is 
ready for production. [24] 
 

 
Figure 2.3. Overview of the generic design and development process7 

 
The time consumed for all these phases of the product design process is extensive, and 
therefore also costly. Firstly due to all the time put down on research, analysis, 
designing, engineering, testing etc. but also the fact that most products are not designed 
by a single person, but by a team of people with different expertise. The products design 
process often takes between one and five years. In the making of solar panels the 
development teams need to include people with knowledge in graphic and industrial 
design, project management, electronic and mechanical engineering, manufacturing 
processes, materials, tool-making, packaging, manufacturing and much more. To get a 
general cost estimation of this part of the process, the number of people needed for the 
project is multiplied with the time put down on the project. [1] [24] 

2.2.1. Concept development 
The concept development process is the foundation, and therefore also a key phase, of 
the entire product development. This part of the process is quite general and focuses of 
the core idea of the final product rather than the specific details. During the concept 
development stage the market needs are identified, competitive products reviewed, 
product specifications are set and a concept is selected. Furthermore, an economic 
analysis and an outline of the project are made. The common order of the concept 
development phase is presented in Figure 2.4. [24] [25] 

                                                 
7 Riley Enterprises Product Design and Development, Product development, Retrieved: November 5 
2011, Available via: www.rqriley.com/prodev.htm 
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Figure 2.4. Overview of the concept development phase8 

 

2.2.1.1. Identify customer needs 
By interviewing possible purchasers and reviewing similar products on the market 
customer needs are identified. With the aid of the gathered information requirements of 
the product are to be set. These specifications should cover an estimation of weight, 
size, and life-expectancy and more. The more thorough the research is the better the 
overview of the final product will be. [18] The need for solar panels in Sweden and the 
UK were reviewed earlier in this chapter.  
 

2.2.1.2. Establish target specifications 
From the information gathered in the previous step a set of more precise product 
specifications can be made. These requirements can cover all from demands on 
aesthetics to technical constraints etc. The questions considered has the same base as 
any product that is designed. Below are some examples of general sets of requirements 
for a product and some queries applied to solar panels. [18]: 
 

1. Clarify design objectives 
In the section of design objectives determination of how the solar panels will be 
used are made. Are there any requirements on how they should look?  

2. Establish user requirements 
Should the panels be portable? How much can they cost? These are questions 
asked to determine the using of the solar panels, in a user’s perspective.  

3. Identify constraints 
What kinds of restraints are there in manufacture, assembly, installation, 
location etc.?  

4. Establish functions 
The most obvious function is to convert solar energy to electricity. But, is the 
product going to produce heat or electricity, or both? Should they be able to 
store energy/electricity?  

5. Establish design specifications 
Should the modules be able to be able to be assembled in series, if so which shapes 
give the best solution? Are there any demands on colour, structure, materials etc.? 

                                                 
8 Riley Enterprises Product Design and Development, Product development, Retrieved: November 5 
2011, Available via: www.rqriley.com/prodev.htm 
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2.2.1.3. Analyse competitive products 
To be able to establish even more thorough specifications a review of existing, 
competitive, products is often done. Finding deficiencies and the good qualities of 
existing products can be used to gain advantage in the designing of new solar panels. 
All in all, previous experiences can be used to get a foundation to build on already from 
the start – therefore research is important in the creation of a competitive product. There 
are numerous versions of solar panels today but, all with the same problem, they are 
expensive. Subsequently, a lot of time is put on research and development of new 
concepts; possibly more than to evolve the existing solar panels. [24] [25] 

 

2.2.1.4. Generate product concepts 
Perhaps the most innovative part of the design process is the part where the product 
concepts are created. The goal here is to generate alternatives that could meet the set 
specifications and technical restrictions. These concepts are the starting-point for the 
rest of the developing project. By using different idea-generating methods different 
design concepts for the product are created. From the concepts preliminary models for 
structure of the product as well as style and layout alternatives are formed. The idea-
generation can be done in many ways but most of the methods are versions of 
brainstorming ‘sudden disturbance of the mind; sudden inspiration’. In which the 
project group sit together or separately and simply try to storm their minds to find as 
many and as good ideas as possible. Once the number of ideas is enough tries to control 
the input are done, mind-mapping is often used but there are a large number of available 
approaches. [24] [25] 

 

Today there are a lot of different kinds of solar panels out on the market. Some with 
very small differences from each other however one key difference lays in the kind of 
cell used. Often a company specialises in crystalline or amorphous cells, not both. Once 
concepts have been narrowed down to a sensible number of ideas, models for how the 
concepts could look are created. Apart from the standard solar panels there are the ones 
adjusted for a specific purpose, some manufacturing companies only make customized 
solar panels. The uses for such customized solar panels can be seen on rooftops, in 
windows or in balconies but also on cars, airplanes etc. the uses are practically limitless.  

	

2.2.1.5. Selection of concept 
By evaluating the designs and attributes of the concepts a final choice is made so that 
only one (or possibly two) concepts remain. The project group have to ensure the 
selected solution lives up to all its set specifications and requirements. This evaluation 
can be done in various ways, by the project team, executives of the company or with the 
aid of customer surveys. [24] [25] 
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2.2.1.6. End of ‘Concept development’ phase 
When the concepts are narrowed down to only one, more precise specifications can be 
made. These additional goals should identify the products expected life service, future 
selling price, budgeting for the development process and more. Furthermore, an 
economic analysis is made where an estimation of the costs of the development process, 
manufacturing costs and selling price. Every step has to be considered, purchase of 
materials and other components, work hours, assembly processes, rents etc. only 
considering the producer. From the client’s perspective, the produced electricity must 
yield a higher value than the invested amount; both initial costs as well as maintenance 
expenses. [24] [18] 

 

Project planning is an essential part of any project, when there are large investments 
involved the planning becomes even more important. In the making of solar panels 
designers as well as engineers are needed, but also people with skills in marketing, 
economics and so on. All these resources are needed to lead the project towards the final 
product. The project plan should include length of the project, goals, available 
resources, expenses and a schedule with all the activities so that the development can be 
traced afterwards if needed. [18] 

 

2.2.2. System-Level design 
In the system-level design step the project team go in deeper to the products 
architecture, choice of materials and manufacturing processes. Future supplements and 
the possibility of a product family are also considered. Decisions of which components 
are to be purchased are identified as well as who is to supply them. [24] 

	

2.2.2.1. Structures  
To get an overview of the final product its architecture is divided into ‘chunks’, 
primary- and sub-function systems [24]. For solar panels the numbers of functions are 
not extensive; capture radiation, create current, store electricity would be the primary 
ones while a sub-function could be the protection of the cells. 
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As mentioned earlier, the cells are often thin, small and squared, enabling rectangular 
shaped modules to be likely and easy to produce. The more solar cells in a panel and the 
higher quality those cells have, the higher the total electrical output of the solar panel 
will be. To minimize loss of energy thin panels are preferred as well, that way the light 
does not have to travel too far. The key in solar energy output is the amount of light that 
is absorbed. Every layer of material added in the panels ensures some energy will be 
lost due to reflection and absorption properties of the added coatings. Furthermore, 
weather has to be considered; the panels will have to put up with rain, snow, hail as well 
as very cold and warm temperatures depending on the seasons. A lot of solar panels are 
put on rooftops which mean they might have to be able to carry a layer of snow, for 
example, without breaking. 
 
Another key function to consider for the solar panels output is the angle in which it is 
put. For every location in the world there is an optimal angle to place the solar cells in 
enabling maximum level of solar radiation to be used. This angle depends entirely on 
the sun; its angles to the specific location throughout the year and the amount of solar 
hours in a year. This optimal angle might be most important in the installation of the 
finished solar panels. The optimal location for a solar panel would be in direct sunlight, 
in an area with many solar hours, in a placement that always gives a small angle of 
incidence and a position where there is no risk of shading. The amount of solar radiation 
that in a set time reaches a surface, here solar panel, receives is called solar insolation. 
[17] To optimize the solar insolation dynamic mounts can be used, so that the surface of 
the panel follows the sun for a maximum amount of direct sunlight. Recently, 3D solar 
panels have been made, enabling solar insolation from all directions. [15]  
 

2.2.2.2. Materials 
Depending on the materials optical and thermal properties as well as fabrication 
possibilities the material can decide large parts of the cells final efficiency and cost. The 
materials used for the panels need to absorb most of the light in the solar spectrum, to 
maximize the energy input. Reflection, the bouncing of light, against the cells should be 
made as small as possible. A high solar insolation results in more input energy which 
means more energy that can be converted into electricity. To enable these criterions, 
different optimization methods of the solar cell surfaces are made. Some use anti-
reflecting layers and some use rough surfaces to ease the capture of light. Illustration of 
how the rough surface solution uses the incident angle of the light to trap it in the glass 
is shown in Figure 2.5. These rough surfaces can be beneficial because of the angle of 
incidence of the sun. The larger the angle is towards the normal of the surface, the 
smaller the amount of absorbed radiation will be – a lot of radiation is lost in reflection.  
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To use the absorbed light even further the back-piece of the panels can be made 
reflective so that the trapped light bounces inside the glass cover instead of leaving the 
cell. [26] 
 

 
Figure 2.5. Illustration of how using structured glass can trap more light than clear 

surfaced glass by decreasing the incident angle 

 

The semi-conductive layers of the solar cells are most commonly covered by a layer of 
glass or equivalent for protection. Here temperatures as well as possible load on the 
glass must be considered and the combination of them both. The cover cannot be made 
of a material that is too brittle in cold temperatures –it cannot break by the weight of a 
certain amount of snow or in low temperatures such as -40o C.  Many technical 
components work less good in warm temperatures, this also applies to the electronics in 
solar cells – i.e. the solar light is sought but not the warmth the light provides. All of the 
materials in the cells need to function under as cold temperatures as -40o C to as warm 
as 80 o C due to the temperatures in Sweden and the UK (self-made estimations). Since 
all materials react differently to different temperatures this rules out some of the 
contestants of the interesting ones to use for the panels.  
 
Another part that needs to be considered is the backside of the solar cell which must 
provide both structure and some protection for the cells. The material of the back-piece 
can be altered according to location of the panel; the same protective glass as for the 
front-piece might be used, or some plastic material, some even use metal. A common 
material for the frame is Aluminium due to the fact that it is a light but still a strong 
enough metal that takes very little damage of long periods outside. 
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2.2.2.3 Manufacturing 
Manufacture is of course an important part in the product development process, which 
is why it needs to be carefully considered in the pre-assembly stage. Firstly, which 
components are to be manufactured by the company? Would it be beneficial to produce 
all components or is purchase from distributors a better alternative? For example, most 
solar panel manufacturing companies do not produce the solar cells themselves, and 
basic components such as conductive wire and so on might also be unnecessary to 
produce on site. The producers are more likely to purchase supplies from companies 
that specialise in the components in question, leaving the design and assembly for the 
solar panel manufacturer.  
 

More questions to be answered in this part of the generic design process are as follows. 
How many stages will the manufacturing process have to include? How easily 
manufactured are the shapes and materials set for the product? The standard sets of solar 
panels, whether made from thin film or crystalline cells, are once assembled to modules 
(often) only covered with protective layers that are easy to cut into specified shapes.[13] 
[24] 

 
In the process of manufacturing solar panels one has to be extremely careful in all of the 
process steps; mainly due to the brittleness of solar cells but also so that as little 
efficiency as possible is lost. This is a fact that has contributed to why no large 
improvements were made in the area of solar panels for a very long time. Nevertheless 
recent improvements in design of the solar panels have helped increase efficiency and 
price levels of solar panels in the market.  

	
All of the previous steps are closely tied together; the final conversion efficiency is 
determined by the structure, material and manufacturing process and the efficiency is a 
large part of the final costs. By electrical efficiency one means the fraction of the input 
and output energy. The solar panels on the market today have an efficiency of 13 % to 
22 % although there are recent progresses with efficiencies, and more will come. Cost 
efficiency must also be considered when covering efficiency; the fraction of investment 
and gain. [4] [24] 

 

2.2.3. Detail design 
In the ‘detail design’ stage the final product is determined this step is also called ‘design 
for manufacture’ (DFM) which is a more descriptive name since every component is 
engineered to create a good start-up for the manufacturing process. The final decisions 
considering materials, tolerances and finishes are made. Detailed images, sketches and 
3D models are made to help the proceeding steps of prototyping and testing. In Figure 
2.6 an example of a final concept illustrated as a 3D model by Solar Design AB is 
shown. [24] 
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Figure 2.6. Example of a 3D image of a ‘balcony solar panel concept’ by Solar Design 

AB9 

 

2.2.4 Testing and Refinement 
Here prototypes are built to test the functions of the product. These prototypes are made 
to simulate the functions of the solar panels and regularly do not have the same design 
as the final product will have. Nevertheless, the prototyping gives an image of how the 
product and the production of it will turn out. If tests are made thoroughly future 
underperformances might be avoided and improvements of the product can be made 
before it goes into production. Solar panels are tested by machines that imitate sunlight 
and the electricity output is compared to the energy input to check the final efficiency; 
ensuring the panels keeps the specified standards. [24] [18] 

 

2.2.4. Production ramp-up 
The production ramp-up is important for the future manufacturing to be as efficient and 
thorough as possible. In this phase the staffs is divided into teams on all different levels; 
all from supervisors to line workers. The ramp-up is where the manufacturers are 
trained for production as the first products are being assembled. [24] 

 
2.3. Producing solar panels at Solar Design AB  
One of the companies contacted for information on their development processes of solar 
panels was the Swedish company Solar Design AB. The company produces single and 
poly silicon crystalline solar panels. All information in this section comes directly from 
Solar Design AB.  
 
  

                                                 
9 Picture provided by Solar Design AB, www.solardesign.se 
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Solar Design AB works from a project-based approach, where all projects start with 
communication with the client to determine all the needed specifications; size of the 
panels, physical and future production of electricity, how/where the panel is to be 
placed etc. i.e. defining the product need and determining specifications. In this stage 
the project group is only made up of sales personnel and a project leader.  
 
For design opportunities, the customers can choose between various different glass 
structures, colours on the cells and on the back-piece. There is also the possibility to 
have glass both in the front and on the back of the cells; the modules can be transparent 
with exception for the cells themselves. Light that passes through the panels can be 
controlled with different spaces between the cells in the modules. Once all the 
requirements from the customer are set, the generating of ideas start. Following, 
decisions about how many and which components in the product that will be needed are 
set. Solar Design AB produces the panels and purchases the cells, mostly squared 6 
inches wide. Quality of the purchased cells stands for a large part of the final electrical 
efficiency therefore the cells have to be as good as possible, but still not have a price 
level much higher than the market average.  
 

To get a preview of the final product, a 3D model of the product is created (final design 
phase). After all this calculations are made and price estimation is sent to the customer. 
A lot of the input components in Solar Panels ABs modules can be altered which means 
that communication with the customer is of highest importance so that they get the 
optimal solution for their individual product. Orders made from customers involve the 
entire company in the finalisation of the panels. 

	

2.3.1 Manufacturing at Solar Design AB 
Solar Design AB design and produce single- and poly- silicon crystalline solar panels. 
The first step in their manufacturing process is to put together the silicon cells in 
matrixes. This is done by using a machine that solders the cells together. Here thin 
copper wire connects the negative and positive side of the cells. Once all the serial 
connections are made, a layer of glass is put on. In Figure 2.7 the layers of Solar Design 
ABs module with visible wires is shown. On the glass, a layer of EVA (Ethylene Vinyl 
Acetate) film is added for hardening of the panel. After this several of the silicon cells 
rows are put on top of the EVA film. At Solar Design AB, the standard module has six 
times ten silicon sells. When all the cells are in position, they are soldered together 
making a rectangular sheet of cells. Following, another film of EVA is added and to 
finish up an isolative back-piece called Tedlar is added. Henceforth, the module is put in 
a laminating machine; here the module is ‘baked’ in vacuum at 150o C, to make the 
EVA melt. Once it has, a pressure is added on the module to spread the EVA out 
evenly.  
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Figure 2.7. Layers of the solar panels at Solar Design AB10 

 

Once the laminating process is finished, the module is left to cool down in room 
temperature before the junction-box is assembled. After all this, simulative testing 
where a computer uses flashes to imitate the sun is made, this to check whether all the 
electrical requirements are reached. The testing device with a cell in it is displayed in 
Figure 2.8 along with graphs produced by the tests. If they create less electricity than 
expected there might have been a faulty in the production process or the purchased cells 
do not keep the promised standard. Finally the module is labelled and put in aluminium- 
and silicon- shell and the solar panels are ready for the market.  
 

 
Figure 2.8. Flash-simulating device for testing of solar cells with result graphs11 

 
Due to a high control on their production process Solar Design AB claim they can find 
faults on their products quickly, before they reach the costumer. They can also be very 
flexible in their processes due to high knowledge in their area; this makes them able to 
make all kinds of panels, with all the available materials on the market of solar panels.  

 

                                                 
10 Picture provided by Solar Design AB, www.solardesign.se 
11 Picture provided by Solar Design AB, www.solardesign.se 
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Chapter 3. Comparison of solar panels 
Previous chapters will have given a general understanding of basic solar panel concepts 
that are available in the market today. This chapter covers a comparison of a few solar 
panels from different companies. To find the differences between the panels’ properties 
useful, panels with the same capacity (poly-crystalline silicon, average max power 225 
W) was compared according to price, efficiency, temperature coefficients and more see 
Table 3.1.  
 

 

 
 
All of the panels in Table 3.1 are from different companies in different countries, but 
they all have very similar performances. The efficiency range of the panels is between 
13.42 % and 13.73 %, a variety that is not very wide with merely a difference of 0.31 
%. As for performances in raised temperatures all of the panels have similar properties 
there too. There are some minor differences in sizes and weights but in general those 
differences are immaterial. By looking closer on the table the most important and most 
wide spread differences between the panels can be seen; their warranty periods. A 
conclusion from this might be that when a buyer looks around for alternatives and the 
electrical and mechanical properties of the panels look the same, the most important 
factor to consider is warranty periods. 

  

Table 3.1. Comparison of solar panels [27] 
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Chapter 4. Discussion and interpretation 
The product design process is time-consuming and therefore costly however it 
determines the future lifetime and quality etc. for every product that is designed. Due to 
this, hopefully the time put down on product development projects are worth all their 
costs in the end. In the production of solar panels the largest energy loss lies within the 
cells themselves whereas the lowering of efficiency in the assembly part of the panels is 
relatively small. The average value for the efficiency of the commercial solar cells in 
Chapter 3 is 16 % while the modules have efficiencies of ~13.5 %, which means ~2.5 
%, are losses from assembly of the panels.  
 
Solar panels are certainly a green product, but to get the big break through on the 
market their costs must be lowered. In the solar technology industry, a lot of energy is 
put down to increase the efficiencies of solar cells, which is very good. However, the 
key point could be to lower the costs for them, so that everyone can get “solarized”. No 
matter how high efficiencies the solar cells can reach, it will not do any good if no one 
can afford them. Hopefully, there will be advances in the industry of solar panels in a 
near future so that their costs will be lowered. Price levels per watt over some years are 
shown in Table 2.1 -  
Table 2.2, in which a somewhat uneven price cut down can be seen. As easily the 

increase of installed solar energy capacity is showed in Figure 2.1 - Figure 2.2. 
However, the increase of installed solar panels is much higher that the lowering of 
prices.  
 
As a part of this project a questionnaire (Appendix 1) was sent out to a number of 
companies where only Solar Design AB replied and was willing to answer the questions 
in the survey. It is understandable that companies want to keep some information of 
how they work private.  However, with only answers from one company and not much, 
or none at all, information on the product development process on solar panels available 
in books or other literature made it hard to stay put on the intended subject.  
 

On Solar Design AB every new customer is treated individually to make sure they get 
exactly what they want from their purchases. It is easy to see the benefits of this 
however generally a key point in bringing down the prices of solar panels could be the 
production of solar panels in larger scales, more towards mass-production. Solar Design 
AB is a rather small company, so a mass-production might not be of immediate interest. 
However, maybe a smaller range of design opportunities, in colours, structures etc. for 
the customer would be a good thing in their case so that the time of their design-process 
would decrease, at least for the standard modules.  

Year: 2001 2001 2003 2004 2005 2006 2007 2008 

Typical module price 
[GBP/W] 

4.7 4.7 4.5 3.9 4.7 4.1 3.8 3.2 
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As technique and research for solar cell and their manufacturing processes develop, 
hopefully the solar cell prices will drop too. Since solar design do not manufacture the 
cells they use in their production the amount of improvements in efficiencies and costs 
they can contribute with are rather small. But they do exist; in the design process and 
the manufacturing of their panels. In efficiencies, the only difference they can control is 
the ~2.5 % loss from assembling the panels. In costs of the panels they might have more 
to influence, they can always look over the  Even if their procedures are managed well 
today, improvements are always possible to achieve; in effectiveness in the phases of 
the design process, increased communication with customers and within the project 
group etc.  
 
The industry of solar panels is growing larger for every year. For small scale users such 
as home owners that want to lower their energy costs and carbon footprint as well for 
grid-connected energy suppliers. Even people that might not have the opportunity to 
install solar panels for themselves can participate in the road towards a greener world by 
supporting energy suppliers that use solar power. Some people argument that the 
electricity coming into your home is the same no matter which supplier you choose. 
However; the more support the once with solar power gain the more the industry gets, 
the more it can develop and the smaller our future emission of carbon and other 
environmental unfriendly gases will be.  
 
4.1 Conclusions 
It is said that the amount of energy the sun provides us with on one day corresponds to 
the energy usage globally in one year (Figure 1.1). Therefore there is no doubt about 
solar power being the energy of the future; it is an infinite source of energy and it would 
be thoughtless not to give the industry a push for it to reach its full potential.  
 

The responsibility on the manufacturing companies when it comes to production and 
efficiency are not great; they can merely control the designing and assembling of them. 
But, as previously stated about 2.5 % efficiency is normally lost when solar panels are 
assembled, sometimes even more – this part they can influence. The most expensive 
component in solar panels is the cells, though other material and tool costs contribute of 
course. Individual companies can always look over their processes, costs, work hours 
etc. to see what they can do to bring down the prices but the main responsibility lies 
within the solar cell development and manufacture. Moving in a direction of mass-
production rather than small-scaled might be of interest but, any such movement would 
have to be made with caution so that no more efficiency is lost on the way towards the 
goal.   
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4.2 Recommendations and suggestions for further work 
I would recommend individual manufacturing companies to overlook their design 
processes for further developments within their borders. However I do not think 
additional objective research of the design and development process of solar panels 
would be necessary.   
 
4.3 Evaluation of project 
The lack of relevant information has complicated the project and made it hard to stay 
focused on the intended subject. Information on design processes of solar panels was 
not available in neither library resources or on the internet. An attempt to increase the 
information input was made by producing a survey, sent out to ~20 companies, with 
only one response. To conduct such a theoretical project on my own was also qiute a 
heavy task. Furthermore the received guidelines of the project would have been of more 
help had they been available at an earlier stage of the project, not three weeks before 
deadline.  
 
4.4 Sources and reliability 
Reliable sources have been used in as great measures as possible, such as books and 
other published documents by the EU or equivalent. Some less reliable sources from the 
Internet have been used; however I have tried to keep the usage of them to a minimum. 
All information from Solar Design AB was considered trustworthy.  
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Appendix 1: Survey 
As a part of the information gathering a survey was sent out to a number of companies 
that produce solar panels, though only Solar Panels AB answered. 
 
Design and Product Realization process of solar panels 

1. What kind of product realization method do you use? What made you choose 
this method?  
 

2. Initially, what kind of demands did you put on your solar panels? (Efficiency, 
product specifications, costs, usage, appearance/design etc.) 
 

3. What kind of idea-generating method did/do you use when creating new or 
developing existing products? 
 

4. Which were the factors contributing to your choice of design/appearance on 
your product? What are the advantages and disadvantages of the design you 
chose? 
 

5. In choosing material and other key components in your solar cells, what were 
the key factors (optical properties, strength etc.)?  
 

6. What kind of modulating, simulating and calculating methods do/did you use 
when creating your prototype and final design? 
 

7. Do you manufacture all components or do you buy some parts from other 
manufacturers? Which components do you produce yourselves? Do you do the 
final assembly of the cells? Why do you choose to produce your products 
according to previous answers? How does the manufacture proceed? 
 

8. How did you launch your product on the energy market?  
 

9. Does your final product reach the goals (efficiency, costs etc.) set up for it in the 
beginning of your design process? 
 

10. What strategies do you use for development of your solar cells? Have you done 
any improvements from your original designs, if so which?  

 
 


