




Abstract 

This thesis has been done in Barcelona, Spain, in cooperation with the University of 

Gävle (HiG) and the Universitat Politècnica de Catalunya (UPC). At UPC there is a 

project carried out where the goal is to analyze the characteristics and performance of the 

wind turbine IT-100, with an intention to optimize it. This is carried out by assignment of 

Engineers Without Borders and Practical Action. The purpose of the thesis has been to 

present what power, value of tension and current the turbine will produce in different 

wind velocities.  

 

The IT-100 is built to generate electricity to the population in the countryside in, among 

other countries, Peru. The energy the turbine captures from the wind will be used to 

charge vehicle batteries that are used in the households as a source of electricity. This is 

an effective, cheap and environmental-friendly way of supplying households with 

electricity. 

 

The idea of using the energy in the wind has been known for thousands of years. It started 

with simple windmills for grinding grain and later more complicated machines like wind 

turbines were created. Wind power is one of the worlds cleanest sources of energy with as 

good as no emissions at all while in running. 

 

The result of the work with this thesis work is an Excel file where the, by the purpose 

requested, parameters are presented in relation to different wind velocities. With some 

conditions set from the start, some known values of reference and the rotor blades 

rotational speed as a key variable, these parameters were possible to calculate. 

 

During the work, the project came upon some difficulties such as; not enough information 

about the wind turbine, too little previous knowledge among the students and trouble with 

the Spanish language. However, on the whole the project has been successful and a good 

learning experience.

 

 

 

 

 

 





Sammanfattning 

Detta examensarbete har utförts i Barcelona, Spanien, i samarbete med Högskolan i 

Gävle (HiG) och Universitat Politècnica de Catalunya (UPC). På UPC genomförs ett 

projekt där syftet är att kartlägga egenskaper och prestanda för vindturbinen IT-100 med 

målet att sedan kunna optimera den. Detta utförs på uppdrag av Engineers Without 

Borders och Practical Action. För detta examensarbete har syftet varit att redovisa vilken 

effekt, spänning och ström turbinen ger vid olika vindhastigheter.  

 

Vindturbinen IT-100 är byggd för att alstra elektricitet till befolkningen på landsbygden i, 

bland andra länder, Peru. Energin som turbinen tar tillvara ur vinden används för att ladda 

bilbatterier som sedan används i hushållen som elkälla. Detta är ett effektivt, billigt och 

miljövänligt sätt att förse hushåll med el.  

 

Idén att ta tillvara energi med hjälp av vind har funnits i många tusen år. Det hela började 

med enkla väderkvarnar för att mala säd och efter hand skapades sedan mer komplicerade 

maskiner som vindturbiner. Vindkraft är en av världens renaste energikällor med så gott 

som inga utsläpp under drifttiden. 

 

Resultatet av detta arbete är en Excelfil där de, enligt syftet, önskade parametrarna visas i 

relation till olika vindhastigheter. Med vissa från början satta begynnelsevillkor, 

startvärden och rotorbladens vinkelhastighet som nyckelvariabel har dessa parametrar 

kunnat räknas fram. 

 

Det har uppkommit vissa svårigheter under projektets gång så som otillräcklig 

information om vindturbinen, inte tillräckliga förkunskaper hos studenterna och 

svårigheter med det spanska språket. Dock så har projektet på det stora hela varit  lyckat 

och mycket lärorikt. 
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1 Introduction 

A quarter of the population in the world does not have access to electricity in their 

homes
1
 and most of these people live in developing countries. The everyday life with 

electricity is taken for granted in the developed part of the world and a life without it 

means limitations of several areas of the daily life. The use of electrical lighting is much 

cleaner and safer than using an open flame and makes it possible for work and studies 

after daylight. The possibility of using an electrical stove for cooking makes the process 

much faster and using a refrigerator helps preserving food. 

 

One easy solution for providing people with electricity is to use rechargeable batteries, 

for example vehicle batteries. These batteries can be recharged by different sources of 

energy depending on what alternatives are available on sight. Small scale wind turbines 

can be a good alternative as an energy source. 

 

The knowledge of how to use the power of the wind as a source of energy has been 

known for thousands of years. Starting with sailing ships and simple windmills used to 

grind grain, developing into windmills in the Netherlands used to prevent flooding
2
. The 

use of wind power today has grown to a large industry. At present, the installed wind 

power capacity all over the world generates 1, 3 % of the global electricity consumption 

and in some regions and countries that number is considerably larger
3
. 

 

All production of energy effects the environment more or less, the largest impact wind 

turbines have on the environment comes from manufacturing and when they are brought 

up and taken down. However, since they are only are using the wind as a driving force, 

wind turbines in running hardly effect the environment at all. In a time of global warming 

and the Kyoto Protocol insisting to reduce the emission of greenhouse gases, wind power 

is an excellent complement to other renewable energy sources and an alternative to fossil 

fuels.  

                                                      
1
World energy outlook 2006.  www.iea.org 

2
 Calvert, N.G. (1979). Wind power principles, page 9 

3
Wind turbines generate more than 1 % of the global electricity. www.wwindea.org 
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1.1 Background 

The content of this thesis has its origin in a project carried out by EWB (Engineers 

Without Borders) Catalonia, and ITDG (Intermediate Technology Development Group, 

now named Practical Action) United Kingdom. The goal is to distribute a number of 

small wind energy conversion systems (WECS), designed by ITDG, to isolated regions of 

Peru. The WECS will generate electricity that will be stored in batteries, which will 

supply households with energy. This will increase the life standard of the inhabitants of 

the region considerably. The Universitat Politècnica de Catalunya are also involved with 

the project and are working to improve the design and thereby the performance of the 

machines.  

 

The WECS in this study is a wind turbine called IT-100, its nominal power is 100 Watts 

at wind velocities about 6 m/s. The power produced depends on the wind velocity and 

decreases when the wind is attacking the turbine from an increasing angle. The 

construction is designed so that the machine will turn away from the wind at speeds that 

might be harmful to it. This means that the machine will be nearly facing the wind at low 

wind speeds and when the speed increases, the turbine will gradually turn away from the 

wind until a certain angle. This means that the turbine is still running but its rotor is not 

facing the wind directly, in order to protect the system from the force of the wind. 

 

1.2 Purpose  

The purpose of this thesis is to visualize the power produced by the IT-100, the tension 

and current to the battery at different wind velocities when the wind is perpendicular to 

the turbine. Results will be presented using tables and diagrams in Excel, relating the 

output energy to the wind velocity. This work will help to optimize the wind turbine. 

 

Two different ways of how to calculate the power produced by the IT-100 when the wind 

is not perpendicular to the turbine will also be presented. This part will only be theoretical 

and no calculations will be done on this.  
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1.3 Limitation 

The result in the Excel file will not be completely true because the wind is not 

perpendicular to the turbine at all wind speeds in real life. However, there where too 

many unknown parameters to make calculations that takes this in consideration possible. 

Instead, two different ways of how the calculations could have been done if more values 

where known will be presented. 



2 

 

 



 5 

2 Method 

2.1 Literature studies 

The first step of this project was a major literature study. Information about wind power 

and turbines was collected. Much of the information about wind power in general was 

found on the internet but a great deal were found in books as well. It was necessary for 

the students to study a lot about wind power before the project could start to be able to 

understand the problem correctly. The group members had some previous knowledge 

about wind power and the construction of wind turbines construction before the project 

started, but not enough to immediately start solving the problem given by the university.  

 

The most important part to study was the technical and mechanical part of the wind 

turbine. This information was found in new, reliable technical literature at the library at 

the university in Barcelona. It is important to take the technical information from modern 

and relatively new literature to get as updated facts as possible. If the literature is old 

there is a chance that the information no longer is useful and that there are newer facts to 

take consideration of. It is good to use sources of information from different types of 

media to be sure that the information is reliable and correct. 

 

The information about the wind turbine IT-100 was found in booklets and papers from 

the organizations EWB and ITDG. The students got this material from their tutor in 

Barcelona that is active in EWB and works at the university as a teacher and researcher. 

A lot of the information was in Spanish and therefore had to be translated to English first 

before the students could use the information. This procedure was hard and time-

consuming because none of the group members were very skilled in the Spanish 

language. There were information available on the internet in English about the wind 

turbine, but this information was not as updated as the information in the Spanish papers. 

The group felt that it was necessary to translate the papers that were written in Spanish 

into English to get the information that was needed. 

 

To be able to do calculations on the electrical circuit, the students had to study the theory 

about alternating current, because the knowledge in this area was not sufficient.  This 

information was found in both English and Spanish in literature about the basics of 

electric power. Another area of the electrical part that the students had to study a lot was 
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alternators and the theory behind them. This information was mainly found on the 

internet. 

 

2.2 Internet 

The internet has been a big source of information during the project. It has mostly been 

used to get technical information and updated statistical numbers. Some of the technical 

information about the turbine has been found on EWB’s webpage. Most of the 

information about the environmental aspects of wind power was found on the internet. 

 

Internet is a fast source of information and it is possible to find almost anything. To keep 

in mind though, is that the sources on the internet are not always reliable. To be sure that 

the information and numbers are correct and objective it is a good idea to always double-

check the sources and make sure that they are made by reliable organizations.  

 

2.3 Interviews 

Interviews have been done over the telephone with wind power associations companies to 

get general technical information about regular wind power turbines. This has been 

necessary because some of the technical information about wind turbines is so new that it 

is hard to find it in books. This type of information, directly from the field, is very good 

because the companies always have updated information. Though, a good thing to have in 

mind is that the information not always is objective, for example if the company sells a 

specific product. 

 

Other conversations have been held over the internet with teachers from the University 

Gävle to get information in Swedish. In this way the students got the opportunity to ask 

questions in Swedish about things that has been hard to understand in Spanish or English. 

 

2.4 Other sources 

Other students from the university in Barcelona who also are working or have been 

working with different projects concerning the wind turbine IT-100 have also supplied 

some technical information about the machine. 
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3 Background material 

3.1 Wind 

3.1.1 How does the wind accrue? 

The wind accrues from temperature and pressure differences in the air. Near the equator, 

air is heated more than on the rest of the globe. The heated air has a lighter density than 

cold air and will therefore rise to the sky and create a low pressure area. This area will 

attract air from the cooler poles. At a height of approximately 10 km, the rising air will 

split and start moving in direction of the North Pole and the South Pole. This is because 

the air there is colder. Around the latitude of 30° on both hemispheres there is a high 

pressure area and when the air reaches it, it starts to sink down. Some of it will continue 

to the poles and some of it will go back to the equator. Since the globe is rotating, any 

movement on the Northern hemisphere is diverted to the right. This is called the Coriolis 

force and this together with the movement of the air from the equator will create and 

decide the directions of the winds on the globe. 
4
 

 

3.1.2 The geostrophic wind 

The geostrophic wind is located 1000 meters above the earth surface. It is driven by the 

temperature and pressure differences in the air and is very little affected by the surface of 

the earth.
5
 

 

3.1.3 The surface wind 

The wind that is of concern in wind power is the surface wind. It is located up to 100 m 

from the ground and is highly affected by the surface of the earth. It changes direction 

and velocity due to the topography of the landscape.
6
 

 

                                                      
4
 Guided tour- wind. www.windpower.org 

5
 Ibid 

6
 Ibid 
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3.1.4 The local wind 

The local winds are sea breezes and mountain winds that are near the earth surface. These 

winds are effected by both the surface wind and the geostrophic wind but it is also 

depending of location on the globe, season and whether it is nighttime or daytime.
7
 

 

3.1.5 Placement of turbines 

Behind hills and high buildings the air is turbulent, that makes this a bad spot to place a 

wind turbine. Recommended places to set wind turbines could be:  at hills, round the 

coast line or at sea. 

 

Figure 1: Placement of wind turbines 

 

3.2 Wind power as an energy source 

3.2.1 History  

The knowledge of how to use the power of the wind as a source of energy has been 

known for thousands of years. Starting with sailing ships and simple windmills used to 

grind grain, developing into windmills in the Netherlands used to prevent flooding
8
. The 

applications of the technique grew to, among other things; processing wood, extracting 

oil and later to generate electricity.  The use of wind power today has grown to a large 

                                                      
7
 Guided tour- wind. www.windpower.org 

8
 Calvert, N.G. (1979). Wind power principles, page 9 
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industry; however it is still used in smaller scale for water pumping in village’s etcetera. 

The big scale research started during the 1970´s
9
, much because of the first oil crisis in 

1973 where world oil prices increased drastically.  

 

3.2.2 The use of wind power today  

Today wind power is a significant part of the power distribution in many countries all 

over the world. Denmark is world leading in both research and development of wind 

power. They also have the largest production of wind energy, 19.8 %
10

, in proportion of 

the total energy production in the country; in second place is Spain with 10 %
11

 and third 

Germany 6%
12

. However, it is Germany that has the largest installed effect of wind power 

in the world. The total installed effect in the world in 2007 was 93,9 TW, which means 

that wind power generates 1,3 % of the global electricity consumption
13

. In some regions 

and countries that number is considerably larger.  

 

Table 1: Total installed wind power effect year 2007 

 

Country 

 

Total installed effect from 

wind power 2007 [TW] 

Germany
14

 22,2 

Spain
15

 15,1 

Denmark
16

 4,2 

 

3.2.3 Why not wind power? 

Many times the reason for not installing wind power is a common belief that the wind is 

not strong enough, but this is not always true. The wind is often measured at ground 

level, but the wind velocities that wind turbines take advantaged of are higher than they 

are on the ground. Even though it sometimes is true that the wind does not always blow 

                                                      
9
 Energifakta- vind. www.energiochmiljo.se 

10
Energi forsyning. www.energistyrelsen.dk 

11
 Observatorio generacion. www.aeeolica.es 

12
 Global wind report 2007. www.gwec.net 

13
 Wind turbines generate more than 1 % of the global electricity. www.wwindea.org 

14
 Wind power articles.  www.earth-policy.org 

15
 Indicators wind. www.endurancewindpower.com 

16
 Wind power articles. www.earth-policy.org 
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with the velocity needed to get the certain power desired, wind power can often be used 

complemented by another energy source. 

One other reason why people, this concerning mostly developing countries, hesitate to 

install wind power turbines can be bad previous experiences. This could for example be 

when different aid agencies, with the best intensions, have tried to install some wind 

turbines and not succeeded because the poor knowledge about the turbines, settings and 

wind power in general. 

 

Why the use of wind power in the world is not bigger than it is might also depend on the 

fact that it is a relatively new energy source for large scale industry use. Another reason 

could be that the appearance of the turbines in the landscape might disturb the natural 

scene. A common idea among those who do not support the use of wind power is that the 

sound level is too high and that shadows created by the rotor blades that can be 

disturbing. This is however almost never a problem since wind turbine parks seldom are 

brought up close to residential areas, and if there is a problem the wind turbines can be 

shut down during the time of the day that shadows may be disturbing.
17

  

 

3.2.4 Environmental aspects 

Wind power is a renewable energy source that uses the wind as driving force. As long as 

the sun will shine down on the globe there will always be winds. It is a very clean energy 

source with little emissions. The wind turbine it self does not contribute to any 

contamination or emissions at all while it is in use, the only emissions that accrue are 

when the turbine is produced. Since the turbine does not need any fuel, there is no need 

for fuel transports that might be harmful for the environment. The only transport needed 

is moving the turbine to its setting before it starts running and from the setting when it is 

run out. After approximately four months in use, a normal size power turbine with good 

wind conditions has produced the same amount of energy that was needed to produce the 

turbine itself.  Research projects in Sweden prove that the wind turbines have little effect 

on the animal life around areas with wind turbines, not onshore nor at sea. For some 

animals the effect, if there is one, is not investigated but birds do most of the time fly past 

the turbines and seals are not affected at all, as well as reindeers. There can however be 

some disturbance for the animals because of the increased activity of humans in the area 

of wind turbines while conducting them. 
18

  

                                                      
17

Faktablad 5- skuggor från vindkraftverk. www.cvi.se 

18
Faktablad 8- vindkraft och miljö. www.cvi.se 
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3.2.5 Wind power compared to other energy sources 

Scientists from all over the world agree that the extensive use of fossil fuels and thereby 

emissions of for example carbon dioxide and nitrogen oxide contributes to the global 

warming and climate changes on the globe. They are also causing over-fertilization of the 

oceans and acidification of lakes and forests. The use of wind power will not affect any of 

this the way a power plant based on fossil fuels will. Wind turbines do not effect the 

surrounding vegetation more than during a short period of time when the base foundation 

is placed and when it is removed, this unlike water power. Wind power is lucrative unlike 

sun power which is very expensive and where the degree of efficiency is low. 

 

3.3  How a wind turbine works 

3.3.1 Lift and drag 

When the wind hits the rotor blades of a wind turbine they start moving because of the 

power created by the wind at the bottom of the blade. When the wind hits the blade, the 

airflow around it creates a high pressure area at the bottom and a low pressure area at the 

top of the blade, like suction. This makes the blade move. It is affected by two different 

forces, the lift and the drag. The lift is perpendicular to the direction of the wind while the 

drag has the same direction as the wind. The lift is the force that is useful when producing 

power in a wind turbine, as it makes the blade rotate. The drag on the other hand slows 

down the rotation. How great these forces are is depending on the angle of attack of the 

wind to the rotor blade, at a certain angle the lift will be much greater than the drag.
19

 At 

this moment the blades are beginning to move. 

                                                      
19

 Hunt, V.D. (1981). Windpower, a handbook on wind energy conversion systems, page 68-69 
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Figure 2: Lift and drag at a rotor blade 

 

 

3.3.2  The rotor blades 

The rotor blades of a wind turbine are built so that the wind will produce the same power 

where ever on the blades, radial direction, it hits. The velocity of the blades, u, is 

increasing further away from the axis, this is because a certain point on the blade far from 

the axis travels longer than a point closer to the axis does in the same time. To 

compensate the change of u the blade is twisted from the axis to the top. Simplified you 

could say that at the axis the blade is close to perpendicular to the direction of the wind, if 

it is coming straight forward to the turbine, and at the end it is close to parallel to the 

wind. The twisting of the blade compensates for the fact that u changes .This means that 

the power will still be the same regardless of where on the blade in radial direction the 

wind will hit. This is true as long as the velocity of the wind before the turbine is the 

same. 
20

 

 

3.3.3  Power produced by a wind turbine 

To be able to extract power from a wind turbine it is necessary that the velocity of the air 

before the rotor blades is higher than it is after. If the rotor blades would extract all 

kinetic energy from the wind the air would stop behind the blades, which is not possible. 

Some of the wind, when it is approaching the rotor blades, will move around them and 

the rest will slow down as power is extracted by the rotor blades. How much power that is 

extracted divided by how much potential power the wind that goes through has if it would 

be undisturbed is called the rotor efficiency.
21

 This value, Cp, is proved by the laws of 

                                                      
20

 Hunt, V.D. (1981). Windpower, a handbook on wind energy conversion systems, page 68-69 

21
 Hunt, V.D. (1981). Windpower, a handbook on wind energy conversion systems. page 72 
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physics to be at most 16/27, that is about 59,3%
22

. This was discovered by a man called 

Albert Betz and the connection is called Betz Law. This applies for a perfect turbine 

running in ideal conditions, 70% of this value is quite typical for a normal turbine
23

. The 

value of Cp varies for the same rotor depending on λ, which is the velocity of the rotor 

blades divided by the velocity of the wind coming to the rotor blades. This variation can 

be plotted in a graph where Cp is a function of λ. Graphs like this can be found for the 

most common types of wind turbines, however they are not completely true for all but 

can be seen as quite typical. At a certain value of λ for a specific rotor, Cp has a 

maximum value and that is when the turbine has its maximum efficiency. 

 

To calculate the power produced by a wind turbine, the following equation can be used: 

 

Equation 1: Power produced by a wind turbine 

35,0 vACpP   ρ = density of air  [kg/m
3
] 

   A = sweep area  [m] 

   v = velocity of the wind [m/s] 

   Cp = rotor efficiency  [-] 

 

3.4 Electrical theory 

3.4.1 Direct current and alternating current 

The kind of current found in batteries is called direct current, DC. Examples of DC-

devices are flashlights, mp3-players, cars etc. DC has a fixed value for tension, resistance 

and current. These parameters are not alternating and the calculations can easily be done 

with Ohms Law. 

 

Equation 2: Ohms law 

IRU    U = Tension   [V] 

   I = Current   [A] 

   R = Resistance   [Ohm] 

 

                                                      
22

 Alvarez, H. (1990). Energiteknik , page 243 

23
 Hunt, V.D. (1981). Windpower, a handbook on wind energy conversion systems, page 72 
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The kind of current found in wall sockets in a house is alternating, AC. How this current 

accrues is depending on the source of energy but in most cases there is a generator used to 

convert kinetic energy to electricity. A generator can generate both AC and DC, there is 

also one kind of generator that can only generate AC. This is called alternator. In the case 

of wind power the alternating current accrues in an alternator created by induction. The 

rotor blades of the wind turbine transfer the kinetic energy from the wind to a shaft that 

begins to rotate. The mechanical energy from the shaft is converted to an alternating 

current (electrical energy) in the alternator. The alternating current behave like a sinus 

curve, it alternates between a positive top value and a negative top value. The top value is 

the amplitude of the sinus curve, but in general the values of the alternator are expressed 

in RMS-values (Root Mean Square). The RMS-value is a kind of mean value. The 

alternating current also have a nominal value, it is the marc effect of the machine. The 

marc effect is when the degree of efficiency has its top value where most profit is given 

by the machine. It is rather complicated to do calculations in alternating current. Here are 

two equations for calculating RMS-values: 

 

Equation 3: Current RMS  

2

î
I     I = Current, RMS value  [A] 

   î = Current, top value  [A] 

 

Equation 4: Tension RMS  

2

û
U    U = Tension, RMS value  [V] 

   û = Tension, top value  [V] 

 

3.5 Alternator theory 

The AC-induction alternator, which converts the energy from the wind to electricity in a 

wind turbine, contains coils, magnets and a stator. It is a generator producing an 

alternating current (an alternator) and works according the principles of electromagnetic 

induction. When a field of magnetic flux is alternating close to an electrical conductor, 

there is an electrical tension created. The magnets in the alternator are alternately 

arranged on both sides of the coils, which are placed inside the stator, so that the poles on 

the other magnet face the opposite polarity, north poles faces south poles. The stator is a 

circular box of metal that surrounds the coils to help them store the magnetic flux. Strong 
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magnetic fluxes accrue between the two rotors and through the coils in the stator. The 

movement of the rotors sweeps the flux across the coils, the magnetic flux alternate 

direction when a magnet passes and produces an alternating tension. In the case of the   

IT-100, the rotor discs are made of steel to carry as much magnetic flux as possible. There 

are also fewer coils than magnets, this means that the magnet poles passes the coils at 

different times. This fact, together with the connection between the coils produces a 

three-phase AC-tension. The three phase AC-tension behaves like a sinus curve. It has a 

maximum and a minimum value and also an effective value.  

 

There are also generators producing DC-tension. They have the same purpose as the 

alternators, it is an energy converter. The DC-generator has a mechanical input that 

converts electromagnetism to electrical energy, just as in the alternator. DC-generators are 

not at all as efficient as AC-generators, that is why AC-generators often are used even if 

DC-current is the wanted output and a rectifier needs to be used. 

 

3.5.1  From the alternator to the battery 

The electrical tension that is established in the alternator is transferred through wires from 

the coils inside the stator. The electrical energy that comes from an alternator is a three-

phase tension and cannot be used to charge batteries, for that DC-tension is necessary. To 

convert the AC-tension to DC-tension (or AC-current to-DC current) there has to be a 

rectifier in the circuit
24

. The rectifier is a kind of diode that only let tension or current 

flow in one direction. The most common construction of a rectifier is to have a rectifier 

bridge. A rectifier bridge contains a number of diodes that only lets one polarity of the 

AC-current through on each side. This means that the current that has gone through the 

diodes will not alternate between a positive and a negative maximum value, but will have 

an almost fixed value. Before the rectifier the tension has an RMS-value and the top value 

of this tension is, as mentioned before, 2RMS . The tension after the rectifier will be a 

bit lower than before the rectifier, this because of losses. The losses in the rectifier can be 

assumed to be approximately 0, 6 Volt.
25
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3.5.2 Star and delta connection 

The coils in the stator in the generator can be connected to each other with either star 

connection or delta connection. The fact that separates these two connections is that a star 

connection gives 1,723 times (the square root of three) higher tension and the delta 

connection gives 1,723 times (the square root of three) higher current. 

 

Star connected coils in the stator are recommended in small turbines to get a high tension. 

In larger turbines the delta connection is to prefer to get as much current as possible. The 

heat losses in relation to the current in bigger alternators are less compared to smaller 

alternators, this because the coils are wired with thicker wire and more turns
26

. 

 

3.5.3 Electrical controls 

It is necessary to have electrical controls in a circuit used to charge batteries. This is to 

prevent any damage on the system or in the battery. A charge controller or regulator 

prevents the battery from taking damage of tensions that are too high by not letting that 

kind of tension through. When the battery is nearly fully charged there is a dump load 

that takes care of the rest of the tension. In the simplest systems this tension (in the form 

of heat) is just wasted, but in more complicated system circuits this tension can be used as 

a heating source for different purposes. To have an over current breaker is also necessary 

to prevent damage in the system because of too much current, like fires etcetera. An over 

current breaker cuts the current off if the temperature rises to a dangerously high level or 

if any other difficulties in the electrical part occurs in the system. 

 

 

                                                      
26

 Vindkraft- generatorn. www.24volt.eu 



 17 

4 Technical description of the IT-100 

Table 2: Shorts facts about the IT-100 

Nominal* power of the turbine 100 W 

Maximum power of the turbine 200 W 

Nominal* wind speed 6,5 m/s 

Diameter of the rotor 1,7 m 

Height over ground 7-10 m 

Nominal* power of the alternator 330 Watts 

Nominal* rotational speed 360 rpm 

Degree of efficiency 66 % 

*Nominal: The value that brings the best profit  

 

4.1 Construction  

The IT-100 is built to produce a nominal effect of 100 W. The wind turbine generates 

electrical power from the speed of 3,5m/s up to 12 m/s
27

.  

 

The type of turbine used in this project has three rotor blades and a diameter of  

1,7 meters. The blades are made of resin and fibreglass. The body is welded on a 7-10 

meter high tower made of steel to take advantage of the velocity of the wind as much as 

possible. To keep the wind turbine in the direction of the wind there is a tail mounted on 

the back of the turbine. The tail is made of steel and aluminium and it has a plate at the 

end made of stainless steel to avoid corrosion
28

. 

 

4.1.1 The Tail 

The tail is built-up by a hinge, a boom and a vane. The equilibrium position occurs when 

there is zero wind, this is when the tail has its lowest position and is completely 

horizontal. The tail is built so that in this position it is at an angle of 80 degrees to the 

rotor blades in the horizontal plane, however it is perpendicular to the rotor blades in the 

vertical plane.  
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Figure 2: Movement of the tail, seen from above 

 

 

As the wind turbine is built offset it is very sensitive to the wind and is always trying to 

turn away from it. This creates a yawing moment. At the same time the wind is also 

affecting the tail vane where it produces a lift force. The tail vane will be forced upwards 

and at the same time, because of the construction of the tail, it will also move to the side 

in the opposite direction of the rotor blades. This is causing a restoring moment which 

counteracts the moment created by the rotor blades and keeps the rotor facing the wind as 

much as possible. 

 

Figure 3: Moments of the tail, seen from above 
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The weight of the tail will try to force it back to the equilibrium position, however it is 

not possible to bring it all the way back to this position as long as the wind is blowing. At 

relatively low wind velocities these moments will counteract each other and is keeping 

the rotor nearly facing the wind. At greater velocities the lift force on the tail vane will be 

very big. When the lift force reaches a certain magnitude the weight of the tail will not be 

enough to force it back down. This means that the tail will stay in this position until the 

wind velocity will decrease. At this time the rotor blades will be able to stay in a position 

of not facing the wind. This will reduce the frontal area which captures the wind and 

limits the amount of power that can be produced, but will also protect the rotor blades 

from the large forces that these wind velocities is putting upon them. 
29

 

 

Figure 4: The tail in two positions, seen from behind 

 

 

4.2 Electrical facts  

The wind turbine IT- 100 has an induction alternator that holds eight magnets and six 

coils. The coils in the stator are star connected. The coils are wired with 100 turns copper 

wire. There is a rectifier bridge in the circuit between the alternator and the battery to 

convert the AC-tension into DC. The rectifier bridge contains four diodes on each phase. 

There is no transformer or regulator in the system, but there is a high resistance parameter 

called fuse that leads away the tension when is gets to such a level where it can damage 

the battery.
30
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4.2.1 The batteries 

The batteries that are being charged by this wind turbine are vehicle batteries that have a 

tension of 12 V. They are stored in a sustainer that is heat- and waterproof so that they do 

not take any damage of different weather conditions.
31
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5 Result 

5.1 The Excel file describing the performance of the IT-100 

This Excel file is in an easy way showing the values of a number of parameters 

concerning the performance of the wind turbine IT-100 at different wind velocities. The 

main goal is to visualize the power produced by the rotor, the tension and current to the 

battery at different wind velocities. These results have been calculated as if the wind is 

always perpendicular to the turbine. In real life this is not always the case. As mentioned 

before, it was not possible in this file to take consideration of this fact because of the lack 

of certain variables. However, these results still give a good idea of the performance of 

the turbine at simplified conditions. 

 

Values that were known before the work with this file started and the ones used as a 

starting-point, were the Cp-curve and the wind velocities at which the turbine is working. 

The only variable not known that was needed to make it possible to calculate the different 

parameters, was ω which is the velocity of rotation of the rotor blades. All equations in 

the file are linked to the value of ω for the corresponding wind velocity. To make the 

calculations possible there was a condition set that the mechanical torque from the turbine 

rotor should equal the magnetic torque from the generator plus the torque losses in the 

generator. As long as this condition is satisfied, the values in the file can be considered as 

true (if the wind is perpendicular). The nominal effect of 100 Watts at the wind velocity 

6,5 m/s and 360 rotations per minute (rpm) were known from the start and used as a point 

of reference. 

 

The file is built up by five sheets, in the file following the same order from left to right as 

on the machine. It starts with the turbine rotor blades and ends with the electrical circuit, 

this to make it easy to follow and understand. Each of the sheets are explained down 

below. 
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5.1.1 Sheet one – Parameters 

Figure 3: Sheet one from the Excel file 

 

 

The first sheet shows the parameters that are used in the file and the equations used to 

obtain them if they are not already known. Parameters with a fixed value that are used in 

the calculations in the other sheets are linked from this sheet. 
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5.1.2 Sheet two - Cp 

Figure 4: Sheet two from the Excel file 

 

 

This is where the Cp-curve is displayed. There is already an existing Cp-curve for this 

turbine that has been made by values obtained from experiments in a laboratory.  

However, this curve is not suitable to use in this case, this because it contains losses 

depending on the performance of the turbine, while the Cp-curve should be strictly 

theoretical. The Cp-curve used in the calculations is the curve of a typical three-bladed 

rotor
32

, though it is somewhat modified to fit with the characteristics of the IT-100. For 

example it has been moved a bit to fulfill the fact that at the highest point of the curve, 

that is where Cp has its highest value, λ should have the value of 5. This is called tip-

speed ratio.  
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The Cp-values are necessary in the equation of calculating the mechanical power 

produced by the turbine. It is indirectly depending on the value of ω, whereas that decides 

the value of λ which will give the value of Cp. To make the values of λ and Cp more 

exact, interpolation has been used.   

 

5.1.3 Sheet three - Torque mechanical 

Figure 5: Sheet three from the Excel file 

 

 

In this sheet the value of Cp and λ for each wind velocity are displayed. The mechanical 

power produced by the rotor is also showed. 
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5.1.4 Sheet four – Torque magnetic and equilibrium 

Figure 6: Sheet four from the Excel file 

 

 

This is the sheet that shows the value of ω at different wind velocities. It also displays the 

three different torques, together they are satisfying the condition of equilibrium between 

them. The equilibrium itself is also displayed; Гmec – (Гmag + Гloss) = 0 for every wind 

velocity.  

 

The only calculation that is really done in the file is setting the equilibrium for the torques 

to a goal value of zero (or very close to zero) and letting ω change to satisfy this 

condition. All equations in the file are depending on ω and therefore every value obtained 

by an equation will change when ω changes. 

 

The Гloss is set to be equal to Гmag when the equation for Гloss is really getting a larger 

value than Гmag. Another condition for the relation between these torques is that when the 

DC-tension over the battery is less than 12 Volts, the Гmag and Гloss both are half of the 

value of Гmec. This because Pelec is really zero when the current is also zero, however it is 
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not true that Гmag is zero only because Pelec is that. Instead the torque of losses equals the 

torque produced by the generator which will still make Pelec zero. 

 

5.1.5 Sheet five – Electrical circuit  

Figure 7: Sheet five from the Excel file 

 

 

The AC-tension before the rectifier and the DC-tension after it are displayed here. By 

using the tension after the rectifier and the resistance in the battery, the current in the 

circuit can be calculated. There is only current to the battery when the DC-tension is 

higher than 12 Volts, this because that the battery will not get charged otherwise. The 

electrical power in DC is also shown here. 
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5.2 Calculations with the wind attacking from an angle 

When the wind is attacking the rotor blades from an angle the equation used earlier in this 

report can not be used (Equation 1: Power produced by a wind turbine). In the case when 

the wind is perpendicular to the rotor blades, there is only one component of the wind and 

the blades are taking advantage of all the kinetic energy from it. When the wind is not 

perpendicular, the rotor blades can not use all of the kinetic energy, this because the wind 

will have one component hitting the rotor blades straight forward and one component 

from the side. When the wind is hitting the turbine both the rotor blades and the tail will, 

as mentioned before, move from the equilibrium position a certain amount of degrees. 

What makes the calculations difficult and why it is not possible to use Equation 1 is that 

because of the construction of the turbine, this angle is not the same for the rotor blades 

and the tail.  

 

It is difficult to know from what angle the wind is hitting the rotor, the position of the tail 

at this moment and at what velocity the wind it is no longer perpendicular to the rotor 

blades. In this report two different ways to calculate this has been looked closer at, but 

both way has its difficulties. No calculations of this have been done because there are too 

many unknown parameters. Instead, two different ways of how it can be done if more 

information is available, will be presented down below and are later discussed in the next 

coming chapter. 

 

5.2.1 Triangles of velocity 

How much power it is possible to produce in a wind turbine can be calculated by  

Equation 1, but can also be determined by the following expression: 

 

Equation 5: Power produced by a wind turbine, triangles of velocities 

)( 21 uu ccumP   P  = power    [W] 

  m  = flow of wind   [kg/s] 

  u  = speed of the rotor blade   [m/s] 

uc1 = c1:s component in the direction of u  [m/s] 

uc2 = c2:s component in the direction of u  [m/s] 
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To be able to understand this equation, one needs to be familiar with the construction of 

the rotor blades and the different velocity vectors that exist around the them, both at the 

inflow and outflow of the blade.
33  

 

The rotor blades 

The rotor blades of a wind turbine are built so that the wind will produce the same power 

where ever on the blades, radial direction, it hits. To able to do this, it is necessary that 

the parameters in Equation 5: Power produced by a wind turbine, triangles of velocities are 

changing just as much in relation to each other, all parameters changes when the radius 

changes but P is constant. 

   

Equation 6: Flow of wind through the turbine 

Acm ax
   = density of air  [kg/m3] 

   A = sweeping area  [m2] 

    

The velocity of the rotor blades (u) is increasing further away from the axis, this is 

because a certain point on the blade far from the axis travels longer than a point closer to 

the axis does in the same time. To compensate the change of u the blade is twisted from 

the axis to the top. The twisting of the blade changes the angles α and β when the wind 

hits the blade, therefore the value of c1ax changes, as does the relation between c1u-c2u. 

This relation changes just as much as u and c1ax does, which means that the power will 

still be the same regardless of where on the blade in radial direction the wind will hit. 
34

 

 

Take for example when the radius is increasing, when it does that the blade will twist and 

the angle of attack of the wind will become smaller the further up the blade it hits. This 

will lead to that c1ax increases and the relation between c1u-c2u decreases while u is getting 

greater. As a result of this the flow of wind m  will increase the further to the top of the 

blade the wind will hit. 
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Triangles of velocity 

Down below is a picture that shows the different vectors of velocity that are present when 

the wind hits the rotor blade, or are just about to hit it. There is also a dictionary that 

explains what the different denotations that are used stand for.  

 

c


 Velocity of the wind as it approaches the turbine  

1w


 Velocity of the wind relative to the blade at the inflow, tangent to the blade 

1u


 Velocity of the blade at the inflow (constant radius gives: 1u


= 2u


) 

1c


  The velocity of c


after it has been affected by the blade at the inflow 

uc1  The component of 1c


in the direction of the moving blade 

axc1  The component of 1c


in the direction of the axis 

2u


 Velocity of the blade at the outflow (constant radius gives: 1u


= 2u


) 

2w


 Velocity of the wind relative to the blade at the outflow, tangent to the blade 

2c


 Velocity of the wind at the outflow 

uc2  The component of 2c


in the direction of the moving blade 

axc2  The component of 2c


in the direction of the axis 

 

Following connection exists: 111 uwc


. Before the wind hits the rotor blade 1w


 is 

determined by c


and 1u


, after the wind has hit the blade 1c


 is determined by 1w


and 1u


.
35

 

 

Figure 8 : Triangles of velocity 
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5.2.2 Wind velocity before and after the turbine 

There are different ways of calculating the power produced by a wind turbine. So far two 

different ways has been presented and here a third will be explained. By using the 

velocity of the wind before it hits the rotor blades and the velocity after the blades and the 

flow of wind, it is possible to calculate the power produced by the rotor. This equation 

uses the fact that the turbine is using the velocity (thereby kinetic energy) of the wind to 

convert it into electricity. It is rather alike the equation in the previous section but a bit 

more simple. 

 

Equation 7: Power produced by a wind turbine, velocities before and after 

)(
22

1 2

3

2

0

30 CC
CC

AP  
0C  = Wind velocity before rotor [m/s] 

3C  = Wind velocity after rotor [m/s] 

= density of air  [kg/m3] 

   A = sweeping area  [m2] 

 

 

5.2.3 Exact position of the tail 

One other method for calculating this was intended to be evaluated like the other two 

already mentioned in this chapter. The main idea of it was simply that by calculating the 

different moments in the tail (yawing and restoring) and the exact position of the tail in 

every direction (x, y and z) it would be possible to find out the power when the wind is 

not perpendicular. However, these calculations were too complicated and it is not sure if 

they were even possible to make. Because of the complicity and the lack of time in the 

end of the project this method is not evaluated but can only be seen as a proposal for 

continuing studies and will not be discussed further in this report. 
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6 Analysis of the results 

6.1 The Excel file  

The greatest difficulty working with the Excel file was that there were many parameters 

that were unknown or values that were unsure. A few variables had to be assumed to get 

the values that were asked for. Some has already been discussed earlier in the section of 

the result and the rest will be discussed in the next coming section. Another issue was to 

find and learn suitable special functions of Excel that could be used. 

 

The file itself can be seen as a simple tool to visualize a number of parameters concerning 

the turbine. The layout makes it fairly simple to make the file work with a different 

turbine if the Cp-curve, diameter, resistances etcetera gets changed. The fact that it is 

made in Excel, which is a widely spread program and simple to use, makes it easy for 

other people to use it and by looking at the macros see what has been done. 

 

6.1.1 Accuracy of the numbers 

The numbers that are used in different calculations can have different accuracy. The 

values can be measured, calculated or assumed. It is important to try to get the variables 

used in the calculations as specific as possible, which will result in that the final numbers 

are as precise that they can get. If they are not, the final results can be misleading. To take 

values from another report or from the internet and use those in personal purpose can be a 

way to save time, but then it is even more important to check that the sources are correct 

and the reliability of the values is high. 

 

In the chapter where the results are presented, there are comments to the accuracy of the 

numbers in each section. The final result is depending a great deal from the Cp-curve and 

the constant k, used to calculate the tension. The Cp-curve is, as mentioned before, the 

curve of a typical three-bladed rotor that has been moved a little to fit the specifics of the 

IT-100. This can be assumed to be rather correct. The value of k has been tried to be 

measured experimentally in a laboratory by another group at the university in Barcelona. 

However, the value obtained in these experiments can not be assumed as correct 

according to the tutor of the project, Lluis Batet. Therefore the value of k has been 
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approximated, but with some thought of the experimental value. This is a somewhat 

unsure value. 

 

Other values that are used in the equations do not make as big difference to the result as 

the ones mentioned above, and can also be assumed to be quite true. The final result can 

bee seen as rather correct, if one ignores the fact the wind has been assumed as it is 

always perpendicular to the rotor blades. 

 

6.2 The wind attacking from an angle 

This part is only theoretical and has not been given too much attention as it was not the 

main purpose of this thesis. However, it gives a good picture of what could have been 

done if more information was known. In the previous chapter two different ways to make 

these calculations with the wind attacking from an angle was presented, here the reasons 

why it has not been possible to use these methods will be shortly explained.   

 

6.2.1 Triangles of velocity  

It was not possible to make calculations with this method because there was too little 

information known about the rotor blades. The exact geometry of the blades must be 

known in order to be able to calculate the different vectors. Because the blades are 

twisted there will be different angles for w


for every random point on the blade. That 

means that it is not possible to calculate w


without full knowledge of how the angles 

changes as the radius of the blade changes. c


 will always be known, but it will still not 

be possible to use this method because that the other necessary parameters can not be 

calculated without knowing w


. 

 

Even if the geometry of the blades would be fully known, the result achieved would have 

to be considered as rather unsure. There are many steps in the calculations and an error in 

the beginning, for example concerning the angles of the blade, could in the end make the 

result not correct.  
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6.2.2 Wind velocity before and after the turbine 

In our case this method to calculate the power produced by the turbine is not possible to 

use, this because there is no information about the wind velocities after the rotor blades. 

Naturally, this can be measured while the turbine is in running but there have been no 

possibilities of doing this during the project.  
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7  Discussion 

7.1 The work with the thesis 

It has been a great experience to have been working with this thesis in Barcelona. The 

experience of studying at an international university has been a great challenge and a lot 

of new knowledge has been gained, in a professional plane as well as in a personal.  

 

To have been working with wind power has been very interesting. We have learned a lot 

about this renewable energy source, the detailed construction of wind turbines and the 

electrical theory behind them. As we had only little previous knowledge about this, much 

time was needed just to understand the background before the real work could start. 

Especially the electrical part needed to be studied closely and this was hard in the 

beginning because the previous knowledge was so little. This was many times very 

frustrating because of all the time it consumed, it was however necessary for the overall 

understanding. Much of this information was collected from books and it was sometimes 

hard to find objective information. This because many sources are very strongly 

supporting wind power, but by using many different sources this problem was solved. 

 

Different people, mostly out tutor Lluis, involved in the project of the IT-100 at the 

university in Barcelona has been very helpful and provided us with the information. The 

information given has been in English, Spanish and Catalan. It was most of the time hard 

to translate this information because we are not very skilled in either Spanish or Catalan, 

therefore it took a lot of time. There were a few misunderstandings during the work 

because of the poor knowledge of these languages. 

 

The cooperation has worked well between the students and with other people involved. A 

few times however, it took a long time to get information needed from our tutors and this 

resulted in periods of very little activity during the project. Sometimes it was also hard to 

get in touch with the tutors, especially the one in Sweden. Despite this it has worked out 

very well most of the time. 

 

Over all we are pleased with this project. It has been fun and a great learning experience. 

To have been studying in a different country and on a different language has brought us a 

lot of new and usable knowledge. 
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7.2 The result 

Looking at the result, one can see that the values of the nominal effect and the nominal 

rotational speed of the rotor that where given before the work started are not fully 

achieved in the file. Where the nominal electrical power should be 100 W it is only 67 W 

in the Excel file. Most likely the nominal values are a bit lower in real life, but still there 

is a rather big difference between the given and the achieved value. The discussion about 

the accuracy of the numbers makes it clear that the result can not become the ideal when 

the parameters included are not exact. However, the result can still be seen as rather good 

and gives a good idea of the performance of the turbine. 

 

The main purpose of the project, to visualize the power produced, the tension and current 

to the battery when the wind is perpendicular to the turbine, was fulfilled and the result 

can been seen as satisfying. The visualization in the program Excel is easy to understand 

and modify and useful when information about the performance of the turbine is needed. 

That the parameters investigated could not be calculated when the wind is not 

perpendicular to the turbine was not disappointing, when it was not the purpose nor 

possible within the timeframe given.  
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8 What has been the use of this project? 

To have electricity makes the daily work much easier. The main goal of the project 

carried out by EWB and ITDG is to improve the lifestyle for the inhabitants that live on 

the countryside in Peru.  

 

The Excel file made by the students from the University of Gävle is in an easy way 

visualizing the performance of the wind turbines. The file can be understood by people 

that are not too skilled in the area of engineering and can therefore be used in educating 

purpose. For example, it can be presented to the local people working with building the 

turbine on site.  

 

The file is theoretically connecting the electrical and the mechanical part of the turbine, 

which had not been done previously to this. At the university in Barcelona previous work 

had been done with both the electrical and mechanical part, but only separately. It is 

important to have knowledge about both the power produced by the turbine and the 

tension it will bring at different wind velocities when dimensioning the need of turbines 

at site. Otherwise you would not know how many turbines that are needed to fulfill the 

need of energy.  

 

The thesis itself gives a good picture of how the turbine is built and what basic techniques 

and theories lies behind the construction.  
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9 Suggestions for continuing studies 

As mentioned before, more work can be done in the area of the wind not blowing 

perpendicular to the rotor blades. The two ways of calculating this that are explained in a 

previous chapter can be even more evaluated. The same goes for the third way that is only 

mentioned quickly. Other methods than these can also be tried to be found and looked 

into.  

 

More work with the different measurements of the wind turbine can also be done, to get 

better values. This can be done by, for example, measuring the turbine while in running in 

its natural environment or with more advanced tools. 

 

When it comes to the Excel file some more time can be spent trying to find more exact 

resistances and value of the machine constant k. 

 

From a bigger perspective, not only looking at the part of this thesis, more marketing can 

be done to get more sponsors and thereby a better economical situation for the project. If 

the organizations that work with this project get bigger economical resources the wind 

turbines can be even more optimized. With more money more turbines can also be 

produced and thus make even more use. 
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Supplements 

Supplement A 

The involved organizations 

Engineers without Boarders (EWB) 

EWB is a non-profit organization that works to improve the quality of life for the 

inhabitants in poor countries all over the globe. To do this EWB works a lot with 

educating people that live in these countries and also by different engineering projects 

that aims to ease the everyday work. They have a vision that follows: 

” A world where all people have access to knowledge and resources with which to meet 

their basic human needs and rise out of poverty
36

”. 

EWB works in co-operation with ITDG on some projects, for example the wind power 

project that is going on at this moment in Peru and Sri Lanka.
37

 

 

Practical Action/Intermediate technology development group (ITDG) 

ITDG is an organization that works in developing countries all over the world to improve 

the lifestyle of the inhabitants. They believe that the right idea, even if it is small, can 

change lives. They focus their work on four key areas: 

 

 Reduce the vulnerability 

 Make a better living 

 Access to the basic services 

 Respond to the challenges of new technologies
38

 

                                                      
36

 About EWBI. www.ewb-international.org 

37
 Ibid 

38
 About us. www.itdg.org 

http://practicalaction.org/?id=reducing_vulnerability
http://practicalaction.org/?id=new_technologies
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Supplement B 

Wind 

Table 3: Beaufort wind scale 39 

 

Beaufort 

number 

Description 

 

Wind speed 
[m/s] 

Observations 

0 Calm 0 Tree leaves do not move; smoke rises vertically; sea is calm 

1 Light Air 1-1.5 
Tree leaves do not move; smoke drifts slowly;  

sea is lightly rippled 

2 Slight Breeze 2-3 
Tree leaves rustle; flags wave slightly; small wavelets or  

scale waves 

3 Gentle Breeze 3-5.5 
Leaves and twigs in constant motion; small flags extended;  

long unbreaking waves 

4 Moderate Breeze 6-8 
Small branches move; flags flap; waves with  

some white caps 

5 Fresh Breeze 8.5-10 
Small trees sway; flags flap and ripple; moderate waves 

 with many white caps 

6 Strong Breeze 11-14 
Large branches sway; flags beat and pop; larger fixed larger  

waves with regular whitecaps 

7 Moderate Gale 14.5-17 Whole trees sway; large waves (heaping sea) 

8 Fresh Gale 17.5-20 Twigs break off trees; moderately high seas with blowing foam  

9 Strong Gale 21-24 
Branches break off trees; shingles blown from roofs; 

 high crested waves  

10 Whole Gale 24.5-28 
Some trees blown down; damage to buildings;  

high churning white sea 

11 Storm 29-32 Widespread damage to trees and buildings; mountainous waves 

12 Hurricane 33+ Severe and extensive damage 

 

Table 4: Wind data for Peru 
40

 

Station of 

measuring 

 

Region 

 

Altitude 

[m above sea level] 

 

Medium velocity 

[m/s] 

 

Producible energy 

[kWh/year] 

Tumbes  Tumbes  25  2,6  252  

Talara  Piura  50  8,5  4993  

Piura  Piura  46  4,0  642  

Chiclayo  Lambayeque  27  5,1  1281  

Trujillo  La Libertad  33  5,0  1243  

Chimbote  Ancash  11  5,5  1157  

Aeropuerto  Lima  13  3,4  507  

Laguna Grande  Ica  10  6,5  2465  

Marcona  Ica  31  6,4  2329  

Pta. Atico  Arequipa  20  6,7  2701  

Pta. de Coles  Moquegua  50  5,0  1223  

Tacna  Tacna  452  2,5  363  

                                                      
39

 Piggot,H. (2005). How to build a wind turbine - the axial flux alternator windmill plans, page 9 

40
 ITDG. Review of wind energy generation systems in Peru, page 22  
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Supplement C 

Pictures of the tail  

 

Figure 9: The tail hinge 

 

 

Figure 10: The tail boom 

 

Figure 11: The tail seen from above 
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Supplement D 

Pictures of the electrical part 

 

Figure 12: The alternator 
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Supplement E 

Pictures of the system 

 

Figure 13: The complete system 

 

 

 

 

 

 

 


