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Part 1 
 
Final report 
 
 
Project title: Multifunctional window shade with solar charger and ventilator fan 
Name: Markus A. Langer 
Student number: V0140321 
Type of project: Individual project 
 
 
Summary: 
This report presents a solar module which is a combination of an eco-friendly charger for 
small electronic devices and a window shade. It can be used for car side windows and roof 
windows or other house windows. The report shows that consumers are interested in 
using renewable energy for recharging their portable electronic equipment. Solar power is 
a very interesting solution: The advantages of the use of this type of energy are that it is 
not pollutant once the solar panels have been produced and that is a renewable source. 
Materials having less adverse environmental impact are chosen for the product. 
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1. Origin and description of the product 
 
The original idea was to design a new form of charger using renewable energy sources. 
Later on a design concept was created for a multifunctional product which charges, among 
other things, hand-held electronic devices. The following solar module is a combination of 
an eco-friendly charger for small electronic equipment and a window shade. It provides 
enough voltage to power common 5 Volt electronic devices and to drive a 5 Volt motor at 
full rated speed. 
 
The product can be used as sunshine protection for car side windows and roof windows or 
other house windows (Figures 1 & 2). The solar panel has the function to restrict light from 
outside. It absorbs heat, reduces glare and protects from ultraviolet rays. 
The sun shade has four strong suction cups to securely adhere to the window and key pull 
rings for easy on and off. The suction cups are made of rubber or plastic (see also Chapter 
5). The standard material is natural rubber. Almost all processes developed for recycling 
rubber do have economical and/or environmental problems. Polypropylene and 
polyethylene are recyclable but they require more energy in the production process than 
natural rubber. 
 
Figure 1: For use on a car's rear window 
 

 
 
Figure 2: For use on a roof window 
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The side near the window glass is covered with solar cells (Figure 3). They are made up of 
a thermoelectric material which produces a current when there is a difference in 
temperature across the material. The side exposed to the sun heats up while the shaded 
side remains cool, then electricity is generated.  
The solar cells consist of mono- or polycrystalline silicon. The advantage of 
monocrystalline silicon is that it has a higher efficiency than other silicon cell types. The 
silicon used for the production of solar cells is toxically completely harmless. The 
environmental impact and the safety risk of solar cells are very small compared to 
conventional sources of energy like coal, oil, gas or atomic energy (Greenpeace, 2009). 
For the recycling of silicon solar cells different methods were developed. The main 
problem at the time is the disassembly of solar cells into their consisting parts. With an 
adequate technique of production photovoltaic systems can be recycled completely. 
 
Figure 3: Front side of the product 
 

 
 
The photovoltaic cells power a small electric fan ventilator on the back side of the window 
shade (Figure 4). A direct current electric motor is used to convert electric energy to 
mechanical energy. The ventilation circulates cooler air through the room or car and 
lowers the temperature. The fan and solar module combination allows daytime ventilation 
and air circulation anywhere the sun shines.  
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Figure 4: Back side of the product 
 

 
 
The solar module runs the fan at full power in full sun and at a slower speed in overcast 
weather. The fan is a 3-wing blade with 15 cm diameter. It is produced of recyclable and 
low-cost materials such as polyethylene or polypropylene. Bioplastics derived from 
renewable biomass sources like maize could be an alternative. 
 
The frame of the window shade is made of aluminium or low carbon steel. 
Low carbon steel needs much less energy in primary production than aluminium. 
Recycling aluminium requires only 5 per cent of the energy and produces only 5 per cent 
of the CO2 emissions as compared with primary production (Waste Online, 2005). 
 
Solar power is a very interesting solution: The advantages of the use of this type of energy 
are that it is not pollutant once the solar panels have been produced and that is a 
renewable power source. 
Using solar cells is an easy solution to charge small electronic devices. This technology 
provides renewable energy and can generate enough electricity for recharge. The new 
product is easy to handle and has more functions than just being an eco-charger. The idea 
is to use a solar panel as a window shade and charger at the same time 
The disadvantage of the product is that solar energy is only useful when the sun is shining. 
During the night, the solar equipment will be useless. Clouds can reduce the sun's rays 
and the location of the solar panel can affect the performance. 
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2. User needs and market requirements 
 
After exploring problems and opportunities a design brief was written. It outlines the aims 
and objectives of the design project. 
 
Design brief 
 
In most cases small electronic devices are charged by mains power. Some electronic 
equipment is charged by renewable energy sources. The opportunity for a future product is 
to adapt a widely used technology for a new application. Some eco-friendly chargers have 
been already put on the market. They are generally used outdoors or in emergency cases. 
The new product should be multifunctional form of charger. The product should be 
improved form of providing renewable energy for small devices. 
There are some constraints: Some renewable energy sources are intermittent and 
variable. Solar electricity is not available at night and is less available in cloudy weather 
conditions. Wind does not always blow when electricity is demanded. A certain 
temperature difference is needed to run a heat engine. Wind-up devices have to be wound 
up to produce electrical energy. 
 
Performance specification 
Before the beginning of design a list of market and technical requirements have been 
elaborated. The performance specification clarifies what the new product must be able to 
do: 
 

• The product uses renewable energy to gain electricity. 
• The new device produces energy using widely spread technology for a new 

application. 
• The production of energy is sufficient to recharge or run small electronic equipment 

like mobile phones, mp3 players or pocket radios: voltage of 5 Volt and a current 
more than 200 mA. 

• The product is practicable and easy to use.  
• The best case scenario is that the product contains recycled material and the 

product can be recycled itself. 
• It is affordable for the normal consumer. 
• The product has to be adaptable enough to allow different types of rechargeable 

devices to connect to it. 
 
 Market specification 
 
The market specification states the needs which the product has to satisfy. An online 
survey was done to get information about potential users.  
Half of the respondents mean that renewable energy is a very important or important factor 
choosing to use an electrical device or not. 57.1 per cent have already considered using 
renewable energy to recharge their electronic equipment.  
Many users think that using renewable energy is a good idea when it is sufficient to power 
device for a long run. The product should be convenient and easy to use. The consumers 
feel confident that renewable energy is a must for the future, but the technology has to be 
improved to get cheaper energy more effectively. 
 
Competing or comparable products 
 
Investigations show that competing or comparable products already exist on the market. 
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HYmini is a handheld, universal charger device that harnesses renewable wind power and 
solar power as well as conventional wall plug power (MINIWIZ, 2009). The energy stored 
in its internal battery can be used to recharge almost all 5V digital gadgets such as mobile 
phone, media player, PDA, digital camera. HYmini can capture wind power between 15 
and 65 kmh. Wind generator is designed as a supplemental source, hence cannot fully 
charge HYmini. The device costs about £30. 
The POWERplus Gazelle is a pedal powered power generator with an AC/DC Powerbank 
(It Must Be Green, 2009). During cycling power is generated and stored in a 12V internal 
battery Through the integrated inverter an output of 3V, 4.5V, 6V, 9V and 12V can be 
selected to charge different devices.  The price of the device is £93. 
 
The FreeCharge 12V with a price of £22 provides emergency power for electronic devices. 
The system is powered entirely by winding a hand crank, so it is independent of all 
conventional power supplies or batteries. It has no internal battery and transfers energy 
directly into the recipient device. The disadvantage of wind up charger is that it takes a 
long crank time to recharge the mobile equipment. 
 
A portable charger which uses fuel cell technology is already on the market. The Medis 24-
7 Power Pack is a micro-fuel cell based auxiliary power source for portable electronic 
products, designed to power and charge most common handheld electronics (Medis 
Technologies, 2009). It delivers sufficient energy to provide up to 30 hours of talk time to 
an average mobile phone. The fuel cell is recyclable but not rechargeable. 
When all the energy is consumed, a replacement cartridge is needed to replenish the 
depleted one. The price of the charger ranges between £30 and £40. 
 
There is a great selection of eco-friendly solar chargers that charge small electric devices 
such as phones & MP3 players directly from the sun. There are even a couple of devices 
that can be used to charge rechargeable batteries. 
One disadvantage: As soon as the sun loses its intensity, the output from a solar panel 
drops enormously. 
 
 
Market situation and trends 
 
In March 2007, the European Union set itself an ambitious target of 20% use of 
renewables for its energy consumption. A study demonstrates that photovoltaic could 
provide up to 12% of EU need of electricity by 2020.(EPIA, 2009a)  
The demand for renewable energy is growing all over the world because of the increasing 
concern of consumers about global warming. Renewable energy can diminish and replace 
fossil fuel resources over the long run. Their use in place of fossil fuels can substantially 
reduce greenhouse gases and other pollutants (EPIA, 2009b). Customers use a 'green' 
product to save money and wish that the product is energy efficient.  
 
Some technologies on the market and under development like solar cells and fuel cells 
could replace external power supplies and/or batteries in the mid-term future to certain 
extend (Bio Intelligence Service, 2007). However, only in the long term they might 
represent a really significant market share. For small mobile devices there are concepts 
under development to use even other sources of energy such as temperature differences 
and motion. Such powering sources (e.g. a dynamo charger) will be used in developing 
countries with limited access to mains supply. They will rarely play a role for the European 
market in the next future. 
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A number of companies have launched solar chargers for portable electronic equipment. 
These chargers are actually a hybrid between external power supply and an energy 
storage device. Their internal lithium-ion battery can be charged either by solar energy or 
mains electricity; this power is then available to power or charge any portable device. 
Charging the internal battery of a solar charger takes 8-10 hours of direct sunlight. From 
the mains the internal battery will fully charge in approximately 4 hours.  
 
The fuel cell technology has been in development during recent years and is expected to 
arrive in the market in the near future (Bio Intelligence Service, 2007). A Direct Methanol 
Fuel Cell (DMFC), just like a Lithium-ion battery, is an electrochemical device used for 
converting and storing power.  
Current DMFCs are limited in providing high power demands. However, they have a 
multiple higher energy density than Li-ion batteries and can store more energy in a small 
space. This means they can produce a small amount of power over a long period of time, 
therefore they are ideal for consumer goods such as small electronic devices. 
 
  
Survey of users 
 
Information about user needs was gathered via an Internet survey. A questionnaire was 
designed that included structured and semi-structured questions (see also Appendix). 
Respondents could select their responses by clicking the appropriate answer button. They 
also were asked for qualitative responses. 
A link to the survey was sent to different user groups: 
http://www.surveymonkey.com/s.aspx?sm=yuOrEjxjl78dpGmed9NaXQ_3d_3d. 
A popup opening a new window with the questionnaire was implemented on the author's 
private webpage. 
 
105 people have filled in the questionnaire. The male users outweigh the females with a 
ratio 3 to 2, the most dominant age groups fall within the ranges 30-39 years 
(representing 38.1% of all respondents) and 40-49 years (representing 23.8%). Nearly all 
(97 per cent) respondents use a mobile phone. Many of them have a digital camera, a 
notebook computer or a media player.  
A great deal of respondents uses an AC wall charger to recharge portable devices. Some 
users put rechargeable batteries, others disposable batteries in the devices. 
Half of the respondents mean that renewable energy is a very important or important factor 
choosing to use an electrical device or not. 56.8 per cent have already considered using 
renewable energy to recharge their electronic equipment.  
Many users think that using renewable energy is a good idea when it is sufficient to power 
a device in a relative short period of time and for a long run time. The product should be 
convenient and easy to use. They feel confident that renewable energy is a must for the 
future, but the technology has to be improved to get cheaper energy more effectively.  
 
32.4% of the survey participants are very interested, 54.3% are somewhat interested in 
buying an eco-friendly charger for their portable device (Figure 5). 
The respondents know about alternative energy sources. 63.1 per cent absolutely favour 
solar power as 'green' power supply for recharging. A majority also would prefer wind up, 
wind or thermal-electric power (Figure 6). 
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Figure 5: Interest on eco-friendly charger 

How interested are you in buying an eco-friendly charger?

33.7%

53.1%

12.2%

1.0%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

Very interested

Somewhat interested

Not very interested

Not at all interested

 
Source: own survey (data of 105 users) 
 
 
 
Figure 6: Preferred power supplies 

Which kind of 'green' power supplies would you prefer for recharging?

0 10 20 30 40 50 60 70

Solar power

Wind up power

Wind power

Thermal-electric power

Definitely yes Probably yes Probably no Definitely no
 

Source: own survey (data of 105 users) 
 
 
Consultation of experts 
 
After the first design work, experts in renewable energy technology were asked what they 
think about the product. According to their opinion, solar power is the most effective 
technology for recharging small electronic devices. They say that the price of the product 
mostly influences consumers in the decision to use photovoltaic. Therefore they suggest 
that the maximum price consumers would pay for this product should be under £50 or 
even under £25 if possible. 
Another important factors of buying such a product are the quality/reliability of the 
technology, the effectiveness of the solar charger and the possibility of saving money.  
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One engineer says that the fan would need to be child friendly and enclosed. He claims a 
safety guard to prevent accidental contact with the rotating blade. This suggested 
improvement has been realised in a new design. 
Another comments on the design work, "The only question is if the product will be reliable 
and if it will work efficiently enough. There are already several mobile-telephone chargers 
out there that are not worth the money". 
 
 
3. Technical feasibility 
 
The author of the report was looking for different, eco-friendly ways of generating electrical 
energy for small electronic devices. The method of mind mapping helped to take notes, to 
identify problems and to generate ideas for solutions.  
 
Alternative ideas were considered and different design concepts were generated for a new 
product. The alternatives were checked against the product design specification. 
A selection matrix has been used for making a choice between the alternative design 
ideas. The different solutions were evaluated against the criteria in the product 
specification (Table 1). Following rating scale was used for evaluation: high = 3, medium = 
2 and low = 1. The idea of solar cell has got the highest score. The other concepts of 
Stirling engine and thermoelectric module have some weaknesses. 
 
Table 1: Evaluation of ideas 

 Ideas 

Evaluation criteria 
Stirling 
engine 

Thermoelectric 
module 

Fuel 
cell 

Solar 
cell 

product is easy to use 2 2 2 3 

product is affordable 2 2 2 3 

sufficient energy for charge 1 3 3 3 

renewable energy is generated 3 3 3 3 

product consists of recycled material 
and can be recycled 2 2 2 2 

technically feasible 2 2 3 3 

     

Sum 12 14 15 17 

     

     

1 = low, 2 = medium, 3 = high     
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Four alternative technologies  
 
One idea is to create an eco-friendly charger in form of a Stirling engine which is powered 
by an external heat source. The heat engine can be used for converting mechanical 
energy into electrical energy when combined with a dynamo. To drive the generator the 
flywheel of the Stirling engine is connected to the generator's belt wheel with the belt. 
When the engine operates, the generator produces current (Darlington and Strong, 2005). 
Low temperature differential engines run with a temperature differential below 20 degrees 
Celsius. One type of these engines uses just the heat from a man's warm hand or a 
computer monitor and reaches a rotational speed of approximately 90 rpm (rotations per 
minute). It only requires that the base plate is 10 degrees Celsius warmer or cooler than 
the top plate. A solar Stirling engine runs on direct sunlight that is absorbed by a black 
plate (displacer) in the working space (American Stirling Company, 2009). Depending 
upon the sun's incident angle, the engine typically runs at 200 to 400 rpm. Unfortunately, 
these examples of heat engines do not deliver sufficient power. In contrast, a high 
temperature Stirling engine converts enough mechanical energy to electrical energy. An 
external burner provides the necessary heat. The motor should start immediately with a 
rotational speed of about 1,000 rpm. The coupled electrical generator produces up to 1 
Watt of electrical power to drive an external load. The disadvantage is that the burner 
causes polluting emissions 
 
Fuel cells are further means of producing environmental-friendly energy. A reversible fuel 
cell works to perform electrolysis as well as to create energy. The electricity required to 
activate electrolysis is created with a solar cell (Nice and Strickland, 2009). During 
electrolysis, water is separated into hydrogen and oxygen and the resulting energy is 
stored as a gas. When needed, the gas is fed into the fuel cell, which then serves as the 
power source.  
A hydrogen fuel cell uses H2 and pure O2 to produce electricity and water. Therefore 
oxygen and hydrogen reserves must be included in the system. The advantage of a 
reversible fuel cell is that it can make oxygen and hydrogen from water using electricity. 
 
An alternative way of generating electrical energy is the use of a thermoelectric module 
(Figure 2.4). It is made of different metals and acts as a small generator using a principle 
called "Seebeck effect". When the module experiences a thermal differential between its 
top and bottom surfaces, electrons flow through it and electric voltage is produced (Tellurex 
Corporation, 2006). 
A high difference of temperature between the hot and the cold source is needed to obtain 
a sufficient efficiency. A burner or the heat of a stove is required to reach the temperature 
of the hot source. The source of heat should be in a range from 80 to 150 degrees Celsius 
to generate electricity. 
 
It has been decided to use solar energy for the project. This kind of power source is a 
mature technology with the potential to play a large part of the solution concerning the 
climate change challenges. It can contribute to replacing diminishing fossil fuel resources 
over the long run. Solar energy production entails no greenhouse gas emissions or noise 
during its operation. Solar energy can supply the electricity that consumers need for 
recharging their hand-held devices. The new product is easy to handle and has more 
functions than just being an eco-charger. The combination of a solar powered charger with 
a window shade and a ventilator could be a niche product. 
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Developing a prototype 
 
In a next step of development the assembly of the photovoltaic solar cells was considered. 
A voltage of 5 Volt is necessary to charge a common electronic device or to run a motor. 
The modules in a photovoltaic array are usually connected in series to obtain the desired 
voltage.  
Any DC generating device such as a solar module has a negative (-) terminal and a 
positive (+). Electrons or current flows from the negative terminal through a load to the 
positive terminal. To wire any device in series the positive terminal of one device has to be 
connected to the negative terminal of the next device. This method of connecting 
photovoltaic cells has an additive effect to the voltage. If they were 10 solar modules that 
produced 0.5 volts each then the total voltage of the solar array would be 5 volts (Figure 
7).  
The second important rule to remember about series circuits is that the current or 
amperage in a series circuit stays the same. If each solar module had a rating of 0.5 volts 
and were rated at 200 milliamperes each then the total circuit value would be 5 volts at 
200 milliamperes. 
 
Figure 7: Serial circuit of solar cells 
 

 
 
 
Figure 8: Wiring diagram of solar charger 
 

 
 
In the prototype stage 10 solar cells which have a maximum power output of 0.5V at 800 
mA each were combined to a photovoltaic panel.  
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Then the assembly of solar cells connected in series was exposed directly to the sunlight. 
A digital multi-meter has provided very useful system information. The device was 
connected to the solar panel and the voltage and current were measured. The results were 
4.44 to 5.35 Volt and 390 to 510 milliamperes respectively. That is enough power to 
charge a mobile phone or to run a solar motor which needs a starting current of 110 mA. 
 
A charge controller is necessary in the solar system to protect the battery of connected 
devices and to control the output application (Figure 9). The main function of the controller 
is to fully charge a battery without permitting overcharge.  
 
Figure 9: Prototype –view from outside the house 
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Figure 10: Prototype – view from inside the house 
 

 
 
 
4. Costing 

 
The designer of this product considered the economic viability of his design idea. 
After some Internet research on material prices the costs of a prototype of the special solar 
charger were estimated (Table 1). The materials to build a prototype cost around £30. 
Mass production would be able to reduce unit costs.  
 
Table 2: Material prices of prototype 
 
solar motor £4.30 
solar cells £17.20 
suction cups £1.70 
fan blade £3.40 
frame £3.90 
  
total cost £30.50 
 
 
The price-minus approach is a financial planning process which works backwards from the 
price offered to the end-user and subtracts retailer profit margin, distribution costs, 
manufacturer profit margin and product development costs. The result is a target cost of 
manufacture at which the product would be financially viable. 
The price-minus financial planning begins with a target retail price for the new product. The 
end-user price ceiling is determined by the price of similar or competing products. An 
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analysis of different solar chargers shows that they sell for between £20 and £120. I 
estimate that my new product, a combination of window shade, solar charger and fan 
ventilator, would have to sell at £70 to be competitive. 
The following calculations give a target cost of manufacture of £20.16. 
 
Target retail price = £70.00 
less   
retailer margin (40% of retail price):  £28.00 
gives   
wholesale price (retail price - retailer margin) = £42.00 
less   
transport and distribution costs of about 20% of wholesale price:  £8.40 
gives   
factory-gate price (wholesale price minus transport and distribution costs) = £33.60 
less   
manufacturer profit margin - about 40% of factory-gate price  £13.44 
gives   
Target cost of manufacture = £20.16 
 
 
 
Cost-plus pricing is the simplest method for pricing products. The approach adds a 
standard mark-up to the total cost of a product. The mark-up is frequently a fixed 
percentage, a certain profit margin.  
 
 
Table 3: Production costs 
 
Material cost £30 
Labour £5 
Overhead £5 
  
Total cost £40 
 
 
Target selling price = cost + (mark-up percentage x cost) 
 
£40 + (0.4 x £40) = £56 
 
According to the cost-plus pricing method, the target selling price will be £56. 
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5. Materials and environmental sustainability 
 
Opportunities for product improvements to reduce potential adverse environmental 
impacts have been searched and found. 
A qualitative life-cycle assessment method, the MET matrix, is a checklist to identify 
important areas of impact throughout the life cycle of a product (Roy, 2006; DVD 211). 
 
 
Table 4: MET matrix for qualitative life-cycle assessment 
 
 Life-cycle phase 
Environmental 
impact areas 

Raw materials 
and manufacture 

Transport and 
distribution 

Use and 
maintenance 

Disposal and 
recycling 

Materials inputs 
and outputs 

solar cells 
(silicon), solar 
motor, frame 
(aluminium or low 
carbon steel), 
plastic fan 

packaging no materials 
required 

packaging waste 

Energy inputs 
and outputs 

manufacturing a 
photovoltaic solar 
cell requires 
energy - most 
often derived 
from the burning 
of fossil fuels, the 
production of 
monocrystalline 
silicate cells is 
very energy-
intensive 

transport no fossil 
energy needed, 
product runs 
with solar 
energy 

energy for disposal 
and recycling 

Toxic 
emissions or 
waste 

manufacturing 
process of 
photovoltaic cells 
produces carbon 
dioxide; metal 
waste, plastic 
waste 

emissions of 
road transport 
and 
distribution 

no emissions  emissions from 
recycling 

 
A life cycle analysis of the environmental engineer Vasilis Fthenakis (2008) and his 
colleagues have proved that solar cells are cleaner than conventional fossil fuel power 
generation. From the mining of quartz sand to the coating with ethylene-vinyl acetate, the 
manufacture of a photovoltaic solar cell requires energy - most often derived from the 
burning of fossil fuels. Even accounting all the energy and waste involved in the entire life 
cycle, the analysis finds that solar cells emit 90 per cent less greenhouse gases per 
kilowatt hour of electricity produced than electricity produced with fossil fuels.  
The primary production of aluminium consumes per unit weight a large amount of energy 
(200-238 MJ/kg) and water (125-375 l/kg). The energy for recycling aluminium is only 
about one tenth of that for the production of virgin material (18-21.4 MJ/kg). The 
production energy of less carbon steel is comparatively low (29-35 MJ/kg). Carbon steel is 
easy to recycle and the recycling energy is small (8.12-9.8 MJ/kg). Polypropylene and 
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polyethylene are made by processes that are relatively energy-efficient (CES Selector 
Database). Both types of plastic are easily recyclable. Polyethylene can be produced from 
renewable resources such as ethanol derived from sugar cane. 
 
 
Another technique, the ecodesign strategy wheel, helps to identify environmental impacts 
of a product over the life cycle and generate ideas for reducing those impacts (Roy, 2006; 
DVD T211). The following list shows some approaches of ecodesign improvements to 
minimize environmental effects of the new product. 
 
1 Selection of low-impact materials 
 
The lightweight frame of the window shade consists of recycled aluminium rather than 
aluminium made from raw bauxite. Another option is the use of low carbon steel. 
Plastic parts are made of recycled materials. 
 
2 Reduction of materials usage 
 
The goal of production is to minimise materials use and waste. The product combines 
different functions in one part. 
 
3 Optimisation of production techniques 
 
Maybe renewable energy as electricity source can be used during the production process.  
 
4 Optimisation of distribution system 
 
An optimisation will be achieved by minimizing the packaging, maximizing the use of 
recycled materials and using materials that are recyclable. 
 
5 Reduction of impact during use 
 
There are no additional savings possible: The product uses renewable energy in form of 
solar power. 
 
6 Optimisation of initial lifetime 
 
The product is a modular system which has replaceable components. 
 
7 Optimisation of end-of-life system 
 
The product can be easily disassembled into its component parts for recycling and/or 
reuse at the end of its life. 
 
8 @ new concept development 
 
The product is a combination of an eco-friendly charger for small devices and a window 
shade with integrated small electric fan ventilator. A further step would be to incorporate 
such a device into a new building or car. 
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6. Social sustainability 
 
Some consulted experts have given the advice to produce the solar charger in Asia 
because of the cheaper production costs. On the one hand, moving production out of 
Europe means the loss of local jobs. On the other side, the risk inherent in the transfer of 
production to Asia and the consequential reduction of costs is that Asian firms might 
exploit their workers and pay them less wages. Then the product is not socially 
sustainable. 
Another problem in some Asian countries is the not existing or ineffective environmental 
regulation which could endanger the environmental sustainability of products. 
 
 
(4747 words) 
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Part 2 
 
Insights into the process of innovation 
 
It was a great challenge for me to develop an own design project. It took a while until I had 
the idea to look for new ways of using sustainable power sources for small electrical 
devices. The design project followed one of the design process models with the main 
phases: product design specification, concept design, embodiment design and detail 
design. 
 
 
Market  
 
At the very early stage of the project – the project planning and concept design phase – 
market research had to find out whether there is any market for such a product and what 
purchasers would be looking for. It was important to understand users perceived needs or 
problems. The gathered information could be used for defining and developing the design 
brief. I followed the traditional approach of asking people and tried to design a 
questionnaire which could give sufficient information about the needs of consumers. The 
research was based on a combination of qualitative and quantitative techniques, but it was 
not easy to find the right mix of questions. 
Alongside structured questions, the survey contained semi-structured and non-directed 
questions to obtain a sort of qualitative data. 105 persons have fulfilled the online 
questionnaire. The number of people taking part in such a survey has to be quite large to 
get an accurate view of the potential market. In this case, it was a small sample and might 
not be representative of the population. Nevertheless the survey provided a primary 
source of customer insights that helped to get an idea of design possibilities and 
requirements. 
Furthermore I was looking for market trends for renewable energy technologies. I 
conducted an internet research and have found reports concerning the future of eco-
friendly charger for small electronic devices. 
 
 
Specification 
 
The identification of a need or opportunity stands at the beginning of the process. 
Before the beginning of design a detailed list of market and technical requirements should 
be elaborated. The product design specification contains two parts: The performance 
specification clarifies what the new product must be able to do and the market 
specification states which market sector and segment the product should be designed for. 
I was looking for information about competing or comparable products and their strengths 
and weaknesses. Then I have outlined a design brief that describes the opportunity of the 
new product. After some investigations I drew up a product specification with the essential 
requirements that my product must satisfy.  
During the design process I adapted the specifications a little bit. 
 
 
Concept design 
 
A very important phase of the new product development process is the concept design 
phase. During this period, I considered alternative ideas for resolving the renewable 
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energy problem and generated different design concepts for a new charger. The creativity 
technique of mind mapping was very useful for identifying problems and finding ideas for 
solutions. 
The result was a good set of four different technologies that might have been used in the 
implementation of the product, an eco-friendly generator of electricity for small electronic 
devices.  
 
I have used a selection matrix for making a choice between the alternative design ideas 
and evaluated the different solutions against the criteria in my product specification. The 
idea of solar cell has got the highest score. All of the four identified technologies would 
have been suitable, but finally I have chosen the least complicated on the basis of a lack of 
skill on my own part. I know that this was a pragmatic approach. The next time I will try to 
locate skills to meet gaps in skill shortages. 
 
 
Embodiment design 
 
During the phase of embodiment design designers take one or more concepts and 
determine how the product can be made. In this stage I tried to embody the concept of a 
multifunctional solar charger: I decided the product architecture and the design of the 
component parts. 
Embodiment design results were drawing of layouts and configurations. I also consulted 
experts in renewable energy technologies and asked them what they think about the new 
product. They gave me useful tips for design improvements. 
 
In a next step of development I learned how photovoltaic solar cells have to be assembled 
and wired correctly to gain the desired voltage and current. 
 I build a first working prototype which demonstrates the technical feasibility of the 
designed product. The measuring with a digital multi-meter indicated that the solar cells 
produce sufficient voltage and current. Unfortunately, there was not enough time left to ask 
potential users how well does this prototype work and does it meet their needs. 
 
 
Detail design 
 
Detail design as another important part of the design process completes the embodiment 
with final instructions about the form and the arrangement of components. Materials and 
production methods are definitely selected.  
 
I had to decide what size the solar charger should have and what materials would be used 
for manufacturing the particular components. I proposed monocrystalline silicon for the 
solar cells, carbon steel for the frame of the window shade and polyethylene for the fan 
blade. After the development of a prototype I considered how much the manufacture of 
this product would cost. It is very important to identify cost factors of an idea early enough 
but the estimation of economic viability was not easy. I estimated that my product 
"multifunctional solar charger" could be manufactured at about 20-30 pounds per unit and 
sold at a price of about 70 pounds. I know that mass production can lower the costs. 
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