
 

Abstract  

The aim of this project is to design and understand a system for charging the battery of an 

electric bike in an off-grid station which obtains this energy from the sun the wind and 

human work. 

To make possible the fact of using these sources of energy the system will consist on the 

integration of three different parts which are the solar panel the wind turbine and a motor 

used as generator that transforms the movement coming from legs into electricity. 

Eventually the three parts will be connected to a battery to stock this energy and use it late 

to charge the battery of the bicycle when necessary. 

After studying the theory that makes possible the fact that this energy arrives to the battery 

the different parts of the system will be assembled and the functionality of the system will 

be evaluated. 

Finally with the data obtained from the experimental montage the efficiency will be 

evaluated and different ways of improving the system will be proposed so that it could be 

used for real life applications. 
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1. Motivation and Project origin 

I have always been interested in renewable energy in particular how it would be possible to 

obtain energy without need of buying it to big companies.  

Furthermore I love cycling and everything related with bicycles, I do myself practice it as 

sport and not just that but also I consider it the perfect transport method in city and I 

predict a huge emerge of electrical bicycles in the near future. 

With this project I have been able to put together this fields I have so much interest in and 

it has let me going deeper on them but also learn and develop engineer skill which I think I 

will be extremely useful in the future. 

This project has taken place during an Erasmus semester as the final step to conclude a 4 

years degree in enginery in technologies industrials.  The engineer University of Besançon 

(ENSMM) contributed with all material needed to make possible the practical 

experimentation. 



2. Introduction 

2 
 

2.  Introduction 

2.1 Project objectives 

The aim of this project is to study the viability of alternative energies applied to the field of 

the electric bicycle.  The ways chosen to provide energy to the battery are solar and wind 

generators, which are the most common ways for off-grid electric generation and that the 

Ensmm University could provide to make the experimentation, and a system capable of 

store human energy in a battery making use of the bicycle and a motor used as generator. 

In a more specific aspect this project takes the results of the experimental montage of the 

three systems and analyzes the viability to use them in a real life montage in the ENSMM 

parking. 

The project wants to promote the use of alternative energies as well as the use of the 

bicycle, although the amount of money needed to mount the different prototypes as well as 

the bicycle itself represent a huge inversion the reader must take into account that the ways 

people moves around the city is in constant change and bicycles are getting more 

Importance every day with a lot of people using them instead of the public transport or 

personal cars. For that reason an electric bicycle must be considered not just as a hobby but 

also as a valid vehicle to use in everyday life and with this make worthy all the inversion.   

2.2 Project range 

The project range is to mount every one of the systems with the materials the university 

provide; design and build the support to mount the bicycle, design and build a support to 

test the solar panel and mount the wind generator. After all the systems had been tested 

separately they will be tested all together and with the data gathered it will be studied the 

viability of the project. 

2.3 system scheme 

Figure 2.1 shows  what are the elements taking part of the complete system which are 

going to be explained in the  following points. 
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Figure 2.1:  complete system general scheme. 
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3. The Electric bicycle 

The electric bicycle is a vehicle consisting on a bike with an electric motor which helps the 

rider when putting it into movement. The energy to move the motor comes from a 

rechargeable battery and its autonomy moves around 35 and 70km. The price is 

considerably higher compared with normal bicycles but still more economic than 

conventional vehicles based on combustion motors. 

 

3.1 Electric bicycle laws in France  

In France as in many other countries there are some conditions that must be accomplished 

so that a bicycle with a motor could be considered an electric bicycle. 

The motor only gives assistance while the rider pedals, that means the bicycle should  

count with a device, called pedalec, which turns on the motor or stops it depending if the 

cyclist is pedaling or not. 

The motor must not give assistance once the bicycle goes beyond 25 km/h 

The power of the motor must not exceed 250 watts.   

If any of this premises is not enforced we would not been talking about an electric bicycle 

and this vehicle would have some other specific regulation. 

 

3.2 Introduction to the electric bicycles 

As said before an electric bicycle is a vehicle that uses an electric motor to help with 

propulsion. The main components which differ from a conventional bike are then the 

motor and the battery. 

The motor makes easier the burden of pedaling, it allows the cyclist to go further and faster 

with less physical effort comparing with a normal bicycle. That is extremely useful on 

those journey stages where the effort required is considerably high, as it is in hill with a 

steep slope, that’s why most e-bicycles count with assistance level regulator, a 
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potentiometer which allows to choose how much energy must the motor provide and when 

it is worthier saving in order to extended the range of the battery.  

There are still two devices to take into account in electric bicycles, the controller, which is 

in charge of all components control, and the pedalec that determines when the motor is 

allowed to help the cyclist.   

Next lines talk about these components in a more detailed way except the battery which 

due to the importance and as it is so in direct relation with the project aim will be studied 

alone and thoroughly in point 3.3 

3.2.1 The motor 

The motor is the part which transforms electric energy into movement. Almost all e-bike 

motors have a nominal power of 250 watts which is the higher value allowed in most 

countries to mount on electric bicycles, nevertheless this motors could arrive to a 300 350 

watts of maxim power when a higher demand is needed such as the start or when climbing 

a pronounced slope. 

Electric bicycle’s motors can be either brushed or brushless. 

In the first ones the commutator is a split-ring device surrounding the axe that is in 

physical contact with the brushes. The brushes charge the commutator inversely in polarity 

to the field making that the armature rotate. 

On the other hand in brushless motors magnets are only on the rotor. That is the reason 

why it does not need connections commutator or brushes, however a control circuitry is 

needed in this case to control the rotor position  

The efficiency transforming energy into movement for brushless motors is over 80% and 

around 75% for brushed ones. Brushes get damaged with the time as they are in physical 

contact, however there are other parts of the motor which are damaged before that happens. 

That’s why in e-bicycle world although brushless motors are still a better technology the 

difference between both families is not so remarkable.  

 

Depending on where the motor is mounted we also have another two division of e-bikes 

motors; those which mount on the crankset axe, which act on the pedals, and the most 
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common ones, mounted on the  wheel, which have the advantage of being easier to 

produce and repair and allow it  to become a more standard montage.  

 

Figure 3.1: Parts of an electric bicycle motor 

3.2.2 The controller 

 It is the device responsible of sending energy to the motor by electric impulses. As it is in 

charge of the electric part of the bike it has wires that connect it with all the other 

components; the battery, the motor, the accelerometer the pedalec and also to the brakes so 

that the motor stops when the cyclists press the brake. In Figure A1.4 it is possible to see 

the controller (number 6) and its montage in the e-bike isd 601 which the ENSMM has 

provided to make this project possible. 

 

Figure 3.2 Electric bicycle control   

 

3.2.3 The pedaling sensor or pedalec 

It consists of a hall sensor with 3 wires (+5 mass and signal) which goes to the controller. 

When the crankset is turning a magnet passes near the sensor the signal wire reports it to 



3. The electric bicycle 

 

7 
 

the controller and it allows the motor to turn. In Figure A1.3 (pedalier) corresponds to 

number 5  

 

Figure 3.3: The pedaling sensor 

 

 

3.2.4 The assistance level controller 

It is a potentiometer placed on the handlebars and connected with the controller which 

allows the rider to choose how much power he wants to get from the motor. 

 

Figure 3.4: The assistance level controller  

 

3.3 Electric bicycle battery 

One of the most critical elements in an electric bicycle is the battery since when it has not 

enough charge the motor will not give any assistance to the rider by putting the motor in 

operation. That is the reason why the battery’s autonomy is such an important factor when 

studying an electric bicycle. There are different Electric bicycles’ batteries but this is not 

concerning in this part of the project.  
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 3.3.1 Autonomy of the battery 

To know what the autonomy of a battery is it is necessary to take into account the amount 

of energy it can store. For example a battery as the one mounted in the isd 601 (37V and 

10Ah) holds 370Wh. 

A first and simple methodology to estimate the autonomy of a battery would be using the 

following equation: 

�� � �∗��∗�	/�
�   

 

(Eq 3.1) 

According to eq 3.1 a 37V 10Ah battery at 25Km/h with a 250W motor would have 37 Km 

estimated autonomy. 

There are several facts that can affect as well to the real autonomy such as the real speed of 

the bicycle the weight of the rider, the stars and stops, the slops and the age of the battery... 

however this simple equation is a good method to have a first idea about the km that the 

bicycle can ride without having to charge the battery.  

3.3.2 Energy need 

E-bicycles are often used as a way of transport more than for leisure time. To calculate 

how much energy would be needed every day it is necessary to study what is the use the 

owners will give to their bicycles. 

 

Figure 3.5 Distance and way of transport in urban journeys in Barcelona source [2] 
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Figure 3.5 shows the percentage of urban displacement according to the distance and the 

way of transport in Barcelona. For the bicycle, painted in Green, more than 90% of 

journeys are less than 8km long. Considering two uses a day in an intensive use would 

make 16 Km travelled per day which means 43% of the battery’s autonomy. In terms of 

energy that 43% means that the energy need every day would be about 160Wh every day. 

However that would be the idealized energy need, as the process of charging has a 

performance near 80% it is concluded that the average energy need per day to charge the 

battery from the electric grid is 200Wh. 

3.3.3 Charging the battery 

 The aim of this Project is to design different systems that together could be able to charge 

the e-bike’s battery, however this kind of batteries are expensive and sensible, that is the 

reason why all these systems will not charge the bicycle’s battery directly, instead a 

conventional battery such as those used in cars will be connected to the complete system. 

The car battery will charge the bicycle’s battery by means of an inverter.  

The bicycle’s battery will be connected to the inverter using its charger as if it was 

connected to the grid. 

 

Figure 3.6 electric bicycle’s battery and its charger 

 

In this case as well as the charger efficiency, which is about 80%, it is also important 

having into account the loses in the inverter, so the efficiency of the whole system 

decreases with this kind of montage. On the other hand there are some advantages, for 

instance the system could charge the battery even though the bicycle is not there. 
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4. Off-grid power production 

4.1 Solar energy 

4.1.1 Introduction to solar energy 

Solar energy is the renewable energy coming from the sun’s light and heat capture. This 

energy is transformed into electric or heat energy by the solar panels. Once transformed 

this energy can be used to any kind of specific purpose, it can be sold to the grid or it can 

be stored into batteries to use it in the future. 

On one hand this kind of renewable energy can be considered a perfect solution to fulfill 

energy needs from almost any country due to the free and easy access to the sun 

everywhere. On the other hand the main problem of this kind of energy is the high cost of 

the materials needed to build the electric circuit, although technological advances make it 

more economic as time passes. 

In this project it is necessary to transform sun radiation into electric energy. That is 

possible thanks to photoelectric effect.  The solar panel is the device that uses solar 

radiation to generate electricity. Solar panels are built using semiconductors. The electrons 

on the panel are joined weakly and the energy coming from incident photons liberates 

electrons which now can move freely into the semiconductor. This movement also 

generates the appearance of holes on the place where there was an electron before. The 

electrons movement through the semiconductor’s holes is what we call photovoltaic effect 

and it generates electric energy. 

4.1.2 Solar cells and solar panels 

Solar panels are made by solar cells. Solar cells make possible the transformation of the 

energy coming from the sun into electricity thanks to the existence of a potential difference 

between two layers of a semiconductor. This semiconductor material is divided into layers 

and covered with a transparent glass which allows the solar rays to get inside and minimize 

heat loses, an anti-reflexing layer is also included to increase the number of photons 

absorbed. 

The semiconductor material used to make most solar panels is silicon. With silicon panels 

it is possible to arrive to a 15% performance. The main problem of this material is that it is 
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difficult to obtain it pure; its manufacture is expensive, which means a high price of the 

final product as said before. There are many projects looking for cheaper materials which 

could substitute the silicon, the problem is that the performance of those is still far away 

from the silicon one. 

There is also a difference between silicon cells depending on the manufacturing process. 

Monocrystalline cells are those with a better performance however its silicon purity is high 

which means a higher price to produce them. On the other hand polycrystalline cells are 

more economic as they are formed by thin silicon layers over the glass however their 

performance is worse. 

Photoelectric effect can be explained by the electrons and holes movement. Silicon has 4 

electrons on its last layer and needs another 4 so that it could become stable. To make it 

possible silicon atoms are joined together thanks to a covalent bound creating the 

crystalline structure.  Photons which are absorbed by the panel pas their energy to the 

electrons so that they can be separated from the join, when an electron leaves a hole is 

created, and this free electron will finally end in another hole. This electrons and holes 

movement from one side to the other generates a potential difference between both sides as 

it is shown on figure 4.1. 

 

Figure 4.1 and Figure 4.2: Photovoltaic effect and Photovoltaic cell 
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Photovoltaic cells are made by two different structures, n-type doped silicon and p-type 

doped silicon. On the upper part there is the n-type which have free electrons and on the 

lower part the p-type with the holes that allow the electrical conductivity. See figure 4.2. 

4.1.3 Solar panel emplacement 

It is important to study where and how to install the solar panel as this decision will be 

critical when measuring the amount of energy the system can produce during the year. The 

solar panel will be installed in the ENSMM parking in Besançon, Est France. Once defined 

the geographic emplacement the main aspects to consider are the following ones: 

 

 

Figure 4.3: System emplacement. 

 

Orientation 

The first thing to consider is the orientation of the panel. There exists tracking systems that 

follow the sun all day long so that the solar panel gets the maximum power in every 

moment, however this kind of systems are expensive and complex, the better alternative 

for fixed panels is to put the panels looking permanently to the South. 
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Inclination 

The optimum inclination for the panel is that which puts it perpendicular to the sun, 

however as the incident angle changes during the day and from one day to another, it is 

necessary to study what would be the inclination that would provide a higher performance 

level at the end of the year. 

Figure 4.4 shows the annual average Wh produced diary in Besançon with a solar panel 

,with the same characteristics than the panel used to the experimental part, depending on its 

inclination. It can be concluded that the best inclination to get the maximum Wh at the end 

of the year would be between 31° and 41°. 

 

Figure 4.4: Annual average Wh produced diary (Wh) depending on the 

 panel inclination.  Source [3] 

 

Although the average production at the end of the year for this angles range is the same 

there are differences during the year. figure 4.5 shows that differences.  
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Figure 4.5: Monthly average Wh produced diary (Wh) for 4 different  

panel inclinations. Source [3] 

It is seen that smaller angles have better results on the spring and summer months while 

higher angles are better during autumn and winter.  

With this information it is concluded that the best solution to the solar panel is 31° as it is 

more likely to use the bicycle during spring and summer than on the other half of the year. 

So it would be useful having that extra energy during these months. 

 

Shadows 

Any object between the solar panel and the sun cause a shadow in the panel which would 

decrease the total energy the system could get from the sun.  

It is not only the fact that the cells which does not receive solar radiation do not produce 

energy but also that depending on what cells are in the shadow the circuit or part of it can 

be cut that is the reason why it is so important to place the panel as far as possible from 

high structures such as buildings or trees. 

 

4.1.4 Power production coming from the sun 

Table 4.1 shows the daily energy production for every month with the configuration 

previously chosen.  

90

140

190

240

290

340

390

1 2 3 4 5 6 7 8 9 10 11 12

m
o

n
tl

y
 a

v
e

ra
g

e
 W

h
 p

ro
d

u
ce

d
 d

ia
ry

 

(W
h

) 

month
31° 34° 37° 41°



4. Off-grid power production 

 

15 
 

 

Table 4.1:  Daily energy production for every month with a 75W solar panel with south 

orientation and 31° inclination. Source [3] 

  

month 1 2 3 4 5 6 7 8 9 10 11 12 average 

monthly average  

Wh produced  

diary 

114 188 286 345 345 373 380 349 311 223 135 98.3 263 
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4.2 wind energy 

4.2.1 Introduction to wind generators 

Wind generators use the wind strength to produce energy. Wind have been used for human 

interest from centuries, it is known that on 3500 a.C. in Egypt they already used wind to 

move their ships. Current wind generators can be considered evolution of windmills 

already used by the Persian civilization. The use of wind as a way of getting energy lost 

importance when the industrial revolution began as the coal became the main source of 

energy replacing most of the ancient ways used before. However the interest in using the 

wind as source of energy returned in the 1970s during the oil crisis when the most 

powerful countries started looking for alternatives to fossil fuels. 

Nowadays wind generators technology is in constant evolution nevertheless producing a 

great amount of energy involves the construction of wind farms, consisting of big wind 

turbines groups, even hundreds, covering an extended area, that means the need of a 

detailed market and terrain study to make them profitable.  

At the same time, as well as the huge turbines it is increasing the usage of small wind 

generators known as micro generators that can be used to specific requirements as 

generating electricity to isolated zones, pumping water or in any small project without a 

great need of energy like this project. 

 

4.2.2 Types of wind generators    

Nowadays there exists different types of wind turbines to produce energy; the first 

classification method depends on the axe direction. A horizontal axis machine has its 

blades rotating on an axis parallel to the ground, a vertical axis machine has its blades 

rotating on an axis perpendicular to the ground.   

The most common ones are those whose axe is parallel to the ground, the direction of the 

wind and the geography of the place is extremely important on this kind of generators. 

They are designed to work downwind or against it and  with wind speeds between 3 and 

25m/s. the lift force, the one which is perpendicular to the oncoming flow of the wind, is 

the force responsible of mechanical energy production.  
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Figure 4.6 Example of Perpendicular and parallel axe generators 

On the other hand the generators with perpendicular axe take profit of the wind regardless 

of its direction, however they are usually placed near the floor where wind speed is lower 

which implies lower efficiency.  

The main difference between each family is described in the table 4.2 

axis Advantages Disadvantages 

Horizontal  Less weight on the spade 

Higher generation/area 

Higher useful life 

  

Wind direction studies needed  

Complex design 

Orientation system needed   

Higher maintenance needed 

Vertical Simple design 

No need of wind study 

No Orientation device need   

Better start torque 

Winds on few high 

More material needed 

Table 4.2 advantages and disadvantages of horizontal and vertical axe generators. 

Microgenerators 

As said before as well as the big wind turbines to produce energy there also exist small 

generators for those specific purposes which do not require a high amount of power as it is 

the case in the current project.  

This kind of systems is usually conceived to fulfill specific requires where the access to 

conventional source of energy is difficult, with power range that goes from 50W to few 

kW. 
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Figura 4.7: microgenerator similar to the model 

 used for the experimental part. 

 

The use of microgenerators has increased recently thanks to particular usage and small 

enterprises projects. The main reasons for the huge development of these systems are: 

-They do not contaminate  

-There are few losses on electric energy transport as the generator is placed near the point 

of consumption  

-They allow getting off grid energy 

-They can be complemented with other kind of energy production systems as solar panels. 

-They are not based in complex technology; the installation cost is not to high 

-Contrary to big wind turbines, microgenerators do not need high winds to work  

-Low maintenance and operational work 

-Low environmental and visual effect thanks to their small size  

 

 

4.2.3 Wind generator’s emplacement study  

It is necessary to define with higher precision the climatologic characteristics of the zone 

where the wind generator will be installed, which is near the Ensmm University in 

Besançon, Est France 
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Average Wind speed 

The European wind atlas Figure A2.1 with wind average speed at 50m high data for 

different Europe countries shows that the wind in the region has not a good potential in 

wind generation terms due to the small value of the wind speed compared with other zones. 

To a higher detailed analysis Figure 4.8 shows the average wind speed for each day in 

Besançon the year 2014 at 10m high. The average wind speed at 10m  for the whole year 

was 1,87m/s 

 

Figure 4.8: daily average wind speed at 10 m high in Besançon for 2014. Source [5] 

 

Wind blasts 

Average wind speeds are not the only thing to take into account when studying the 

viability of a wing generator installation wind blasts are an important parameter to take 

into account. This parameter is related with the variation of the wind during all day, as its 

intensity does not stay constant but instead it changes with blast of different speeds. It is 

also remarkable the difference between day and night being the wind more stable and with 

fewer direction changes during nights due to the lower difference between the sea and 

earth surface temperature during those hours. 
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Figure 4.9: Daily maximum wind speed at 10 m high in Besançon for 2014. Source [5] 

 

 

Wind speed at 8m high 

To mount the wind generator it is recommended to install a high tower to place it, the 

manufacturer recommends 8m high tower to get good energy production results. Figure 

A4.10 shows the values at 10m high, however it possible to know wind speed at any high 

knowing the speed at a known high which will be called high reference and a coefficient 

that depends on terrain  

�ℎ� � ���� ∗ � ℎ
ℎ����

�
 

 

(Eq 4.1) 

 

The � parameter depends on terrain ruggedness and refers to the effect the terrain has on 

the wind. At huge highs it is difficult that the wind find any obstacle, however for those 

systems which are placed near the ground, as the current project, wind presents turbulences 

caused by the presence of obstacles or even due to the friction with the ground. Figure 

A2.2 shows � values range for three different emplacements.  

It would be preferable finding a flat emplacement with as few obstacles as possible. But as 

the emplacement is the ENSMM parking � has been estimated to have a 0,20 value.  

Considering the installation of the microgenerator 8 m above the ground using this � value 
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applying eq 4.1 on figure 4.8 data, it is possible to make an estimation of the average wind 

speed at 8m high in Besançon during 2014 for the ENSMM parking. 

Figure 4.10:  2014 Daily average wind speed estimation in ENSMM parking at 8m 

As the high reference and the actual high have similar values there is small difference 

between their wind speeds.  In this case average speed value is 1,78m/s 

4.2.4 Energy production 

To estimate the total amount of energy the manufacturer provides a graphic; Figure 4.11 

which gives the monthly energy the wind generator can provide.  

 

Figure 4.11 monthly AIR Breeze energy output depending on average wind speed. Source [7]. 

 

Table 4.3 shows the average wind speed per month estimation obtained from figure 4.10 

data. However there is no month when the wind is fast enough to use the graphic. 
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month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec year 

Wind speed 

(m/s)  1.98 2.52 1.71 1.60 2.29 1.94 1.63 1.53 1.44 1.42 1.31 2.12 1.78 

Table 4.3 average wind speed estimation for each month. 

This low speed values are related with the low wind generation potential of the zone 

previously commented. The average wind speed is even lower than the 2,7 m/s start up 

wind speed which appears on the wind turbine specifications ,shown in figure A4.1. 

However this fact does not mean that energy production coming from the wind will be 0, 

as seen before wind speed have variations during the day that can allow the system to 

produce higher energy values during high wind speed blasts. What is true is that monthly 

energy production will be below 10kWh which corresponds to 3,6m/s average wind speed. 
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4.3 human power 

4.3.1 Human power generation            

Any biomass such as the human body stores chemical energy. This chemical energy comes 

from the food ingestion which serves as fuel to the body muscles. This energy intake 

coming from food is often measured in calories rather than Joules as calories are used to 

refer to heat created while burning. Considering 2000 kcal as the recommended 

consumption for an adult person by the world health organization means 8372000 Joules 

ingestion per day. This energy can be expressed in terms of power dividing by the total 

seconds in a day getting as result 96, 9 Watts as the power ingestion for an adult person. 

However at the moment of performing work it is important to have in mind that human 

body is not an efficient machine. 

The human body needs a part of this energy to maintain basic functions such as breathing 

or pumping blood, this is what is called basal metabolism. As well as basal metabolism 

human body also has a work metabolism which starts working when muscles movement is 

demanded and cardiovascular system transforms chemical energy into a mechanical 

output. However as said before this transformation efficiency has a low value and the body 

can just transform between 1/5 and 1/3 of its available chemical energy into work. The 

reason for this low efficiency does not come from the amount of work a muscle can do but 

from the capacity of the heart and lungs to oxygenate blood and send it to that muscles. 

This amount of power that can be generated is related then with the physical state of the 

person, if the body is adapted to physical work, a higher amount of blood arrives to the 

muscle, practicing exercise regularly makes possible that muscle fibers grow in size and 

the mitochondria which are in charge of producing energy in the muscle fibers increase in 

number. This gets as a result an improvement in the capacity of power production of the 

body. 

Power output also depends on the time the physical activity longs, there is a quick drop 

during the first minutes of effort, after that the slope is not so pronounced and finally it 

stops. Figure A5.1 shows the output potential evolution in time for different professional 

cyclists.   

4.3.2 The bicycle as a tool   

Figure A5.2 shows the results from one study analyzing the efficiency of various modes of 

transportation. It shows that bicycles are five times more efficient than walking and much 
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more than swimming. Many people believe that bicycle is the most efficient form of 

transportation. However the real fact is that bicycles are if not the best one of the best 

methods to take profit of human energy, this and the fact that bicycles are easily available, 

leads to commonly use bicycles as the base of many human powered machines. The 

bicycle’s output power potential superiority against other kind of physical activities can be 

observed in Figure A5.3  

4.3.3 Generating electricity 

In 1831 Michael faraday discovered electromagnetic induction phenome, which origins the 

production of an electromotive force across a conductor when it is exposed to a time 

changing magnetic field and that generates an inducted current through the conductor.  

Few time latter Hippolyte Pixii invented the dynamo. This first dynamo consisted on crank 

that rotated a permanent magnet around a piece of iron wrapped with wire, while turning 

the crank a current pulse was created. This technology has evolved and improved until 

present time where modern dynamo technologies are an important part for big electricity 

generation systems. 

Human-powered electrical generators have also evolved since Pixii’s dynamo mainly 

thanks to military purposes.  Hand and foot powered electrical generators have been used 

through the past century to provide energy to portable telegraph, transceiver, and radio 

systems. 

Nowadays this kind of technology is a great solution in developed countries or isolated 

zones where it is difficult to local people to access to electricity, this kind of devices could 

provide them a minimal amount of energy that can be used to some basic or specific use. 
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5. The battery and the inverter 

To avoid problems with the bicycle’s battery, being those expensive and sensitive a 

conventional battery 12V 100Ah is used instead in the charging process. An inverter 

connected to the conventional battery allows charging the bicycle’s battery by plugin its 

charger to the inverter. 

5.1 The battery 

An automotive battery is a type of rechargeable battery that supplies electric energy to 

an automobile.  Automotive SLI batteries are usually lead-acid type, and are made of 

six galvanic cells in series to provide a 12-volt system. Each cell provides 2.1 volts for a 

total of 12.6 volts at full. 

Lead-acid batteries are made up of plates of lead and separate plates of lead dioxide, which 

are submerged into an electrolyte solution this causes a chemical reaction that 

releases electrons, allowing them to flow through conductors to produce electricity. 

As the battery discharges, the acid of the electrolyte reacts with the materials of the plates, 

changing their surface to lead sulfate. When the battery is recharged, the chemical reaction 

is reversed: the lead sulfate reforms into lead dioxide and lead. 

The battery used in the experiments was a 12V 100Ah .Figure A5.1 contains further 

information about it. 

. 

5.1.1 Charge and discharge 

In normal automotive service the vehicle's charging system powers the vehicle's electrical 

systems and restores charge used from the battery during engine cranking 

12 volt car battery fully charged should output around 12.6 volts. The charge system 

essentially provides a fixed voltage of typically 13.8 to 14.4 V, adjusted to ambient 

temperature. The most recommended way to do the charging process is using chargers 

implementing the 3-step charge profile. These three phases are Bulk Phase, Absorption 

Phase and Float Charge. The purpose is to fully charge the battery in a relatively short 

time without reducing its life span and to indefinitely keep the battery charged as long as 
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the charger is connected. This voltage and current evolution during the charging process is 

shown in figure 5.1. 

First phase is the "bulk" (maximum intensity, increasing tension as it is loaded). When the 

battery reaches the "boost", BV, voltage is passed to the uptake phase ("boost", at constant 

voltage and decreasing the current). When current decreases to a certain value or has 

passed some time, passed to the floating stage ("float", allowing a small current load, while 

maintaining the full charge and avoiding excessive gassing. 

 

Figure 5.1: 3-step charge profiles. source [10] 

When the battery’s lifecycle ends it is convenient taking it to a specialized enterprise for 

being recycled due to the high amount of environmentally dangerous products they 

contain. Figure A6.3 explains what are the main general processes followed.  
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5.2 The inverter 

inverters transform DC power into AC power. DC produces a current flow in just one 

direction, while AC changes rapidly the direction of the flow of current from one part to 

another. The frequency of the alternating current in France is 50 cycles per second (50 Hz). 

Each cycle includes the movement of current first in one direction and then in another. 

This means that the flow direction change 100 times per second. 

Inverters can be divided into two groups, the off-grid ones as the one used in this project 

and those used to pass energy to the grid. Inverters for off-grid networks create a waveform 

and adjust the output current to the connected load demand. They need be connected to 

batteries all time. 

 

5.2.1 Output waveform 

Square wave:  Most inverters work by passing DC through a transformer, first in one 

direction and then into another. The switching device that changes the direction of current 

must act quickly. The polarity changes 100 times every second so the current coming out 

alternates at a frequency of 50 cycles per second. The flow direction changes very 

abruptly, so the output wave has a square form. As seen in figure 5.1. This technology is 

cheaper but not suitable for delicate loads and tends to be less efficient. 

Modified square wave: This inverters are more sophisticated and expensive, they use 

pulse width modulation so that the output waveform is more similar to a sine wave. 

Although the Output is not yet a true sine wave, it is pretty close and the harmonic content 

is lower than that of the square wave.  

Sine wave: With a more elaborate electronics these investors get a pure sine wave 

(However, its cost is significantly higher than other less sophisticated inverters.  
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Figure 5.2 different inverter’s output waveform 

 

 

Figure 5.3 Modified square wave technology inverter where output width can be modified 

changing α Source [11] 

 

In this project the inverter used is xunzel Mj-300-12, a 300W power 12-230V inverter 

based on modified squarewave technology. The transformation efficiency is said to be 85-

90%. 

Appendix 6 contains further information about the inverter used. 
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6. Solar panel system 

The first step to test the panel was to design and build a support structure so that it was 

possible to take the panel outside. Once the solar panel was mounted over the support some 

experimental measures were made to verify the whole system’s proper functioning. 

6.1 Panel support 

Although the final montage has the panel in a fixed position to simplify the montage and 

avoid having to change the position manually or with expensive devices, to test the panel a 

mobile structure has been designed so that it was easier to take the panel out of the 

laboratory and also to allow it could be directed to the most convenient direction 

depending on the sun position.   

The support consists on an aluminum structure mounted over 4 wheels joined to the solar 

panel by 3 hinges that allow changing the inclination. Two threaded rods at both sides 

allow fixing the desired inclination. 

 

Figure 6.1 Solar panel support sketch 
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Figure 6.2 Solar panel support base 

 

 

Figure 6.3 Solar panel inclination adjustment. 

 

 

6.2 I-V  P-V solar panel curves  

To obtain this data a potentiometer (0 to 3.3 Ω) was connected to the battery with an 

ammeter and voltmeter connected in order to collect data. 
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The measures were made for different orientations and inclination to observe de different 

values obtained depending on the sun’s intensity. The suitable device to measure the solar 

radiation is the solar meter however as the university did not have one, a luxmeter was 

used instead. The Luxmeter shows the light that arrives to its sensor and in this case that 

was a good alternative to compare the different solar radiation intensities that arrived to the 

solar panel.  The experimental data obtained by changing the potentiometer resistance 

value for different positioning alternatives are shown in figure 6.4  

 

Figure 6.4 I-V graphic for 4 different solar radiation levels  

Figure 6.5 shows the relation between the curves I-V P-V for one of those previous 

positioning .It is possible to see the power evolution from 0 where intensity has its 

maximum value (panel in short-circuit) till its maximum value (63W) corresponding to that 

zone where intensity starts falling in the curve I-V and 0 again when voltage gets his 

maximum value (open circuit). 

 

Figure 6.5 I-V and P-V graphic for one determinate solar radiation level (1032LUX)  
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Figure 6.6 P-V graphic for 4 different solar radiation levels 

Figure 6.6 shows different powers that the solar panel can generate depending on the sun’s 

intensity and the value of the load resistance (potentiometer). So the amount of energy 

produced depends not only of the sun radiation that the panel gets, but also the value of the 

load it has to supply.  To maximize the amount of energy produced it would be necessary 

to adapt this load resistance so that the solar panel always works on the maximum power 

point for every sun radiation value. That is the function of the regulator. 

 

6.3 The regulator 

The charge regulator is the element used to adjust voltages and intensities to charge the 

battery. It controls the amount of energy flowing between the photovoltaic modules and the 

battery. Regulators also avoid inverse current circulation and the battery overload. Some of 

them may also include indicative leds that show the battery charge status.  

There are two main types of charge regulators: 

•  PWM regulators 

•  MPPT regulators 
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MPPT regulators  

A MPPT controller incorporates a maximum power point Tracker (MPPT) and a DC-DC 

converter (transformer high voltage DC to DC low voltage suitable to charge the battery. 

Thanks to a microprocessor and sophisticated software, the MPPT controller will detect the 

point of maximum power PM and adjust the output voltage and intensity of the solar panel 

to VPM and IPM 

After  that The MPPT charge controller act as a DC/DC regulator that can adjust high 

voltage values to lower ones suitable to charge the battery. The amount of power in the 

transformation does not change (with the exception of small losses in the process).  

PWM regulators 

A PWM controller is a simple device that acts as a switch between the solar panel and the 

battery.  Connected to a PWM controller, the photovoltaic modules are forced to work at 

the battery charging voltage plus a small value to compensate the voltage fall through 

wires and the regulator (for example when charging  a battery at 13V, the panel should be 

around 13.5 V).  

To avoid overcharging the battery the controller starts to cut part of the possible production 

of modules, by modifying the pulse width when necessary (i.e. cutting many times per 

second the contact between modules and battery). 

This methodology which does not work in the maximum power point results in loss of 

performance in comparison with a MPPT system, However this regulators has the 

advantage of being simpler smaller and more economic.  

Figure 6.7 shows an example of the different performance of both systems. 

 

Figure 6.7 comparative between system  with MPPT regulator and PWM regulators 

source[12] 

In the experimental montage it has been used a inovtech 260W regulator based on PWM 

technology  
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Figure 6.8 PWM regulator used in the experimentation. 

Appendix 3 contains further information about the other PWM used. 

In order to test the regulator voltage and intensity values are measured on the solar panel 

and on the battery in a determinate orientation (with 1032 Lux luminity) these values are 

shown in the table 6.1 

 Voltage (V) Intensity (A) Power (W) 

Solar panel 13.5 4.6 62.1 

battery 13.1 4.4 57.6 

Table 6.1: values of an experimental montage to test the PMW regulator. 

It can be observed how the solar panel is forced to work in a voltage 0.4V higher than the 

voltage needed to charge the battery; this is caused as said before by the voltage fall 

through wires and the regulator. 

it is also possible to find the regulator efficiency applying equation 6.1 

�		 � 		 �������������� ∗ 100		 � 					 58.1262.88 ∗ 100		 � 	93%				  

(Eq 6.1) 

 

Power-voltage curve in figure 6.3 tells that maximum power value is 63W, a bit higher 

than the PWM functioning point (62,1W). So comparing with an ideal MPPT(63W input, 

63W output) the efficiency of the system is 91%. 
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7. Wind generator system 

The wind generator used in the experimentation is the marine air breeze wind generator, a 

3-blade horizontal axe turbine with brushless neodymium alternator controlled by a 

microprocessor which uses pick power tracking to maximize the power production. 

Appendix 4 shows more information about the wind generator.   

To get a suitable amount of power from a wind generator it should be mounted in a high 

structure with no many objects near it which could interfere in the wind that arrives to it. 

Manufacturer recommends mounting the system on a 8m tower. Due to the difficulties and 

cost of mounting a structure like that with enough safety measures the experimental data 

related with the wind generator have been taken in the laboratory making it turn with an 

electric drill. 

 

Figure 7.1 methodology used to obtain experimental data indoor. 

 

7.1 Measures obtained 

 

Figure7.2 V-I and P-I graphics obtained using an electric driller (0-1500 rpm)  
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As the angular speed increases intensity value also increase. The microchip adapts the 

voltage so that the output power has this linear behavior while increasing speed. The 

higher intensity value obtained is 3,8A with an output power of 47,7W. Keeping this 

angular speed for a month would result on 35,5Wh, looking for this value on Figure 4.11 it 

is possible to assume that the driller at maxim power makes the wind generator behave as if it 

was moved by a 5,2 m/s wind speed. 
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8.  Human powered generator 

To convert human movement into electricity it is needed a device which could act as a 

generator capable of maintaining a potential difference between two of its points (called 

poles or Terminals) transforming mechanical energy into power. This transformation is 

achieved by the action of a magnetic field on the electrical conductors placed on the stator. 

If there is a relative mechanical movement between the conductors and the field, an 

electromotive force (EMF) will be generated.  This is the inverse process that would take 

place in an electric motor, which transforms electrical energy into mechanical. 

On this project a small DC motor is coupler to the wheel of a bicycle so that the movement 

of the pedals also puts the motor axe to turn. Doing this the motor will work as a generator 

and a potential difference will be created between its wires. 

To get de experimental measures the first step will be designing a bicycle support so that 

the bicycle rear wheel can move freely in the air and it can put in movement the motor axe 

as well. 

 

8.1 Support design    

Building a support for a conventional bicycle would be easier because there are no wires 

coming out the wheel to avoid as there are in electric bicycles and the axe wheel can be 

placed directly over the support. However this support is designed to place the bicycle 

chain stays over instead of the axe. That allows mounting any kind of bicycle over it, like 

the electric one the ENSMM has on the laboratory 

The bicycle chain stays are placed in small groves made in the support so that the rear 

wheel stays at 10cm high from the floor. 

A small wheel is adapted to the motor axe and put in contact with the bicycle wheel this 

fact makes possible that when the bicycle wheel turns the small wheel and the rotor will 

turn as well. 

. 
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Figure 8.1 and Figure 8.2: bicycle support sketches 

Figure 8.1 and figure 8.2 show the main parts in the support system. Green color represents 

bicycle parts to take into account in the design so that the support does not interfere in the 

bicycle functioning. The distance between both groves can be adjusted thanks to the 

horizontal bolts that allow changing the width depending on the bicycle design. 

  

 

Figure  8.3: frontal view of the support real montage 
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Figure  8.4 and 8.5:  Fitting the chain stays in the groves. 

 

Figure 8.6 bicycle’s support complete montage. 
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Different wheels sizes are also allowed as the angle between the motor’s platform and the 

floor can be regulated as well by another two bolts as it shows figure 8.6 and 8.7 

. 

 

Figure 8.7 Bicycle mounted over the support with the motor fitted to the rear wheel. 

 

8.2 Pedaling without load 

This output voltage obtained pedaling at high speed without the battery connected as a 

load. Is shown in figure 8.8 

 

Figure 8.8 and figure 8.9: Output voltage signal get with the oscilloscope before and after 

adding the capacitor. 
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As seen in figure 8.8 average voltage value is 21,8 V. figure 8.8 also shows that voltage 

signal oscillates too much, connecting it to the battery would be harmful for it. In order to 

get a more stable value a capacitor was welded in parallel to the motor so that it could act 

as a filter. Results are shown in figure 8.9. 

However, although including the capacitor, voltage could continue being not suitable for 

the battery. With the battery acting as a load the voltage get by pedaling at maximum speed 

is not as high as the 21.8V ,got without load, however still higher than the voltage needed 

to charge the battery so in this case the rider must control the pedaling speed so that the 

voltage produced is enough to charge the battery but taking care it is not too much so that 

the battery could be harmed.  

A better solution to the problem is using a regulator as those used in solar panel systems. 

Voltage and intensity coming from both systems are similar so the regulator would see the 

motor-generator as a solar panel. In this case the regulator used is a PWM, as happened in 

solar panel systems the PWM regulator will provide the battery only with the necessary 

voltage. 

8.3 Pedaling to charge the battery  

When adding the battery first thing to do is placing a diode between the motor and the 

battery to prevent that the current goes in the wrong direction.  

Different elements were added to the system to make possible the data collection.  

In addition as the system used to collect data measures voltage but not intensities it was 

necessary to add a small resistance with which it is possible to obtain the intensity using 

ohm’s law as long as the resistance value is known. Nevertheless adding this resistance 

even its small value (0,2 ohms) increases the total resistance of the system making that 

with the same pedaling effort the power output decrease to half its value. 

 

figure 8.10: 0,2 ohm resistance created by connecting bigger resistances in parallel. 
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As well as the voltage and intensity in different parts of the system, it was also important to 

know at what speed the wheel was turning and also what force was necessary to apply on 

the pedals.  

A small circuit containing an optocoupler was installed to measure the speed of the wheel. 

The system, which also includes a transistor to fix the input voltage value, consists on a 

plastic circle which turns at the same speed than the motor (it’s placed on its axe See figure 

8.11. This circle has a regular distribution of transparent and black strips; the system output 

signal can get two values 0V or the value fixed by the resistances and the transistor. 

Getting one or the other will depend on the part of the plastic wheel which is placed 

between the octocoupler, either black or transparent, in every moment. Knowing the 

frequency at what this binary system changes from one value to the other makes it possible 

to know what the motor rotational speed is.  

 

Figure 8.11: generator and electronic devices installed on the platform.  
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A piezoelectric sensor was also installed in order to know what is the force applied to the 

pedal. A piezoelectric sensor is a device that uses the piezoelectric effect, to measure 

force changes by converting them to an electrical charge. On this case the pedal had to be 

modified so that the sensor fitted in it as it is shown in figure 8.12 

 

figure 8.12: Piezoelectric sensor and its amplifier. 

 

 

Figure 8.13: Piezoelectric sensor fixed to the modified pedal. 

 

With the plastic circumference rotational speed (rev/s) it is possible to obtain the rear 

wheel rotational speed (rev/s) making use of next equations: 
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 ω)*++,-./	0122* � ω,3+**	0122* (Eq8.1) 

ω42+4	0122* � ω,3+**	0122* ∗ R,3+**	0122*642+4	0122*  
 

(Eq8.2) 

ω42+4	0122* � ω)*++,-./	0122* ∗ 27.5330  
 

(Eq8.3) 

 

Labview platform was used to design a specific program in order to collect all data. Figure 

A7.1 shows the schematics of this program. The data captured in a 30 seconds experiment 

is shown in Figures 8.14 8.15 and 8.16. 

 

 

Figure 8.14: speed and battery voltage evolution pedaling for 30 seconds. 

 

 

Figure 8.15: speed and intensity evolution pedaling for 30 seconds. 
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Figure 8.16: speed and force evolution pedaling for 30 seconds 

 

 

To do a specific study figure 8.17 shows the force evolution in just one pedaling cycle.   

 

Figure 8.17: Force values in one pedaling period. 

It is possible to do an estimation of the maximum power applied, which corresponds to the 

moment when one foot is at 90º and the other at 270º as seen in Figure 8.18.  As a 

simplification it is considered that the pedal remains horizontal during all the pedaling 

process, although that is not true actually and the angle between the pedal and the ground 

changes with different values depending on the person and the speed.  
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Figure 8.18 and figure 8.19 Power output evolution depending on the crank position and 

Force evolution during a pedaling period. Source [13] 

As seen on image 8.19 on Max power crank position the foot at 90 ° will be applying the 

maximum force, however the other food will be on the opposite position where the force is 

applied against the rotational movement.  

 

Figure 8.20: Forces applied to the pedals at the maximum power position. 

Considering that booth feet apply the same force values but with a 180 ° phase shifts the 

force Max and force min values, obtained from figure 8.17, are 259N and 95N. 

 

8.3.1 Input Power  

The power input legs apply to the bicycle can be determined with Eq 8.4 

� � 8 ∗ 9 (Eq 8.4) 

First of all it is necessary to obtain the moment. When being on the maximum power 

position the moment is created by the forces expressed on figure 8.20. it is possible to 

converting this forces into moments using equation 8.5 

8 � : ∗ ; (Eq 8.5) 
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In this case the distance 	; is 0,17m, corresponding to the distance between the pedal and 

the crank axe. Knowing this it is possible to obtain the moment produced by two legs, 

being the moment produced by the leg at the 270 º negative as it is against the turning 

direction. 

8<=> � 259N ∗ 0.17� − 95 ∗ 0.17� � 27.88	N · m (Eq 8.5b) 

 

It is also necessary to know what the crank’s angular velocity “9C�=D�“ is at this time. 

9C�=D� can be found from 9E���F and the relation between chainring’s teeth GC�=HD�HDI) 

and sprocket’s teeth GJ���C���J.) 

9C�=D� 	� GJ���C���JGC�=HD�HDI ∗ 9E���F (Eq 8.6) 

In this case it is being used the 14 teeth sprocket and the 48 teeth chainring which is the 

combination with higher power production. 

The 9E���F in this moment (8,8s) is 4,6 rev/s. so equation 8.6 is now: 

9C�=D� 	� 14
48 ∗ 4,6 �

1.34rev
s � 8.41rad/s (Eq 8.6b) 

With M and  9  now it is possible to obtain P using equation 8.4  

� � 27.88	N · m ∗ 8.41rads � 234W 
(Eq 8.4b) 

 

8.3.2 Output Power  

To see what the system’s efficiency is it is necessary to compare the input power obtained 

before with the output power it is producing. 

Figure 8.21, obtained from figures 8.14 and 8.15 values, shows the power production of 

the system connected to the battery. 
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Figure 8.21 power-time and speed-time graphic 

The output maximum power average corresponds to 33,7 W 

Comparing with the 234 W of maxim power applied the system’s efficiency is 

considerably low (14%). Although the input power has been calculated in a very simplified 

way, in fact the pedal does not remains in horizontal position and much of the force 

applied to the pedal is not perpendicular to rotational movement, this big difference 

between both values gives an idea about the losses in the system such as those in the 

bicycle transmission those produced by the contact of the small wheel with the bicycle’s 

rear wheel, the motors efficiency being used as generator the PWM regulator and the wires 

and resistances. 

8.3.3 Human power efficiency 

It is also possible to find out what is the efficiency of the system including the whole 

human as a part of it.  

Pedaling on the bicycle mounted over the support can be considered as doing exercise in a 

static bicycle. According to figure A5.4 pedaling 30 minutes moderately in a stationary 

bicycle for 85kg a person would suppose 311 kcalories burned. In other words after being 

pedaling for 30 minutes on the system the human body consumes 360.7Wh. (1 kcal 

= 1.16 Wh) 

The average power output value obtained from figure 8.21 is 20.4W, so pedaling half an 

hour with this intensity would make 10,2Wh.  

This means the efficiency between the energy the person consumes pedaling and the 

energy the system is generating is 2,8%. That’s a really small efficiency value, however it 

has been already mentioned how inefficient the human body is. 
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9 Complete system 

Finally the whole system formed by the three different elements is tested at the same time. 

The complete system works without problems with only one consideration which is that 

the solar panel system can change its contribution, without changing the solar conditions, 

because of the other two systems influence as figure 9.2 shows. 

 

Figure 9.1 schematics of the complete system data collection process 

 

Figure 9.2 P-I curve in the battery depending on the output intensity in each of the   three 

systems. Yellow= intensity coming out from the wind generator system, blue= intensity 

coming out from solar panel system, red=intensity coming out from pedaling system. 
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In the fourth measure when the intensity coming from the bicycle system reach its higher 

value the intensity coming from the solar panel decreases from its normal value. This 

decrease becomes more important when adding the wind generator. This phenomenon is 

generated because the voltage fixed by the other systems makes that the position in the 

solar panel I-V curve changes provoking a decrease in the intensity as shown in figure 9.3. 

 

Figure 9.3 Example curve with battery voltage values and intensity coming out from the 

solar panel system. 

 

9.1 Functionality 

In this moment is necessary to make the analysis of the system to determinate if it will be 

suitable to use it to charge the bicycle’s battery. 

In point 3.3.2 it is explained that the expected energy need to charge the battery is 200Wh 

every day, however this would be the value needed if the battery was charged from the 

grid. In this case the energy comes from the other battery and between them there is the 

inverter with  85% efficiency then the energy needed in the conventional battery must be 

higher;  235,3Wh. 

After the entire project it is clear that the most reliable system in these conditions is the 

solar panel. Table 4.3 showed the average Wh produced by the solar panel every day, 

however it is necessary to take into account the 91% regulator efficiency, obtained in point 

6.3. The result is that solar panel alone is enough to charge the battery from March to 

September. However the rest of months an extra energy production is required .this extra 

energy shown in table 9.1 must come from the other two systems.  
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month 1 2 3 4 5 6 7 8 9 10 11 12 

diary energy  

requirement  (Wh) 
131.56 64.22 - - - - - - - 32.4 112.5 145.8 

Table 9.1: diary energy requirement for every month that must be produced by wind 

generator and human powered system. 

 

 With the bicycle system at a moderate speed the power output would have a 40,8W value, 

double than the one in figure 8.18 because in this case, without the resistance used for data 

collection, you get double power for the same physical effort. So the energy produced 

pedaling for 1 hour is 40,8Wh. Table 9.2 shows how much time pedaling at this intensity 

would be necessary every day those months when solar energy is not enough to fulfill the 

energy need estimation. 

month 1 2 3 4 5 6 7 8 9 10 11 12 

time pedaling (h) 3.22 1.57 - - - - - - - 0.79 2.76 3.57 

Table 9.2 necessary pedaling time to fulfill the energy need estimations. 

As seen on the table time need on the most critical months November December and 

January has too high pedaling time values. There are several possible solutions to solve the 

problem with those critical months. The most convenient one would be using another solar 

panel.  

Concerning the wind system it is not possible to do estimations about how much energy it 

could provide because of the low wind speeds on the zone, so low that much of the day 

time the turbine would not even move. However on those moments of the day with strong 

wind blasts can suppose a small reduction of the pedaling time. It could be possible 

installing the turbine in a higher tower, however the improvement in energy terms would 

not be too significant. 

In relation with the bicycle its main advantage is that it does not depend from atmospheric 

conditions, it just depends on the user. The problem is the effort to produce a considerable 

amount of energy is too high. A possible alternative would be adding a fixed bicycle to the 
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system so that anyone could use it as if it was a training stationary bicycle, and the 

pedaling work would be distributed and not depending on just one person.  

By using a fixed bicycle it could be possible doing some improvements to increase the 

system’s efficiency such as the use of a heavy flywheel which provides a more stable 

output value. It could be also useful improving the transmission between the bicycle’s 

wheel and the motor axe by using belts or roller chains instead of wheel to wheel contact. 

A motor with better features may be another solution to increase the amount of energy 

obtained. 
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10. Conclusions 

 

The way of moving around the city is in a frenetic evolution process. In this evolution 

bicycles are getting more and more importance every day, E-bikes with the mobility of a 

conventional bicycle and the commodities given by the motor, have a very promising 

future. From an energy perspective it is important to identify alternative ways of generating 

electricity. The E-bike combined with different renewable energy systems is the study aim 

of this project.  

Theory and viability of the three different energy production systems has been studied to 

determine if they can fulfill the energy request by the bicycle’s battery daily use. 

It has been determined that the usage of wind powered technology is not suitable in the 

zone due to the low wind speed average. For the solar panel the result obtained are good 

enough to get that amount of energy in more than half of the days  of the year however 

with only one panel it is not enough for those months when the solar radiance have lower 

values. 

The human powered system has been also studied and tested experimentally. Although it 

has the advantage that it does not depends on anything else than the user this system has 

the problem that it requires too much effort to produce important energy values. However 

the user must have in mind this thought; the value of this system is not for the amount of 

energy produced while pedaling but for the fact of getting this energy as reward after an 

exercise session. 
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Appendix 1  
 

VELO 

VTC à assistance électrique 18 vitesses - 

Dérailleur Shimano Mega Range - Super Low 

(14 - 34 T) - 3 plateaux (28, 38 et 48 dents), 6 

vitesses (14, 16, 18, 21, 24, 34 dents). 

Démarrage pédale (Conforme législation Française) 

Cadre 

Acier Hi-ten mixte tout suspendu. Peinture époxy 

métallisée. Coloris disponible : Gris Argent Métallisé 

(voir couleur). 

Suspension centrale réglable par molette de dureté 

Pneus 
KENDA : 26 pouces (diamètre 660 mm) x 2,00. Dessin 

mixte (asphalte - terre) 

Jantes Aluminium double parois - Rayons inox 

Chambres à air Increvables par système auto-obturant 

Fourche avant Hydraulique 

Freins avants V-Brake - Cocottes Aluminium 

Frein arrière V-Brake - Cocottes Aluminium 

Charge maximale 150 Kg environ 

Masse à vide 25,1 Kg 

Autonomie (avec batterie pb 12 Ah, Lipo 10 Ah 

ou 16 Ah) 

40 à 60 km suivant terrain, effort fourni...  

70 à 90 km pour la batterire Lipo 16 Ah uniquement. 
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Longueur Hors tout (mm) 1800 

Largeur Hors tout (mm) 610 

Hauteur (mm) 1080 (guidon position haute) 

Hauteur sol / selle position basse max (mm) 875 

Hauteur sol / selle position haute max (mm)  1020 

Entre axe fourche arrière (moteur) (mm) 170 

Entre axe fourche avant (moyeu) (mm) 110 

Hauteur sol / seuil d'enjambement (mm) 655 

Garde au sol (mm) 200 

Espacement selle - guidon (mm) 700 

Feu avant 
Nouveau - Plot de LEDS actives type Xénon alimentées 

par batterie. Mise sous tension par clé de contact 

Feu arrière 
Nouveau - LEDS actives alimentées par piles. Mise sous 

tension par bouton de poussoir. 

MOTEUR ELECTRIQUE 

Puissance 250 Watts. Moyeu roue arrière. 

Type Brushless, sans entretien 
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Vitesse maximale 25 Km/h 

BATTERIE 

Type 

Série : Plomb gel (Pb). Sans entretien. Amovible. Sans effet mémoire. 

Option : Lithium Polymères (Lipo - marque KOKAM). Sans entretien. Amovible. 

Sans effet mémoire. 

Tension 
Pb : 36 Volts (3 éléments de 12 volts en série) 

Lipo : 37 Volts 

Capacité 

Pb : 12 Ah 

Lipo : 10 Ah (équivaut à 12Ah Pb)                                                  

Lipo : 16 Ah  

Temps de charge 

Pb : Complet en 6 heures. Recharge partielle possible. 

Lipo 10 Ah : Complet en 5 heures. Recharge partielle possible.  

Lipo 16 Ah : Complet en 3 heures. Recharge partielle possible.  

Masse 

Pb : 13,2 Kg (avec coque) 

Lipo 10 Ah : 2,8 Kg (avec coque)  

Lipo 16 Ah : 4,8 Kg (avec coque) 

Chargeur fourni 

Pb : 220 Volts / 50 Hertz. Gestion automatique et intelligente de la charge. 

Coupure automatique. Voyant signalant la fin de charge. 

Lipo 10 Ah : idem en 2A  

Lipo 16 Ah : idem en 5A 

Consommation par 

recharge 

Pb : Moins de 0,5 kWh 

Lipo : idem 

Figure A1.1 Complete information and description about the electric bike isd 601 model. 
Source [1] 
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Figure A1.2: General view bicycle isd scheme. Source [1] 

 

 

 

Figure A1.3 Pedalier scheme. Source [1] 

 

 



Appendix 1 

 

60 
 

 

 

1 Batterie Lithium polymère 37V/10Ah 
2 Vis pour support de contacts batterie 
3 Support de contacts batterie 
4 Vis pour le support du variateur 
5 Support de variateur 
6 Variateur DK 36-16 

7 Vis de fixation du variateur 
8 Vis pour l'articulation centrale 
9 Couvercle du variateur 

10 Vis du couvercle 
11 Axe d'articulation gauche 
12 Axe d'articulation droit 
13 Fixation de béquille 

14 Ressort 
15 Béquille latérale 
16 Triangle de fourche arrière 
17 Suspension arrière 
18 Garde-boue arrière court 
19 Fixation rapide de selle 

20 Ecrou 
21 Fixation du garde-boue 
22 Selle 
23 Tube de selle 
24 Neimann 
25 Système d'antivol et verrouillage batterie 

26 Porte bagages 
27 Feu arrière à LEDS 

 

Figure A1.4: Cadre shceme. Source [1] 
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Figure A2.1: European wind resources at 50 meters high with wind speed and energy 
production potencial for 4 different topographic conditions. Source [4] 

 

 

 

Figure A2.2: α parameter depending on the terrain roughness Source [6] 
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Figure A3.1 solar charge controller data sheet. Source [16]
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Figure A4.1 AIR Breeze Technical Specifications Source [7] 
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Figure A5.1 maximum output power output potential for various activities. Source [8] 

 



Appendix 5 

 

67 
 

 

Figure A5.2 comparative efficiency of transportation modes. Source [8] 

 

 

Figure A5.3 human power output potential for various activities. Source [9] 



Appendix 5 

 

68 
 

Calories burned in 30 minutes for people of three different weights 

Gym Activities 56kg 

person 

70kg 

person 

84kg 

person 

Weight Lifting: general 90 112 133 

Aerobics: water 120 149 178 

Stretching, Hatha Yoga 120 149 178 

Calisthenics: moderate 135 167 200 

Riders: general (ie., HealthRider) 150 186 222 

Aerobics: low impact 165 205 244 

Stair Step Machine: general 180 223 266 

Teaching aerobics 180 223 266 

Weight Lifting: vigorous 180 223 266 

Aerobics, Step: low impact 210 260 311 

Aerobics: high impact 210 260 311 

Bicycling, Stationery: moderate 210 260 311 

Rowing, Stationery: moderate 210 260 311 

Calisthenics: vigorous 240 298 355 
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Circuit Training: general 240 298 355 

Rowing, Stationery: vigorous 255 316 377 

Elliptical Trainer: general 270 335 400 

Ski Machine: general 285 353 422 

Aerobics, Step: high impact 300 372 444 

Bicycling, Stationery: vigorous 315 391 466 

 

Figure A5.4:  Calories burned in 30 minutes for different activities and weights.  

Source [14]
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Figure A6.1 battery AGM powerLine2 12v 100Ah specifications. 

 

 

AGM 

POWER LINE 2 MAXI ENERGY 12V-100Ah 

 
Batterie auxiliaire pour camping car de type ' AGM ' spécialement 
adaptée au monde du loisir (électrolyte liquide captif). 
La technologie ' AGM ' autorise des taux de décharges pouvant aller jusqu'à 
100% de la capacité de la batterie pour profiter du maximum d'énergie 
disponible. Étanche et sans entretien (très faible auto décharge : 1 à 3% par 
mois). 
Protégée contre les variations de pression et conçue pour prévenir l'accumulation 
de gaz à l'intérieur de la batterie. 
 
Tension limite de décharge : 10,6 V. 
Taux de décharge max. : jusqu'à 100%.  
Nombre de cycles garantis : 250.  
Capacité réelle 103 Ah.  
Dim. (LxHxP) : 341 x 287 x 173 mm.  
Poids : 42.5 kg. 
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Figure A6.2 xunzel MJ-300w inverter specifications 
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Figure A6.3 recycling batteries source [15] 
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Figure A7.1 Labview data collecting program
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